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Th i s  pape r  p resen t s  a  case  s t udy  compa r i ng  t he  H IS  (Hyb r i d  I dea t i on  Space ) , 

a  s ys tem a l l ow ing  des i gne rs  t o  be  phys i ca l l y  imme rsed  i n  t he i r  s ke tches  and 

phys i ca l  mode l s ,  and  Vyew™,  a  wh i t eboa rd  so f twa re ,  i n  l oca l  and  r emo te  des i gn 

co l l abo ra t i on ;  a im ing  t o  see  i f  imme rs i on  bene f i t s  co l l abo ra t i ve  i dea t i on .  Th ree 

me thodo log i ca l  t oo l s  we re  used :  Des ign  Conve rsa t i ons  (Co l l abo ra t i ve  I dea t i on 

Loop  “C I - Loop ” ,  Co l l abo ra t i ve  Conve rsa t i ons  “CC”  and  Co l l abo ra t i ve  Mov i ng 

“CM” ) ,  Wo rk l oad  us i ng  NASA TLX  and  Des ign  F l ow  fo r  t he  des i gne rs ’  e xpe r i ence . 

Loca l  co l l abo ra t i on  r esu l t s  appea r  t o  have  bene f i t ed  f r om immers i on  wh i l e  r emo te 

r esu l t s  we re  m i t i ga ted  by  pa r t i c i pan t  i s sues .  Howeve r,  l ook i ng  deepe r  i n t o  use r s ’ 

e xpe r i ence  exp l a i ns  t he  impac t  o f  imme rs i on .
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1 Introduct ion

Does an immersive Col laborat ive Ideation (CI) instrument make a dif ference? Does 

immersion, beyond its init ia l seduction, del iver better on experience whi le designing, 

compared to staying on the laptop screen (non immersive) in local or remote CI? 

Design col laborat ion using freehand sketches is possible through whiteboard software 

over Internet. Designers can co-design, sketching whi le adding gestures and expressions 

using webcams. Sketch is used because of i ts intuit iveness and because it is a strong tool 

for conceptual design (or ideation). The problem is that sketch on whiteboards retains the 

same scale problems as sketch on paper, but with digital behaviour (pen tablet display, 

undo, etc.,) and the abi l i ty to share sketches in realt ime with a remote design team. 

Designers are not in touch with l i fe-size representat ions, deceived by the proport ions of 

space and shapes, sketching distorted perspective views for lack of graphical references, 

l imited by the 2D representat ional frame (screen or project ion).  

We developed a system (Hybrid Ideation Space—HIS) that supports l i fe-size immersive 

freehand sketches and physical models for local and remote col laborat ion (Dorta 2007). 

The HIS al lows designers to be physical ly inside the representat ions in real t ime whi le 

sharing them with remote col laborators using another HIS. The HIS uses a tablet laptop as 

a computer combined with an immersive spherical panoramic project ion. 

This paper presents, as a case study, a compar ison between the HIS and a whiteboard 

(Vyew™) in context of local and remote CI.  A mult id iscipl inary team of landscape-

archi tecture and archi tecture students did the ideat ion on two ad-hoc projects with 

the whiteboard the f i rst  day, and in the HIS the second. Al l  part ic ipants were new 

to remote col laborat ion in design. For each project,  they worked local ly ( in paral le l 

sessions) before co-designing together, each inside a HIS in thei r  locat ion, deal ing with 

the di f ferences in t ime zones, languages and discipl ines. The HIS was the sett ing for the 

compar ison for both projects: the tablet laptops (wi thout the immersive project ion) were 

used in thei r  capaci ty to access the whiteboard on the f i rst  day, and as the HIS, with 

immersive qual i t ies, the next.

We used three methodological tools for this comparison: Design conversat ions patterns 

(CI-Loop, CC and CM) we had developed, the NASA TLX for workload assessment, and 

the Design Flow developed previously, to assess designers’ experience (Vidul ich and 

Tsang 1985; Dorta et al. 2008, 2011).

2 Immersion 

Immers ion is  de f ined as a  s ta te  o f  consc iousness where sensor y  exper ience o f  the 

actua l  wor ld  is  su f f ic ien t l y  muted,  and the sensor y  exper ience o f  the v i r tua l  wor ld 

is  su f f ic ien t l y  he igh tened,  tha t  peop le  fee l  they  a re  no longer  in  the actua l  wor ld 

(Boe l ls to r f f  2008) .  In  th is  s tudy,  the immers ive  exper ience had no loss o f  awareness 

o f  the phys ica l  body,  as  the H IS a l lows des igners  to  move and phys ica l l y  in te rac t 

w i th  the i r  representa t ion.

Co l labora t i ve  V i r tua l  Des ign Env i ronments  (CVDEs)  and wh i teboards a l low des igners 

to  share  in fo rmat ion w i thout  p rob lem in  loca l  ( face- to- face )  des ign co l labora t ion, 

but  when the par t ic ipants  a re  d is t r ibu ted,  the techn ica l  requ i rements  fo r  these 

app l ica t ions a re  more cha l leng ing ( t ime de lay,  lack  o f  deta i l ,  con f igura t ion and 

connect i v i t y  i ssues,  e tc . ) .  However,  the assessment  o f  these sys tems have been 

usua l l y  l im i ted to  user-cent red des ign methodo logy w i th  usab i l i t y  and ergonomic 

assessments  a im ing to  deve lop the sys tem,  leav ing the ideat ion act i v i t y,  the 

co l labora t ion and the des igner ’s  exper ience uneva lua ted beyond user  op in ions (Sa f in 

and Lec le rcq 2009;  Darses e t  a l .  2008) .  A  number  o f  fac to rs  impa i r  the i r  use,  such 

as the sca le  o f  the representa t ion,  work ing in  o r thogona l  v iews,  lead ing des igners  to 

make propor t ion mis takes tha t  can be avo ided in  l i fe -s i ze  immers ion.

For  th is  s tudy we opted to  use Vyew,  because i t  was a  f ree,  commonly  used,  non-

immers ive  In te rnet -based wh i teboard app l ica t ion,  a l low ing f reehand sketches and 

remote co l labora t ion.
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Figure 1.  The interconnected HIS, with part of the 
spherical screen open

Fig. 1

3 Interconnected Hybrid Ideat ion Space

Imp lemented in  2007,  assessed and compared as an ideat ion and co- located 

co l labora t ion too l ,  the H IS permi ts  f reehand sketch ing and phys ica l  mode l  mak ing 

layered w i th  in-contex t  images,  in  immers ion ( l i fe  s i ze  and rea l  t ime)  (F igure 1 )  (Dor ta 

2007;  Dor ta  e t  a l .  2009) .  I t  i s  a  low- tech sys tem:  a  tab le t  lap top,  a  p ro jec to r,  HD IP 

cameras and a  360º  immers ive  pro jec t ion sys tem based on spher ica l  panoramas.  The 

user  sketches on the tab le t  o r  makes a  rough sca le  mode l  ( in  the mode l  s ta t ion )  wh i le 

spher ica l  images a re  pro jec ted upwards to  a  semi-spher ica l  m i r ro r  on the ce i l i ng , 

then re f lec ted on the ce i l i ng-mounted semi-spher ica l  5m-d iameter  fabr ic  screen. 

Users  sketch in  norma l  perspect i ve  wh i le  the H IS so f tware  d is to r ts  the sketch in  a 

spher ica l  panorama.  The tab le t  lap top is  mounted on a  ro ta t ing dev ice tha t  a l lows 

users  to  a lways sketch in  f ron t  o f  them ins ide a  drawing a rea wh i le  look ing a l l  a round 

a t  a  norma l  (und is to r ted )  l i fe -s i ze  360º  perspect i ve  on the screen,  thanks to  the 

t rompe l ’oe i l  e f fec t  ( f rom ins ide,  users  fee l  as  i f  they ’ re  ins ide a  3D env i ronment ) . 

Based on the same opt ica l  d is to r t ion ,  an IP  camera combined w i th  a  t iny  semi-

spher ica l  m i r ro r  captu res the rough sca le  mode l  in  rea l t ime ( low fps )  (avo id ing the 

Gu l l i ve r  e f fec t ) . 

We networked two H IS,  shar ing sketches and immers ive  rea l t ime v ideo o f  mode ls 

symmet r ica l l y.  In  d is t r ibu ted set t ing,  sketch data  is  re layed to  a  ser ver  send ing 

the in fo rmat ion to  the o ther  H IS so f tware ;  meanwh i le  an IP  camera captu res and 

t ransmi ts  the par t ic ipants ’  image,  express ions and gestu res to  the remote locat ion. 

Moreover,  the drawing a rea te l l s  who is  on l ine  (p resence) ,  knowing cont inuous ly 

where the par tners  a re  look ing and sketch ing.  I t  a lso has a  b lackboard (b lack,  to 

lessen br igh tness )  to  share  any 2D images as re fe rent  ins ide the 3D immers ive  v iew. 

The two H IS were ins ta l led in  UC Berke ley  and Un ivers i té  de Mont réa l .  Skype™ 

suppor ted verba l  exchanges.

4 Design Flow

We have deve loped Des ign F low to  assess ideat ion th rough the exper ience o f 

the des igner,  based on Cs ikszentmiha ly i ’s  concept  o f  f low (Dor ta  e t  a l .  2008; 

Cs ikszentmiha ly i  and Cs ikszentmiha ly i  1988) .  F low is  a  complex  psycho log ica l  s ta te 

tha t  descr ibes a  perce ived opt ima l  exper ience characte r i zed by engagement  in  an 

act i v i t y  w i th  h igh invo lvement ,  concent ra t ion,  en joyment  and in t r ins ic  mot i va t ion.  The 

ba lance between cha l lenges and sk i l l s  dete rmines the F low s ta te ,  g iv ing r i se  to 

e igh t  poss ib le  d imens ions:  apathy,  wor r y,  anx ie ty,  a le r t ,  f low,  cont ro l ,  boredom, and 

re laxa t ion (Cs ikszentmiha ly i  and Larson 1987;  Mass im in i  and Car l i  1988) .

We have obser ved tha t  dur ing ideat ion,  des igners  proceed th rough a  pred ic tab le 

pat te rn  o f  psycho log ica l  s ta tes ,  f rom s t ress fu l  s ta tes  (wor r y,  anx ie ty  and a le r t )  a t 

the beg inn ing wh i le  g iv ing fo rm to  ambiguous ideas,  to  a l te rna t ing a le r t  and f low 

once the concepts  a re  s ta r t ing to  fo rm,  fa l l i ng  in to  f low w i th  ever y  sa t is fy ing resu l t . 

Once a  concept  is  ident i f i ed and des igners  a re  work ing a t  s tab i l i z ing i t ,  the s ta tes 

exper ienced w i l l  a l te rna te  f rom f low to  cont ro l  to  re laxa t ion;  less s t ress fu l  s ta tes 

(Dor ta  e t  a l .  2008) .  Th is  p red ic tab le  des ign f low pat te rn  spans the t ime i t  takes to 

deve lop one concept  (25 to  50 minutes fo r  a  3-hour  ideat ion ) ,  wh ich imposed i ts 

t imef rame to  th is  s tudy.

5 Design Conversat ions Patterns

CI  Loop is  a  methodo log ica l  ins t rument  to  obser ve C I ,  pay ing a t ten t ion to  the des ign 

conversa t ion (Dor ta  e t  a l .  2011) .  I t  i s  a  compos i te  g rounded in  Bucc ia re l l i ’s  des ign 

as soc ia l  p rocess,  Schön ’s  re f lec t i ve  conversa t ion and Go ldschmidt ’s  g raph ica l 

representa t ion o f  concepts  and act ions  (Buccare l l i  1988;  Schön 1983;  Go ldschmidt 

1990) .  We deve loped an ana lys is  g r id  based on f i ve  e lements  common in  the ana lys is 

o f  the des ign conversa t ion and des ign process among those th ree authors :  naming, 

const ra in ing,  negot ia t ing (p ropos ing,  exp la in ing,  quest ion ing ) ,  dec is ion mak ing and 

mov ing (F igure 2 ) .  Des igners  w i l l  be naming the ob jec t  o f  des ign or  the spec i f ic 

e lement  be ing d iscussed,  const ra in ing the pro jec t  th rough i ts  requ i rements  and 

boundar ies .  They w i l l  be negot ia t ing o r  a r t icu la t ing verba l  mean ings assoc ia ted to 
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Figure 2.  Samples of CI Loop 1 and 2

Figure 3.  Samples of CCs and CM

Fig. 2

Fig. 3

v isua l  images.  Negot ia t ing is  expanded to  th ree subcategor ies :  p ropos ing,  exp la in ing, 

and quest ion ing.  They w i l l  be mak ing dec is ions,  spec i f ica l l y  agree ing or  d isagree ing, 

on a  proposa l ,  thus mark ing the end o f  the negot ia t ion .  They w i l l  be mov ing,  by 

add ing to  the representa t ion and mak ing po in t ing and sketch ing gestu res.  The f i rs t 

four  ac t ions a re  usua l l y  ve rba l  exchanges,  wh i le  mov ing is  an act ,  wh ich t rans fo rms 

the des ign s i tua t ion (Go ldschmidt  1990) .  We ca l led th is  C I  pa t te rn  a  loop because i t 

repeats  i tse l f ,  and i t  seems to  spr ing f rom one to  the nex t . 

Co l labora t i ve  Conversa t ions (CC)  a re  ind i rec t l y  invo lved in  the ideat ion as e i ther  a 

d iscuss ion about  concepts  ind i rec t l y  re la ted to  the des ign,  o r  the presenta t ion o f  a 

reso lved des ign so lu t ion (F igure 3 )  (Dor ta  e t  a l .  2011) .

Co l labora t i ve  Mov ing (CM)  happens once the concept  is  secured.  I t  i s  a  bout  o f 

rap id  ideat ion where a  number  o f  sma l l  dec is ions a re  made on the representa t ion as 

i t  p rogresses.  I t  i s  o f ten an exc i t ing moment  where both  des igners  a re  invo lved (by 

drawing,  o r  by  fo l low ing the progress ion,  ana lys ing the coming resu l t  and mak ing 

punctua l  p roposa ls  as  needed)  (F igure 3 )  (Dor ta  e t  a l .  2011) .

6 Workload

I n  pas t  s tud ies ,  we had assoc ia ted the work load to  the des ign f low,  but  here  the 

NASA TLX complements  both  des ign f low and Des ign Conversa t ion ins t ruments 

(both  process-based measurements )  by  g iv ing a  cogn i t i ve  apprec ia t ion o f  the overa l l 

exper ience (Dor ta  e t  a l .  2008;  V idu l ich  and Tsang 1985) .

7 The Exper iment

Th is  s tudy was conducted between Berke ley  and Mont réa l .  Over  two days,  four 

undergraduate  s tudents  (a rch i tec ts  in  Berke ley,  landscape-arch i tec ts  in  Mont réa l ) 

co l labora ted on the ideat ion o f  two ad-hoc landscape-arch i tec tu re  pro jec ts  invo lv ing 

the same s i te .  On the f i rs t  day,  w i th  Vyew,  the pro jec t  invo lved c i rcu la t ion f low th rough 
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a pub l ic  space.  The nex t  day,  us ing the H IS,  they  had to  c rea te  an outdoor  c lassroom 

tak ing in to  account  no ise and pr i vacy.  For  each pro jec t ,  the four  par t ic ipants  had 

3 hours  to  go f rom incept ion to  un i f ied concept .  The four  par t ic ipants  agreed tha t 

one o f  them wou ld  act  as  pro jec t - lead (a  Mont réa l  par t ic ipant ) ,  reproduc ing rea l - l i fe 

s t ruc tu re  o f  a  des ign pro jec t .  The Mont réa l  s tudents  were a  work ing des ign team in 

rea l - l i fe .  The s t ruc tu re  fo r  both  days was:  (1 )  shor t  remote pro jec t - launch;  (2 )  two 

loca l  para l le l  sess ions;  a  lunch-break;  then (3 )  a  f ina l  remote sess ion (Table 1 ) .

Des ign conversa t ions—Two research ass is tan ts  rev iewed a l l  v ideo record ings,  cod ing 

them in to  10-second increments ,  ident i f y ing ever y  ac t ion and match ing gestu res. 

They rev iewed each o ther ’s  cod ing to  insure  re l i ab i l i t y  o f  resu l ts .  A  ten-second 

increment  a l lows fo r  ident i f y ing two or  th ree act ions,  wh ich g ives enough granu la r i t y 

to  be mean ing fu l .  I f  an  act ion was longer  than 10 seconds (e .g .  a  long exp lanat ion ) 

i t  was coded aga in ,  as  long as i t  l as ted,  thus showing i ts  impor tance.  The C I  Loop 1 

and 2,  CCs and CMs were ident i f i ed once the v ideo was coded (F igures 2,  3 ) .  These 

pat te rns have var y ing lengths in  t ime:  as  shor t  as  20 seconds fo r  some CI  Loops 

2,  and up to  6 minutes fo r  CCs and CMs.  S ince in  th is  s tudy,  we a re  pac ing our 

obser va t ions to  the na tu ra l  t imef rame o f  a  des ign f low pat te rn  (va r y ing f rom 25 to  50 

minutes ) ,  we a re  cons ider ing here  a  macro v iew o f  the des ign conversa t ion,  look ing 

a t  the progress ion o f  t ypes o f  conversa t ion as the ideat ion deve lops.

Des ign f low—Measur ing des ign f low accura te ly  w i thout  d is rupt ing ideat ion has 

been a  cha l lenge.  For  th is  s tudy,  we deve loped a  Pro toco l  so f tware  insp i red by 

the Exper ience Sampl ing Method (ESM) (Cs ikszentmiha ly i  and Larson 1987) .  I t 

enab led obser v ing the psycho log ica l  s ta tes  in  rea l  t ime dur ing the sess ion fo r  each 

par t ic ipant .  The so f tware  sent  a  pop-up message on the tab le t  lap top,  where each 

par t ic ipant  p r i va te ly  chose one o f  e igh t  emot iona l  s ta tes  by  c l ick ing on the screen. 

We re fe r  to  th is  as  the F low ca l l  (F igure 4;  Table 2 ) .

Once fami l i a r,  th is  p rocedure has proven to  be swi f t  (3-5 seconds) ,  par t icu la r l y  when 

the par t ic ipants  were s t rong ly  engaged.  I ts  d is rupt i veness appears  to  have l i t t l e 

impact  on the data  co l lec ted a l though i t  has somet imes s lowed the ideat ion a f te r 

the ca l l .  The pro toco l  so f tware  matched i ts  da ta  to  the v ideo wh i le  wa i t ing to  be 

compared to  Des ign Conversa t ions v ideo ana lys is .  A  F low ca l l  te l l s  o f  a  punctua l 

psycho log ica l  s ta te  (how a par t ic ipant  fe l t  a t  tha t  moment ) .  F low ca l l s  were not 

taken a t  f i xed in te r va ls  but  ever y  7-10 minutes in  accordance to  ESM. Th is  f lex ib le 

approach to  f low data  co l lec t ion de l i ve rs  re l i ab le  des ign f low pat te rns,  s ince th is 

pa t te rn  spans 25 to  50 minutes. 

Work load—The NASA TLX quest ionna i re  was admin is te red a t  the mid-sess ion break 

and a t  the end o f  each day.

Table 1

Table 1. Sequence of events in al l sessions
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8 Results

8.1 DESIGN CONVERSATIONS AND DESIGN FLOW 

I n  F igures 5 and 6 ,  the combinat ion o f  the two graphs te l l s  the s to r y  o f  what  the 

teams d id  together  remote ly  and on the i r  own loca l l y  (Des ign conversa t ions,  top 

o f  g raph) ,  and how they exper ienced i t  (des ign f low,  bot tom o f  g raph) .  To bet te r 

h igh l igh t  the progress ion o f  t ypes o f  conversa t ion as the ideat ion deve loped,  Des ign 

Conversa t ions resu l ts  a re  represented not  in  number  o f  counts ,  but  in  how much 

t ime was spent  engaged in  each type o f  conversa t ion in  a  g iven 4-minute  t ime f rame 

(4  minutes:  to  p reser ve g ranu la r i t y  o f  our  da ta  and be ab le  to  represent  the who le 

pro toco l  in  a  s ing le  f igu re ) .  In  Figures 5 and 6 ,  the progress ion f rom CC to  C I  Loop 

1,  to  C I  loop 2 is  represented by an increased darkness,  C I  Loop 2 reach ing mature 

concepts ;  CM (a  s ign o f  success fu l  C I  Loop 2 )  fo l lows by mater ia l i s ing what  has been 

dec ided.  Ind iv idua l  ideat ion,  unre la ted conversa t ions and techn ica l  man ipu la t ions a re 

le f t  ou t  and show as b lank in  the 4-minute  segments . 

In  the Mont réa l  loca l  sess ion w i th  Vyew  (F igure 5 ) ,  the des ign conversa t ions a re 

denser  and rap id ly  darker  ( lead ing to  more CMs) .  W i th  Vyew,  two recogn izab le 

pat te rns o f  des ign f low (anx ie ty,  a le r t ,  f low and cont ro l  in  th is  o rder )  can be seen 

(F igure 5 ,  see dash l ines ) .  Not iceab ly,  o ther  s ta tes ,  genera l l y  less s t ress fu l  ones 

f rom Berke ley  and more s t ress fu l  ones f rom Mont réa l ,  accompany the des ign f low, 

wh ich suggests  tha t  the teams d id  not  share  the same leve l  o f  engagement .  des ign 

f low happened where the Berke ley  and Mont réa l  par t ic ipants  shared the same s ta tes. 

The ex t ra  psycho log ica l  s ta tes  appear  to  be no ise in  the g roup exper ience.  Perhaps 

they re f lec t  cu l tu ra l  d i f fe rences t ied to  the respect i ve  geograph ies  o r  p ro fess iona l 

cu l tu res.  The remote sess ion shows a  progress ion o f  des ign conversa t ions,  f rom 

in i t i a l  CCs wh i le  p resent ing the loca l  concepts ,  to  C I  Loops 1 and 2,  w i th  a  s ing le 

in te r rupted CM ( they  s ta r ted drawing on the same spot ,  laughed and qu i t  the CM).

The Mont réa l  team work ing loca l l y  in  the H IS (F igure 6 )  exper ienced the c leares t 

des ign f low o f  th is  p ro toco l ,  de l i ve r ing an unambiguous progress ion o f  s t ress fu l  to 

less s t ress fu l  s ta tes .  In  the remote H IS sess ion,  the des ign f low is  aga in  accompan ied 

by o ther  s ta tes .  The ex t ra  s ta tes  cou ld  be a t t r ibu ted to  cu l tu ra l  d i f fe rences and,  o r 

to  team issues.  Never the less,  the des ign f low was matched by a  typ ica l  p rogress ion 

o f  des ign conversa t ions:  CCs,  to  C I  Loop 1 and a  good C I  Loop 2 sequence,  w i th 

Figure 4. Flow call auto-evaluation window for 
participant A

Table 2. List of methodological tools, data 
collection and analysis

Table 2

Fig. 4
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fewer conve rsa t ions  as  the  p ro jec t  p rog ressed.  The re  were  s l i gh t l y  l ess  des ign 

conve rsa t ions  w i th  Vyew than  i n  the  H IS  (F igures  5 ,  6  no te  he igh t  o f  co lumns ) . 

The re  were  the  mos t  occu r rences  o f  CMs in  the  H IS .

8.2  WORKLOAD

I n  F igure  7 ,  t he  loca l  C I  resu l t s  a re  an  i nd ica to r  o f  the  ab i l i t y  o f  each  team to 

work  toge the r,  wh ich  shou ld  t r ans la te  i n  h igh  pe r fo rmance  and  match ing  men ta l 

demand w i th  l ow e f fo r t  and  f rus t ra t i on .  The  Mont réa l  t eam appea rs  we l l  ma tched, 

because  they  were  appa ren t l y  ab le  to  pe r fo rm we l l  w i th  l ow e f fo r t  and  f rus t ra t i on .  I n 

Vyew the i r  men ta l  demand and  pe r fo rmance  matched.  I n  the  H IS ,  they  sa id  to  have 

expe r ienced much lower  men ta l  demand fo r  a  no t i ceab l y  h ighe r  pe r fo rmance ;  the 

H IS  appa ren t l y  hav ing  a  pos i t i ve  impac t  on  the i r  C I .  Th i s  i s  poss ib l y  a t t r i bu tab le  to 

the  d i f f e rence  be tween  work ing  i n  top  v iews  on  a  l ap top  sc reen  ve rsus  immers i ve 

pe rspec t i ves .

The  Be rke ley  team,  on  the  o the r  hand,  shows unusua l l y  h igh  e f fo r t  and  men ta l 

demand in  bo th  too ls—a red  f l ag  fo r  the i r  ab i l i t y  to  work  toge the r.  I n  sp i te  o f  th i s , 

i n  the  H IS  ( l oca l  se t t i ng ) ,  t he i r  men ta l  demand lowered  and  the i r  pe r fo rmance  rose 

compared  w i th  the i r  r a t i ngs  w i th  Vyew;  the  H IS  appa ren t l y  hav ing  a  pos i t i ve  impac t 

on  the i r  C I  too . 

The  remote  C I  work load  speaks  o f  the  ab i l i t y  o f  the  d i s tan t  teams to  co l l abo ra te 

toge the r.  W i th  Vyew,  the  men ta l  demand,  pe r fo rmance  and  e f fo r t  a re  h igh  ( rece i v i ng 

s im i l a r  r a t i ngs ) ,  wh ich  po in ts  to  a  cha l l enge  i n  remote  co l l abo ra t i on .  Ye t ,  bo th 

teams ra ted  the i r  pe r fo rmance  as  h ighe r  than  i n  “ l oca l  se t t i ng ” ,  wh ich  i nd ica tes  tha t 

C I  be tween  them was  work ing .  I n  the  H IS ,  the  resu l t s  a re  m ixed  w i th  bo th  teams 

g i v i ng  ve r y  d i f f e ren t  r a t i ngs  i n  tempora l  demand,  pe r fo rmance  and  f rus t ra t i on .

Fig. 5

Fig. 6

Figure 5.  Timeline of activities with Vyew, matching 
Design Conversations to Design Flow (day 1)

Figure 6.  Timeline of activities in the HIS, matching 
Design Conversations to Design Flow (day 2) 
(Berkeley local: no CI, they opted for individual 
ideation instead)
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Notwithstanding the weakness in the sampling, these results begged the question of why did 

immersion deliver better workload and design flow. Furthermore, the quality of the designers’ 

experience with each tool appeared to have been very different. In this section we seek an 

explanation for this quality difference, inspired by a separate study, by looking at the participants’ 

cognitive use of verbal/spatial processing codes and visual channels (Lesage and Dorta 2011; 

Wickens 2002).

Processing codes define the distinction between verbal, linguistic, analytic, abstract on one 

hand, and spatial, analogical, concrete processes on the other. This verbal / spatial dichotomy 

apparently is responsible for the high degree of compatibility of the manual and visual responses 

(manual usually responding to visual stimuli, both spatial in nature), and vocal to auditory (both 

verbal). There are two visual channels: focal and ambient vision. Focal vision will operate as a 

verbal/abstract process if it narrowly focuses on fine detail and pattern recognition, and as a 

spatial process when the focus is wide. Ambient vision relates to peripheral vision (Wickens 

2002). CI is understood as a predominantly verbal process since it is the act of collaboratively 

exteriorizing abstract mental images first through words then through visual representations.

The general results show that Vyew fosters fewer spatial processes than the HIS, which may 

explain the noticeably lower mental workload in the HIS. This suggests that by splitting the 

designer’s resources between verbal processes (Design Conversations) and spatial processes 

(as available in the HIS), the mental demand is lowered.

The specific results show how the different processes have been called for as the projects 

developed. In design flow point a (Figure 8), the participants used more arm gestures although 

the Vyew interface does not support this. In the HIS (Figure 9), at the heart of their stressful 

phase (point b), the Montréal team focused on the laptop screen while trying to regain control 

of the project. The most interaction with the immersive representation (point c) happened at the 

breaking of the new concept, which coincided with peak flow and a peak in body movement 

(point d). Back together, the sharing of their immersive concepts lead to the stressful beginnings 

Fig. 7

Table 3

Table 3. List of observed processing codes

Figure 7.  Workload for each session

INTERFACE AND IMMERSION
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of a design !ow pattern (point e) with peaks in gestures (point f) accompanied by high laptop use and 

high interaction with the immersive representation. In !ow, they stayed away from the laptop (point g). 

Once the concept was identi"ed, the focus came back to the laptop (point h), while in CM mode (see 

Figure 6).

10 Conclusion

In this case study, in local settings, immersion appears to have better supported CI. The HIS delivered 

more time spent in Design Conversations, lower mental demand for all participants and the most CMs, all 

of which possibly linked to its immersive quality, resulting in higher workload performance. In local setting, 

each distant team worked on their own, therefore alleviating the cultural / communication challenges. 

This may explain why the clearest design !ow was observed in a local HIS session. 

Unfortunately, one of the distant teams had uneven CI abilities (see workload), thus the remote results 

are inconclusive, and therefore we cannot infer or con"rm that immersion delivers a better experience 

in remote CI. Interestingly, this methodological issue allowed us to observe how different engagement 

levels between teams map out. Design !ow emerged where the two teams’ experience overlapped. Yet, 

new concepts appear to have bene"ted from spatial processes provided in the tools’ interface. As the 

work of giving form progressed (in CI Loop 2 and CM), the more organised verbal processes appeared 

to be called for. Likewise, verbal processes appear to be called upon when struggling to regain control 

over a stressful situation. But the spark of ideation seems to be kindled by spatial processes.

Fig. 9

Fig. 8

Figure 8. Timeline with Vyew, matching verbal/
spatial processes to Design Flow

Figure 9. Timeline in the HIS, matching verbal/
spatial processes to Design Flow
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