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DUET 2011 
Dual Eye Tracking in CSCW 
Patrick Jermann

1
, Roman Bednarik

2
, Darren Gergle

3
 

1
Ecole Polytechnique Fédérale de Lausanne, Switzerland, 

2
University of Eastern 

Finland, Finland, 
3
Northwestern University, USA 

 

patrick.jermann@epfl.ch, roman.bednarik@cs.joensuu.fi,  

dgergle@northwestern.edu  

Abstract. Dual eye-tracking (DUET) is a promising methodology to study and support 

collaborative work. The method consists of simultaneously recording the gaze of two 

collaborators working on a common task. The main themes addressed in the workshop 

are eye-tracking methodology (how to translate gaze measures into descriptions of joint 

action, how to measure and model gaze alignment between collaborators, how to address 

task specificity inherent to eye-tracking data) and more generally future applications of 

dual eye-tracking in CSCW. The DUET workshop will bring together scholars who 

currently develop the approach as well as a larger audience interested in applications of 

eye-tracking in collaborative situations. The workshop format will combine paper 

presentations and discussions. The papers are available online as PDF documents at 

http://www.dualeyetracking.org/DUET2011/. 

Program, Sunday September 25
th

, 2011 

9:00 – 9:15 Welcome 

9:15 – 10-15 Session 1: Methodology 

Mobile Dual Eye-Tracking Methods: Challenges and Opportunities 

Alan T. Clark and Darren Gergle. Northwestern University, USA  
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Unravelling cross-recurrence: coupling across timescales 

Patrick Jermann and Marc-Antoine Nüssli, Ecole Polytechnique Fédérale de 

Lausanne, Switzerland  

10:15- 10:45 Break 

10:45 – 12:30 Session 2: Studies of coordination 

Following closely? The effects of viewing conditions on gaze versus mouse 

transfer in remote cooperation 

Romy Mueller, Jens R. Helmert, Sebastian Pannasch and Boris M. Velichkovsky  

Technische Universitaet Dresden, Germany 

 

How two people become a tangram recognition system 

Rick Dale, The University of Memphis  USA 

Natasha Z. Kirkham, Birkbeck, University of London, UK 

Daniel C. Richardson Cognitive, University College London, UK 

 

Gaze matching of referring expressions in collaborative problem solving 

Naoko Kuriyama, Asuka Terai, Masaaki Yashura, Takenobu Tokunaga, Kimihiko 

Yamagishi, Tokyo Institute of Technology, Japan 

Takashi Kusumi, Kyoto University, Japan  

 

Using metaphors in collaborative problem solving: An eye-movement 

analysis 

Asuka Terai, Naoko Kuriyama, Masaaki Yasuhara, Takenobu Tokunaga and 

Kimihiko Yamagishi, Tokyo Institute of Technology, Japan 

Takashi Kusumi, Kyoto University, Japan  

12:30 – 14:00 Lunch 

14:00 – 15:00 Session 3: Applications 

Cognitive Processes during Collaborative Learning from Text and Pictures 

Krista E. DeLeeuw, Katharina Scheiter and Friedrich Hesse, Knowledge Media 

Research Center, Tübingen, Germany  

 

Gaze cursor during distant collaborative programming: a preliminary 

analysis 

Roman Bednarik, University of Eastern Finland, University of Pittsburgh, USA 

Andrey Shipilov, University of Eastern Finland  

15:00- 16:00 Discussion 
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CSCWSmart? Collective Intelligence and CSCW in Crisis Situations 

 

Preliminary Programme 

 

 1st September: Background readings, draft papers (9th September) and videos in a wiki 

23rd September: Dinner in town for those already here 

24th September 

09:00  Coffee 

09:30  Introductions 

09:45  Collective Intelligence in Crises (Monika Büscher, Gerd Kortuem & Jon Whittle)  

10:15  Where to draw the line? Approaching a scale to negotiate in-situ civil involvement 
for the inquiry of crisis information (Amro Al-Akkad, Rene Reiners, Marc Jentsch) 

10:45  Coffee 

11:15  A real-time social media aggregation tool: reflections from five large scale events 
(Jakob Rogstadius, Vassilis Kostakos, Jim Laredo, Maja Vukovic) 

12:30 Lunch  

13:30 Supporting transactive memory networks through information brokering (Tom 
Duffy, Chris Baber) 

14:00 The role of social media in  emergency preparedness and response in the UK (Maria 
Ferrario) 

14:30 TBA Leysia Palen  

15:00  Coffee and cake  

15:30  Group Discussions (Small Groups) 

16:30  What next?  

19:00  Dinner 

 

Participants 

Al-Akkad, Amro, Fraunhofer Institute of Applied Information Technology, Germany 

Buscher, Monika, Sociology, Lancaster University, UK 

Duffy, Tom, School of Engineering, University of Birmingham,UK 

Ferrario, Maria, Computing, Lancaster University, UK 

Jentsch, Marc, Fraunhofer Institute of Applied Information Technology, Germany 

Kortuem, Gerd, Computing, Lancaster University, UK 

Palen, Leysia, Computer Science, University of Colorado, Boulder, USA  

Reiners, René, Fraunhofer Institute of Applied Information Technology, Germany 

Rogstadius, Jakob, M-ITI University of Madeira, Portugal 

Schorch, Marén, Sociology, Bielefeld University, Germany 

Whittle, Jon, Computing, Lancaster University, UK 

 

This workshop is supported by the Bridge Project (EU FP7, http://www.sec-bridge.eu), the 
Citizens Transforming Society: Tools for Change (CaTalyST) Project (EPSRC, UK), Next 
Generation Resilience Project ‘DFuse’ (EPSRC) and the Communicating Disasters 
Programme at the Centre for Interdisciplinary Studies, ZiF (http://www.uni-
bielefeld.de/ZIF/FG/2010CommunicatingDisaster/), Bielefeld University, Germany. 
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Improving Situational Awareness in 
Emergencies through Crowd Supported 
Analysis of Social Media 

Jakob Rogstadius,  
Vassilis Kostakos 
M-ITI, University of Madeira 

9000-390 Funchal, Portugal 

{jakob,vk}@m-iti.org 

Jim Laredo, Maja Vukovic 
IBM T.J. Watson Research Center 

Hawthorne NY 10532, USA 

{laredoj,maja}@us.ibm.com 

Abstract. In this ongoing research project, we develop an information system that aims to 

improve situational awareness and shorten response times in emergency response 

situations. Through a combination of algorithmic and crowdsourcing techniques, the 

proposed system gathers, analyzes, organizes and then visualizes social media activity 

around an event in real-time and turns overwhelming streams of status updates into 

actionable pieces of information. This document is an extended abstract to the poster with 

the same name. 

Social media in emergency response 

Successful emergency response relies heavily on situational awareness, created 

from access to timely, accurate and relevant information about complex ongoing 

events. As a complement to traditional sources, researchers (Vieweg et al. 2010) 

and emergency response professionals (van der Vlugt and Hornery 2009) are now 

identifying social media as an emerging source of early breaking news, image and 

video footage, and an indicator of where to direct resources. However, existing 

information systems either fail to incorporate social media as a source, or do not 

meet the requirements imposed by use in crisis situations. 
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Algorithms vs. crowdsourcing 

There are currently two main approaches for building real-time information 

systems. Purely automated news aggregators, such as EMM NewsBrief (Piskorki 

et al. 2008), already perform quite well at the task of gathering and clustering 

articles related to an event, including extracting metadata such as locations, 

people and quotes from the clusters. However, these systems offer generic 

approaches that are unable to gather and present knowledge in a manner tailored 

to the characteristics, needs and priorities of a specific event or disaster. Although 

social media aggregators exist, we are unaware of any that offer functionality and 

performance on a level similar to those for news. 

Other systems more specialized for emergency use, such as Ushahidi 

(www.ushahidi.com), adopt an almost purely crowdsourced approach by relying 

on individuals to submit reports containing all necessary metadata; data which is 

then presented using default or in some cases event-adapted interfaces. While 

these systems are designed to be much more adaptive than the news aggregators, 

they are instead unable to integrate the vast but largely unstructured knowledge 

base related to a particular disaster that is social and traditional media. 

Our contribution 

The limitations of both fully automated and fully crowdsourced information 

processing systems motivate the need for solutions that combine the scalability of 

algorithmic computation, with the unique human capabilities to adapt to new 

situations, prioritize information, infer knowledge, estimate trust and question 

sources. Our proposed system (see poster) handles this by integrating 

crowdsourcing into an architecture of machine learning and NLP techniques, to 

analyze and structure social media content posted by microbloggers and service 

users during an event or disaster. The system is a work in progress and current 

functionality consists of topic tracking, message clustering, breaking news 

detection, an event timeline and drill-down functionality to read individual tweets.  

References 

Piskorski, J., Tanev, H., Atkinson, M. and van der Goot, E. (2008): ‘Cluster-Centric Approach to 

News Event Extraction’. In Proceeding of the 2008 conference on New Trends in 

Multimedia and Network Information Systems, IOS Press, 2008, pp. 276-290. 

Vieweg, S., Hughes, A., Starbird, K. and Palen, L. ‘Microblogging during two natural hazards 

events: what Twitter may contribute to situational awareness’. In Proc. CHI 2010, ACM 

Press, 2010, pp. 1079-1088. 

van der Vlugt, M., Hornery, A. (2009): ‘Social Media helping Emergency Management – Final 

Report’. NGIS Australia, 2009. http://gov2.net.au/files/2009/12/Project-14-Final-Report.doc  
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Plans at the workplace: planning the use of the apron in an Italian airport 
Ilaria Redaelli (redaelli@usi.ch) 
University of Lugano, Switzerland     

Research description. Ethnographic research (Randall et al., 2007) that takes place in the apron tower of an Italian airport.  

The apron tower is a communication centre for the coordination (Suchman, 1997) of the activities, which take place on the apron. The apron is a 
well‐defined area next to the runway where aircrafts are parked and where handling activities take place. In order to successfully handle each 
aircraft the apron personnel have to:  

1.  plan in advance where to park each vehicle (considering, among others things, the aircrafts dimensions, the manoeuvres necessary in order to 
move the aircraft out of the parking area, the typology of each flight –charter or freighter‐, passengers’ safety and security);  

2.  be able to detect in advance if the solutions planned in earlier are still useful despite for example, a flight delay; 

3.  correct the plan if necessary. 

Originality of research. 

1.  The research describes a centre of coordination which carries 
out a particular activity not yet fully described in the area of 
CSCW studies (but see Goodwin and Goodwin, 1996) 

2.   Research could be of interest from a methodological point of 
view,   as   my   intention   is   to   show   how   structures   in   the 
environment, interactions evolving over time, talk and non‐talk 
activities affect communication as it plays a central role in the 
plan building and revising  

3.  The study  is  of   interest  because  it   is  closely  connected with 
safety in airports 

Corpus of data. The research is still at a relatively early stage. It and has so far involved the collection of data over a period of two months. Data 
are collected by means of direct observation. Conversations among operators in the control room will be taped and the apron tower personnel will 
be interviewed. 

Research and the CSCW community.  The research  is   focused on the character of  plans  in the apron tower.  My aim is  to contribute to the 
discussion on plans and situated actions in the CSCW community (Button, Sharrock, 1994; Bardram, 1997; Schmidt, 1999; Dant, Francis, 1998; 
Koskinen, 2000; Rönkkö et al., 2005; Harper et al., 2000) with my analysis on how the use of the ‘apron’ in an Italian airport is planned.  

Suchman’s work on plans and situated actions (1987) has mistakenly introduced a contrast between the plan as a representation of situated 
actions and actions as ad hoc improvisations. Nevertheless several studies in the last twenty years in the CSCW community have shown that the 
false dichotomy between plans and situated actions can be removed.  

Bardram suggests that it is possible to talk about situated planning (Bardram, 1997) as plans themselves are realised in situ in that they are made 
out of situated actions.  

Rönkkö et al. (2005) instead have highlighted that ‘plans “necessarily” underdetermine situated actions’ because ‘no rule dictates its own 
application’ (p. 436).  

Planning activity 
in the apron 

tower 

The the plan builders 
are the plan 
executors 

simultaneously 

‘Planning‐on‐the‐
hoof’: 

Time‐constrained 
planning activity 

Constant updating  

Short‐term planning 
activity  

‘Layers of decision’ 

The plan is 
completed by 

different operators  
in different 

moments of the day 
using different ICT  

How results promise to advance. The work will contribute:  

1.  to the understanding of the particularity and complexity of the planning activity carried out by the personnel of the apron tower 

2.  to a corpus of studies on controlling work, with the aim of generating a stable set of features which can be used for comparative purposes. 
The research might allow us to understand both what the general and more specific elements of controlling work look like. 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tli
ne

 f
or

 g
ro

up
 c

ol
la

bo
ra

tio
n 

in
 a

n 
as

yn
ch

ro
no

us
 

en
vi

ro
nm

en
t 

is
 s

ho
w

n 
in

 F
ig

.1
. 

   fi
g

u
re

 1
. 
G

ro
up

 c
ol

la
bo

ra
tio

n 
in

 a
n 

as
yn

ch
ro

no
us

 e
nv

ir
on

m
en

t 

A
n 

el
ec

tr
on

ic
 b

ul
le

tin
 b

oa
rd

 s
ys

te
m

 i
s 

a 
us

ef
ul

 t
oo

l 
fo

r 
gr

ou
p 

co
lla

bo
ra

tio
n 

in
 a

n 
as

yn
ch

ro
no

us
 e

nv
ir
on

m
en

t.
 

S
tu

de
nt

s 
ca

n 
co

nv
en

ie
nt

ly
 u

se
 t

he
 e

le
ct

ro
ni

c 
bu

lle
tin

 
bo

ar
d 

sy
st

em
 f

or
 w

or
k 

an
d 

di
sc

us
si

on
s.

 H
ow

ev
er

, 
it 

is
 

di
ff

ic
ul

t 
fo

r 
te

ac
he

rs
 t

o 
ef

fe
ct

iv
el

y 
m

an
ag

e 
th

e 
st

ud
en

ts
’ 

w
or

k 
be

ca
us

e 
th

e 
in

di
vi

du
al

 
pa

rt
ic

ip
an

ts
 

an
d 

en
tir

e 
gr

ou
ps

 c
an

 b
e 

ei
th

er
 a

ct
iv

e 
or

 p
as

si
ve

 o
n 

th
e 

bu
lle

tin
 

bo
ar

d.
 H

en
ce

, 
to

 e
ff

ec
tiv

el
y 

m
an

ag
e 

th
e 

st
ud

en
t 

gr
ou

p,
 

it 
is

 
ne

ce
ss

ar
y 

fo
r 

th
e 

te
ac

he
r 

to
 

ea
si

ly
 

gr
as

p 
th

e 
gr

ou
p’

s 
an

d 
pa

rt
ic

ip
an

ts
’ s

ta
te

s.
 

Te
ac

h
in

g
 s

u
p

p
or

t 
sy

st
em

 f
o

r 
th

e 
g

ro
u

p
 

co
lla

b
or

at
io

n
 

Fr
om

 
ou

r 
pr

ev
io

us
 

re
se

ar
ch

 
[2

][
3]

, 
w

e 
fo

un
d 

th
at

 
vi

su
al

iz
in

g 
th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

th
e 

to
pi

cs
 a

nd
 t

he
 

st
ud

en
ts

 a
s 

w
el

l a
s 

th
e 

re
la

tio
ns

hi
ps

 b
et

w
ee

n 
ke

yw
or

ds
 

an
d 

ut
te

ra
nc

es
 s

er
ve

s 
as

 e
ff

ec
tiv

e 
su

pp
or

t 
fo

r 
a 

te
ac

he
r.

 
A
cc

or
di

ng
ly

, 
w

e 
pr

op
os

e 
tw

o 
fu

nc
tio

ns
 t

o 
vi

su
al

iz
e 

th
e 

st
at

e 
of

 
gr

ou
p 

co
m

m
un

ic
at

io
n 

in
 

an
 

el
ec

tr
on

ic
 

co
m

m
un

ity
 

us
in

g 
th

e 
pr

in
ci

pl
es

 
of

 
ne

tw
or

k 
an

al
ys

is
. 

O
ur

 
sy

st
em

 
an

al
yz

es
 

th
e 

re
co

rd
s 

of
 

gr
ou

p 
co

m
m

un
ic

at
io

n 
an

d 
ac

co
rd

in
gl

y 
de

vi
se

s 
ne

tw
or

k 
di

ag
ra

m
s.

 T
he

 o
ut

lin
e 

of
 o

ur
 s

ys
te

m
 is

 s
ho

w
n 

in
 F

ig
.2

. 
 

     

fi
g

u
re

 2
. 

Th
e 

ou
tli

ne
 o

f 
ou

r 
sy

st
em

 

V
is

u
al

iz
at

io
n

 f
oc

u
se

d
 o

n
 t

h
e 

p
ar

ti
ci

p
an

ts
 

To
 r

ep
re

se
nt

 t
he

 r
el

at
io

ns
hi

ps
 b

et
w

ee
n 

th
e 

to
pi

cs
 a

nd
 

th
e 

pa
rt

ic
ip

an
ts

, 
ou

r 
sy

st
em

 d
ra

w
s 

ne
tw

or
k 

di
ag

ra
m

s 
fo

cu
se

d 
on

 t
he

 p
ar

tic
ip

an
ts

. 
A
 n

od
e 

of
 e

ac
h 

to
pi

c 
is

 
lin

ke
d 

w
ith

 t
he

 n
od

es
 o

f 
th

e 
pa

rt
ic

ip
an

ts
. 

V
is

u
al

iz
at

io
n

 f
oc

u
se

d
 o

n
 t

h
e 

ke
yw

or
d

s 
To

 r
ep

re
se

nt
 t

he
 r

el
at

io
ns

hi
ps

 b
et

w
ee

n 
th

e 
ke

yw
or

ds
 

an
d 

th
e 

ut
te

ra
nc

es
, 

ou
r 

sy
st

em
 

dr
aw

s 
th

e 
ne

tw
or

k 
di

ag
ra

m
s 

fo
cu

se
d 

on
 t

he
 k

ey
w

or
ds

. 
A
 n

od
e 

of
 e

ac
h 

ut
te

ra
nc

e 
is

 li
nk

ed
 w

ith
 t

he
 n

od
es

 o
f 

th
e 

ke
yw

or
ds

. 

Ex
am

p
le

 c
it

at
io

n
s 

[1
] 

In
ou

e,
 A

. 
Pr

ob
le

m
-B

as
ed

 L
ea

rn
in

g 
in

 I
nf

or
m

at
io

n 
Ed

uc
at

io
n,

 
Jo

ur
na

l 
of

 
th

e 
ed

uc
at

io
na

l 
ap

pl
ic

at
io

n 
of

 
in

fo
rm

at
io

n 
te

ch
no

lo
gi

es
, 

V
ol

. 
8,

 N
o.

 1
(2

00
5)

, 
pp

.4
1-

45
. 

(I
n 

Ja
pa

ne
se

) 
[2

] 
S
hi

no
za

w
a,

 
Y.

, 
U

et
ak

e,
 

T.
 

A
 

S
tu

dy
 

of
 

th
e 

B
BS

 
C

om
m

un
iti

es
 

w
hi

ch
 

A
ss

is
t 

Pr
ac

tic
e 

C
la

ss
es

 
by

 
U

si
ng

 
N

et
w

or
k 

A
na

ly
si

s,
 

Jo
ur

na
l 

of
 

th
e 

Ja
pa

n 
S
oc

ie
ty

 
fo

r 
M

an
ag

em
en

t 
In

fo
rm

at
io

n,
 V

ol
. 

15
, 

N
o.

2(
20

06
),

 p
p.

 1
-

22
. 

(I
n 

Ja
pa

ne
se

).
 

[3
] 

U
et

ak
e,

 T
.,

 S
hi

no
za

w
a,

 Y
. 

A 
D

es
ig

n 
of

 t
he

 S
up

po
rt

 
S
ys

te
m

 
fo

r 
th

e 
G

ro
up

 
C

ol
la

bo
ra

tio
n 

to
 

C
ul

tiv
at

e 
In

fo
rm

at
io

n 
Li

te
ra

cy
 

Sk
ill

s,
 

13
th

 
In

te
rn

at
io

na
l 

C
on

fe
re

nc
e 

on
 H

u-
m

an
-C

om
pu

te
r 

In
te

ra
ct

io
n 

(2
00

9)
. 
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3D
Vi
de
o

Co
nf
er
en
ce

sy
st
em

us
in
g

fu
se
d
im
ag
es

Di
sp
la
y
to

Re
pl
ic
at
e
G
az
e

Di
re
ct
io
n.

K
a
zu
yu
k
i
IS
O

N
TT

C
yb

er
sp
ac
e
La
bo

ra
to
ry
,
N
TT

C
or
po

ra
ti
on

,
Ja
pa

n
is
o.
ka
zu
yu

ki
@
la
b.
nt
t.
co
.j
p

S
h
ir
o
O
Z
A
W
A

N
TT

C
yb

er
sp
ac
e
La
bo

ra
to
ry
,N
TT

C
or
po

ra
ti
on

,
Ja
pa

n
oz
aw

a.
sh
ir
o@

la
b.
nt
t.
co
.j
p

Y
a
su
k
o
A
N
D
O
H

N
TT

C
yb

er
sp
ac
e
La
bo

ra
to
ry
,N
TT

C
or
po

ra
ti
on

,
Ja
pa

n
an

do
h.
ya
su
ko
@
la
b.
nt
t.
co
.j
p

T
a
k
a
fu
m
i
M
U
K
O
U
C
H
I

N
TT

C
yb

er
sp
ac
e
La
bo

ra
to
ry
,N
TT

C
or
po

ra
ti
on

,
Ja
pa

n
m
uk

ou
ch
i.t
ak
af
um

i@
la
b.
nt
t.
co
.j
p

N
o
ri
h
ik
o
M
A
T
S
U
U
R
A

N
TT

C
yb

er
sp
ac
e
La
bo

ra
to
ry
,N
TT

C
or
po

ra
ti
on

,
Ja
pa

n
m
at
su
ur
a.
no

ri
hi
ko
@
la
b.
nt
t.
co
.j
p

C
op

yr
ig
ht

is
he

ld
by

th
e
au

th
or
/o
w
ne

r(
s)
.

D
em

os
an

d
V
id
eo

s.
EC

S
C
W

20
11

,
S
ep

te
m
be

r
24

–2
8,

20
11

,
A
ar
hu

s,
D
en

m
ar
k.

A
b
st
ra
ct

W
e
pr
op

os
e
a
ne

w
vi
de

o
co
nf
er
en

ce
sy
st
em

ba
se
d
on

a
no

ve
l

3-
D
di
sp
la
y
th
at

re
pl
ic
at
es

th
e
ey
e
co
nt
ac
tb

ac
k
ch
an

ne
la
va
il-

ab
le

to
th
e
at
te
nd

ee
s
of

re
al

co
nf
er
en

ce
s.

Th
e
3-
D

di
sp
la
y

co
ns
is
ts

of
m
ul
ti
pl
e
sc
re
en

s
th
at

re
pl
ic
at
e
th
e
pa

rt
ic
ip
an

ts
’

fa
ce

di
re
ct
io
n
in

pr
es
en

ti
ng

th
ei
r
fa
ce
s.

Th
e
ke
y
in
no

va
ti
on

of
th
e
di
sp
la
y
is
sh
ift
in
g
th
e
re
la
ti
ve

po
si
ti
on

s
of

th
e
fa
ce

an
d

ey
es

to
re
pl
ic
at
e
th
e
pa

rt
ic
ip
an

t’s
ga

ze
di
re
ct
io
n.

W
e
in
tr
o-

du
ce

a
pr
ot
ot
yp

e
vi
de

o
co
nf
er
en

ce
te
rm

in
al

w
it
h
tw

o
sc
re
en

s
an

d
de

m
on

st
ra
te

th
at

it
ca
n
w
el
l
re
pl
ic
at
e
fa
ce

an
d
ga

ze
di
-

re
ct
io
n.

K
e
yw

o
rd
s

V
id
eo

C
on

fe
re
nc
e
S
ys
te
m
,
3-
D
di
sp
la
y,

D
FD

A
C
M
C
la
ss
if
ic
a
ti
o
n
K
e
yw

o
rd
s

H
.5
.3

In
fo
rm

at
io
n
In
te
rf
ac
es

an
d
Pr
es
en

ta
ti
on

:
G
ro
up

an
d

O
rg
an

iz
at
io
n
In
te
rf
ac
es
—
sy
nc
hr
on

ou
s
in
te
ra
ct
io
n

G
e
n
e
ra
l
T
e
rm

s
D
es
ig
n,

Ex
pe

ri
m
en

ta
ti
on
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In
tr
o
d
u
ct
io
n

W
e
pr
op

os
e
a
vi
de

o
co
nf
er
en

ce
sy
st
em

th
at

ca
n
en

ha
nc
e
th
e

co
nn

ec
ti
vi
ty

of
re
m
ot
e
pa

rt
ic
ip
an

ts
by

ex
ch
an

gi
ng

fa
ce

an
d

ga
ze

di
re
ct
io
n
so

as
to

es
ta
bl
is
h
th
e
ba

ck
ch
an

ne
l
m
od

al
it
y

of
ey
e
co
nt
ac
t,
se
e
Fi
gu

re
1.

G
az
e
di
re
ct
io
n
is
im

po
rt
an

t
no

t
on

ly
to

in
di
ca
te

th
e
in
te
nd

ed
sp
ee
ch

re
ci
pi
en

t,
bu

t
al
so

to
tr
an

sm
it
de

lic
at
e
ch
an

ge
s
in

fe
el
in
g
an

d
in
te
re
st
.
Th

e
co
m
bi
-

na
ti
on

of
a
si
ng

le
ca
m
er
a
an

d
or
di
na

ry
2D

di
sp
la
ys

is
un

ab
le

to
re
pl
ic
at
e
ga

ze
di
re
ct
io
n
du

e
to

th
e
M
on

a
Li
sa

ef
fe
ct
.
Th

at
is
,
ea

ch
pa

rt
ic
ip
an

t
fe
el
s
th
at

al
l
ot
he

r
pa

rt
ic
ip
an

ts
ar
e
lo
ok
-

in
g
at

hi
m
/h
er
.
M
or
eo

ve
r,
it
is
no

t
po

ss
ib
le
fo
r
a
pa

rt
ic
ip
an

t
to

si
ng

le
ou

t
a
pa

rt
ic
ul
ar

pa
rt
ic
ip
an

t
as

th
e
re
ci
pi
en

t
of

hi
s/
he

r
ga

ze
be

ca
us
e
al
l
ot
he

r
pa

rt
ic
ip
an

ts
’
fa
ce
s
ar
e
sh
ow

n
si
de

by
si
de

on
th
e
sc
re
en

.
Th

is
pa

pe
r
de

sc
ri
be

s
a
tw

o-
im

ag
e
di
sp
la
y

sy
st
em

fo
r
re
pl
ic
at
in
g
fa
ce

an
d
ga

ze
di
re
ct
io
n.

A
pr
ot
ot
yp

e
is
in
tr
od

uc
ed

an
d
sh
ow

n
to

ac
hi
ev
e
ey
e
co
nt
ac
t
w
it
h
di
re
ct
iv
-

it
y.

S
ub

je
ct
s
co
ul
d
w
el
ld

is
ce
rn

ey
e
co
nt
ac
t
w
he

n
th
e
re
m
ot
e

pa
rt
ic
ip
an

t
lo
ok

to
th
e
fr
on

t
as

w
el
la

s
to

ei
th
er

si
de

.

R
e
la
te
d
W
o
rk

H
um

an
s
na

tu
ra
lly

ex
pe

ct
to

pe
rc
ei
ve

th
e
m
od

al
it
ie
s
of

ve
r-

ba
l
an

d
no

n-
ve
rb
al

co
m
m
un

ic
at
io
n
w
he

n
co
nd

uc
ti
ng

a
co
n-

ve
rs
at
io
n.

G
az
e
an

d
fa
ce

di
re
ct
io
n
ar
e
es
pe

ci
al
ly

im
po

rt
an

t
co
m
po

ne
nt
s
of

th
e
la
tt
er
.
Pa
rt
ic
ip
an

ts
ca
n
kn

ow
th
e
sp
ee
ch
’s

in
te
nd

ed
re
ci
pi
en

t
an

d
th
e
pe

rs
on

of
in
te
re
st

fr
om

ga
ze

an
d

fa
ce

di
re
ct
io
n.

M
an

y
st
ud

ie
s
ha

ve
ta
ck
le
d
ey
e-
co
nt
ac
t
su
pp

or
t
in
m
ul
ti
-p
ar
ty

vi
de

o
co
nf
er
en

ce
sy
st
em

s(
[3
],
[4
],
[6
])
.

Th
es
e
sy
st
em

s
at
-

te
m
pt

to
cr
ea

te
’n
at
ur
al

im
ag

es
’
by

pl
ac
in
g
th
e
ca
m
er
a
as

cl
os
e
to

th
e
ce
nt
ra
la

xi
s
of

th
e
di
sp
la
y
as

po
ss
ib
le
.
Te
ch
ni
ca
l

so
lu
ti
on

s
in
cl
ud

e
sp
ec
ia
l
sc
re
en

s
an

d
ha

lf-
m
ir
ro
rs
.
H
ow

ev
er
,

th
es
e
sy
st
em

s
en

ab
le
co
rr
ec
t
ey
e-
co
nt
ac
t
ag

re
em

en
t
on

ly
fo
r

th
e
pa

rt
ic
ip
an

t
w
ho

se
vi
rt
ua

l
po

si
ti
on

is
di
re
ct
ly

in
lin
e
w
it
h

th
e
sc
re
en

.

M
or
e
re
ce
nt

st
ud

ie
s
us
e
th
e
te
ch
ni
qu

e
of

di
sp
la
yi
ng

di
ff
er
en

t
im

ag
es

at
di
ff
er
en

t
di
re
ct
io
ns

([
2]
,
[1
])
.

H
ow

ev
er
,
de

vi
ce

an
d
op

er
at
in
g
co
st
s
ar
e
im

pr
ac
ti
ca
lly

hi
gh

fo
r
a
re
as
on

ab
le

nu
m
be

r
of

di
re
ct
io
ns
.

Fi
gu

re
1:

Im
ag

e
of

in
te
nd

ed
us
e

R
e
p
re
se
n
ta
ti
o
n
M
e
th
o
d
o
f
Fa
ce

d
ir
e
ct
io
n

W
e
ha

ve
de

ve
lo
pe

d
a
3D

im
ag

e
th
at

fu
se
s
la
ye
re
d
im

ag
es

in
th
e
sa
m
e
w
ay

as
D
FD

([
5]
).

Th
is
pa

pe
r
ge

ne
ra
te
s
tw

o
2D

im
-

ag
es

of
th
e
pa

rt
ic
ip
an

t’s
he

ad
.
Th

e
fr
on

t
im

ag
e
co
ve
rs

th
e

fa
ce

ba
ck

to
a
pl
an

e
ju
st

in
fr
on

t
of

th
e
ea

rs
.
Th

e
ba

ck
im

-
ag

e
co
ve
rs

th
e
re
m
ai
nd

er
of

th
e
he

ad
,
se
e
Fi
gu

re
2.

W
he

n
th
es
e
im

ag
es

ar
e
di
sp
la
ye
d
on

sp
at
ia
lly

se
pa

ra
te
d
(i
n
te
rm

s
of

de
pt
h
on

th
e
vi
ew

in
g
ax
is
)
sc
re
en

s,
a
3D

im
ag

e
is
pe

rc
ei
ve
d

if
th
ey

ov
er
la
p
fr
om

th
e
vi
ew

er
’s
po

si
ti
on

.
In

Fi
gu

re
2,

U
se
r
A

fe
el
s
th
at

th
e
fa
ce

di
sp
la
ye
d
on

th
e
sc
re
en

is
di
re
ct
ed

to
hi
m
,

be
ca
us
e
th
e
tw

o
im

ag
es

ov
er
la
p
pe

rf
ec
tl
y
fo
r
us
er

A
.
O
n
th
e

ot
he

r
ha

nd
,
us
er

B
fe
el
s
th
at

th
e
fa
ce

is
tu
rn
ed

sl
ig
ht
ly
to

th
e

ri
gh

t;
du

e
to

pa
ra
lla
x,

th
e
ce
nt
er
s
of

th
e
fr
on

t
an

d
re
ar

im
-

10



ag
es

ar
e
of
fs
et
.
U
se
r
B
un

co
ns
ci
ou

sl
y
fu
se
s
th
e
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at
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w
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 d
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 t
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l p
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 d
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 m
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 b
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 p
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th
er

 t
yp

es
 o

f 
st

ak
eh

ol
de

rs
 in

 
th

is
 b

us
in

es
s.

 

A
ck

n
o

w
le

d
g

em
en

ts
 

Th
is

 w
or

k 
is

 f
un

de
d 

by
 t

he
 C

en
te

r 
fo

r 
In

te
gr

at
ed

 
O

pe
ra

tio
ns

 a
t 

N
TN

U
, 

N
or

w
ay

. 
W

e 
ar

e 
al

so
 v

er
y 

gr
at

ef
ul

 
to

 t
he

 s
ta

ff
 a

t 
th

e 
op

er
at

io
n 

ce
nt

er
 o

f 
a 

N
or

w
eg

ia
n 

pe
tr

ol
eu

m
 in

st
al

la
tio

n 
fo

r 
th

ei
r 

va
lu

ab
le

 c
on

tr
ib

ut
io

ns
 t

o 
th

is
 r

es
ea

rc
h 

ov
er

 s
ev

er
al

 y
ea

rs
. 

R
ef

er
en

ce
s 

[1
] 

V
el

an
d,

 Ø
. 

&
 A

nd
re

se
n,

 G
. 

(2
01

0)
 F

oc
us

in
g 

de
si

gn
 

an
d 

st
ag

in
g 

de
si

gn
 c

on
ve

rs
at

io
ns

 in
 c

om
pl

ex
 s

et
tin

gs
 

th
ro

ug
h 

"d
es

ig
n 

do
cu

m
en

ta
ry

" 
fil

m
m

ak
in

g.
 I

n 
C

re
at

e1
0,

 E
di

nb
ur

gh
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es
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bl
e 
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a 
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en
 re
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er

  

A
b

st
ra

ct
 

G
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o
ri

 
C
N

R
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v.

 M
or

uz
zi
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1 

Pi
sa

, 
PI
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61
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 I

ta
ly

 
gi

ul
io

.m
or
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iit
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nr
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 M
ar

ia
 C

la
u

d
ia

 B
u

zz
i 

C
N

R
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 I
IT

 
v.

 M
or

uz
zi
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1 

Pi
sa

, 
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 5
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 I

ta
ly
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au
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a.
bu

zz
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iit
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.it

 
  

M
ar

in
a 

B
u

zz
i 

C
N

R
 -

 I
IT

 
v.

 M
or

uz
zi

, 
1 

Pi
sa

, 
PI

 5
61

24
 I

ta
ly

 
m

ar
in

a.
bu

zz
i@

iit
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nr
.it

 
 B

ar
b

ar
a 

Le
p

o
ri

n
i 

C
N

R
 -

 I
S
TI

 
v.

 M
or

uz
zi

, 
1 

Pi
sa

, 
PI

 5
61

24
 I

ta
ly

 
ba

rb
ar

a.
le

po
ri
ni

@
is

ti.
cn

r.
it 

 

C
ol

la
bo

ra
tiv

e 
ed

ito
rs

 a
re

 s
im

pl
e 

to
ol

s 
th

at
 e

na
bl

e 
pe

op
le

 t
o 

cr
ea

te
, 

sh
ar

e 
an

d 
ex

ch
an

ge
 d

oc
um

en
ts

 v
ia

 
In

te
rn

et
, 

 q
ui

ck
ly

 e
nh

an
ci

ng
 le

ar
ni

ng
, 

kn
ow

le
dg

e 
an

d 
so

ci
al

iz
at

io
n.

 H
ow

ev
er

, 
 a

t 
pr

es
en

t 
co

lla
bo

ra
tiv

e 
so

ft
w

ar
e 

is
 d

es
ig

ne
d 

w
ith

 li
tt

le
 a

tt
en

tio
n 

to
 t

he
 n

ee
ds

 o
f 

di
ff
er

en
tly

-a
bl

ed
 p

er
so

ns
, 

su
ch

 a
s 

th
e 

bl
in

d.
 D

yn
am

ic
 

us
er

 in
te

rf
ac

es
 a

nd
 v

is
ua

l f
ea

tu
re

s 
de

liv
er

in
g 

m
ea

ni
ng

 
m

ay
 b

e 
in

ac
ce

ss
ib

le
 v

ia
 s

cr
ee

n 
re

ad
er

, 
if 

an
 a

pp
ro

pr
ia

te
 

de
si

gn
 is

 n
ot

 a
do

pt
ed

. 
 I

n 
th

is
 d

em
o 

w
e 

sh
ow

 a
 

pr
ot

ot
yp

e 
of

 s
om

e 
m

od
ifi

ed
 G

oo
gl

e 
D

oc
s 

U
se

r 
In

te
rf

ac
es

 (
U

Is
) 

--
 f
or

 a
cc

es
si

ng
 a

nd
 e

di
tin

g 
a 

do
cu

m
en

t 
--

 t
ha

t 
al

lo
w

 f
ul

l a
cc

es
si

bi
lit

y 
vi

a 
JA

W
S
 

sc
re

en
 r

ea
de

r.
 A

n 
in

te
ra

ct
io

n 
w

ith
 t

he
 o

ri
gi

na
l a

nd
 

m
od

ifi
ed

 U
Is

 is
 s

ho
w

n 
to

 h
ig

hl
ig

ht
 b

ar
ri
er

s 
an

d 
po

ss
ib

le
 

so
lu

tio
ns

 f
or

 t
he

ir
 e

lim
in

at
io

n.
 

K
ey

w
or

d
s 

C
ol

la
bo

ra
tiv

e 
ed

iti
ng

, 
G

oo
gl

e 
D

oc
s,

 A
cc

es
si

bi
lit

y,
 

us
ab

ili
ty

, 
bl

in
d,

 s
cr

ee
n 

re
ad

er
 

A
C

M
 C

la
ss

if
ic

at
io

n
 K

ey
w

or
d

s 
H

.5
.2

 [
In

fo
rm

at
io

n 
In

te
rf

ac
es

 a
nd

 P
re

se
nt

at
io

n]
: 

U
se

r 
In

te
rf

ac
es

 –
 G

ra
ph

ic
al

 u
se

r 
in

te
rf

ac
es

 (
G

U
I)

. 
K
.4

.2
 

[S
oc

ia
l I

ss
ue

s]
: 

H
an

di
ca

pp
ed

 p
er

so
ns

/s
pe

ci
al

 n
ee

ds
. 

 
C
op

yr
ig

ht
 is

 h
el

d 
by

 t
he

 a
ut

ho
r/

ow
ne

r(
s)

. 

D
em

os
 a

nd
 V

id
eo

s.
  

E
C
S
C
W

 2
0
1
1
, 

Se
pt

em
be

r 
24

–2
8,

 2
01

1,
 A

ar
hu

s,
 D

en
m

ar
k.

 

 
 

21



G
en

er
al

 T
er

m
s 

A
lg

or
ith

m
s,

 D
es

ig
n,

 H
um

an
 F

ac
to

rs
 

In
tr

od
u

ct
io

n
 

C
ol

la
bo

ra
tio

n 
is

 t
he

 b
as

is
 f

or
  

m
an

y 
ac

tiv
iti

es
 s

uc
h 

as
 

le
ar

ni
ng

, 
w

or
ki

ng
 a

nd
  

pl
ay

in
g.

 S
ev

er
al

 s
tu

di
es

 s
ta

te
 

th
e 

ef
fic

ac
y 

of
 c

oo
pe

ra
tio

n 
an

d 
co

lla
bo

ra
tio

n 
re

ga
rd

in
g 

 
le

ar
ni

ng
 [

5]
, 

[2
].

 C
ol

la
bo

ra
tiv

e 
to

ol
s 

ar
e 

a 
 g

re
at

 
op

po
rt

un
ity

 f
or

 s
tu

de
nt

s 
an

d 
sh

ou
ld

 b
e 

ac
ce

ss
ib

le
 a

nd
 

ea
sy

 t
o 

us
e 

fo
r 

al
l, 

in
cl

ud
in

g 
 p

eo
pl

e 
w

ith
  
di

sa
bi

lit
ie

s.
  

G
oo

gl
e 

D
oc

s 
is

 a
 w

id
el

y 
us

ed
 W

eb
 t

oo
l t

ha
t 

 a
llo

w
s 

on
e 

to
 w

or
k 

on
 d

iff
er

en
t 

ki
nd

s 
of

 f
ile

s,
 s

uc
h 

as
 d

oc
um

en
ts

, 
sp

re
ad

sh
ee

ts
 a

nd
 p

re
se

nt
at

io
ns

, 
in

 a
 r

ea
l-

tim
e 

co
lla

bo
ra

tiv
e 

w
ay

. 
In

 p
re

vi
ou

s 
st

ud
ie

s,
 w

e 
 a

na
ly

ze
d 

in
te

ra
ct

in
g 

vi
a 

sc
re

en
 r

ea
de

r 
(a

n 
as

si
st

iv
e 

te
ch

no
lo

gy
 

us
ed

 b
y 

vi
su

al
ly

 im
pa

ir
ed

 p
eo

pl
e 

al
on

g 
w

ith
 a

 v
oi

ce
 

sy
nt

he
si

ze
r)

 w
ith

 t
he

 G
oo

gl
e 

D
oc

s 
en

vi
ro

nm
en

t 
an

d 
fo

un
d 

 s
om

e 
ac

ce
ss

ib
ili

ty
 a

nd
 u

sa
bi

lit
y 

is
su

es
 [

6]
. 

W
e 

ha
ve

 d
ev

el
op

ed
 a

 p
ro

to
ty

pe
 o

f 
th

e 
G

oo
gl

e 
D

oc
s 

en
vi

ro
nm

en
t 

(f
oc

us
in

g 
on

 t
he

 c
ol

la
bo

ra
tiv

e 
ed

iti
ng

 o
f 

a 
w

or
d 

pr
oc

es
si

ng
 d

oc
um

en
t)

, 
w

hi
ch

 b
y 

 im
pr

ov
in

g 
 t

he
 

ac
ce

ss
ib

ili
ty

 o
f 

th
e 

U
I 

en
ab

le
s 

a 
be

tt
er

 in
te

ra
ct

io
n 

ex
pe

ri
en

ce
 f
or

 b
lin

d 
us

er
s 

(v
ia

 s
cr

ee
n 

re
ad

er
 a

cc
es

s)
. 

 

R
el

at
ed

 W
or

k 
C
oo

pe
ra

tiv
e 

en
vi

ro
nm

en
ts

 a
re

 p
ar

tic
ul

ar
ly

 u
se

fu
l i

n 
th

e 
ed

uc
at

io
na

l f
ie

ld
, 

w
he

re
 c

oo
pe

ra
tiv

el
y 

 a
ss

em
bl

ed
 

kn
ow

le
dg

e 
en

ha
nc

es
  

le
ar

ni
ng

. 
K
ha

n 
et

 a
l. 

[3
] 

pe
rf

or
m

ed
 a

 u
sa

bi
lit

y 
st

ud
y 

w
ith

 f
ou

r 
no

vi
ce

 a
nd

 f
ou

r 
ex

pe
ri
en

ce
d 

us
er

s 
in

 a
n 

ed
uc

at
io

na
l e

nv
ir
on

m
en

t,
 

co
m

pa
ri
ng

 T
hi

nk
Fr

ee
 (

a 
co

lla
bo

ra
tiv

e 
w

ri
tin

g 
sy

st
em

) 
w

ith
 G

oo
gl

e 
D

oc
s.

 A
ut

ho
rs

 f
ou

nd
 t

ha
t 

al
th

ou
gh

 
Th

in
kF

re
e 

pr
ov

ed
 e

ff
ec

tiv
e 

fo
r 

th
e 

pr
op

os
ed

 t
as

ks
, 

ef
fic

ie
nc

y 
an

d 
av

ai
la

bi
lit

y 
of

 r
es

ou
rc

es
 w

er
e 

m
or

e 
lim

ite
d 

th
an

 in
 G

oo
gl

e 
D

oc
s.

  

S
ch

oe
be

rl
ei

n 
et

 a
l. 

[8
],

 r
ev

is
in

g 
re

ce
nt

 li
te

ra
tu

re
 o

n 
gr

ou
pw

ar
e 

ac
ce

ss
ib

ili
ty

 s
ol

ut
io

ns
, 

ob
se

rv
ed

 t
ha

t 
m

os
t 

st
ud

ie
s 

fo
cu

s 
on

 a
 s

pe
ci

fic
 c

at
eg

or
y 

of
 d

iff
er

en
tly

-a
bl

ed
 

pe
rs

on
s:

 t
he

 v
is

ua
lly

-i
m

pa
ir
ed

. 
To

 s
im

pl
ify

 a
cc

es
s 

to
 a

 
po

pu
la

r 
gr

ou
pw

ar
e 

sy
st

em
 (

Lo
tu

s 
N

ot
es

),
 T

ak
ag

i e
t 

al
. 

de
ve

lo
pe

d 
a 

se
lf-

ta
lk

in
g 

cl
ie

nt
 t

ha
t 

al
lo

w
s 

bl
in

d 
pe

op
le

 
to

 a
cc

es
s 

th
e 

m
ai

n 
fu

nc
tio

ns
 o

f 
Lo

tu
s 

N
ot

es
 e

ff
ic

ie
nt

ly
 

an
d 

ea
si

ly
, 

m
as

ki
ng

 t
he

 c
om

pl
ex

ity
 o

f 
th

e 
or

ig
in

al
 

vi
su

al
 in

te
rf

ac
e 

fr
om

 t
he

 u
se

r 
[9

].
 K

ob
ay

as
hi

 d
ev

el
op

ed
 

a 
cl

ie
nt

 a
pp

lic
at

io
n 

(V
oi

ce
 B

ro
w

se
r 

fo
r 

G
ro

up
w

ar
e 

sy
st

em
s,

 V
oB

G
) 

to
 e

na
bl

e 
vi

su
al

ly
 im

pa
ir
ed

 p
er

so
ns

 
w

ho
 a

re
 in

ex
pe

ri
en

ce
d 

w
ith

 c
om

pu
te

r 
te

ch
no

lo
gy

 t
o 

in
te

ra
ct

 w
ith

 a
 g

ro
up

w
ar

e 
sy

st
em

, 
G

ar
oo

n 
2,

 v
er

y 
po

pu
la

r 
in

 J
ap

an
. 

Th
e 

br
ow

se
r 

in
te

rc
ep

ts
 W

eb
 p

ag
es

 
ge

ne
ra

te
d 

by
 t

he
 g

ro
up

w
ar

e 
se

rv
er

, 
pa

rs
es

 t
he

ir
 H

TM
L 

co
de

 a
nd

 o
n-

fly
 s

tr
uc

tu
re

s 
co

nt
en

t 
in

 a
 m

or
e 

ac
ce

ss
ib

le
 

fo
rm

at
 [

4]
. 

 

B
ak

er
 e

t 
al

. 
ad

ap
te

d 
N

ie
ls

en
’s

 h
eu

ri
st

ic
 e

va
lu

at
io

n 
m

et
ho

do
lo

gy
 t

o 
gr

ou
pw

ar
e,

 s
ho

w
in

g 
th

at
 u

sa
bi

lit
y 

in
sp

ec
tio

n 
ca

n 
al

so
 b

e 
ef

fe
ct

iv
el

y 
ap

pl
ie

d 
by

 n
ov

ic
e 

in
sp

ec
to

rs
, 

at
 lo

w
 c

os
t 

[1
].

 R
am

ak
ri
sh

na
n 

et
 a

l. 
[7

] 
in

ve
st

ig
at

ed
 u

sa
bi

lit
y 

as
se

ss
m

en
t 

in
 "

in
fo

rm
at

io
n 

m
an

ag
em

en
t 

sy
st

em
s"

, 
gr

ou
pw

ar
e 

en
vi

ro
nm

en
ts

 
ch

ar
ac

te
ri
ze

d 
by

 u
se

rs
’ a

sy
nc

hr
on

ou
s 

us
ag

e,
 

in
te

gr
at

in
g 

an
d 

ad
ap

tin
g 

N
ie

ls
en

's
 u

sa
bi

lit
y 

he
ur

is
tic

s.
  

A
w

ar
en

es
s,

 o
ne

 o
f 
th

e 
m

ai
n 

pr
op

er
tie

s 
of

 a
 g

ro
up

w
ar

e 
sy

st
em

, 
is

 o
ne

 b
as

ic
 a

cc
es

si
bi

lit
y 

pr
in

ci
pl

e:
 t

he
 u

se
r 

m
us

t 
 b

e 
ab

le
 t

o 
pe

rc
ei

ve
 v

ia
 t

he
 s

cr
ee

n 
re

ad
er

 U
I 

al
l 

dy
na

m
ic

 c
ha

ng
es

 a
nd

 e
ve

nt
s 

(e
.g

. 
a 

ne
w

 p
er

so
n 

jo
in

in
g 

th
e 

ch
at

, 
a 

ne
w

 m
es

sa
ge

 a
rr

iv
in

g 
on

 t
he

 b
oa

rd
, 

a 
ne

w
 

us
er

 w
or

ki
ng

 o
n 

th
e 

do
cu

m
en

t,
 a

nd
 s

o 
on

).
 T

he
 W

A
I 

gr
ou

p 
de

fin
ed

 t
he

 A
cc

es
si

bl
e 

R
ic

h 
In

te
rn

et
 A

pp
lic

at
io

ns
 

sp
ec

ifi
ca

tio
n 

(W
A
I-

A
R
IA

) 
to

 m
ak

e 
dy

na
m

ic
 w

eb
 c

on
te

nt
 

an
d 

ap
pl

ic
at

io
ns

 m
or

e 
ac

ce
ss

ib
le

 t
o 

pe
op

le
 w

ith
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di
sa

bi
lit

ie
s 

[1
0]

. 
U

si
ng

 W
A
I-

A
R
IA

, 
w

eb
 d

es
ig

ne
rs

 c
an

 
de

fin
e 

ro
le

s 
to

 a
dd

 s
em

an
tic

 in
fo

rm
at

io
n 

to
 in

te
rf

ac
e 

ob
je

ct
s,

 m
ar

k 
re

gi
on

s 
of

 t
he

 p
ag

e 
so

 u
se

rs
 c

an
 m

ov
e 

ra
pi

dl
y 

ar
ou

nd
 t

he
 p

ag
e 

vi
a 

ke
yb

oa
rd

, 
de

fin
e 

liv
e 

re
gi

on
s,

 e
tc

..
  

In
te

ra
ct

io
n

 v
ia

 s
cr

ee
n

 r
ea

d
er

 
B
lin

d 
pe

op
le

 p
er

ce
iv

e 
pa

ge
 c

on
te

nt
 a

ur
al

ly
 a

nd
 

se
qu

en
tia

lly
 w

he
n 

ac
ce

ss
in

g 
th

e 
W

eb
 b

y 
sc

re
en

 r
ea

de
r 

an
d 

vo
ic

e 
sy

nt
he

si
ze

r.
 F

ur
th

er
m

or
e,

 b
lin

d 
us

er
s 

na
vi

ga
te

 m
ai

nl
y 

vi
a 

ke
yb

oa
rd

. 
Th

is
 k

in
d 

of
 in

te
ra

ct
io

n 
le

ad
s 

to
 s

ev
er

al
 p

ro
bl

em
s 

in
 p

er
ce

iv
in

g 
co

nt
en

t,
 a

s 
co

nt
en

t 
se

ri
al

iz
at

io
n,

 la
ck

 o
f 
co

nt
ex

t,
 la

ck
 o

f 
in

te
rf

ac
e 

ov
er

vi
ew

 (
if 

th
e 

co
nt

en
t 

is
 n

ot
 o

rg
an

iz
ed

 in
 lo

gi
ca

l 
se

ct
io

ns
),

 m
ix

in
g 

co
nt

en
t 

an
d 

st
ru

ct
ur

e,
 d

iff
ic

ul
ty

 
un

de
rs

ta
nd

in
g 

U
I 

el
em

en
ts

 o
r 

w
or

ki
ng

 w
ith

 f
or

m
 

co
nt

ro
l e

le
m

en
ts

 (
if 

no
t 

ap
pr

op
ri
at

el
y 

or
ga

ni
ze

d 
fo

r 
in

te
ra

ct
io

n 
vi

a 
ke

yb
oa

rd
),

 e
tc

. 
 

Th
e 

O
ri

g
in

al
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o
o

g
le

 D
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Collaboration in the Era of Ubiquitous 
Technology: Studying Socially 
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Abstract. Our daily lives are increasingly mediated by ubiquitous technology. In my thesis 

I plan to present results from a number of case studies where people collaborate together 

with newly developed technologies such as public multi-touch displays, mobile 

augmented reality and social media. My aim is to observe and analyze from social 

psychological perspective how these novel technologies, designed to be intertwined in 

people’s everyday lives, affect collaboration and can be studied in real-life settings.  

Socially represented embodiments 

Paul Dourish (2001) has used the concept of embodiment to describe how all 

things, including technology, are embedded in the world and how their reality 

depends on their situatedness. Studies of embodied interaction emphasise the idea 

that people have active representations embodied in the systems that they use – 

we are not interacting with a computer as such, but with our idea of the computer, 

which is obtained and inherited through social interaction and shared culture with 

other people. For e.g. depending on where an interactive display is installed, it 

may represent different affordances to its users, even if it offers the same features.  

In social psychology, the theory of social representations introduced by Serge 

Moscovici (1981) has been used to explain how new things (for e.g. technology) 

are adopted as part of our everyday lives in communication with others through 
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the processes of anchoring (we anchor the information we receive about the new 

objects with the previous information we have of other similar objects) and 

objectification (abstract objects are understood often through comparisons to more 

concrete concepts, for e.g. European Union can be objectified to its flag).  

Embodied interactions and social representations are manifested when people 

together try to learn how to operate a new piece of technology together. Also other 

factors affect the interaction and collaboration between participants, such as 

public nature of the environment, social roles, norms and the features of the 

technology in use, which make analyzing and understanding the technology 

mediated collaboration a challenging task. In CSCW and HCI embodied 

interaction and collaboration has been mainly studied in qualitative studies in 

controlled setting, where for e.g. collaboration on a technology-mediated task is 

video-recorded and then analysed in detail for e.g. see Luff et al. 2003). For 

detailed analysis of bodily movements and collaborative interaction a controlled 

experiment is a valid choice, but for gaining more understanding on how the 

mixture of embodied interactions and social representations—that I call ―socially 

represented embodiments‖—are affected by the real-life physical and social 

environment while people are learning how to use ubiquitous technology 

collaboratively, we need to step out from the laboratory. 

The key research problem that I aim to address in my thesis is to show how 

collaboration with different ubiquitous technologies can be studied in real-life 

settings by using a multi-method approach and by defining the concept of 

―socially represented embodiment‖ and using it as the theoretical framework for 

interpreting the results of six case studies. 

My contribution and research activities 

The theoretical contribution of my thesis is in presenting example cases how 

two different approaches to understand collaboration and technology, the concept 

of embodied interaction and the theory of social representations, can be integrated 

as the concept of ―socially represented embodiment‖, to provide insight on how 

people learn to use new ubiquitous technologies together. In this light I intend to 

analyze multiple episodes of technology assisted and mediated collaboration with 

public multi-touch screens, mobile augmented reality (AR) and social media 

applications such as Facebook and learning environments like Moodle. 

Through organizing field studies and collecting data in various formats I also 

hope to contribute to the methodological discussion of how to evaluate 

collaborative ubiquitous technologies in different contexts and development 

stages. In studies I have participated in conducting and publishing so far (Peltonen 

et al., 2007; Peltonen et al. 2008; Morrison et al., 2009) we have presented cases 

how to collect and analyze data from multi-touch display installed for several 

months in public space and used by thousands of people in contrast to pervasive 
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game that was used to evaluate collaboration with a still unstable mobile AR 

prototype.  

My current research focus is in social media and learning environments: I have 

collected data from multiple cases where groups of people have used different 

Internet-based technologies for collaboration the first time. I am still analysing the 

data and these studies are still unpublished. I have also contributed to the 

discussion on generational use of new media by co-authoring a book chapter (to 

be published in 2012), where we discuss the situation of digital natives and digital 

immigrants based on our observations from a ―communication summer camp‖ 

held annually in Finland. 

Expectations for the colloquium 

For my thesis I have collected all the data I need and have succeeded in publishing 

four (out of six needed) case studies so far: three in conference proceedings and 

one in a book chapter. The case studies I plan to include in my thesis have been 

conducted in various research projects in different institutions. What they have in 

common is that they are a) qualitative studies conducted in real-life settings and b) 

they describe how people use novel ubiquitous technologies in collaboration.   

 

 I would appreciate the feedback from the colloquium on the following topics: 

 

• Do you find my research problem I have described earlier interesting and/or 

novel enough?   

• Is the theoretical contribution I have presented enough for a PhD – and if 

not, do you have ideas how to strengthen it? 

• The methodological discussion on controlled laboratory experiments vs. 

real-life studies ―in the wild‖ is not a new one and in CSCW one can find a 

long history of ethnographic and naturalistic workplace studies (for e.g. see 

Hughes et al. 1994). My view on the subject is based on observations how 

collaborative ubiquitous technology—that is many times designed for public 

use—can be studied to understand ―socially represented embodiments‖ by 

using a combination of ethnographic observations, psychometric tests and 

interviews. Do you find this view interesting and novel enough? 

• I have labeled technologies that seamlessly integrate in our everyday lives 

and environment as ubiquitous technology: multi-touch screens, mobile 

phones and social media. These technologies are maybe not exactly as 

―invisible‖ as what Weiser (1991) means with ubiquitous computing. Do 

you think my definition still can be used or should I think of something 

else?  
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Pilot implementations and learning in CSCW
settings

Magnus Hansen
Roskilde University - Department of Communication, Business and Information
Technologies, Denmark
magnuha@ruc.dk

Abstract. Pilot implementations of new technology in organizations have been proposed
as a promising approach to uncover emergent knowledge and learning of the specific work
practices in which they are implemented. In this research proposal I will discuss how a
participatory approach to evaluating CSCW applications may support mutual learning.

Research context

My Ph.d.-project is a collaboration with the public healthcare sector in two Danish
regions: Region Zealand and Region South Denmark. The project is to evaluate
a pilot implementation in which 17 ambulances in the Region of Zealand will be
equipped with electronic ambulance records (EAR), testing the transition from pa-
per to computers over the course of 6 months. A Norwegian vendor will supply the
software and hardware necessary (a touchscreen-based tablet).

The EAR will attempt to both support situated work and situation awareness
in the ambulance as well as activity awareness of the ambulance work at the ED.
However, the first step of the implementation will seek to support the ambulance
crew in documenting the patients. The second step is to integrate this information
with electronic whiteboards at the emergency department (ED). The IT artifact has
an important strategic perspective: closing the minor emergency departments in
the regions, removing physicians from the ambulances and replacing them with
paramedics. The ED personnel wants the EAR to continously supply measurements

29



of vital parameters about incoming patients to their electronic whiteboards. The
ambulance crew wants to ensure that the clinical observations they produce as part
of the ambulance records are also used by ED personnel.

The political goal overall is to support information sharing and use of patient
documentation throughout the patient trajectory from ambulance pickup to dis-
charge from the hospital, thus reinforcing the transition from prehospital to hospital
care.

In my involved research group, an evaluation framework called “Effects-driven IT
development” (EDIT) is currently being developed and tested. EDIT is an eval-
uation method for systematically and iteratively evaluating desired effects of the
new work system constituted by implementing new technology, preferably as part
of a pilot implementation (Hertzum and Simonsen, 2011). These effects are speci-
fied and evaluated using participatory techniques, involving the participants whose
work practices will be affected by the new technology. Pilot implementations have
been proposed as a promising approach to mutual learning about how the IT ar-
tifact is used in real working settings (Bansler and Havn, 2009). Mutual learning
is a participatory design concept denoting the learning that occurs when design-
ers and practitioners engage in shared activities towards a common goal (Bø dker
et al., 2004). However, very little literature exists on what kinds of learning and
knowledge emerge and how to go about conveying this in real work settings. In
my project, I will experiment with the EDIT framework in a pilot implementation
setting to better understand this somewhat intangible concept of learning.

Hence, my working research question is: “What kinds of mutual learning occur
in participatory evaluations of pilot implementations?”

Previous work on evaluations in CSCW settings

Evaluations of CSCW-applications are scarce in the research literature (Plowman
and Rogers, 1995) and ridden with obstacles (Neale et al., 2004) for a number of
reasons. For example, it can be very difficult to assess or measure who will actually
reap the benefit of the work performed as well as define those benefits during use.
Several methodological attempts have been made: using situated and informal inter-
views to assess evaluation (Twidale et al., 1994), as well as arguing for mixing both
qualitative and quantitative methods to assess communication needs (Neale et al.,
2004).

For groupware that support long-term cooperative activities, Neale et al. (2004)
present three major obstacles: (1) difficulty in coordinating logistics of data col-
lection as the use of the CSCW application often is done synchronously between
groups; (2) there are many contextual variables to consider, both on an individual
usability level, social group level, and on an organizational level; (3) work practices
change when new technology is used and there is a need for validating the newly
re-engineered work as it changes (Neale et al., 2004).

Clearly the EAR-project stands before the challenges presented by Neale et al.
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(2004). Although impossible to solve completely, I will try to discuss how to mini-
mize their effect on the project in the following.

1. Problem: complexity of logistics of data collection.
The complexity of evaluating a CSCW application in an ambulance is large
because it is a mobile setting, further complicating where to gather data from
and how to gather data in the communication situations between ambulance
crew and ED. To minimize this problem, I will be taking a mixed method ap-
proach, mixing both quantitative and qualitative methods. Quantitative sur-
veys in the ambulances will be filled out by the ambulance crew after each
patient hand over, and analysis of usage logs of the IT artifact will be used
to get representative knowledge about satisfaction, performance and “how” it
is used. Data about the specific use, communication and information sharing
and activities of ambulance crew and ED personnel is much more complex,
though. To understand “why” the IT artifacts is used, observations following
the ambulance crew and the patient all the way to the ED will be performed,
focusing on the use of the EAR and how it changes hands. Observations and
informal in-situ interviews at the ED will also be performed.

2. Problem: many variables on individual, social and organizational levels.
Taking a participatory design-approach to data collection, the project will in-
volve stakeholders on a political level to the ambulance crew and ED person-
nel whose work practices are influenced by the technology, ensuring that all
stakeholders may influence the focus of the ongoing evaluation activities from
start to finish. An ongoing dialogue may ensure that the variables and events
on individual, social and organizational levels are discussed and prioritized as
the project moves on, thereby reducing the amount of variables to take into
consideration.

3. Problem: the need for testing in a real work setting:
Focusing data collection on the re-engineering aspect of work practices will
contribute to the overall research question: “What kinds of mutual learning
occur in participatory evaluations of pilot implementations??” As the project
is based on the structure of a pilot implementation, only real-life usage of the
new technology will be evaluated. This may assure validity towards getting
“real” results as opposed to results from a controlled laboratory setting. A
force of the specific setting is that only 17 ambulances in the region will be
equipped with the EAR technology, enabling a possibility for comparison
between work systems with and without the technology.

Research design and originality of work

The overall research design is based on action research with cyclical interventions
playing a central part (McKay and Marshall, 2001). Interventions in this project
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will take the form of workshops, questionnaires evaluating the CSCW application,
and formative feedback of evaluation results to the participants through interviews,
hopefully ensuring participants’ focus on mutual learning and the effects that occur
as a result.
The pool of empirical activities consists of the following:

• Observations of work before and after implementation of EAR.
• System logs: data with time stamp and system usage will be analysed and

compared to each other.
• Survey data: A questionnaire pops up on the screen of the EAR after each

ambulance run when a patient has been handed over.
• Experience-gathering semi-structured interviews: The semi-structured inter-

views will gather qualitative data about attitudes towards the system.
• Workshop with stakeholders present (ambulance crew, ED personnel and man-

agement) as fellow evaluators of the desired effects.
My contributions to this project will be to the existing discussion of how to eval-
uate CSCW applications, taking an effects-driven participatory approach. As my
research question is centered around learning, I will also contribute to exploring
mutual learning in real-life evaluations of pilot implementations.
I would like feedback on the following: a) The rigor of the research design of
the project, b) The relevance of the project (how do you see interesting aspects of
CSCW in this?), c) How my focus and research question can be even sharper, d)
What could help my empirical activities.
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Abstract. Based on empirical material, this paper presents research which focuses on 
the character of plans in the apron tower, the coordination centre where the use of the 
apron of an Italian airport is planned daily. The preliminary data at our disposal shows 
that planning the apron activity is a situated, technologically mediated, socially distributed 
and time-constrained activity. As a consequence, we assume that this short-term, time-
constrained planning activity, which has to ensure a balance between change and 
accountability, shows work features which are shared with en route and other forms of 
controlling work, but also features that make it unique. Our research, which will contribute 
to a body of literature on controlling work, could be of interest from a methodological point 
of view too, as our intention is to show how structures in the environment, interactions 
evolving over time, and talk and non-talk activities affect communication as it plays a 
central role in plan-building and revision. 

Key words: articulation work, plans, talk-in-interaction 
 

Introduction 
The debate on plans in the CSCW community was opened by Suchman’s work on 
plans and situated actions (1987). In fact she showed that cognitive models cannot 

33



determine human actions, and that the interaction between subjects and plans 
cannot be understood as the mere deciphering of others’ plans in situated actions.  

 
What traditional behavioural sciences take to be cognitive phenomena have an essential 
relationship to a publicly available, collaboratively organized world of artefacts and actions 
(1987 p. 50). There are no logical formulae for recognizing the intent of some behaviours 
independent of context (1987 p. 64) 

 
Despite the relevance of this seminal work, several research in the CSCW 
community (see Schmidt 1999) argue that Suchman’s work has mistakenly 
introduced a contrast between the plan as a representation of situated actions and 
actions as ad hoc improvisations. In fact, plans, from her point of view, may be 
considered resources for work rather than instruments that determine work 
activities in any strong sense. This way, an increasing theoretical interest in 
situated activities has led to the analysis of plans as ‘guidance for work’ and away 
from the study of how protocols, checklists, and programs might determine the 
coordination of work in organizations. Nevertheless, several studies in the last 
twenty years in the CSCW community (Button, Sharrock, 1994; Bardram, 1997; 
Schmidt, 1999, 2011; Dant, Francis, 1998; Koskinen, 2000; Rönkkö et al., 2005; 
Harper et al., 2000; Randall, Rouncefield, 2007) have shown that the false 
dichotomy between plans and situated actions can be removed. Bardram, for 
example, suggests that it is possible to talk about situated planning (Bardram, 
1997) as plans themselves are implemented in situ in that they are made out of 
situated actions. Rönkkö et al. (2005), on the other hand, have highlighted that 
‘plans “necessarily” underdetermine situated actions’ because ‘no rule dictates its 
own application’ (p. 436). So their research focused on the importance of plans 
even when they do not work out and re-planning is necessary. 
Our aim is to contribute to this discussion on plans in CSCW with the analysis on 
how the use of the ‘apron’ in an Italian airport is planned.  The research is still at 
a relatively early stage and has so far involved the collection of data over a period 
of two months. The originality of our work resides both in the description of a 
coordination centre which carries out a particular activity not yet fully described 
in the area of CSCW studies (but see Goodwin and Goodwin, 1996). As stated 
above, the work will contribute to a body of studies on controlling work, with the 
aim of generating a stable set of features which can be used for comparative 
purposes in and through analysis of the kind detailed below. 
The apron is a well-defined area next to the runway where aircrafts are parked 
and where handling activities take place. The planning activity necessary in order 
to ensure the efficient use of the apron is carried out by the personnel employed in 
the apron tower, which may be described as a communication centre for the 
coordination (Suchman, 1997) of the activities that take place on the apron. This 
means that the main activity of the personnel employed in the apron tower is to 
assign a parking area to each aircraft on the ground and to coordinate the handling 
activities, such as fuelling, cleaning, boarding and disembarkation activities that 
are requested for each vehicle. So, in order to successfully handle each aircraft, 
the apron personnel have to:  
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• plan in advance where to park each vehicle (considering, among others 
things, the aircraft’s size, the manoeuvres necessary in order to move the 
aircraft out of the parking area, the typology of each flight – charter or 
freighter – and, passengers’ safety and security);  

• be able to detect in advance if the solutions planned earlier are still useful 
despite, for example, a flight delay; 

• correct the plan if necessary. 
 
 
Research description  
 
Our case study (Stake, 1995) aims to understand the particularity and complexity 
of the planning activity carried out by the personnel of the control room which 
coordinates the handling activities that take place on the apron of an Italian 
airport. It uses ethnographic methods (Randall et al., 2007) and analytic 
procedures to describe and analyse the work of controllers at work ‘on the apron’. 
It will draw, more specifically on a number of interrelated themes: 
 

1. Planning. In order to understand how this controlling work is both ‘planful’ 
and at the same time constantly oriented to contingency, we will draw on 
some of the more sophisticated developments from Suchman’s original 
work (see above). First of all, the personnel of the apron tower is directly 
involved in planning-in-advance – organizing schedules which are 
intended to describe the unfolding pattern of work – but also, and of 
necessity, engaged in constant updating or ‘planning-on-the-hoof’ in order 
to manage the contingencies that arise. The operators, in this sense, are the 
plan builders and the plan executors simultaneously. In addition, the plan 
is distributed. It is completed by different operators, who have access to 
the necessary information at different times of the day and using different 
ICT. This implies that the plan is the result of  ‘layers of decisions’ made 
by several actors. Last, but not least, the plan evolves thanks to decisions 
made in due time, and operators have to make decisions and to produce 
consensus on the direction of the plan’s evolution while managing several 
activities (on collective decision making see: Piccini, Carassa; to appear).  

2. Talk-in-interaction. As has been pointed out in other contexts, ‘awareness of 
work’ is occasioned. The particular situation described above – a short-
term, time-constrained planning activity which has to ensure a balance 
between change and accountability – affects operators’ planning activity 
and, in particular, the communicative strategies used to interpret the plan, 
to detect deviations from it, and to make decisions about the necessity, or 
otherwise, of modifying it. 

3. Materiality. Again, commentators from a number of theoretical perspectives 
(Schmidt 1999; Nardi 1996; Kaptilinen, 1996) have pointed out that talk-
in-action is necessarily mediated by material artefacts that can both 
constrain and afford certain kinds of action. In this context, the artefacts 
that most directly affect the work are communication technologies (radio, 
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telephones, email, a telex network) and IT (different representations of the 
apron and an electronic representation of the strip rack). 

4. Sequentiality. Drawing on insights from ethnomethodology, ethnographic 
work in CSCW has paid close attention to the sequential organization of 
activities in order to illustrate and explicate what the ‘member’s problem’ 
looks like (Garfinkel, 1967). I will show in this study that time criticality 
is a central feature of the controller’s problem, no less than in en route 
controlling activities, and that this feature strongly influences scheduling 
activities. 

5. Knowledge work. As Randall et al., 2007, have pointed out, one feature of 
skilful work has to do with what it takes to be ‘good’ at it. The paper 
describes some of the knowledge and skills that are routinely deployed in 
order for competent work to be done. These include, for example, the 
knowledge of the distance among parking areas and gates. The knowledge 
of the airport spaces organization, in fact, is relevant as it affects the 
planning of the passengers’ boarding in order to respect the boarding time 
agreed between the handler and the airline companies.  

 
The research contributes to the existing literature on control rooms, and ultimately 
to a body of work on controlling work that might allow us to understand both 
what the general and more specific elements of controlling work look like. We 
will argue that there are features of work ‘on the apron’ which are shared with en 
route and other forms of controlling work but also features that make it unique. 
Moreover our research could be of interest from a methodological point of view, 
as our intention is to show how structures in the environment, interactions 
evolving over time, and talk and non-talk activities affect communication, as it 
plays a central role in plan building and revising. Last, but not least, the study is 
of interest because it is closely connected with safety in airports.  
This research follows a previous research project on the control room of an 
emergency medical service (Dovigo, Redaelli, 2010) in that we are particularly 
interested in analyzing cognition at work as a situated, distributed and mediated 
activity, and in understanding how time constraints affect strategies of decision-
making, problem analysis and problem-solving.   
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Abstract. Geographical Information Systems (GIS) have recently embraced CSCW 
techniques to support collaborative work involving maps. However, mixed-presence or 
remote collaborations provide only limited bandwidth for communication. Deictic 
gestures, commonly pointing gestures, comprise one portion of the missing 
communication bandwidth, yet existing solutions are limited in conveying the information 
they contain. My research has identified the most common deictic gestures in 
geocollaboration, designed and evaluated embodiments capable of expressing the 
salient features of those gestures, and developed a toolkit for supporting the use of the 
Microsoft Kinect as a non-intrusive sensor for over-the-table gestures. I have also 
performed an extensive exploration of the design space for surface-based user 
embodiments, including proof-of-concept implementations of several of the designs. 
Finally, I am exploring a method of encoding gesture data as meta-data within the GIS as 
a method of providing visualizations designed to answer post hoc questions asked by 
temporally remote participants about events during collaborations. 

Introduction 
Geographical Information Systems assist in a variety of collaborative 

processes involving space-related problems. As the technology has matured, 
many people need tools associated with GIS that support geographically and 
temporally remote collaboration. Previous work in many domains has identified 
gestures, and especially deixis (e.g., pointing), as an important component of 
communication in collaborative environments (e.g. [1]). However, with only a 
few exceptions, most collaborative tools for large-screen and tabletop interaction 
fail to support natural deictic gestures for remote participants. 
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My doctoral research addresses the problem of representing deictic 
communication in GIS when collaborators are separated by time or space. My 
research is in four main parts:  

First, I identified and classified the most common deictic gestures used during 
collaborative GIS-based decision-making by qualitatively analyzing field 
observations.  Second, I designed and implemented a set of visualizations that 
convey the salient aspects of the most frequently used gestures I have observed. 
In particular, my designs include a representation of the gesture’s height above 
the table -- an aspect ignored in most cursor-based collaborative visualizations. I 
evaluated these designs along three axes: 

1. the accuracy of gesture and target identification; 
2. whether or not the height component of the visualization is interpreted 

in the same way as the height of a gesture is interpreted in collocated 
collaboration; 

3. and how people use embodiments that include a representation of 
gesture height. 

Third, I performed a general analysis of embodiment design space and 
implemented a variety of embodiment techniques using the Microsoft Kinect as a 
primary sensor. This analysis is accompanied by several proof-of-concept designs 
and brief evaluations. Finally, I will develop and evaluate visualizations for use in 
asynchronous collaborative environments that support the aggregation of gestural 
data (for highlighting areas of interest on the map) and the disambiguation of 
deictic references made verbally. 

Work in Progress 
I have observed, both in the laboratory and in the field, collaborative 

interactions over maps and documented the gestures made during these 
collaborations. From these observations, I have classified gestures over surfaces, 
and in particular over maps, along four axes:  

1. The morphology of the gesture, or what parts of the body are used, and 
how, during the gesture. 

2. The atomic components of the gesture, or what small, indivisible 
actions are performed during the gesture. 

3. Where the gesture occurs above the space of the table, or the height of 
the gesture. 

4. The set of additional physical characteristics of the gesture, such as 
pressure applied to the surface, wiggles, or idiosyncratic variations in 
the execution of the gesture. 

 
User embodiments are a common solution to user representation in distributed 

collaboration and can take many forms, from abstract representations of the user’s 
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behaviour [2] or characteristics [4] to highly realistic embodiments [3]. However, 
neither realistic nor abstract embodiments are effective in representing the 
richness of deixis exposed through my classification (see Table 1). 
 

Component of Deictic Gesture  Abstract 
Embodiments 

Realistic 
Embodiments 

Show differences between similar atoms No Possible 
Represent stroke atoms Yes No 
Express one or two finger pointing Yes Yes 
Express full range of possible morphology No Possible 
Represent height Possible No 
Represent wiggle variation Possible Yes 
Represent pressure variation Possible No 
Represent width variation Yes Yes 

Table 1. Gesture visualization capabilities of embodiments 

In between realistic and abstract embodiments, lies the possibility of hybrid 
embodiments that incorporate the advantages of both realistic and abstract 
embodiments, an approach pioneered in the work [6] on extending Videoarms [5].  

My work continues this exploration with the development of a set of 
embodiments capable of expressing the height of a gesture with the intention of 
combining them with video-based, realistic embodiments. Through user studies, I 
found that gesture-enhanced embodiments improve the accuracy of gesture and 
target identification. People also ascribe the same aspects of communication to 
height representations that they do to height in collocated gestural 
communication. In particular, people interpret gestures that are close to the 
surface of the table as more specific, confident, and emphatic than gestures that 
are higher above the table. Finally, I observed how people behave when given 
traditional telepointers and my new designs. In general, users adapted quickly to 
the enhanced telepointer, pointed more naturally after their adaption, and began 
incorporating new methods of pointing as they discovered the potential for 
identifying out-of-reach targets and emphasizing paths on the surface of the table.  

The two final portions of my work are ongoing: I am developing a toolkit for 
using the Microsoft Kinect as an over-the-table sensor capable of detecting the 3-
dimensional location of a gesture. I intend on using the toolkit to rapidly develop 
a series of proof-of-concept designs as part of a larger exploration of the available 
design space for tabletop embodiments. The final portion of my research will 
explore visualizations that support temporal distribution, permitting the post hoc 
review of collaborations and allowing analysts to ask more sophisticated 
questions about GIS-based interactions. 
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Abstract. The transformation of the healthcare sector, in terms of being more efficient 
and accessible for individuals, will change the way we design and develop supportive 
products. In this paper I argue the relevance of using interaction design (ID) perspectives 
on applied health technology and having a need-driven approach in development where 
healthcare staff are closely involved. I also reflect upon the fact that individuals such as 
patients or relatives will be stakeholders and users as well, as part of the Computer 
Supported Cooperative Work (CSCW), and how this will affect the design and 
development for healthcare products.  

Introduction 
Even though there are several benefits in using e-health1, still many products 
(including services) that are currently used in healthcare do not work satisfactory 
and are considered time consuming and illogical2. This could also have a negative 
impact on quality of service (QoS) in teamwork environments of patient care 
(Weerakkody et al, 2003). One reason could be that healthcare is among the most 
complex and highly collaborative domains of work practice in the world (Reddy 
et al, 2010) and that it has become more complex in terms of its use of different 
ICT products. It can be assumed that one reason for this situation is that the 
development process has been inadequate. In Sweden only 29% of the healthcare 
staff is satisfied with their user participation in the development process and many 
are suffering from stress and tension caused by the malfunctioning of IT systems3. 
Added to this is the extension of the actual user, from being a healthcare 
employee and work-oriented user, to also include patients and relatives. In other 
words, there is a lot of work left to be done before IT fully can support the 
healthcare sector in its goal to be more efficient and accessible.  

                                                
1  http://ec.europa.eu/information_society/activities/health/index_en.htm 
2 

http://www.usersaward.se/home/ua/home.nsf/unidView/EE169726CCE2B1F0C12577CE0038EE3E/$f
ile/Vård-IT-rapporten.pdf 

3 
http://www.usersaward.se/home/ua/home.nsf/unidView/EE169726CCE2B1F0C12577CE0038EE3E/$f
ile/Vård-IT-rapporten.pdf 
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Research problem 
I have worked for several years as an interaction designer and project leader in the 
area of e-health, in research and development projects with collaboration between 
academia, municipalities, county councils and companies. In one e-health project4 
the purpose was to increase the user involvement and the understanding of both 
the context, the explicit and implicit needs that people have, to be able to better 
support them with ICT. We used the methodology Needfinding (Patnaik et al, 
1999) as a starting point when creating the concept of a needfinder (Bergstrom et 
al, 2006) as an important role to succeed in a need-driven process (Ericson et al, 
2007). The task of a needfinder is to find the needs and the problem area and then 
mediate it to the rest of the development team by using qualitative and creative 
methods. As an interaction designer I became the needfinder in our project 
working on understanding the problem space, the context and the user needs.  

In my research I focus on the mechanism/role of understanding, interpreting 
and mediating people’s needs connected to a certain context, in order to develop a 
supportive technical product for healthcare. This includes both the work-practice 
for the caregivers as well as the settings for the caretakers.  I’m especially 
interested in who will have this role during a development process and what 
skills, tools or methods this role owner need or use. I also want to study how the 
design and development will be affected when the role of the user or stakeholder 
changes. By doing this I wish to contribute to an understanding on how ID 
perspectives can improve the healthcare sector by using a need-driven approach 
in the development process.  

A shift in stakeholders within healthcare 

According to (Reddy et al, 2010) the healthcare domain is a key area to CSCW 
(Koch et al, 2006). Since the healthcare domain is changing towards being more 
accessible in terms of individual access of information it also may affect the work 
practice. The transformation we are facing when it comes to the way healthcare is 
provided or used give us other stakeholders (patients, relatives etc.) to take into 
account when developing technical artefacts (Gabrilli et al, 2010) It also raises 
new research questions about the collaboration among these different 
stakeholders and the role of the user. The change towards individuals managing 
their own health information through a Personal Health Record (PHR) raises new 
questions about collaboration mediated over differing levels of expertise and 
terminology, as well as across organizational boundaries and professional 
disciplines (Reddy et al, 2010)  

                                                
4  http://www.designforwellbeing.org/?page_id=219 
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Interaction Design and Applied Health Technology 

Applied health technology5 is a new interdisciplinary science that includes studies 
of how health may be related directly or indirectly to the implementation and 
impact of technology. It concerns supporting management or development 
processes as well as studying how technology can improve the quality of life for 
one specific patient or group. Regardless of focus there will be people using the 
technology and people developing it and someone needs to combine these in order 
to make it work. As I see it ID could be the knowledge area where these someone 
could emerge. 
 ID is one domain that has a central concern in developing interactive 
products that are usable (Preece et al, 2002) Some are considering ID to be the 
knowledge on how to build user-friendly artefacts and systems in terms of 
interface, material, structure, colour and shape (Löwgren 2008) Others are 
referring to HCI and the knowledge of work practice when developing products 
(Carroll, 2002). Recently these two approaches have become more closely 
affiliated since the world and our daily lives are more influenced by technology 
(Löwgren, 2008).  
 According to my experience ID is so much more than just designing an 
interface, it involves the context in which the use occurs, including the physical 
environment, other users, products etc. and not the least, the interaction between 
these actors.6  
 Since the use of a single product is most likely connected to others, a 
holistic approach is preferred over a “drill hole approach” when it comes to 
development of products, to ensure interoperability. It is therefor important to 
have someone that can understand the holistic view and it’s relevance to the 
design and development process. This is most certainly something that ID can 
contribute to by being a domain that understand the problem space and makes the 
implicit explicit (Preece at al, 2002) 

The research problem and the doctoral colloquium 

First of all I would find it supportive to get feedback from others point-of-view on 
the research problem addressed in this abstract since my experience in CSCW and 
e-health is mostly Swedish and practice oriented. Second of all I hope the doctoral 
colloquium will give me access to a useful and competent network of people, with 
different backgrounds, for a mutual benefit of knowledge and experience sharing. 

                                                
5  http://www.bth.se/hal/applied_health_technology.nsf/ 
6  http://www.use-design.com/eng/design/interaction_design.php 
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 Abstract 
 
Advances in technology are causing a change in the way computational systems are designed. These 

computational systems are continuously embedded into the everyday activities people undertake in society 

and improving on their design is a major interest for CSCW. The use of in-car navigation systems for 

planning and making unfamiliar journeys is a growing trend and these devices are continuously redesigned 

to offer users better services. This paper looks at research done that investigates the navigation situation 

which sat nav and paper maps support and identifies issues which exist with their use. Field studies were 

conducted in order to identify senses of location and situated practices displayed by drivers during different 

journeys to inform the design of a Head-Up Display for navigation that can be embedded in a natural 

interface in cars. It presents the concept of a virtual car prototype being designed which integrates situated 

practices of way-finding in its display and will be projected on the windscreen of the car for drivers to use 

during unfamiliar journeys. The similarities and differences of the virtual car prototype with other in-car 

navigation systems in the field studies will be examined to highlight benefits to users.  

 
Keywords: Situated practices, in-car navigation systems, way-finding, virtual car 

 

Introduction  

This paper presents work done in the field of developing mobile and location-based computing 

systems in cars for unfamiliar journeys. It highlights unfamiliar journey making with car drivers as 

a single instance of collaborative activity where computational systems used can be improved upon 

by highlighting issues that currently exist with their use. It talks about way-finding as a 

collaborative activity which drivers undertake on the road with other road users and in-car 

navigation systems aim to support this activity during unfamiliar journeys. However, such 

navigation systems can also cause drivers to be distracted and disengaged from this collaborative 

activity they are meant to undertake where they have to intermittently shift attention from the vision 

of the road to a small display which is not in their line of sight based on its design and nature of 

navigation instructions the drivers have to work with during unfamiliar journeys. These distractions 

and disengagements occur because most visual interfaces used in cars for planning and making 

unfamiliar journeys require that the eyes of the driver are taken off the road and manual controls 

require the hands of the driver are taken off the steering wheel [1] and such actions have a negative 

impact on performance and possible car crash [3]. However, while having to maintain concentration 

on the road, the drivers also have to pay attention to the instructions provided by the navigation 

system and translate their location from what is indicated on the interface of the navigation system 

to what is available in the real world around them which can often pose problems when undertaking 

unfamiliar journeys. 
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Design problem  

A design problem was identified which highlights in-car navigation systems often causing 

distraction and disengagement from the vision of the road for drivers as situated practices of driving 

and way-finding are not well integrated in their design for use during unfamiliar journeys.  

 

Field studies 

There were three field studies conducted with car drivers to find out how they did way-finding by 

identifying the senses of location and situated practices the drivers displayed during their respective 

journeys to address the design problem. The first study was done with a driver who projected and 

recalled information from his memory to plan and make a familiar journey on a familiar route 

between Wollaton and Ilkeston Shipley Country Park. The second study was done with a driver 

who used a paper map to plan and make an unfamiliar journey on an unfamiliar route between 

Nottingham city center and Burntstump. The third study was done with a driver who used a sat nav 

to plan and make an unfamiliar journey on an unfamiliar route between Wollaton and Sandiacre. 

The key findings are presented from the analysis of the data. 

 

                 

     First study    Second study      Third study 

     Figure 1: Snapshots from field studies 

  

Key findings 

There were a range of subtle and nuanced situated practices of way-finding that were tied to 

particular locations and senses of location which were identified from the studies. These include; 

first of all, that the „embodied actions‟ [8] displayed by the drivers were situated at various places 

on the road such as junctions, roundabouts, traffic lights etc. For example, when the drivers 

approached a junction and intended to turn left, they turned on their indicator to signal to the left, 

looked into their rear and side mirrors, slowed down, stopped where necessary and watched traffic 

to spot gaps which they could fill to join the road that led them on. These things were all done to 

accomplish actions at specific locations while undertaking a journey and not doing them has certain 

consequences. For example, drivers failing to look into their side mirrors when a motorcycle is 

riding along the side they intend to turn into can lead to an accident.  

Secondly, the actions of the drivers on the road were recognisable by one another which allowed 

them to collaborate and mutually organise their activities. In essence, they were „mutually 

accountable‟ [5] to each other for the actions they carried out on the road. For example, when 

approaching a roundabout, drivers attempting to enter the roundabout had to give way to traffic on 
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the right because without doing so, they could run into an oncoming vehicle. If a driver was driving 

on a roundabout and spotted other drivers wanting to enter it, the driver knew that he or she had the 

right of way and carried on driving while the other drivers had to wait until they could spot gaps on 

the roundabout to fill and carry on. These actions were accomplished through gaze, gestures, 

signalling and knowledge each driver had of what they were supposed to do at specific places. 

Thirdly, to “competent” drivers they made their actions ordinary during their respective journeys. 

Harvey Sacks describes doing „being ordinary‟ at something as “spending time doing usual things 

with usual people in usual ways” [9]. For example, in order to turn left at a T-junction, drivers have 

to slow down and gently turn left into the road that leads them on. Attempting to make a left turn at 

a high speed would cause them to lose control of the car and possibly crash into other cars on the 

road and so ordinarily knew they had to slow down to turn at T-junctions.  

 

Design solution 

The field studies were exploited to inform the design of a Head-Up Display for navigation that 

would be embedded in a natural interface which would reduce distraction and disengagement of the 

drivers from the road and integrate situated practices displayed during planning and making of 

journeys in its display. It was very important to understand that drivers should not get distracted and 

disengaged from the road in coming up with a design because it can affect their performance at vital 

stages during unfamiliar journeys. Thus, a design concept of a “virtual car” prototype which is a 

Head-Up Display (HUD) used for navigation is presented which reduces the problems of distraction 

and disengagement from the road commonly found in navigation systems such as sat nav and paper 

maps. The virtual car concept is based on the idea that one car that knows the way leads and the 

other that does not know the way follows. The virtual car image will be projected in the line of sight 

of the driver on the windscreen of the car so that the driver can have a better focus on the road while 

using the virtual car system. However, the virtual car image will be transparent to ensure that it does 

not obstruct the view of the road for the driver and will integrate several situated practices of 

driving and way-finding such as making turns, indicating, changing lanes etc.  

Scenarios of situated practices of driving and way-finding during planning and making of journeys 

using the virtual car prototype will be studied in laboratory driving simulations with experienced 

drivers as participants. There will be data collected from the studies which will be used as feedback 

for the final design of the virtual car system. The data gathered from participants on their 

experience with the virtual car prototype will be compared with that of sat nav and paper maps to 

highlight similarities and differences in their design such as their interface, nature of navigation 

instructions and level of collaboration permitted for the driver with other road users. The design of 

the virtual car system is intended to open up a new range of possibilities for the design of natural 

interfaces for Head-Up navigation displays in cars which reduce distraction and disengagement 

from the road and which integrate situated practices of way-finding in their design. Another area 

this virtual car system when fully developed can potentially find good use is in the training of new 

drivers. With the situated practices of driving and way-finding such as making turns, indicating and 

lane positioning integrated into the design of the virtual car, driver trainers can find this a very 

useful tool to show their students what to do at specific locations on a journey.  
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Conclusion  

As in-car navigation systems are increasingly used in vehicles for unfamiliar journeys, they need to 

be designed so they do not create a problem for drivers on the road. Distraction and disengagement 

are issues many in-car navigation systems cause due to the nature of instructions they give. HUDs 

ensure drivers keep their focus on the road, thus, having a better sense of what is going on around 

them. This research looks at ways of representing in better ways everyday collaborative tasks, in 

this case, navigating, in computational systems. The virtual car prototype also looks to evaluate 

Paul Dourish‟s concern in [4] which is „how computational systems can be made sensitive and 

responsive to the settings they are used in?‟ The virtual car image will display actions such as 

making turns and changing lanes on the road so that the drivers can see and respond. Finally, 

concepts of location which were useful for the design of the virtual car prototype were examined. 

Mobile and location-based systems express location in two ways; coordinate or landmark [7]. 

Location expressed using coordinates is a technical concept elucidated through the notion of space 

and is how computers work [2, 6] evident in sat nav with instructions such as “after 200 yards turn 

left”. Location expressed using landmark is a social concept elucidated through the notion of place 

and is how humans understand location with instructions such as “turn left at the next junction into 

Davidson street”. Designers need to properly integrate both concepts of location into the design of 

collaborative systems they design for way-finding to ensure such systems can achieve their full 

potential. 
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Abstract. The Shared Medicine Card (SMC) is a national service in Denmark that allows 
citizens/patients and caregivers to access citizensʼ medicine information. SMC web 
service implements a national standard “The Good Web Service”(TGWS), intended for 
Danish healthcare. SMC is exposed as SOAP based web service, which allows client 
applications to securely exchange confidential medicine information with SMC. The 
project Net4Care supports an idea of a plug-and-play market for telemedicine by 
integrating existing stand-alone telemedical systems to national healthcare services. 
Telemedicine should be easy to install on citizensʼ, patientsʼ and caregiversʼ devices to 
support collaboration and better health quality and support business opportunities of 
telemedicine. However, it turns out that integration of telemedical systems that support 
patients/citizens needs, to national web services is not possible, because firstly, TGWS 
has not specified citizens interactions with their private health information. Secondly, if 
citizens will be able to access their own health information through telemedicine then the 
TGWS specification should consider a possibility of sharing confidential health 
information not only between care givers but also among a care network: spouse, next of 
kin, or a volunteer. An aim of this project is to design security policy for Danish 
telemedicine. 

The vision of Net4Care and PhD thesis 
Net4Care (NC, 2010) aims at lowering the implementation burden of 
telemedicine by   stepwise integrating telemedical applications to existing health 
and welfare systems and extracting common integration components into open 
source libraries for reusability purposes.  
My interests lie in identifying software engineering challenges, which can be 
faced by developers of telemedicine during integration to existing health and 
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welfare systems. My aim is then to ease the burden of developers, by creating 
new models, components, and libraries for reusability, which I call materials (as 
inspired from materials used by carpenters). If time permits I would like to create 
tools that would fasten the coding process of telemedical applications, leaving 
more budget for designing user-friendly interfaces that support collaborative care. 

As a first step towards lowering the implementation burden of telemedicine we 
have conducted an experiment of integrating a telemedical application, called 
Remote Rehabilitation Support (RRS, 2009) to a national service Shared 
Medicine Card (SMC, v1.2.4). The experiment of integrating RRS to SMC is 
described in the next section. 

Experiment of integrating RRS to SMC 
Remote Rehabilitation Support is an application for a hip operated patient and 

his care network (Grönvall, 2010), which informs the patient before and after the 
operation on his medicine, X ray pictures of the hip, allows video conferencing 
and contains other educational material. It is an end-to-end system, where a 
patient via a client application can exchange information with a client application 
at the hospital, while shared information is placed on the server, located at 
university. 

RRS server contains among other things the medicine information of the 
patient and when needed a nurse at the hospital uses RRS to change the medicine 
schema of the patient. The nurse would also change medicine schema in the 
patients Electronic Health Record (EHR). Instead of using a server to share 
medicine card, we wanted to integrate the RRS medicine schema directly in SMC, 
because it saves nurses time and SMC guarantee high availability.  
The integration should be easy using XML based SOAP technology. The SMC 
web service requires a security header, which contains a signed identification card 
of the user. It turns out that the level of security SMC web service understands, 
which is 4, is described in a standard for web services of Danish health care 
systems, known as “Den Gode Web Service”, or The Good Web Service (TGWS, 
v1.0). Level 4 security (see section below), is a decision which developers behind 
SMC have made built on top of TGWS. This standard might be a source of 
telemedicine interoperability problems and the analysis of it, together with 
conflicting political IT- strategies for Danish health care follow below. 

Citizen Dilemma of Web Service Standard 
Historically the national IT strategy for Danish Health Care evolved from a 
strategy that supports clinicians and care givers with electronic patient records 
(EPR), to a strategy that supports citizens and patients, with digitalized treatment 
and health services. (Rasmussen et al, 2008) Latest national IT strategies 
emphasized the need of enabling citizens’ participation in their own personal 
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care1. However, TGWS standard, by MedCom (medcom.dk), does not even 
mention citizens’ interactions, with web services of Danish health care. The 
standard, excludes the citizens with its security policy2 or precisely, its five 
security levels described below: 

5: Envelope is signed with employee signature 
(ES) 
4: ID-card signed with employee signature  
3: ID-card signed with system sig. (SS) 
2: Username and password authentication 
1: No personal identification 
 

Security policy has a non-repudiation 
requirement, which means that at any 
given time it should be possible to prove 
that a user or a system has accessed the 
data. 
Recall, SMC web service asks for a 
level 4 security from a service 
consumer, which stands for an employee 
signature. Meaning only employees can 
access SMC web service, while citizens 
cannot use their OCES signature or 
NemID card. 
 

In the media and brochures about 
SMC it is stated that citizens can also access the medicine card and indeed they 
can do it via a specially developed web client at fmk-online.dk or sundhed.dk (a 
national web portal for healthcare). Developers behind SMC explain, that the way 
sundhed.dk allows citizens to view their medicine information is by redirecting to 
fmk-online.dk in a web-frame. This means that when accessing medicine 
information being a citizen, the data cannot be further processed and hence there 
is no way of integrating telemedicine to the national service.  

Lowering Implementation Burden of Telemedicine 
Current situation of the national web service is not satisfactory, as it does not 

cover citizens’ needs for accessing their own private data. A web client solution 
of SMC that allows citizens view data cannot satisfy needs of telemedical 

                                                
1 Citation from National Strategy for Digitalization of the Danish Healthcare Service 2008-2012: “The 

individual citizen and patient should have better opportunities to take care of his or her own health. 
The strategy comprises the entire healthcare service and all efforts to promote public health, as well as 
prevention and treatment – including tasks performed by the individual citizen/patient.” 

2 Security policy consist of authentication, authorization, confidentiality, integrity and non-repudiation 
properties (later proof that users accessed data). Confidentiality and integrity guaranteed by VPN/SSL 

 

Fig 1. National web service standard, TGWS, 
does not specify citizens interactions and 
authentications. This leads to SMC service, 
which is only designed to support healthcare 
employees. Citizens must use web client 
directly or redirect to it in a web-frame. 
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applications that should support and improve healthcare service, because it should 
be possible to pass the data to e.g., patients calendar application, which would 
remind him to drink the medicine in time. The idea of a national web service is 
good, but standards should explicitly state that citizens must be able to 
authenticate as well. 

We have conducted a quality attribute workshop with the developers 
(ethnographer, clinician and developer) of RRS and the main input that we got 
was a requirement of RRS that allows supporting group of the hip operated 

patient to work with the system on behalf of 
the patient. This means that it is not enough 
to simply allow a patient/citizen to login to 
the system, because in RRS and in other 
care systems, it is usually the spouse, next 
of kin or other person from a care network 
that should perform care and thus interact 
with telemedical applications. Thus access 
of health information on behalf of a person 
from care network should also be supported 
by a security policy for telemedicine. 
I believe that in order to ease 
implementation burden of telemedicine 
there should be designed a security policy or 
standard for telemedical applications that 
support citizens’ needs. 
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Fig. 2: Circle around the patient is his 
care network. Current standard supports 
only collaboration of the grey area, or 
caregivers. New standard should support 
patients needs, expressed as 
collaboration in care network. 
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