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A B S T R A C T  

The main focus of  this  disser ta t ion is  to  s tudy the awareness  

mechanisms in  groupware computing.  The object  of  this  s tudy is  

to  create  a  plat form for  tes t ing awareness mechanisms in  a  

general  and empir ical  fashion.  The plat form wil l  a l low different  

awareness schemes to  be enabled and disabled as  required.   

The awareness  mechanisms that  wil l  be supported in  this  project  

are  the use of  colour  as  a  carr ier  of  embodiment  information,  the  

use of  radars  and te lepointers  to  present  locat ion awareness 

informat ion in  the  workspace,  the  use of  landmarks as  a  shorthand 

for  navigat ion and reference in  a  shared workspace,  and f inal ly 

the effect  of  different  levels  of  communicat ions on the tasks .  

This  s tudy wil l  conduct  a  pi lot  t r ial  with  groups of  2  to  4  users  to 

tes t  the  effect iveness  of  the  platform developed.  Prel iminary 

resul ts  from these t r ials  wil l  be summarised.   
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1  I N T R O D U C T I O N  

The main focus of  this  disser tat ion is  to  s tudy the awareness 

mechanisms in  groupware computing.  I t  i s  hoped,  in  the course  of  

this  s tudy to  f ind some empir ical  resul ts  that  wi l l  show that  

awareness mechanisms s ignif icant ly  affect  group interact ions and 

that  they should improve the effect iveness  of  group working.  In  

previous s tudies  awareness  mechanisms have been s tudied in  the 

real  world by observing how people  in  the same room can work 

together  to  solve var ious problems [5] .  In  this  pi lot  s tudy much of  

the same ground wil l  be  revis i ted,  the users  wil l  be  isolated from 

each other  so that  their  only communicat ion wil l  be  through 

computer  communicat ions.  I t  i s  then to  be hoped that  by 

incorporat ing analogue funct ions that  wil l  approximate  real ,  or  

enhance t radi t ional  awareness  mechanisms,  we can observe 

improvements  in  product ivi ty and accuracy of  the team.  

In  ear l ier  work the main focus of  the research was on text  based 

col laborat ion.  This  s tudy wil l  move away from this  to  a  cer ta in 

extent  and t ry to  abstract  away some of  the key ar tefacts  that  are  

present  in  a  textual  document  creat ion and then t ry  to create  a  

more general ised framework in  which col laborat ive wri t ing is  but  

one par t .  This  s tudy wil l  present  a  game in  which the user  groups 

wil l  have to  col laborate to solve a  s imple maze problem.  I t  i s  

hoped,  by conduct ing a  number  of  experiments  in  this  way using 

small  groups of  1-4 users ,  to measure  their  performance as  var ious 

awareness features are  added or  removed,  then observing what  

features  are  most  used and in  what  respect  they proved useful .  

User  feedback in  the  form of  a  survey wil l  be  col lected to  gather  

their  thoughts  and experiences  on the var ious mechanisms used.  I f  

this  proves useful  this  could then prove a  sol id  basis  for  a  future  

larger  s tudy into awareness  mechanisms using this  pla t form.  
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1 . 1  W H Y  N O T  T E X T ?  

There are  several  problems when t rying to  do awareness s tudies  

when the medium used is  text .  There are  a  number  of  problems 

inherent  in  the content  of  a  text  document  that  is  being composed,  

in  [24]  i t  s ta tes  “par t ic ipants  in  joint  projects  br ing with  them 

expectat ions about  joint  wri t ing”.  For  example,  suppose two 

col leagues are  working together  to  wri te  a  research paper  and one 

of  the authors  concentrated mainly on the pract ical  research and 

the other  author  concentrated on the evaluat ion of  the f indings.   

In  this  scenar io  i t  might  be possible  for  the  two authors to  wri te  

the  document  with  l i t t le  consul tat ion with  each other  as  the  f i rs t  

can wri te  the general  s tudy and the methods used to  arr ive at  the  

resul ts  and the second author  can wri te  the f indings and 

conclusions to  the paper.  They may only have to  consul t  to  

harmonise  a  few sect ions.  Note  in  this  par t icular  scenario  there 

would not  be much col laborat ion and i t  would not  be a  very 

helpful  scenar io  as  the  authors  are  most ly  working on completely  

different  sect ions of  the document .   

When s tudying awareness  schemes,  i t  would also not  be a  very 

helpful  scenario as  the authors  would need very l i t t le  

communicat ion at  the  t ime of  wri t ing the document .  In  this  case 

most  of  the  awareness  schemes out l ined would be fa i r ly 

i r re levant .  Similar  scenarios  can be found in  different  textual  

domains  and therefore  i t  i s  an a lmost  intractable  task to  account  

for  a l l  of  these special  cases .  I t  would be bet ter  i f  we could 

abstract  away,  to  some extent ,  the  underlying medium and 

concentrate  on the awareness mechanisms and interact ion between 

the users .  
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I t  i s  by this  reasoning that  i t  was decided to t ry  to  invest igate 

another  s i tuat ion where the awareness  mechanisms could be 

s tudied in  a  more abstract  and hopeful ly  more empir ical  fashion.  

Obviously there is  s t i l l  a  case for  s tudying awareness  mechanisms 

in  the  textual  domain or  for  that  mat ter  any par t icular  media  

domain in  col laborat ive working,  especial ly  as  the par t icular  

a lgori thm might  be opt imised to this  par t icular  domain.  By 

observing par t icular  features  that  might  be more appropria te  in  

each case.  Here we bel ieve that  by s tudying these awareness  tools  

in  a  more abstract  manner  you would gain an ins ight  into the  more 

general  features  of  col laborat ive working,  which could be appl ied 

to  par t icular  domains as  appropriate .   

As the tool  chosen is  a  game system that  none of  the users  wil l  

have any real  a  pr ior i  knowledge,  they wil l  not  be going into the 

task with any inbui l t  assumptions about  how to col laborate ,  this  

would not  be the case i f  i t  was a  wri t ing task as  most  of  the 

wri ters  wil l  have acquired a  wri t ing s tyle and a  paradigm for  

col laborat ion that  a l ready works for  them and may be unwil l ing to  

change.  In  this  new si tuat ion the users  wil l  be provided with 

greater  f reedom and more scope for  col laborat ion.   

1 . 2  B A C K G R O U N D  A N D  C O N T E X T  

The area of  groupware or  computer  supported col laborat ive 

working is  a  very large f ie ld  of  s tudy.  In  [8]  they broke the area 

into  several  par ts  including,  Message Systems,  mult i -user  edi tors ,  

group decis ion support  systems,  e lectronic  meet ing rooms,  

computer  conferencing,  inte l l igent  agents  and coordinat ion 

systems.  They also ident i f ied two boarder  categories  in  which 

these groupware systems can l ive and operate ,  real- t ime 

synchronous versus  asynchronous systems.   In  [16]  we again have 

the dis t inct ion between synchronous and asynchronous,  they also 
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break the area into  four  key dist inct  areas ,  message systems,  

conferencing systems,  meet ing rooms and co-authoring and 

argumentat ion.  I t  i s  the  area of  mult i -user  edi tors ,  co-authoring 

and argumentat ion systems that  the  research aims to  look at  the  

most  c losely.   

The area of  groupware can be at tacked from a number  of  different  

perspect ives ,  f rom [8] ;  we get  the  dis t r ibuted systems perspect ive 

the communicat ions  perspect ive,  the  ar t i f ic ia l  in tel l igence 

perspect ive,  and the social  theory perspect ive.   

When t rying to  tackle  a  problem in the Computer  Supported 

Collaborat ive Working,  CSCW, f ie ld ,  i t  i s  important  to  bear  this  

spectrum of  views in  mind as  there  is  a  s t rong interplay between 

them al l  to  one degree or  another  [11]  with  emphasis  on the users  

of  the system and how to support  natural  interact ion.  Systems that  

a l low users  to work together  across  t ime and space divisions have 

been envis ioned and a  c lassic  c lassi f icat ion of  the  systems can be 

seen in  the table  in  [8] .  

Messaging Systems grew out  of  the  domain of  emai l  l ike  systems,  

and can be thought  to  consis t  of  systems ranging from 

asynchronous system l ike email ,  voicemail  support  systems,  to  

instant  messaging and even SMS text-messaging systems.  This  is  a  

useful  paradigm and has  been included to  varying degrees  into 

a lmost  a l l  groupware systems.  The abi l i ty  to  contact  your  

col leagues eff ic ient ly  is  needed in  any group of  people ,  regardless  

of  t ime.  I t  i s  a lso very helpful  to  be able  to  t rack messages  in  the 

system and reta in  old messages for  context .  Example can range 

from threaded discussion groups to  the abi l i ty  to  archive old 

conversat ions in  instant  messenger  systems.   

 4



Conferencing systems include systems ranging from simple real-

t ime tools  l ike  MS net  meet ing to more sophis t icated systems 

involving integrated phone systems and webcams,  use of  shared 

workspaces  and whiteboards ,  where  “ the goal  is  to improve the 

product ivi ty  of  decis ion-making meet ings,  e i ther  by speeding up 

the decis ion-making process  or  by improving the qual i ty  of  the 

resul t ing decis ions” [11] .  Other  tools  in  this  area  are  vot ing tools  

or  tools  for  issue analysis  and idea generat ion l ike brainstorming 

tools .  These system can al low users  “who are  e i ther  gathered in  an 

electronic  meet ing room or  physical ly  dispersed,  to  interact  

synchronously through their  workstat ions or  terminals”  [7]  or  

through an audio l ink.  

Meet ing rooms systems are  re la ted to  conferencing systems in  this  

way,  these systems can be larger  scale  systems that  may contain a  

physical  component  for  example,  the  PlexCenter  Planning and 

decis ion support  laboratory at  the Univers i ty  of  Arizona [17] ,  but  

can be purely vir tual  environments .   

Col laborat ive edi tors  systems are  tools  to  support  the creat ion of  

documents ,  text ,  images,  or  other  shared object ,  by a  group of  

users .  These systems can again be synchronous or  asynchronous 

environments  [7] .  In  [24]  they have provided a  survey on the  

wri t ing s t ra tegies  used by different  wri t ing teams and conclude 

that  the  col laborat ive edi tor  should t ry and accommodate  as  many 

of  these differ ing s tyles  in  order  to  offer  a  working environment  

that  feels  natural .  This  s tudy [24]  a lso shows the value of  

understanding the users  needs before  designing a  col laborat ive 

wri t ing system.   

In  this  disser ta t ion I  wil l  be concentrat ing on evaluat ing concepts  

f rom the col laborat ive edi tor  f ie ld .  In  order  to  undertake a  

successful  col laborat ive wri t ing project ,  var ious support  
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infrastructures  should be provided [18];  this  would take the form 

of  concurrency control  systems to  reduce confl ic ts  as  users  

interacted with  shared ar tefacts ,  documents ,  images,  e tc .  Another  

e lement  of  infrast ructure  is  consis tency maintenance systems,  

several  schemes have been proposed.  Current ly  one of  the most  

s tudied types  of  schemes is  Operat ional  Transformat ion schemes.  

These operat ions al low loose consis tency constraints ,  i .e .  they can 

operate  without  the need for  s t r ic t  locking [1] ,  [2] ,  [3]  of ten these 

schemes t ry  to  resolved confl ic ts  automatical ly  through intent ion 

preservat ion systems.   

These systems have now been extended to  include support  for  

exploi t ing the s t ructure  of  documents  to  help with reducing 

confl ic ts  in  the system.  For  example in  [4]  they have created an 

Operat ional  Transformation algori thm that  can be used with XML 

documents .  By using t ree  based documents  a  lot  more concurrency 

can be supported.  In  a  sequent ia l  f la t  f i le  system the user ’s  

act ions  wil l  have to  be ordered and t ransformed against  al l  act ions  

as  a  change to  any par t  of  the document  can affect  the res t  of  the 

document .   

Avoiding confl ic ts  in  a  shared workspace in  col laborat ive edi t ing 

is  a  diff icul t  problem to solve using algori thms alone,  no mat ter  

how complicated,  or  s t r ic t ,  for  example locking [6] .  In  [11]  i t  asks  

i f  i t  would not  be more eff ic ient  to  le t  social  protocols  reduce the 

amount  of  confl ic t  and the need for  locking etc .  under  the 

pr inciple  of  minimising constraints  they ident i f ied.  

Another  approach hoped to  increase col laborat ion in  CSCW 

systems is  awareness  mechanisms.  Awareness  has  been def ined as  

an “understanding of  the act ivi t ies  of  others ,  which provide a  

context  for  your  own act ivi ty” [14] .  This  has  been most ly  s tudied 

in  terms of  col laborat ive edi t ing but  i t  a lso has  been s tudied in 
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other  contexts ,  for  example in  [15]  awareness  in  a i r  t raff ic  

management ,  a i rcraf t  carr ier  operat ions and space shut t le  mission 

control .  There  are  several  different  aspects  and levels  to 

awareness.   

In  [5]  a  s tudy was made into the awareness  mechanisms ut i l ised 

by several  small  groups which had to complete  smal l  col laborat ive 

tasks  involving s imple games in  a  shared physical  workspace.  In  

this  s tudy several  different  aspects  to  awareness  are  ident i f ied,  

including Si tuat ion Awareness  and Workspace Awareness .  

Awareness  can be summed up as  knowledge a  user  has  about  a  

system and the users  in  that  system that  help them with the task in  

hand.   

With the expansion of  information technology to  a lmost  

everywhere,  with i ts  enabl ing technologies  of  high specif icat ion 

workstat ions and reasonably rel iable  networking,  the opportuni t ies  

for  increased col laborat ion on projects  is  growing.  In  this  context  

users  require  a  shared domain in  which to  operate  col laborat ively.  

Typical ly  this  is  cal led a  workspace as  opposed to  workplace as  i t  

i s  a  vir tual  environment  in  nature  and can be accessed from almost  

anywhere.   

“Workspace denotes  the system designed to support  col laborat ive 

work,  ra ther  than the physical  locat ion or  workplace where that  

system is  used” [19] .  Using col laborat ive edi t ing environments  

you have a  less  r ich set  of  communicat ions mechanisms avai lable  

than for  t radi t ional  face- to-face communicat ion.  A lot  of  the  

awareness  informat ion that  you get  for  f ree  in  a  face- to-face 

interact ion is  los t  when the communicat ion is  mediated through a  

computer  system.  
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Groupware interfaces  can of ten be awkward and diff icul t  to  use 

[20] ,  par t icular ly  the  f i rs t  t ime.  Often the col laborat ion element  to  

the system has in  effect  been bol ted on to  an exis t ing s ingle-user  

appl icat ion,  and this  can lead to  badly designed interfaces .  

Designers are  seeking to  recreate  the r ich experiences  of  face- to-

face communicat ion in  Groupware appl icat ions,  and this  involves  

giving the user  greater  f lexibi l i ty in  their  working s tyles  and 

interact ion methods.  This  is  where this  s tudy comes in;  i t  should 

prove useful  as  a  tes t ing environment  for  evaluat ing var ious 

different  groupware paradigms in  an empir ical  and systematic  

manner  that  wi l l  eventual ly  help designers  create  bet ter  groupware 

appl icat ions that  are  easier  and more user-fr iendly to  operate .   

 

1 . 3  S C O P E  A N D  O B J E C T I V E S  

The main object ive of  the  project  is  to  bui ld  a  system that  can be 

used for  tes t ing var ious  di fferent  awareness mechanisms and 

tools .  This  system wil l  take the form of  a  s imple  mult iplayer  game 

in  which var ious awareness  systems can be turned on and off .  The  

par t icular  awareness  schemes that  we wish to  tes t  eventual ly  are  

document  radar  systems,  out  of  band communicat ions (both 

textual  and audio) ,  contextual  ident i f icat ion systems,  te lepointers ,  

and colour  as  a  carr ier  of  embodiment  information.  

Eventual ly,  these systems wil l  be  tes ted in  var ious di fferent  

combinat ions  to  see  what  the  presence or  absence of  a  par t icular  

awareness and communicat ions mechanisms does for  the  

interact ion and performance of  the user  groups.  The system wil l  

a lso be evaluated in  a  pi lot  s tudy to  t ry  and gather  some 

prel iminary resul ts  in  the  form of general  user  behaviour  and how 

they interact  wi th  some of  the awareness  schemes.   
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For example what  conveys more awareness  information radar  

systems or  te lepointers  e tc?  I t  i s  hoped the system wil l  be  able  to 

be extended to  gather  fur ther  empir ical  resul ts  in  the  form of  some 

usage s ta t is t ics ,  for  example,  how long users  are  observing the 

same sect ion,  or  how often the te lepointer  features  are  used when 

avai lable .  

I t  should also be possible  to  draw an analogue with different  

wri t ing s tyles  by using the system.  I t  could be s imulated by 

imposing protocols  on the users  or  rest r ic t ing the avai lable  

act ions  of  cer ta in  users .  For  example,  i f  we only al low one user  to  

see the whole  picture  using the Map screen,  whi le  al l  the  other  

contr ibutors  wil l  only see smal l  sect ions  of  the  board at  any one 

t ime.  I t  wi l l  be  up to  the person with  the whole  view to coordinate  

the contr ibut ions of  the team. This  would be analogous to  the 

scr ibe s tyle  of  wri t ing [24] .   

The tes t ing framework developed can be use in  future  for  detai led 

empir ical  s tudies  of the  affects  and usage of  a  spread of  awareness  

mechanisms and communicat ions mediums in  computer  supported 

col laborat ive working.   

1 . 4  O V E R V I E W  O F  D I S S E R T A T I O N  

The main work in  this  disser ta t ion involved creat ing the 

framework tool  for  tes t ing the awareness  mechanisms we feel  

would be interest ing to s tudy in  detai l .   

The tool  developed was a  platform for  test ing.  I t  consisted of  a  

s imple  mult iplayer  game that  could be used over  a  network.  The 

game was  wri t ten in  java and operated over  RMI.  The tool  would 

support  several  di fferent  awareness  mechanisms and would be able  
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to  operate  most  effect ively in  a  LAN environment  but  could be 

used over  the internet  but  the la tency would be a  performance 

bot t leneck.  

The tool  has  a  number  of  key features that  would be of  interest  to  

future  researchers .  The f i rs t  e lement  that  meri ts  a  ment ion is  that  

i t  i s  easy to  dis t r ibute ,  i t  i s  a  s ingle  executable  jar  for  the c l ients ,  

and a  one executable  jar  for  the  server.  Another  feature  is  the  

s imple  map edi tor  tool  that  wi l l  a l low users  to  create  map 

scenarios that  they think wil l  foster  the  desi red communicat ion 

and interact ion that  they are  interested in  s tudying.  

The game i tsel f  can be configured to a l low par t icular  

configurat ions of  awareness  mechanisms.  Note  that  as  these  are  

implemented at  the interface level  i t  i s  possible to  manage these 

awareness mechanisms on a  c l ient  by cl ient  basis .  Also the views 

of  the  system can be enabled or  disabled on a  c l ient  by cl ient  

basis .   

The document  wil l  take the fol lowing format ,  beginning in  sect ion 

two with a  summary of  the current  s ta te  of  the  ar t  and an 

introduct ion to  the f ie ld .  Then sect ion three wil l  comprise  a  

descr ipt ion of  the  implementat ion,  out l ining the key design 

decisions bui lding the awareness  plat form.  Sect ion four  is  an 

evaluat ion of  the awareness  platform with prel iminary resul ts  

from the pi lot  s tudy.  Final ly  the dissertat ion closes  with  the  

conclusions and future  work.   
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2  S TAT E  O F  T H E  A R T  

Awareness ,  as  a  concept  in  general ,  i s  re la ted to  the individual’s  

percept ion of  the  workspace which they can use in order  to  

complete  a  task.  The greater  the awareness  of  the workspace the 

more able  the user  should be in  complet ing the task eff ic ient ly.   

In  [20]  they conducted a  small  scale  experiment  comparing the 

effect  of  using a  mult i -user  col laborat ion environment  to  perform 

some s imple tasks .  They had the users  conduct  these tasks  using 

two different  modes of  the appl icat ion.  The f i rs t  t ime without  

awareness  support  and then la ter  with  the awareness  support  in  the 

form of  radars  and telepointers  that  al lowed the user  see what  the  

other  users  in  the workspace were doing.  They concluded that  the 

t imes to  complete  the  tasks  were lower  when they used the 

awareness schemes.  Not ing that  “ the diff icul ty  is  part icular ly  

acute  when the workspace is  larger  than the screen and people  

navigate  independent ly  through the workspace (cal led relaxed-

WYSIWIS view sharing“[20] .   

The tes t ing platform developed for  this  project  a ims to  al low 

tes t ing of  a  s imilar  set  of  awareness  resources  but  should enable  

researches  to  evaluate  more awareness  tools  in  an empir ical  

fashion.  

 “While  s taying aware of  others  is  something that  we take for  

granted in  the everyday world,  maintaining this  awareness  has  

proven to  be diff icul t  in  real- t ime dis t r ibuted systems where 

information resources  are  poor  and interact ion mechanisms are  

foreign.  As a  resul t ,  working together  through a  groupware system 

often seems ineff ic ient  and clumsy compared to  face- to-face 
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work.”  [5] .  Here i t  shows that  the interact ion through a  computer  

interface can be a  less  r ich experience that  face- to-face 

communicat ion as  most  of  the awareness  information that  you get  

for  f ree  in  face- to-face communicat ion is  lost .  Groupware tools  in 

order  to  be more natural  to  work with should t ry  and restore  this  

lost  awareness  information to  the users .  I t  a lso cal ls  for  these 

features  to  be considered from the beginning,  not  just  added to  

exis t ing tools  where possible .   

I t  i s  important  to  note  what  kind of  awareness  information is  

col lected by people and how to present  awareness  information in  a  

sui table  interface.  In  one study [5]  they ident i f ied three key ways 

in  which awareness information can be garnered.   

The f i rs t  method is  Consequent ia l  Communicat ion of  awareness  

information,  this  is  information that  is  conveyed by a  user ’s  

act ions  in a  systems.  To take the example f rom the paper  i f  a  pi lot  

is  f lying a  plane and reaches over  to  engage the landing gear,  the  

co-pi lot  wi l l  see  this  and wil l  be  informed that  the  landing gear  

has  been engaged without  any expl ic i t  communicat ion necessary,  

he only has  to  observe the pi lots  act ions ,  or  interact ions  in  the 

shared workspace.   

The second way of  gather ing awareness  information is  through the 

mechanism of  feed through,  this  is  information gathered from the 

system as  the users  interact  wi th  the objects  in  the shared context .  

For  example i f  you cannot  see the user  performing the act ions 

direct ly  you can perceive that  they have done something to  the 

objects  in  the system purely by observing the changes in  the 

shared objects ,  caused by the other  users  act ions.  As an example 

f rom [5]  in  an ai r  t raff ic  control  system,  the person control l ing 

the Departures  may not  be able  to  communicate  or  see  the person 

who is  control l ing the arr ivals  of  the planes.  By observing the 
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display l is t ing the arr ivals  wil l  be able to ascer tain  that  the  

arr ivals  control ler  is  landing planes as the entr ies  on the Arr ivals  

board change to  Landed.  

This  can also be seen in  col laborat ive edi t ing environments  as  

wri ters  contr ibute  to  the  document ,  the  other  wri ters  can te l l  what  

the others  doing by observing the document  get t ing longer  and 

new text  appearing etc .   

The third way l is ted is  through intent ional  communicat ion.  This  

occurs  when expl ic i t  communicat ion is  used.  For  example by 

sending a  message or  cal l ing to  another  user  in  the system. This  

would be t radi t ional  communicat ion and is  probably the easies t  to 

capture  in  a  computer  environment .  There  are several  di fferent  

opt ions for  this  expl ic i t  communicat ion,  including email ,  fax,  

ins tant  message,  phone cal l ,  e lectronic  conferencing tools  and so 

on.   

What  kind of  information can be captured in  awareness enabled 

systems?  The information we would l ike to  show, “at  a  s imple 

level  … involves knowledge of  who is  present ,  where they are  

working,  and what  they are  doing” [20] .    

From [5]  we get  a  more detai led set  of  information that  is  required 

in  the present  for  workspace awareness and contextual  

information.  Under  the heading of  “who is  in  the system?” three 

dis t inct  categories  emerged,  f i rs t ly is  there  anybody else  using the 

workspace,  presence.  Fol lowing this ,  what  is  their  ident i ty,  and 

thirdly who did what .   

Under  the heading of  “what  are  the users  doing?” they considered 

what  act ions are  being performed,  what  are  the other  users  in  the 

 13



system’s intent ions,  and what  document  or  more general ly  ar tefact  

or  object  are  the other  users  interact ing with .   

Final ly  under  the heading of  “where are  the  users  in  the 

workspace?” should be considered the other  users  current  

locat ions in  the workspace,  what  they are  current ly  looking at  and 

where they can potent ia l ly  view,  and what  they can potent ia l ly  

interact  with .  For  example in  some workspaces there  may be roles  

associated with  the objects  in  the systems,  so that  only cer ta in 

users  can see or  use these par t icular  objects .  

2 . 1  I D E N T I T Y  A N D  A W A R E N E S S  

Awareness  information,  in  order  to  avoid information overload 

and feel  more natural ,  should be located at  the  per iphery.  The 

per iphery is  “what  we are  a t tuned to  without  a t tending to  

expl ic i t ly”  [21] .  “Ambient  awareness displays use the tact ic  of  

embedding informat ion into  the user ’s  surrounding environment ,  

of ten without  using s tandard computer  screens,  and of ten ut i l iz ing 

the senses  of  sound and touch ( in  addi t ion to  vis ion) .”[14]   

One of  the f i rs t  awareness techniques that  we wished to  evaluate  

was the use of  colour  to  represent  users  in  the systems.  I t  was fe l t  

that  this  would be a  non-obtrusive and intui t ive system.  “Users  

should have an embodiment;  many exis t ing interfaces  fa i l  to  

adequately embody users  within the common display space” [22] .  

Embodiment  can be any way of  consis tent ly  represent ing a  user  in  

the workspace and “descr ibes  the way in  which users  are  

themselves  direct ly represented within the display space” [22] .  In  

this  project  the method of  embodiment  is  to  associate  a  different  

colour  with each user  and then apply this  consis tent ly  through the 
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in terface.  This  has the advantage that  af ter  a  while  the users  can 

easi ly  see who is  doing what .  This  information is  in  the per iphery.  

“Ident i ty  within a  groupware system is  another  kind of  awareness .  

… Ident i ty  makes the processes  of  workspace awareness  and feed 

through possible  by supplying actors  for  the act ions.”  [23] .   

Embodiment  could have been included in  the system using 

addi t ional  features  but  a t  this  point  was passed over.  One method 

as  out l ined in  [29]  was to  use pictures of  the  contr ibutors  in  the 

radar  view of  the system,  or  possibly video.  I t  could also be 

extended to  recording the his tory of  the system,  as  an example the 

users  could move the mouse  over  an object  and a  picture  would 

appear  in  a  tool  t ip  l ike manner  displaying the user  who las t  

interacted the object .   

2 . 2  R A D A R  A N D  T E L E P O I N T E R S   

Two of  the  most  popular  awareness  mechanisms are  radar  and 

te lepointers .  Radar  views involve showing a representat ion of  the 

view-ports  of  each user  in  a  common map of  the  tota l  workspace.  

With a  radar  view i t  i s  possible  to  ascer ta in  where another  user  is  

current ly  looking.  This  addresses  one of  the key awareness  

quest ions ra ised ear l ier.  For  tasks  that  require  information and 

act ivi ty,  especial ly  where i t  i s  di ff icul t  to  descr ibe the workspace 

verbal ly,  the  radar  view reduces  complet ion t ime and increase user  

sat isfact ion [20] .   

In  What-You-See-Is-What-I-See Systems al l  users  have the same 

view of  the shared workspace.  But  WYSIWIS systems can be 

overly  res t r ic t ive and do not  readi ly  support  users  who wish to  

work on individual  tasks  a t  t imes,  but  i t  does  have the benefi t  that  

a l l  users  in  the system have the same view of  the system so have 
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the  same shared context  and automatic  appreciat ion of  what  the 

other  users  are  looking at .   

With relaxed-WYSIWIS groupware you lose this  automatic  

awareness of  the shared context .  With such systems the users  have 

bet ter  individual  control  so there is  a  t rade off  between bet ter  

support  for  individual  work and the amount  of  awareness  [29] .  To 

t ry  and improve this ,  solut ions involving overlaying the individual  

views of  the workspace over  the ent i re  workspace help to res tore  

this  gap in  awareness  and should increase group awareness .   

 

F I G U R E  1 :  D O C U M E N T  R A D A R  

One thing that  might  be interest ing to  s tudy is  that  when working 

in  a  col laborat ive environment ,  what percentage of  the t ime users  

spend looking at  the  same view.  This  would be interest ing because 

i f  i t  was a  high proport ion of  the t ime the use of  re laxed-

WYSIWIS might  not  just i fy  the loss  of  group awareness .   
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“Telepointers  are  one of  the  most  useful  e lements  of  real- t ime 

groupware.  They are  s imple and computat ional ly  inexpensive,  but  

provide embodiment ,  awareness ,  and gestural  

communicat ion.”[30] .  Telepointers  can be cursors  that  t rack the 

locat ion and movement  of  other  users  mouse pointer,  or  they can 

be used in  a  higher  granular i ty  mode where they operate  as  a  

remote point ing device.  They can provide important  information 

in  real- t ime groupware appl icat ions.  Telepointers  can be used to  

provide embodiment ,  grant ing awareness  of  other  users  in  the 

system. Telepointers  are  cheaper  carr iers  of  embodiment  

information that  video or  image representat ions in  the workspace 

[30] .   

The main problem with te lepointers  is  that  when used over  non-

ideal  network setups that  can be s low to react  and wil l  end up 

displaying out  of  date  information.  In  [30]  they descr ibe a  High 

Performance Telepointer  implementat ion that  can get  around this  

problem. This  system includes some advanced features  l ike motion 

predict ion and measures  for  improving pointer  accuracy.  

2 . 3  S H A R E D  C O N T E X T  

Part ic ipants  have to know the environment  or  workspace they are  

operat ing in  to  some extent .  The users  should be able  to  remember  

or  recognize cer ta in spat ia l  features  of  the workspace.   

Having Information l ike s ize  or  bounds of  the workspace and what  

the current  s tate  of  the  users  and objects  in  the system is  

considered very important  [33] .  Some vir tual  environment  systems 

even have learning about  the workspace as  one of  the design 

goals .  I t  i s  useful  i f  the  users  have some landmarks in  the system 

for  discussing the system,  these landmarks or  common contextual  

reference points  to a id  communicat ion as  they are  a  shortcut  to 
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locat ions  in  the document  and can be expressed oral ly  ra ther  than 

rely  on te lepointers  which might  dis t ract  f rom the current  task you 

are  performing [33] .  In  this  s tudy the use of  a  coordinate  system 

is  there  to  provide the users  with  this  context  that  they can use to 

inform their  discussions about  the  workspace.   

“Where users  are  involved in  a  joint  project  of  some kind,  such as 

put t ing together  a  machine,  viewing a  shared document ,  or  hunt ing 

down a monster,  people  need not  only to  see the environment  and 

each other,  but  a lso to  communicate  in  order  to  convey their  own 

intent ions,  confirm the understanding of  each others’ intent ions,  

and coordinate  their  joint  act ions.”[34] .  

So i t  i s  useful  to  have reference points  in  a  shared workspace for  

communicat ion and navigat ion.  In  an edi table  document  the 

reference points  could be headings or  other  s tandout  features  of  

the  document .  In  a  col laborat ive programming environment  the  

system used could be l ine  numbers  and class  names.  In  a  

col laborat ive drawing environment  the reference points  could be 

coordinates  or  s tandout  shapes or  objects  in  the drawing.   

 

2 . 4  C O M M U N I C A T I O N  

Communicat ion is  obviously very important  in  groupware  

appl icat ions as  col laborat ive working is  a l l  about  keeping 

everybody informed with as  much information as  possible .  Using a  

computer  system gives  you access to  a  r ich set  of  possible  

communicat ions mechanisms.  I t  i s  deciding which solut ion works 

best  for  a  given s i tuat ion that  is  the  problem.  
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The f i rs t  method of  communicat ion under  considerat ion is  the use 

of  text  based communicat ions;  this  typical ly  takes  the  form of  an 

instant  messaging system.  During the s tudy of  computer  supported 

col laborat ive wri t ing i t  was noted on several  occasions that  i t  

would be very useful  i f  an appl icat ion could support  some form of  

informal  communicat ion.  This  was said to  be useful  for  c lar i fying 

design issues  and helping with confl ic t  avoidance.  The benefi ts  of  

such system are  a lso descr ibed in  [25] .  Therefore  i t  was decided 

that  i t  would be a  very good idea to  look fur ther  into  this  issue of  

out  of  channel  communicat ion.   

People  f rom di fferent  area  of ten have different  interpretat ions  of  

concepts;  communicat ion systems can help negot ia te  a  common 

understanding.  In  [25]  i t  s ta tes  the fol lowing “CSCW systems 

should have some secondary mechanism or  communicat ion back-

channel  to  a l low users  to  negot iate  the  norms of  use ,  except ions 

and breakdowns among themselves ,  making the system more 

f lexible”.   

During the course of  normal  working operat ions,  except ions are  

found to  be rout ine.  I t  has  been observed that  much of  off ice  work 

is  handl ing except ional  c i rcumstances .  Augmenting CSCW 

systems with chat  and other  communicat ion systems help to  deal  

with  except ions and improve f luidi ty.  

The above appl ies  as  much to  verbal  communicat ion as  to  text  

based chat t ing.  We hope to  conduct  a  number  of  s tudies  into  

var ious combinat ions of  face- to-face communicat ion,  verbal  

communicat ion and communicat ion through the medium of  text .  

“Resul ts  a lso reveal  that  the  computer-mediated teams 

s ignif icant ly  outperformed face- to-face teams in  the idea-

generat ion task.”  [31] .  One of  the reasons for  this  improvement  is  
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that  the  computer  supported system retains  his tory of  what  was  

said [31] .   

In  one s tudy [26]  they recommend that  chat  or  ins tant  messaging 

systems should be in  context  of  the objects  being discussed.  They 

advise  that  the chat  c l ient  is  bui l t  d i rect ly  into the groupware 

appl icat ion and not  in  a  separate  window as  has  t radi t ional ly  been 

the case.   In  another  s tudy [32]  they found that  users  

communicated more and in  a  more natural  way when deal ing on 

coact ive tasks  ra ther  than tasks  where they could easi ly  par t i t ion 

the workload,  and were only encouraged to  communicate .   
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3  I M P L E M E N TAT I O N  

In  this  sect ion I  wi l l  out l ine  the main problems involved in 

implement ing this  project .  I  wi l l  explain  the  key design decisions 

made and hopeful ly  one should be clearer  on what  the project  

actual ly  involved.  This  sect ion should also explain decis ions l ike 

what  technologies  where chosen and why and f inal ly,  I  should 

give a  detai led descr ipt ion of  par t icular ly  important  components  

of  the  system designed.   

The system bui l t  i s  a  s imple  mult iplayer  game that  can be used to  

s tudy cer ta in  facets  of  Human Computer  Interact ion and 

interpersonal  communication and interact ion.  As explained ear l ier,  

the system would record user ’s  act ions and communicat ions and i t  

i s  hoped that  this  information can be used in ,  and taken into 

considerat ion when,  designing groupware appl icat ion in  future .  

3 . 1  T E C H N O L O G Y  C H O I C E S  

The programming language that  I  chose to  develop this  project  

was java.  Why did I  choose to  use java? The choice of  a  

programming language for  this  project  was in  one sense the most  

important  choices  to  be made when doing the project .  This  choice 

would affect  most  of  la ter  implementat ion discussions in  the 

project .  There are  several  different  programming languages that  

could have been chosen,  including VB and C++.  The select ion of  

java above these other  implementat ions came down to  a  number  of  

different  factors .  

One on the main factors ,  in  this  select ion,  was that  I  am already 

very fami l iar  wi th java and have a  lot  of  experience developing 
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projects  of  var ious different  s izes  using java.  I  a lso passed the 

Sun Java Programmers Cer t i f icat ion Exam, SJPC. I t  therefore 

made some good sense to  cont inue with a  language that  I  knew 

rather  than t ry  to  learn a  new language from the beginning just  for  

the  project ,  the  focus of  the  project  is  not  the  implementat ion for  

the sake of  implementat ion but  to  t ry  and get  the best  product  

possible  developed in  which to  test  the  hypothesises in  the  

shortes t  possible  t ime.   

Another  factor  that  was in  favour  of  the choice of  java is  that  java 

is  designed to  be platform independent .  This  is  a  s ignif icant  

advantage in  a  dis t r ibuted appl icat ion.  Wri t ing the code for  the 

project  in  a  language that  supports the not ion of “Wri te  once,  run 

anywhere”.  Most  dis t r ibuted systems,  a lmost  by their  very nature ,  

have to  l ive  in  a  heterogeneous environment ,  where different  

systems could have different  hardware archi tectures  and could be  

running different  operat ing systems.  In  this  case,  the  project  

would be rest r ic ted to  an operat ion f ie ld  of  a  subset  of  computing 

plat forms,  compared to  the java implementat ion,  which can be 

used almost  anywhere without  s ignif icant  a l terat ions for  each 

pla t form.  

Earl ier  on in  the discussion of  the communicat ion faci l i t ies  in  the 

project  I  out l ined that  the  java language and the packages 

avai lable  for  use contained good networking faci l i t ies  and also 

has  very good support  for  developing dis t r ibuted appl icat ions in  

the form of  implementat ion of  Remote Method Invocat ion systems 

using java.rmi  faci l i ty.  

The java programming language also contained a  useful  system for  

designing graphical  user  interfaces .  There are  actual ly  two such 

systems,  javax.swing,  Swing,  and java.awt,  awt .  The awt packages 

are  designed to a l low programmers  to  develop heavyweight  
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graphical  user  interfaces  that  should look the same on al l  system.  

The Swing packages are  a  l ightweight  solut ion,  which is  bui l t  on 

top of  the awt system. The swing package has  the advantage that  i t  

wi l l  a l low the development  of  a  GUI that  can mimic the 

appearance of  the host  system on which the program resides .   

This  has  the  dis t inct  advantage of  permit t ing the developer  to  

create  a  user  interface that  wi l l  be famil iar  to  the  user  al ready in  

many respects .  I f  we are  t rying to  design a  system that  is  t rying to  

tes t  the users  interact ion with other  users  using this  game i t  was 

important  to  l imit  as  much as  possible the  need to  learn new user  

interface paradigms as  I  bel ieve that  th is  would effect  the  

eventual  resul ts  obtained from this  s tudy.  

 

3 . 2  G R A P H I C A L  U S E R  I N T E R F A C E  

In  this  sect ion I  wi l l  out l ine  the main elements  in  the user  

interface developed for  the project .  The program had to  have a  

graphical  user  interface as i t  had to  be able  to  support  many 

advanced features  that  just  could not  be adequately be supported 

in  a  command l ine based system.   

Now let  us  out l ine  the basic  design of  the interface and then 

expand this  with a  few screen shots  of  the actual  appl icat ion.  
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F I G U R E  2 :  G R A P H I C A L  U S E R  I N T E R F A C E .  

 

As can be seen from the above f igure  the main interface contains  a  

number  of  s tandard features  you would expect  f rom a graphical  

user  interface.  For  example note  the menu bar  a t  the  top of  the 

screen with s tandard menus cal led “Fi le” ,  “Edi t” ,  and “View”.   

Users  would have cer ta in bui l t - in  expectat ions when they 

encounter  these menus.  For  example the f i le  menu should contain 

commands for  s tar t ing or  s topping the appl icat ion or  creat ing a  

new document  for  edi t ing.  The edi t  menu should group together  

commands for  manipulat ing the document  under  inspect ion.  The 

view menu should contain commands  for  manipulat ing the view 

presented to  the user.  For  example the in  a  word processing tool  
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this  menu would provide for  commands al lowing “print  preview” 

or  “zoom” views of  the document .   

The commands in  the view menu typical ly  do not  a l ter  the 

document  under  considerat ion.  Final ly  the help menu should 

contain commands that  would al low the user  to  f ind information 

on how to user  the system. These assumptions in  effect  represent  a  

contract  that  must  be respected when t rying to  design a  

graphical ly  user  interface.   

In  this  system the f i le  menu contains  commands for  joining and 

leaving a  session and the view menu contains  commands to  

display var ious different  views to  the users .  For  example there  is  

a  command here  to turn on and off  the radar  view pictured to  the 

r ight  in  the above f igure .  Another  command here  is  one to  turn on 

/  off  the view of  te lepointers  in  the system. A f inal ly  another  view 

present  is  the  abi l i ty  to  view the chat  console  or  not .   

The next  s tandard interface widget  that  is  of ten contained in  a  

typical  Graphical  user  interface is  the toolbar.  This  should provide 

a  shortcut  or  s imple mechanism for  accessing frequent ly  used 

commands by pressing a  but ton.  In  this  program the toolbar  

contains  but tons  for  adding or  removing wal ls  f rom the maze or  

adding br idges  to  the maze.  Due to the  nature  of  the  game these 

commands should be used very frequent ly,  therefore  i t  would 

make good sense to locate  these commands in  this  posi t ion,  where 

users  would natural ly  expect  to  f ind them.  

The rest  of  the interface contains  the main viewing area 

containing the game screen and a  map or  radar  view of  the ent i re  

game.  This  is  located in  the most  prominent  locat ion on the screen 

as  the users  wil l  be  interact ing with these two views with the 

greatest  frequency and i t  wi l l  occupy most  of  their  a t tent ion.  This  
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i s  the  locat ion a  user  would typical ly expect  to f ind the view of  

the document  they are  working on in a  document  edi tor  or  word 

processor.   

Located to  the side and bot tom of the screen are  tools  that  wil l  

provide some awareness  clues  to  the users  but  wil l  not  have to  

occupy their  a t tent ion to  anything l ike the same degree as  the 

funct ions located towards the top of  the  screen l ike  the  toolbars ,  

or  in  the centre  of  the screen where the main working area is  

located.  These funct ions while  important  wil l  then provide some 

useful  information to  the users  but  wil l  they should be able  to 

engage with i t  in  a  more passive manner.  

One example of  this  passive informat ion that  wi l l  help  the  user  to  

understand the system, and hopeful ly ease their  interact ion with 

the other  users  in  the system,  is  the use of  colour  coded names at  

the  s ide of  the  screen.  This  gives  the user  two pieces  of  

information,  one which users  are  current ly  logged into the game.  

I t  a lso gives  the user  information on which user  is  doing what  as  

a l l  act ions  in  the system are  colour  coded according to  the same 

scheme.  For  example i f  the  c l ient  not ices  on the Map view,  a  radar  

box coloured Red in  the upper  lef t  corner.  He may know, for  

example that  a  par t icular  user  is  looking at  that  par t icular  sect ion 

of  the map.   

A f inal  component  of  the user  interface not iceable  on the f igure is  

the s ta tus  display.  This  sect ion displays key information about  the 

system that  the  users  need in order  to use the system useful ly.  An 

example of  the information provided here  includes  the  number  of  

keys so far  uncovered or  the  number of  wal ls  or  br idges avai lable  

for  placing by the team, or  the current  score  of  the team. 
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Below is  a  diagrammatic  depict ion of  the  user  interface that  shows 

the various  different  sect ions  to  the  display.  

 

 

F I G U R E  3 :  D I A G R A M M A T I C  V I E W  O F  G U I  
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F I G U R E  4 :  G U I  S C R E E N S H O T  

 

From the two f igures  above taken in  conjunct ion one can see what  

the  var ious e lements  of  the  Graphical  user  interface represent .  

Each element  and i ts  precise  role  wil l  be  out l ined in  greater  detai l  

in  this  sect ion.   

I  wi l l  s tar t  by discussing the User  List  f i rs t  as  this  is  perhaps the 

s implest  par t  of  the  system but  in  many ways is  crucial  for  the  

understanding of  the system and is  one of  the central  Awareness  

components .  This  is  s imply a  l is t  of  the users  of  the system; i t  was 

shown in  [5]  that  i t  i s  important  for  users  in  a  groupware system 

to be informed who the part icipants  in  the  system are .   
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This  is  for  a  number  of  different  reasons including cer ta in 

psychological  reasons.  For  example i f  the users  know that  one of  

the  other  par t ic ipants  is  their  boss  they may experience cer tain  

inhibi t ions that  could affect  the outcome of  the work.  So 

depending on what  type of  user  interact ion you wish to  support  

anonymity or  expl ic i t  ident i f icat ion might  be appropriate .  In  this  

case as  we were t rying to  re late  this  s tudy to  col laborat ive 

wri t ing,  where al l  wri ters  typical ly  know who they are  working 

with,  using an anonymous system did not  seem appropriate  here .   

One of  the key considerat ions in  a  groupware system is  how 

natural  human interpersonal  re lat ionships  and communicat ion can 

be supported as  t ransparent ly  as  possible .  The central  idea of  this  

project  was to  draw an analogue between groupware and 

col laborat ive wri t ing systems in  general  and the abstract ion to 

system independent  col laborat ive support .   

In  the  system the names can be colour  coded or  not .  I t  i s  hoped by 

colour  coding the names and then using these colours  consis tent ly 

around the res t  of  the program, i t  should help the users  get  easy 

access  to what  other  users  in the system are  doing.  For  example  

the radar  views can be coloured the same as  the users’ names so 

that  a t  a  glance a  user  can te l l  where everybody else  is  looking.   

The next  sect ion to  be descr ibed is  the  chat  system.  During the 

s tudy of  computer  supported col laborat ive wri t ing i t  was noted on 

several  occasions that  i t  would be very useful  i f  an appl icat ion 

could support  some form of  informal  communicat ion.  This  was  

said  to  be useful  for  c lar i fying design issues  and helping with 

confl ic t  avoidance.  The benefi ts  of  such system are  a lso descr ibed 

in  [25] .  Therefore  i t  was decided that  i t  would be a  very good idea 

to  look fur ther  into  this  issue of  out  of  channel  communicat ion.   
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I t  i s  easier  to  avoid confl ic t ing operat ions by improving 

communicat ion that  developing sophis t icated algori thms for  

deal ing with confl ic ts .  Social  protocols  can prove to  be a  very 

effect ive mechanism for  avoiding confl ic t ing operat ions [24]  and 

should be enabled i f  possible .   

In  [26]  fur ther  support  of  integrated solut ions  is  out l ined.  Here i t  

i s  declared that  there  can be considerable  performance 

improvements  garnered i f  the  context  of  a  chat  session can be 

eff ic ient ly  re la ted to  the document .  I t  would also be useful  i f  the  

chat  system fi t  in  with  the s tandard paradigms of  text-base 

chat t ing so as  to  create  a  shor t  learning curve and not  to  confuse 

the users  on how to properly ut i l ise  the chat  system. I t  has a lso be 

noted in  [11]  that  the  system should not  be over  constrained,  so 

systems that  deploy a  l imited vocabulary were ruled out ,  the  users  

are  then free  to  use the system as  i t  sui ts  them.  

There  are  a  lot  of  commercial ly  avai lable ins tant  messaging 

solut ions  a l ready avai lable ,  Microsoft  Instant  Messenger  and AOL 

Instant  messenger,  AIM, being the two most  pre-eminent  examples  

widely avai lable .  When deciding to  include an instant  messaging 

system in a  groupware system there  are  several  considerat ions.  As 

ment ioned in  [26]  i t  i s  helpful  to  have the IM cl ient  in tegrated 

into the groupware appl icat ion as  i t  can be viewed in  context .  

Also by creat ing an integrated IM Client  di rect ly into the  

appl icat ion you can be sure  that  a l l  the  par t icipants  in  the s tudy 

wil l  be  using a  compat ible system and that  that  they are  al l  

actual ly  using i t .   

Most  IM systems are  topological ly  peer- to-peer  systems,  this  is  a  

useful  feature  for  a l lowing large groups to separate  into smal ler  

working groups for  par t icular  tasks  but  has  been noted in  [24]   

that  the  system should mult icast  to  a l l  members  of  the  sess ion al l  
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the  messages in  the conversat ion.  This  is  the  mechanism that  has  

been implemented here .  Another  feature  of  the  chat t ing system is  

that  a l l  the  par t ic ipants’ names can be highl ighted in  the same 

colours  that  are  assigned to  their  names in  the  User  l is t  d isplay.   

The system records a l l  the  conversat ions conducted using the 

Chat t ing system,  this  can then be displayed as  a  webpage to  be 

s tudied later  to  see how the par t icipants  actual ly  used the system.  

The actual  in terface for  the Chat t ing system is  very s imple  and 

typical  of  a lmost  a l l  analogous systems.  I t  consis ts  of  a  display 

area for  previous conversat ions and text  area to  enter  text  into the 

system.  When new text  is  added i t  goes  to  the top of  the display 

area and the previous messages  scrol l  down.   

 

F I G U R E  5 :  C H A T  C O N S O L E  

The next  par t  of  the  Graphical  user  interface to  discuss  is  the  

ra ther  s imple display that  is  used to  give the users  some global  

information about  some of  the  shared objects .  In  this  display there  

are  four  proper t ies  that  need to  be reported to  the  users  in  order  to  

play the game.  This  information is  the  current  score  by the team, 

the number  of  wal ls ,  and br idges ,  avai lable  and the number  of  

keys found so far.   

These e lements  wil l  be  descr ibed in  the next  sect ion.  This  

informat ion is  important  because the user  can use i t  to evaluate  

the performance of  other  members  of  the team without  expl ic i t ly  
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asking the other  users .  For  example i f  one member  of  the team is  

ass igned the role  of  f inding the keys in  the game he can just  look 

at  this  display instead of  having to  cont inual ly  ask them how they 

are  doing.  This  is  an example of  feed through awareness  in  act ion.   

This  is  akin to  seeing the work count  for  var ious sect ions going up 

in  a  col laborat ive wri t ing system so that  you would be aware that  

the  other  users  are  actual ly doing some work.  The score  can be 

used in  this  s tudy as  one empir ical  measurement  in  that  as  more of  

the  awareness  mechanisms are  int roduced into the experimental  

scenario  the users  should be able  to  perform more eff ic ient ly  and 

hence get  a  bet ter  score .  

The two main heavy weight  sect ions of  the display need to  be 

out l ined next ;  these par ts  are the  map/radar  screen and the actual  

game screen.  Each of  these has  a  number  of  commonal i t ies  and 

therefore  i t  makes sense to  discuss them together.  There are  

several  components  to  these interfaces ,  including the map,  the  

navigat ions but tons,  and the locat ion indicators  as  wel l  as  the 

actual  iconography of  the game i tself .  

The interface components  are  displayed below together  with a  

diagrammatic  view of  the interfaces .   

 32



 

F I G U R E  6 :  M A P / R A D A R  A N D  G A M E  S C R E E N S  

 

F I G U R E  7 :  G A M E  S C R E E N  
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F I G U R E  8 :  R A D A R  S C R E E N  

There is  a lso a  coordinate  system in the program, not  pic tured in  

the  diagram.  I t  i s  s imilar  to  the  system used in  chess.  Let ters  

indicate  columns across  the top and bot tom of  the screens and 

numbers  indicate  the rows along the s ides  of  the screens.  The 

game screen is  essent ial ly  a  zoomed in  vers ion of  the map screen.  

As the user  navigates  around the map the coordinates  displayed 

along the s ides  of  the  game screen change accordingly to  where on 

the board the user  is  current ly viewing.  The radar  on the Left  

indicates  what  port ion of  the board the user  is  current ly  viewing.  
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The navigat ion elements  a long the edges of  both screens serve the 

same purpose.  The users  can use them to move the current ly  

viewed port ion one place in  the desired direct ion.  The user  can 

move the view in the fol lowing direct ions,  North,  North-East ,  

East ,  South-East ,  South,  South-West ,  West ,  and North-West .  

By using the Map screen the user  can move to  a  random locat ion 

on the map,  this  gives  the user  direct  access  to  a l l  por t ions  of  the  

map.   

Different  information is  displayed on both screens.  The Maze that  

is  displayed on both screens is  the  same data ,  but  i t  i s  interpreted 

in  a  different  manner  on both screens.  In  the  radar  screen for  

example,  the  ent i re  board is  displayed,  where only a  port ion is  

displayed on the game screen.  Certain  objects  in  the game are  

only displayed in  the game screen,  for  example,  the  keys.  

While  playing the game most  of  the  interact ion is  performed 

through the game screen.  I t  i s  here  that  the users  can add and 

remove wal ls  f rom the maze and add br idges  over  the  t raps .  I t  i s  

a lso here  where the players  can col lect  the  keys.  The keys are  not  

displayed in  the map screen as  then f inding them would be the 

most  t r ivial  exercise  and would el iminate  the point  of  having them 

in the system.  

The robot  player  is  shown in both screens.  I t  i s  the job of  the  

players  in  the system to ensure the safety of  this  robot  and guide 

him to the f inish.  The robot  discussed in  more detai l  has  i ts  own 

maze solving algori thm and should f ind the f inish on his  own 

provided that  he does not  fa l l  into the t raps ,  which he has  no 

knowledge of  and provided that  there  is  current ly  a  root  that  can 

be taken to  the f inish.  At  the s tar t  of  the game the f inish is  
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surrounded with a  ser ies  of  t raps  that  can only be overcome by 

f inding al l  the  keys.  

Now that  the Graphical  user  interface should be qui te  c lear,  i t  

would be appropriate  to  discuss  the  actual  archi tecture  of  the  

system and descr ibe how this  system actual ly  works.   

3 . 3  D E S I G N  A R C H I T E C T U R E  

As mentioned ear l ier  the programming language used for  bui lding 

this  tool  was Java.  Other  key elements  to  the  system are  that  i t  i s  

going to  have to  support  mult iple  users  synchronously;  the  result  

of  this  is  that  the  system must  be able  to  work on a  network to  

a l low users  to  access  i t  f rom different  terminals .  

The fact  that  i t  wi l l  be  working on a  network resul ts  in  a  number  

of  bui l t - in  problems from the s tar t  wi th  the  implicat ion that  a l l  

communicat ion is  through messaging.  There are  a  number  of  

c lassic  problems that  you are  going to  encounter  when using 

networked systems,  for  example,  the  lack of  a  global  c lock system 

for  order ing al l  act ions and no global  knowledge,  in  that  i t  i s  

impossible  to  know for  cer ta in  the current  s ta te  of  other  systems 

on the network.  A f inal  problem is  that  of  par t ia l  fa i lure .  This  will  

be  encountered when users  systems fai l  but  this  is  not  known to  

the system as  a  whole.   

The goal  of  the  project  was to  create a  system or  f ramework in  

which awareness mechanisms can be reasonably tes ted.  I t  was not  

to  solve basic  network and dis t r ibuted systems problems from f i rs t  

pr inciples.  I t  was with  this  in  mind that  I  addressed the 

considerat ions in  the preceding paragraph.  The f i rs t  issue of  a  
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lack of  a  global  c lock was the most  pressing and had to  be 

expl ici t ly addressed in  the project .   

The issue of  par t ia l  fa i lure  was in  most  respects  ignored as  the 

system was to  be deployed on a  LAN with good rel iabi l i ty  and 

throughput  e tc .  and could be assumed to  work most  of  the t ime or  

a t  least  for  long enough to  tes t  the  system.  The issue of  lack of  

global  knowledge was important  as  a l l  the cl ients  should have the 

same view of  the workspaces ,  or  more correct ly  should have the 

same workspace objects ,  the  actual  view of  the data  can be 

different  for  each cl ient  and this  should be expl ic i t ly  supported.   

The lack of  a  global  c lock was addressed with considerat ion to  [9]  

this  ut i l ised a  vector  t ime s tamping mechanism.  All  act ions  in  the  

system were broadcast  to  the other  users  in  the  dis t r ibuted systems 

and ordered using the vector  t imestamps.   

Most  of  the basic  networking issues  could be s idestepped by the 

use of  the Remote Method Invocat ion implementat ion in  java.  This  

provides  a  t ransparent  means of  contact ing the other  c l ients  and 

updat ing their  s ta te .  I t  a l lowed qui te  sophis t icated interact ion 

between cl ients .  For  example Objects  could be passed between 

cl ients  ra ther  that  t rying to  create  bespoke packet  or  messaging 

formats  for  communicat ion between cl ients .  

The main topology of  the systems was to  be a  s tar-mesh topology.  

This  topology was chosen for  the eff ic iency of  set t ing up the 

experiments  and to  enable  more eff ic ient  col lect ion of  resul ts .  I t  

could have been set-up as  a  pure  mesh,  or  peer- to-peer  system if  

necessary but  this  was considered to  be impract ical  as  there  would 

be more overhead involved with s tar t ing new games for  example 

and other  boots t rapping operat ions  to  get  the system up and 

running each t ime.  In  such a  peer- to-peer  system if  for  example  
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you wanted to  create  a  new game,  who would create  i t  and then 

how would the others  join the game? These are  not  par t icular ly 

diff icul t  problems to  solve but  i t  would involve a  lot  more coding 

overhead for  features  that  would not  actual ly  add to  the core  

funct ional i ty  that  we wish to  tes t .   

By using a  central ,  known,  server  for  the creat ing the game and 

control l ing al l  automatic  act ions  in  the system i t  was possible  to 

s impli fy  the  actual  c l ients  presented to  the end users .  The server  

was used for  discovery and setup;  i t  could a lso be used as  a  

moni tor  of  the  system as  i t  received al l  communicat ion from the 

peer  c l ients  as  wel l .  They would not  need to  know anything about  

creat ing or  destroying games or  sessions.  That  would have been an 

unnecessary on the end-user  in  this  context ;  a l l  the users  have to 

do to  get  everything working is  enter  their  name at  the  login 

prompt .   

The diagram fol lowing should explain the s tar-mesh concept  in  a  

c learer  fashion.  The central  server deals  with  managing the users  

and the session and naming and locat ing of  a l l  c l ients  in  the 

systems.  I t  a lso creates  a l l  the  games and handles  a  lot  of  the  

updat ing to  the users .  Al l  act ions that  subsequent ly affect  the 

game board af ter  the session has  been created no longer  go 

through the server  but  are  propagated in  a  peer- to-peer  manner;  

this  is  a  must  as  i f  a l l  act ions went  direct ly  through the server  the 

server  could impose an order ing on the act ions and then dis t r ibute  

them to the c l ients  in  an ordered way.   

A cl ient /server  program can be represented using a  peer- to-peer  

mechanism but  the  f l ips ide is  not  necessar i ly  t rue.  I f  I  a l lowed the 

server  to control  al l  interact ions  then the system would not  be as  

general  as  i f  I  designed a  peer- to-peer  system.  The server  was  
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s imple a  convenience for  the mundane tasks  that  were beyond the 

scope of  the project .   

 

F I G U R E  9 :  T O P O L O G Y  

When the server  is  f i rs t  s tar ted up i t  creates  a  new board that  wil l  

be  configured according to  the a ims of  the par t icular  test  scenar io  

that  is  to  be run.  Then as  each of  the c l ients  log into the system 

they wil l  be  presented with c l ients  that  are  configured also 

according to  the  same set t ings .  In  this  way al l  c l ients  should have 

the same user  interface and should be looking at  the  same board.   
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As the game proceeds and the users  make changes to  the  game 

environment  the  changes are  sent  to  the other  c l ients  in  a  peer- to-

peer  fashion.  Each cl ient  then t ransforms i ts  local  copy of  the  

game in  the same manner  so that  a t  the  end of  the  game a l l  c l ients  

should s t i l l  have the same data  to  view.  

As each cl ient  logs into  the system the server  is  able  to  get  i ts  IP 

address .  The server  records the names and IP addresses  of  the 

c l ients  a long with some other  information to  do with cl ients  for  

example the colour  used in  the system to represent  the  c l ient  in 

the game interface.  This  l is t  of  users  is  sent  to  each cl ient  that  the  

server  knows about  every t ime somebody else  logs  in;  this  means  

that  each cl ient  wi l l  then know the IP address  of  a l l  the  other  

c l ients  in the  system.  This  informat ion is  necessary for  the  

communicat ion to  cont inue on a  peer- to-peer  fashion for  the res t  

of  the session.  

Armed with  this  informat ion the cl ients ,  as  they make changes to  

the game board broadcast  the  changes to  the other  c l ients  that  they 

know about  a long with the server,  the  server  act ing now as  any 

other  c l ient  in the system,  so that  al l  c l ients  can now maintain  a  

consis tent  data  set .  The cl ient  a lso needs to  be informed of  the  

changes to  a l low new cl ients  that  log into the system later  to  get  

an up-to-date  copy of  the data  without  having to  al ter  any of  the  

c l ients  to deal  wi th  this .  Late  joining cl ients  can join  the  system 

transparent ly  in  this  way.  There  is  no need for  a  special  protocol  

to  update  the new cl ient  i t  i s  brought  r ight  up to  speed as  i f  i t  

jo ined from the s tar t .   

Al l  communicat ion in  the system is  over  RMI;  this  is  a  very ful ly 

featured communicat ion mechanism.  The key advantage of  using 

RMI rather  that  a  message passing system is  that  i t  i s  c leaner  to  

implement  and clearer  conceptual ly.  With RMI you are  able  to  
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take advantage of  the power of Object-Orientated programming 

ful ly  ra ther  that  relying on some proprietary system.  In  a  s t r ic t  

message passing system the interact ion is  more l ike  the f i rs t  par t  

of  the  next  f igure ,  where the RMI approach is  more l ike  the 

second.   

The message based system has  one advantage,  and that  is  that  a l l  

communicat ion goes through a  central  point  where a l l  act ions 

could be for  example be ordered central ly  ra ther  that  the  more 

cross-cut t ing code you get  with  having to  check this  in  several  

different  places  in  the RMI based systems.  

 

F I G U R E  1 0 :  R M I  V S .  M E S S A G E  S Y S T E M  

By using the message based communicat ions mechanism you 

would in  effect  have to  create  your  own protocol  for  
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communicat ion,  you could achieve almost  everything you can with 

RMI but  i t  would be a  less  f lexible  and extensible  system.  RMI 

al lows using java’s  ref lect ions mechanisms and mobile  code,  with  

dynamic class  downloading and loading.  This  would al low the 

system to be more f lexible .   

RMI would also support  cal l -back funct ions re la t ively s imply.  The 

only disadvantage to  RMI was order ing incoming act ions.  This  

was tackled by using a  global  s tack that  a l l  in terface methods 

would access  to  get  there  act ions ordered.  For  the above reasons i t  

was decided to  go with  the RMI approach.  A closer  look at  the  

actual  implementat ion would be appropriate  now. 

 

3 . 4  P R O D U C T  D E T A I L S  

In  this  sect ion i t  i s  hoped to  show some of  the f iner  detai ls  of  the 

tool  developed.  Beginning descr ibing the algori thm and data  

s t ructures  used to  order  the act ions a t  the  c l ients ,  then moving on 

to  fol low-up with  a  general  descr ipt ion of  the program and the key 

communicat ion algori thms.  Next  a  descr ipt ion of  the data  

representat ion of  the actual  game and graphics  is  cal led for,  

f inal ly  an out l ine  of  the  main awareness  systems in  the tool  wil l  

be  i l lus t ra ted,  also presented wil l  be general  problems and key 

design decis ions.   

3 . 5  O R D E R I N G  A L G O R I T H M  

All  act ions  in  the  system need to  be ordered to  occur  in  the same 

order  a t  each s i te  but  a lso occur  in  a  t imely fashion.  These are 

contrary requirements ,  as  local  act ions,  in  order  to  appear  
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responsive should happen immediately and then be sent ,  but  other  

act ions a t  other  s i tes  could be happening in  paral le l  or  even 

before  this  current  act ion.  This  is  where confl ic ts  ar ise ,  to  over  

come this  there  are  several  solut ions  avai lable ,  [1] ,  [2] ,  [3]  

descr ibe several  a lgor i thms for  automatical ly  maintaining 

consis tency when working in  dis t r ibuted systems,  they are  focused 

on algori thms for  operat ional  t ransformation on t ree  based data-

s t ructures  that  would be typical ly  used to  represent  documents  

now, you just  have to  think of  XML, XHTML, SGML, etc .  they 

can be used on f la t  data-s t ructures with  a  few adaptat ions,  they 

also require  an algori thm for  deal ing with confl ic ts .   

The s implest  change to  make is  to  remove the overla id  t ree  data 

s t ructure  and compare the t imestamps of  a l l  act ions  as  they occur.  

What  I  mean by this  is  when using a  t ree  based operat ional  

Transformation algori thm the a lgori thm are  effect ively 

par t i t ioning the set  of  act ions  according to  their  locat ion in  the 

t ree  and then applying confl ic t  resolut ion algori thms recursively 

on confl ic t ing sect ions of  the document .   

In  the  f la t ,  sequent ial  system,  a l l  act ions  are  in  some senses 

confl ic t ing and only have to  be undone i f  they occurred logical ly  

before  another  act ion and then this  new act ion is  done,  and f inal ly  

redo the or iginal  act ions af ter  this  new act ion.   This  undo/redo 

scheme can be best  descr ibed by using an example using some 

t ime s tamp values .   
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F I G U R E  1 1 :  V E C T O R  T I M E S T A M P  H I S T O R Y  

 

As should be clear  from the f igure,  act ions that  arr ive a t  the  c l ient  

af ter  an exis t ing act ion has  occurred must  be undone,  then the 

act ion that  arr ives  is  performed,  f inal ly  a l l  the  act ions  that  

occurred af ter  i t  must  be redone,  but  important ly  they must  
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account  for  the change in  context  necessi ta ted by a  new act ions 

having occurred before  i t  now.  

The vector  t ime s tamping was based on the systems of  logical  

c locks in  [9] .  The algori thms for  merging and evaluat ing the order  

of  the  vector  t imestamps are  a lso f rom [9] .  I  have implemented 

these a lgori thms and the system is  able  to  use  these  t imestamps  

correct ly.  At  the moment  the order ing system has not  been appl ied 

to  many of  the  act ions  in  the  system yet ,  but  the  core  funct ional i ty  

for  this  abi l i ty  is  bui l t  and can be used.  

3 . 6  P U B L I C  I N T E R F A C E S  

As the system is  going to  be a  dis t r ibuted system that  would l ive 

in  a  network environment ,  and also because i t  would be a  peer- to-

peer  system where every instance is  essent ial ly  a  c l ient  and a  

server,  I  th ink i t  was necessary to  keep a  c lear  dis t inct ion between 

the publ ic  and pr ivate  interface of  the system.  This  was best  

pract ice  to  keep the system clear.  

The server  would export  an interface that  would al low the cl ients  

to  log in  and to  get  copies  of  the game.  The cl ient  would export  an 

interface to  update  the current  s ta te  of  the system but  a lso mirror  

some of  the interface methods of  the server  to  a l low the server  to  

easi ly  cal l  back the cl ients  with updated information.  A pr ime 

example of  this  is  when a  new cl ient  logs  into  the  system,  the  

server  has to  be able  to inform al l  the c l ients  of this  new user  in  

the system.  The server,  as  i t  i s  to  t rack al l  the  changes made to  the 

system by the c l ients  as  wel l ,  for  reasons ment ioned ear l ier,  must  

export  the  same interface as  the c l ients .  
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Every element  in  the system,  a  c l ient  or  a  server  has an rmi  

regis t ry  running on i t .  The server  actual ly  has  two rmi regis t r ies  

running on i t  because the server  only acts  as  a  server  when a  

c l ient  logs  into  the system but  a l l  the  res t  of  the  t ime i t  i s  real ly 

just  another  c l ient  in  the  system,  a lbei t  a  s i lent  c l ient  with  no 

interface.  Therefore  the server  interface is  in  effect  a  superset  of  

the  c l ient  interface.   

Typical  methods in  the  c l ient  interface are  edi tBoard,  addusers ,  

chat ,  moveMan,  and moveFocus.  Typical  methods in  the server  are  

loginUser,  logoutUser,  getBoard,  getMan,  newMan,  as  wel l  as  the  

c l ient  methods.  All  are  fa i r ly  self  explanatory,  or  wil l  be  

discussed in  more detai l  la ter  where  appropriate .   

 

3 . 7  P A C K A G E  D I A G R A M  

The program i tself  is  qui te  long,  i t  i s  therefore  completely 

necessary to  put  some s t ructure  on this  complexi ty.  The program 

can be decomposed into several  dis t inct  e lements ,  for  example,  

separat ing the roles of  c l ient  of  server  can prove useful ,  even i f  

a l l  c l ients  are both c l ients  and server  s imultaneously,  the server  is  

both a  server  twice and a  c l ient  in  the system.  Presented below is  

a  package diagram fol lowed by a  ra t ional  for  this  par t icular  

decomposi t ion.   
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F I G U R E  1 2 :  P A C K A G E  D I A G R A M  

The f i rs t  four  packages of  the system are  there  for  naming 

reasons.  They are  to insure  that  we are  using a  dis t inct  and unique 

namespace for  the project .  I t  i s  very unl ikely,  us ing best  pract ice  

that  anybody else  wil l  have packages s tar t ing ie . tcd.cs .pbyrne13.  

The next  two,  essent ia l ly  top level  packages are ,  game,  which 

contains  a l l  the  packages to needed by the c l ients  for  the  GUI,  

data  representat ion and control ,  and gamecontrol ler,  th is  is  a  

package that  contains  a l l  the  external  code for  the server.  A lot  of  

the server  code is  in  the game package as  the server  needs a  lot  of  

the same objects  and is  a lso essentia l ly  a  c l ient .  That  is  why the 

dis t inct ion is  not  s t r ict ly  between cl ient  and server  a t  th is  level .   
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I f  we drop into the game package there  are  s ix  packages in  the  

f i rs t  layer.  The funct ion of  most  should be fair ly  self-explanatory 

for  example the GUI package and i ts  chi ldren are  for  managing al l  

the  e lements  of  the GUI and user  interface events .   

The order ing package is  responsible  for  a l l  of  the  order ing and 

vector  t imestamp management  funct ions.  The ut i ls  packages  

contain some miscel laneous packages for  rout ine tasks  and 

debugging etc .  The threads class  contains  c lasses  for  control l ing a  

thread that  manages the l i fecycle  of  the  robot  that  navigates 

around the system.  The act ion is  performed by the server  as  i t  i s  

the  only place i t  makes sense to  put  i t ,  as  other  wise  you would 

have to  arbi t rar i ly  choose a  c l ient  to  control  the robot .  This  would 

not  be a  good idea as  I  wanted al l  c l ients  to  be ident ical ly  

configured in  the systems so that  the end-users  would not  need to  

know anything about  set t ing up a  session.  

The rmi package in  the game package deals  with the publ ic  

interface of  the c l ients ,  c lasses  that  export  a  remote interface are  

s tored here .  The remote proxy design pat tern for  rmi  was also 

used,  and the proxy classes  were also created here .  These proxy 

classes  were used so that  c l ient  cal l  remote objects  exact ly  l ike  

local  ones and would not  have to worry about  remote except ions  

or  other  e lements  to the actual  networking;  i t  could al l  be 

contained in  this  wrapper.   

A cl ient  would get  a  remote reference to  other  c l ients  or  the  server  

through these proxies  and could cal l  any of  the remote methods of  

the system they are  cal l ing with any considerat ion of  rmi .   The  

rmi  package in the gamecontrol ler  performs an ident ical  funct ion 

for  the server  program. 
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The models  package contains  two chi ld  packages,  board,  and user.  

The f i rs t  package “board”,  contains  a l l  the  c lasses  necessary for  

managing the data-s t ructures  that  represent  the board and other  

e lements  in  the game,  they are  fundamental  to  the ent i re  tool  and 

wil l  be  discussed in  par t icular  in  the fol lowing sect ion.  The 

“users”  package contains  the c lasses  for  the representat ion of  

users  in  the system.   

3 . 8  R E P R E S E N T A T I O N  O F  B O A R D ,  

C E L L ,  W A L L  

Now that  we have looked at  the main s t ructural  breakdown of  the 

program i tsel f  i t  i s  t ime to  look in  more detai l  a t  some of  the key 

classes  in  the system.  The f i rs t  th ing to  look at  is  the  

representat ion of  data  in  the system.  Star t ing by looking at  how 

the board is  represented,  fol lowed by the cel ls  and f inal ly  then 

wal ls  in  the system.   

The board is  essent ial ly  a  wrapper for  two data-st ructures  an 

ArrayList  and a  two dimensional  array,  th is  data  s t ructure  is  

a lmost  exact ly  the  same as  a  Vector  but  i t  has  less  overhead 

relat ing to  synchronised access  to  i ts  methods.  The constructor  

when cal led creates  a  new board with  a l l  the cel ls  and wal ls  

randomly assigned and configured.  There  are  publ ic  methods for  

get t ing access  to  these data  s t ructures .  You can imagine the game 

board as  two overla id  s t ructures ,  the  underlying s t ructure  is  the  

ArrayList  that  contains  a l l  the  cel ls  or  squares  on the board.  The 

second overlaid  s t ructure  is  the Array of  wal ls  in  the board.  

The cel l  c lass  is  an object  for  represent ing a  square  on the game 

board.  The cel l  has  var ious different  a t t r ibutes ,  including,  whether  
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or  not  i t  i s  safe  to  walk on,  i f  i t  i s  the  s tar t  or  the  f inish,  does  i t  

contain a  key,  or  a  door.   

Al l  cel ls  have two other  important  a t t r ibutes ,  x  and y coordinates  

for  the  system.  I t  was necessary over-wri te  the  “equals”  method of  

the cel l  c lass ,  two cel ls  are  equal  i f  they have the same x and y 

coordinates .  There should be only one cel l  of  each combinat ion of  

x  and y coordinates  in  the board.   

These cel ls  could have been s tored in  a  HashSet  data  s t ructure  as  

this  would guarantee that  the  cel ls  were unique and you would 

only be able  to  add one of  each coordinate .  To change this ,  the  

way the code is  implemented,  i t  would be possible  to  change to  

this  data  s t ructure  by doing a  f ind and replace for  the ArrayList  

declarat ions e tc  in  the java f i les .  The HashSet  was not  used in  this  

system as  i t  would require  over-wri t ing the hashCode method,  

which would use some hashing algori thm to generate  an 

appropriate  hash of  the object .  I t  was fe l t  that  this  was not  real ly 

necessary and by bui lding in  res t r ic t ions  a t  th is  level  you would 

be res t r ict ing the extensibi l i ty  of  the  code in  future ,  the  checking 

could be done at  another  level ,  l ike  in  the code,  easi ly  enough.   

The representat ion of  the  wal l  i s  s imply an integer.  The las t  four  

binary digi ts  of  the binary representat ion of  the integer  are  used 

as  f lags  to  indicate  what  s ides  contain wal ls .  The system can then 

f ind out  which s ides  contain wal ls  by shif t ing in  turn 0,  1 ,  2 ,  or  3  

places  to  and then “anding” i t  wi th  1 .  I f  th is  re turns  1  then that  

s ide contains  a  wal l .  I t  i s  possible  that  i f  one s ide contains  a  wal l  

to  the  south,  and the cel l  to  the  south contains  a  wal l  to  the  north  

then you would have a  double  wal l .  I t  was then necessary to  check 

for  a l l  these double  wal ls  and remove them. 
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 Whenever  the system needed to  add a  wal l  or  check i f  a  wal l  was 

present  i t  had to  check both cel ls  to  make sure  there  was a  wal l  or  

not  on that  s ide.  The below f igure should clar i fy  this  

representat ion.   

This  representat ion was very eff ic ient  and was much easier  to  deal  

with  than creat ing a composi te  object  for  the wal ls  or  including i t  

in  the cel l  c lass .  The code for  checking for  double  wal ls  and the  

l ike would be very s low in this  case,  as  you would have to  f ind 

the cel ls  you wanted to  look at  in the ArrayList  and then get  the 

set  of  wal ls  for  that  cel l  and then f ind the other  cel ls  you were  

interested in  and compare the wal ls from the two cel ls .  This  would 

have to  be done for  every cel l  every t ime the screen is  redrawn,  i t  

would have s lowed down the drawing to  the screen,  present ing a  

c lunky interface to  the end user.   
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F I G U R E  1 3 :  W A L L  R E P R E S E N T A T I O N  

3 . 9  B A C K T R A C K I N G  

In  the game there  is  what  can be descr ibed as  a  robot  player,  

which navigates the maze and t r ies  to  f ind the f inish 

automatical ly.  The object ive of  the  game was to  ensure  that  as  

many of  the robots  could f ind the f inish safely and as  quickly as  

possible .  The robot  should fol low some s imple heuris t ic  that  wil l  

a l low the players  judge where he is  going to  move to  next .  The 

robot  should account  for  cer ta in  obstacles  in the game while  

moving about  the board,  and should also be aware to  changes 

made to  the board as  he navigates  his  way around the board.   

 52



The algori thm that  we decided to implement  to  perform this  

searching of  the workspace was a  s imple  backtracking algori thm 

using a  s tack to  control  a  his tory of  moves.  As  the robot  moves to  

a  new locat ion,  i t  pushes the coordinates  of  the  cel l  onto this  

his tory stack.  Then when he reaches a  dead end with no where lef t  

to  go,  he pops the las t  locat ion off  the s tack and t r ies  any untr ied 

routes  lef t  f rom this  locat ion.  I f  there  is  s t i l l  a  dead-end he keeps 

popping from the s tack unt i l  he  reaches a  locat ion from where he 

can t ry  a  new route .  The robot  cannot  vis i t  any cel ls  that  are  in  his  

his tory s tack.  

The robot  only takes  account  of  wal ls  in  the map not  whether  a  

cel l  i s  safe  or  not  to  walk on;  i t  wi l l  walk onto unsafe  cel ls ,  this  

wil l  k i l l  the  robot  and another  has  to  be created by the server.  The 

locat ion of  the robot  is  control led by the server  through the use of  

a  control l ing thread,  when the robot  is  k i l led the  t read is  s topped 

and then another  is  created to control  the  new replacement  robot .   

The map is  constant ly  changing as  the players  add and remove 

wal ls  or  add br idges  to  the map.  Players  a lso f ind keys,  which wil l  

unblock the path to  the f inish.  This  being the case i t  i s  necessary 

to  c lear  the his tory of  the robot  each t ime a  change is  made to  the 

board as  he could have ruled out  a  route  that  has  subsequent ly  

become avai lable .  

By using this  a lgori thm, then provided there  is  a  path to  the  f inish 

the robot  wil l  a lways f inish as  i t  i s  effect ively a  depth-f i rs t  search 

of  the  workspace.  This  is  an important  guarantee as  i f  i t  could not  

be rel ied to  go towards the f inish the game would only end by 

chance.  This  would reduce the effect iveness  of  the s tudy as  the 

t ime taken to  complete  the task would not  be relevant  any longer.  

The t ime to  complete the task would not  be re lated to 

effect iveness  of  the col laborat ion but  more down to  chance.  
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3 . 1 0  R A D A R ,  T E L E P O I N T E R  A N D  

R U L E R  

I t  i s  possible  to  capture  the mouse  coordinates  of  any mouse  

c l icks  in the  paint ing regions where the map screen and game 

screen are displayed.  Using this  and some ar i thmetic  i t  i s  possible 

to  convert  f rom the x,  y  coordinates  into the x,  y  coordinates  of  

the cel ls  and f ind out  the actual  cel l  that  was cl icked on.  Using 

this  informat ion i t  i s  possible  to  send what  por t ion of  the  board 

the user  is  current ly  viewing to  the  other  c l ients  in  the  system.  

They can take this  information and easi ly  work out  where to  draw 

the radar  for  that  user  in  that  users  colour.   

The te lepointer  is  implemented in  a  s imilar  manner  but  ins tead of  

rounding the coordinates  to  the nearest  cel l ,  the  or iginal  

coordinates  are  sent  as  this  is  required to  be more precise .   

A lot  of  the  diff icul ty  of  implement ing the graphics  for  the  project  

was in  the t ranslat ion of  the  coordinates  from the coordinate  

system used in  the graphics  context  of  java.awt  and the 

representat ion of  the board in  the Board,  Cel l  and Wall  c lasses .  

There were conversions of  this  nature  necessary in  a lmost  every 

act ion in  the system.  For  example the ruler  on the game view had 

to  be constant ly  updated to ref lect  the  current  locat ion on the 

board.   

When adding a  wal l  to  the system,  deciding which s ide i t  should 

be place involved f inding the bounds of  the par t icular  cel l  the  

pointer  was current ly  moving over,  then f inding the equat ions that  

would represent  the diagonal  l ines  of  the cel l .  Then normalize the 

coordinates  to  a  uni t  square .  Then f ind whether  the pointer  was on 

each diagonal  or  above or  below.  I t  was then possible  by 
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comparing the point’s  locat ion in re lat ion to  both diagonals  to  

f ind accurately  which s ide of  the  cel l  the  mouse was current ly  

located.   

 

F I G U R E  1 4 :  P L A C I N G  W A L L S  
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4  E V A L U AT I O N  

 

4 . 1  E V A L U A T I O N  O U T L I N E  

The appl icat ion was tes ted in  a  small  pi lot  s tudy involving two to  

four  users  playing the game.  The system as  ment ioned earl ier  is  a  

tes t ing platform for  awareness  mechanisms.  The system would 

al low various awareness  mechanisms to  be turned on an off  to  tes t  

how i t  affected the users  performance in  a  s imple col laborat ive 

task.  Out l ined below are  the var ious tes t ing scenar ios  considered 

and a  summary of  how the users  got  on under  the var ious different  

schemes.  During the pi lot  tes t ing process  f ive different  scenar ios 

were used in  the evaluat ion of  the system.  

4 . 2  T H E  T E S T S   

In  this  sect ion i t  wi l l  g ive an out l ine of  the var ious tes ts  that  were 

carr ied out  as  par t  of  the  pi lot  project .  I t  wi l l  a lso conclude with  a  

descr ipt ion of  several  different  tes ts  that  would be useful  to  carry 

out  as  par t  of  a  larger  t r ial .  Final ly  i t  wi l l  descr ibe some 

appropria te  methodology for  carrying out  these experiments  in  

future  as  par t  of  the  larger  t r ia ls .  The system is  a  test ing plat form 

for  awareness  schemes,  there  is  a lso a  map edi tor  provided,  so 

researchers  can setup par t icular  maps or  they can edi t  the  system 

variables .  These can be saved to  a  f i le  and reused.  This  wil l  a l low 

researchers  in  the  future  to  run repeatable  exper iments .  In  these 

s imple tes ts  the  maps generated were created randomly.   
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4 . 2 . 1  W I T H O U T  A W A R E N E S S  A S S I S T A N C E  

The f i rs t  scenar io  we tes ted was how the users  interacted with  the 

system when there  were no awareness mechanisms on at  a l l .  The 

users  had no communicat ions channel  avai lable .  This  was to  be 

the base case on which to  compare the other  resul ts .  The users  had 

diff icul ty  complet ing the task and only successful ly  completed i t  

once.   

 

F I G U R E  1 5 :  N O  A W A R E N E S S  S C H E M E S  

Then the next  scenar io  the users  were a l lowed communicate  but  

s t i l l  wi thout  the awareness  schemes act ivated.  In  this  scenar io the 

users  f inished the task on al l  three occasions;  the users  were able  

to  par t i t ion the job between them bet ter.  In  this  run one user  

would decide to  look for  the  keys while  the others  looked af ter  the 

robot .  During discussions the uses would descr ibe par ts  of  the 

workspace with  phrases  along the l ines  of  “add some wal ls  in  the 

sect ion at  the  lef t  near  the middle ,  beside the two red squares”.   
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4 . 2 . 2  U S I N G  T H E  R A D A R  

The next  tes t  performed was the use of  the  radar.  In  this  scenario 

the radar  was enabled.  This  a l lowed the users  to  know where other  

users  in  the system were.  Again this  tes t  was run with and without  

communicat ion.  This  t ime the users  performed bet ter  in  the 

scenario  with out  the communicat ion mechanism than in the  

previous tes t .  I  th ink this  is  because the users  where able  to  infer  

f rom the movement  of  the  radars  what  the other  users  were doing.  

For  example i f  one of  the radars  is  seen to  be scanning around the 

workspace they are  probably looking for  the keys.   

 

F I G U R E  1 6 :  R A D A R  V I E W  

The next  tes t  performed was the use of  the coordinate  system for  

referencing locat ions in  the workspace.  The users  preferred the 

use of  reference system in communicat ion.  I t  proved helpful  to  

descr ibe their  locat ion,  and i t  could be expressed with s imple  
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notat ion.  For  example they could say G4,  where before ,  they 

would have to  say more l ike near  the middle .   

As can be seen from the image below there is  a  gr id reference 

system along the edges of  the  game area.  This  can provide 

common reference points  in  the workspace that  a l l  the  users  can 

use for  discussing the workspace.  The system is  based on the 

Engl ish Algebraic  coordinate  system used on chess  boards .  The 

image has  been edi ted to highl ight  the ruler  system,  the top and 

lef t  have been highl ighted;  the bot tom and r ight  have been lef t  

a lone.  The sect ion highl ighted in  green represents  the  values  that  

should be displayed in  the r ight-hand game screen.  

 

F I G U R E  1 7 :  E N H A N C E D  R U L E R  V I E W  

4 . 2 . 3  U S I N G  T E L E P O I N T E R S  

The next  experiment  we carr ied out  was the use of  te lepointers  as  

the main carr ier  for  awareness  information.  The users  would use 
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the  te lepointers  to  give the outer  users  an indicat ion of  where they 

were working in  the workspace in  a  very precise  manner.  As the 

user  could control  whether  the te lepointer  was on or  not  on the 

other  users  screens the te lepointer  could be used in  some more  

subt le  way than was possible  with radar.  

For  example the user  could turn off  the  te lepointer  when then 

were working on cer ta in  individual  tasks  and then turn  back on 

the te lepointer  when they wanted to  inform the res t  of  the group 

what  they were working on.  

There  were two possible  modes I  could have implemented the 

te lepointers  with .  The f i rs t  way was to  use them as  pointers  where 

the users  could select  a  locat ion in  the workspace and the 

te lepointer  would appear  there  for  a l l  the  users  but  would not  

change unt i l  the user  selected another  locat ion.  The second opt ion 

would have been to  implement  a  cont inuously updat ing te lepointer  

that  would ref lect  where the mouse pointer  was on the current  

user ’s  workspace at  a l l  t imes.  

The second opt ion would have been very expensive in  terms of  

network usage as  we were using RMI over  TCP.  This  would have  

resul ted in  a  lot  of t raff ic ;  there  would also be a  cost  in terms of  

repaint ing the user  interfaces  and order ing al l  these act ions  

correct ly.  In  [30]  they designed a  system for  High Performance 

Telepointers ,  HPT.  These te lepointers  were more sophis t icated and 

could perform a  number  of  advanced features  l ike  motion 

predict ion.  They also recommend that  te lepointers  should be 

implemented over  a  more eff ic ient  protocol  than TCP for  example  

Real  Time Protocol  –  Interact ive,  RTP/I .   

In  order  to  keep the system relat ively s imple and consis tent  i t  was 

decided to  use RMI throughout  the system but  this  would not  
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real ly  support  the use of  HPT.  So the f i rs t  opt ion of  a l lowing 

Telepointers  that  can only real ly  be used as  point ing devices  was 

pursued on this  occasion.   

In  the test  scenario only the te lepointer  system was enabled.  In  

this  case the users  used the te lepointers  as  a  sor t  of  pseudo-radar,  

t rying to  emulate  the  performance of the  radar  system.  This  can be 

seen from the image below where by using the te lepointers  the  

other  users  can f igure out  the range of  the user ’s  current  view 

with a  degree of accuracy.  The only problem is  i f  the  users  

subsequent ly  move locat ion and they do not  update  their  pointer  

locat ion the awareness  information wil l  be  out  of  date .   

 

 

F I G U R E  1 8 :  E N H A N C E D  T E L E P O I N T E R  V I E W  

This  was the main problem with this  par t icular  te lepointer  

implementat ion.  I  th ink the second high performance te lepointer  
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implementat ion would have been the bet ter  carr ier  of  awareness  

informat ion as  the  users  intent ions could be gauged more  

effect ively.  

As the movement  of  the  pointer  would be captured the users  could 

see more effect ively the future  intent ions of  the users  for  example 

i f  the  user  is  seen to  be moving ahead of  the course  of  the robot  

that  user  might  be t rying to  f ix  the t raps  ahead of  the  robot  and 

the observing users  could then t ry  and busy himself  with  another  

task or  develop another  route  for  the robot .  

4 . 2 . 4  U S E  O F  C O L O U R  

The use of  colour  in  the system was the most  important  awareness 

mechanism,  in  some respects ,  as  i t  was the pr inciple  carr ier  of  

embodiment  information in  the system.  The users  could clear ly  

ascer ta in  the ident i ty  of  the  other  users  in  the system and what  

their  act ions were.  We ran two runs of  the program the f i rs t  run 

without  the use of  colour  the second with the use of  colour.   

The players  fe l t  more sat isfact ion with the user  interface when 

users  had unique colours  ass igned to them, for  they could te l l  a t  a  

glance who was doing what  or  who was saying what .  Without  

using the colours  on the radar  i t  became very confusing and the 

radar  informat ion was not  that  much more useful  that  i f  there  was 

no radar  being used.  Users  would ask quest ions l ike  “who is  near  

the top,  could you put  a  br idge over  that  t rap?”  

 62



 

F I G U R E  1 9 :  N O  C O L O U R S  

As can be seen from the above image the radar  views of  a l l  

players  are  the same colour  and the names in  the chat  window are  

a lso the same colour.  This  can mean that  i t  i s  harder  to  tel l  f rom a 

glance what  users  are  doing and i t  can be confusing to  which radar  

is  yours .  You also have to  look at  the  shape of  the  names or  read 

the names to  te l l  who said what .  So in  conclusion the users  

seemed to  f ind i t  a  bet ter  overal l  experience to  use colour  for  

embodiment  information.  

4 . 2 . 5  A L L  A W A R E N E S S  M E C H A N I S M S  O N  

The f inal  tes t  we got  a  chance to perform was with  a l l  the  

awareness  mechanisms turned on.  This  was a  very informative tes t  

in  this  scenar io .  This  scenar io  gave the users  a  chance to  t ry  

different  awareness systems and to see which seemed to  sui t  thei r  

working s tyle  best .  I t  was possible  to play the  different  schemes 

off  against  each other,  for  example did the users  use the 
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coordinate  system for  ident i fying locat ions or  did they decide to  

use  the  telepointers .   

I t  turned out  in  this  appl icat ion that  the  users  preferred to  use the 

coordinate  system than the te lepointer  in  actual i ty.  I  think this  is  

because of  the  way in  which the te lepointers  were implemented,  

being s ta t ionary and not  dynamic.   I t  was therefore  more  

convenient  to  use  landmarks in  the  system as  reference points  than 

to  use the te lepointer  in  this  s i tuat ion.   

 

F I G U R E  2 0 :  A L L  A W A R E N E S S  S C H E M E S  O N  

4 . 3  A L T E R N A T E  T E S T I N G  

S C E N A R I O S  

Obviously this  was only a  smal l  t r ia l  of  the  system,  and the tests  

ment ioned ear l ier  were more to  tes t  the  system and i ts  operat ion 

ra ther  than to  ful ly  evaluate  the awareness  mechanisms 
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themselves .  The system has  been tested so that  i t  could be used 

for  the  type of  experiments  and scenarios  that  would be 

interest ing to  carry out .  I t  was a  tes t ing platform and the actual  

tes t ing and evaluat ion of  the awareness  mechanisms should be lef t  

unt i l  la ter.   

Out l ined below are some other  possible  experiments  that  might  be 

instruct ive to  carry out .  Also mentioned is  a  discussion of  the  

appl icabi l i ty  of  this  system to the more specif ic  tasks  of 

col laborat ive edi t ing.  The analogy drawn between this  abstract  

game system and the more par t icular  task of  edi t ing shared 

documents  col laborat ively is  looked at  in  more detai l  a lso.   

 

4 . 3 . 1  A U D I O  C O M M U N I C A T I O N  

As the system only has  a  res t r ic ted set  of  possible  act ions and the 

workspace is  re la t ively s imple to understand i t  might  be useful  to  

use i t  as  a  basis  for  s tudying audio communicat ion in  

col laborat ive tasks  as  the user  interact ion should necessar i ly  be a  

lot  s impler  than when working on a  document  or  more complex 

ar tefact .  I t  should be possible  to  tes t  the  col laborat ive s t ra tegies  

i r respect ive of  the media  domain in some detai l  wi th  this  system.   

A compar ison of  audio and text  based chat t ing could be carr ied 

out  adequately with  this  system.  As there  are  a  number  of  

different  experimental  setups that  could easi ly  be supported.  The 

f i rs t  i s  the  use of  the  chat ,  text-based,  interface only.  Another  

mode would be to  a l low text  based communicat ion and also to  use 

audio communicat ion,  this  could be that  the users  are  co-located 

or  that  they are  using some communicat ions mechanisms from 

outs ide the system,  which might  be the best  opt ion as  i t  would be 
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a good idea to  record the conversat ions that  occur.  The text-based 

system wil l  automatical ly  record the conversat ions and can be 

viewed as  a  s tandard HTML webpage from the server.   

An out l ine of  a  proposed tes t ing environment  is  discussed la ter  

and has  been adapted from [20] .  A setup such as  this  would be the 

best  configurat ion for  tes t ing adequately the  awareness 

mechanisms.  Visual  communicat ion could also be easi ly  added to  

the system. 

4 . 3 . 2  A W A R E N E S S  O F  T H E  P A S T  

This  is  awareness  of  past  act ions by other  users  in  the system. 

This  would be achieved relat ively s imply by,  for  example,  

colouring the wal ls  in  the colour  of  the user  who put  the wal l  

down in  the system,  or  colour  the br idges  added to  the system in 

the colour  of  the user  who added them to the system. This  would 

not  give a  complete  view of  the  his tor ic  act ions but  i t  would be 

useful  to  see  i f  this  informat ion added to  the users’ abi l i ty to  work 

effect ively.   

Where this  information would be useful  in  the system would be  

when a  user  not ices a  wal l  in a  par t icular  posi t ion and wanted to  

know why i t  was put  there ,  just  by looking at  the colour  the user  

would know who to  ask about  i t .  This  funct ion would be 

equivalent  to  the si tuat ion where several  edi tors  are  working on a  

shared document;  perhaps the text  could appear  in  the  colour  of  

the person who authored i t .  Then i f  there  is  any discussion of  the  

text  i t  would be apparent  who did what .   

There are  a  lot  of  past  awareness  information types  that  might  be  

of  interest  [5] ,  but  the  main types that  are  recorded in the system 

are  the his tory of  act ions  and ar tefacts .  As the colour  mechanism 
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i s  the  only carr ier  of  this  awareness  of  past  information there  is  

l imited scope to  what  can be conveyed.  The users  wil l  be  able  to  

te l l  what  was added to  the system and who added i t  to  the  system.  

They wil l  not  be able  to  te l l  when this  happened though or  i f  some 

wal l  has  been edi ted twice,  the  f i rst  edi t  i s  los t .  The resul t  of  this  

is  that  i t  i s  not  possible  to  ful ly know the his tory of  an ar tefact  

and i f  a  wal l  was removed i t  i s  obviously not  possible  to  should 

i ts  absence with colour.  

In  some systems that  hope to  capture  awareness  information about  

past  events  a  more complete  set  of  a t t r ibutes  would need to  be 

recorded.  The key piece of  informat ion that  would need to  be 

captured would be the t ime of  an event .  This  could be easi ly  

enough be implemented as  there  is  a l ready a  Vector  Time s tamping 

funct ional i ty  in  the  system.  Recording the t ime of  the events  

would open the door  to  several  possibi l i t ies .   

The f i rs t  advantage of  this  would be that  not  only adding of  

ar tefacts  to  the system could be recorded,  but  the  removal  of  

ar tefacts  could be recorded,  this  could be displayed to  the user  by 

al lowing them to move back and forward though the changes to  

the board over  t ime.  This  funct ional i ty  could easi ly  be seen in  a  

document  context  where a l l  act ions  are  t ime s tamped the document  

could in  effect  be rewound to  the s tar t .  Users  arr iving la te  could 

catch up by seeing the document  grow again from the beginning.  

This  might  give the user  information on why cer ta in  act ions were 

taken and who took them.  

4 . 3 . 3  T E S T I N G  E N V I R O N M E N T  

In  this  sect ion we wil l  out l ine  a  sui table  tes t ing environment  that  

can be used for  the  evaluat ion of  the  awareness  mechanisms in  an 

appropriate  set t ing.  This  setup is  based on the setup descr ibed in  
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[20]  and should be sui table  for  tes t ing the working methods of  

smal l  user  groups.   

The users  should s i t  a t  workstat ions  that  are  setup so they are  not  

able  to  see each others  screens.  The users  would be able  to  see 

and communicate  with each other.  The conversat ions could be 

recorded using a  recording device of  your  choice,  whether  i t  

involves  using a  s tandard recorder  to  record al l  noise  in  the room 

or  separate  head sets  for  each player,  a l lowing the channels  to  be 

analyzed separately.  
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F I G U R E  2 1 :  T E S T I N G  E N V I R O N M E N T  

Actions by the users  could be recorded by digi ta l  cameras ,  and 

possibly a  wide shot  could take in  the ent i re  room for  a  composi te  

view of  the group interact ion.  The game can be inst rumented to  

record stat is t ics;  this  could be s ta t ical ly  recorded at  the  end of  the  

session or  could also produce l ive data  that  can be observed by the 

experimenter.   
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5  CO N C L U S I O N  

5 . 1  F U T U R E  W O R K  

This  sect ion wil l  out l ine  some of  the  possibi l i t ies  for  future  work 

in  this  area and how the test ing framework could be expanded to  

include addi t ional ly  powers .  This  could include the evaluat ion of 

addi t ional  awareness  mechanisms,  improved instrumentat ion of  

the  system for  automatic  s ta t is t ic  col lect ion;  another  possibi l i ty 

would be expanding the workspace to  incorporate  addi t ional  

dimensions or  features .   

Increasing the amount  of  possible  interact ion between the users  

and the methods of  interact ion so that  the system is  a  thorough 

analogue for  col laborat ive edi t ing systems should be the pr ior i ty.   

5 . 1 . 1  A D D I T I O N A L  A W A R E N E S S  

The awareness  mechanisms in  the system that  can be assessed with 

this  f ramework are  embodiment  through the use of  colour,  radar  

views,  te lepointers ,  and communicat ions tools .  In  a  future  vers ion 

i t  would be interest ing to  evaluate  separately  the High 

Performance Telepointers  [30] .  This  would require  switching some 

act ions  to RTP/I  for  the  te lepointers  but  would be easi ly  feasible;  

the current  system would s t i l l  be  able  to  handle  a l l  o ther  funct ions 

adequately,  including discovery etc .   

Another  awareness  scheme that  might  be interest ing to  look at  

would be to  t ry  and capture  some more of  the  t ime dependant  

awareness  information.  For  example i f  the system, probably using 

logical  c locks[9] ,  could record this  t ime information,  possibly 
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annotated with real  t ime information for  reference,  a  lot  of  

possibi l i t ies  would open up for  a  ful ler  user  experience.   

Then i t  would be possible  to  capture  events  in  the  system as  t ime 

progressed.  For  example i t  would al low late  comers  to  see what  

has  happened up to  this  point  in  t ime so far  in  the system and who 

did what  to  what  and from this  information possibly capture  why 

without  having to  ask or  even know who would be best  to  ask in  

this  s i tuat ion.  This  is  past  based awareness  information,  which 

would be s imple enough to  capture .   

Other  awareness information that  might  be helpful  to include 

would be to  vary the embodiment  informat ion to  the  system.  In  the 

actual  system the User  object  is  there  to  hold the embodiment  

information that  you want .  I t  would be possible  to  include 

addi t ional  a t t r ibutes  to  carry more of  the  embodiment  information.  

For  example images of  the  users .  I f  a  s t reaming protocol  is  used 

for  communicat ion in  the future ,  for  example you could use RTP;  

i f  you are  a l ready using RTP for  HTP,  then to  send s t reaming 

video from webcams over  the  users  systems to  each cl ient  would 

be s imple enough.  This  could be used displayed in  the cl ient  

together  with their  names or  in  the radar  view.  

Communicat ions  mechanisms could be upgraded to  include bui l t  in  

audio,  as  wel l  as  the video descr ibed above and improved chat t ing 

funct ional i ty.  I f  i t  i s  a l l  in  the  one appl icat ion i t  could then use 

the same t iming faci l i t ies  as  the  res t  of  the  system.  This  would 

have the effect  that  users  could also see the past  awareness  

informat ion from these communicat ions  channels  in  sync with  the 

res t  of  the  workspace.  As this  embodiment  information is  

avai lable  to  the ent i re  system,  i t  i s  possible  to  include i t  a lmost  

anywhere i t  makes sense to  in  the appl icat ion.   
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5 . 1 . 2  I N S T R U M E N T A T I O N  

This  system has good possibi l i t ies  for  gather ing s ta t is t ics  about  

the  usage of  the  system.  The best  and s implest  place to  catch this  

information would be a t  the  server.  The server  gets  a  copy of  a l l  

communicat ion that  occurs  in the system and could easi ly  compare 

the s ta te  f rom each of  the  c l ients  in the system to f ind useful  

information.  

An example of  some useful  informat ion to col lect  would be the 

percentage of  t ime each use spends looking at  the  same view port  

or  overlapping view-port  of  another  user,  or  the proximity of  

te lepointers  of  two users  on the map view.   

5 . 1 . 3  A D D I T I O N A L  D I M E N S I O N  

The current  workspace in  the game is  s ixteen t imes bigger  that  the 

view port  space.  This  l imit  to  the  workspace is  re la t ively arbi t rary 

and could be enlarged.  I t  could be  even expanded to  include an 

extra  dimension,  for  example i t  could be possible  to  work in  a  

three dimensional  workspace.   

I t  would be interest ing to  discover  how the idea of  radar  could be  

expanded and represented accurately  in  this  environment .  I t  could 

take the  form of  two radar  over lays for  plan and elevat ion,  but  i t  

might  be bet ter  as  a  cube object  that  f loats  in  the 3D map view,  

using perspect ive etc .  as  a  means of  showing where in  the 

workspace the var ious users  are  located.  Below is  an imagined 

view of  such a  radar  system.  
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F I G U R E  2 2 :  3 D  R A D A R  S Y S T E M  

Another  feature  that  could be looked at  is  the  use of  the f isheye 

view system; this  a l lows areas  nearer  the  users  to  be shown in  

more detai l  on the map view put  s lowly fade into  the dis tance.  A 

good example of  such a  system can be seen in  [35] .  I f  a  larger  

workspace environment  is  used in  the system then i t  might  be 

appropriate  to  use such a  system.  I t  could also be appl ied to  the 

three dimensional  system using the same reasoning.  In  this  case 

you may not  see  cubes but  square  pyramids,  fading from the base 

a t  the  f ront  to  the apex at  the back of  the  workspace.   

 73



5 . 2  A C H I E V E M E N T S  

In  the course of  this  s tudy we have conducted a  smal l  scale  pi lot  

t r ia l  of  the  system developed.  This  uncovered some prel iminary 

resul ts  and tes ted the usabi l i ty  of  the system but  obviously i t  

would be hoped that  this  could be expanded to  a  larger  t r ia l  in  the 

near  future ,  perhaps a l lowing for  the  s tudy of  addi t ional  

awareness mechanisms.   

I t  i s  our  bel ief  that  this  tool  provides  a  useful  analogue between 

the abstract  col laborat ive game and col laborat ive edi t ing in 

general .   

I t  would a lso be useful  to  compare this  wi th  a  more t radi t ional  

system perhaps a  document  edi tor  or  even a  col laborat ive image 

creat ion tool  that  would incorporate  these mechanisms to  see how 

this  s tudy would compare and invest igate  i f  the conclusions from 

this  abstract  s tudy are  real ly  appl icable  to  other  domains  as  

hypothesised.  

5 . 3  S U M M A R Y  

During this  s tudy a  f ramework for  tes t ing awareness  mechanisms 

was developed.  I t  was able  to  tes t  var ious different  awareness  

schemes including radar  system,  te lepointer,  embodiment ,  and 

communicat ions.  This  system was extensible  so that  i t  could be 

augmented so that  i t  can record information about  the user ’s  

act ions  in the system.   

This  s tudy should prove useful  for  a  basis  for  fur ther  research and 

should be a  platform on which i t  i s  possible  to  empir ical ly  tes t  

awareness  mechanisms in  a  groupware system.  
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In s tandard groupware system, par t icular ly  col laborat ive edi t ing 

systems i t  i s  hard to  test  the  awareness  mechanisms and other  

interact ions  between the users  i r respect ive of  the  par t icular  task 

that  they have to  do.  For  example,  i f  the  wri ters  have worked 

together  before  they may have bui l t  up a  method of  working 

together  that  works for  them, but  this  is  not  real ly  good for  

s tudying the actual  system.  They would probably operate  in  the 

same manner  no mat ter  what  tools  are  provided to  them.  

Another  diff icul ty  when t rying to  tes t  such systems is  that  i t  i s  

dependant  on the medium that  is  being manipulated,  for  example  

in  a  col laborat ive wri t ing task there  are  count less  ways the 

document  can be assembled,  or  the  workload par t i t ioned between 

the users .   

Wri t ing is  not  a  new task for  any user  as  they have being doing i t  

a l l  their  l ives ,  they wil l  then necessar i ly  have bui l t  up their  own 

idiosyncrat ic  working methods towards wri t ing documents ,  some 

people  s tar t  by wri t ing the ful l  document  in  point  form and expand 

on i t ,  o thers  s tar t  on the f i rs t  l ine  and wri te  to the  end etc .  o ther  

people  again might  prefer  to  s tar t  wi th  the conclusions they hope 

to  arr ive a t  and work back.  There could be as  many wri t ing s tyles  

as  users  [24] .   

The same kinds of issues  apply to other  col laborat ive edi t ing 

environments .  In  an at tempt  to  get  away from these personal  

his tory concerns  and t ry  to  discover  something more general  this  

f ramework presents  the users  with a  task that  they should be 

re lat ively unfamil iar  wi th .  The users  are  presented with  the  

awareness mechanisms to  varying degrees  so that  they can work 

together,  and they wil l  be  free  to  use  them as  they feel  f i t ,  wi thout  

deference to  the past .   
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