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Abstrac t 

Accident, infection, surgery, or stroke resulting in brain 
traum a ca n leav e individual s wit h significan t  an d pervasiv e 
cognitiv e disabilities .  Th e nee d t o increas e fiinctional  recov -
er y fo r  thes e individual s challenge s th e combine d knowledge , 
skills ,  an d visio n acros s discipline s includin g neuropsychol -
ogy ,  rehabilitatio n psychology ,  occupationa l  therapy ,  speec h 
pathology ,  an d compute r  science .  Thi s pape r  report s suc h in -
terdisciplinar y researc h t o develo p a n approac h t o computer -
assiste d retrainin g tha t  ca n suppor t  an d encourag e patients ' 
own effort s t o tak e charg e o f  thei r  hve s agai n an d rebuil d 
theu -  cognitiv e skill s  an d thereb y enhanc e thei r  vocationa l  an d 
socia l  opportunities .  Th e Adaptabl e Learnin g Environmen t 
fo r  Rehabilitatio n Trainin g ( A L E R T )  wil l  trac k use r  perform -
anc e levels ,  interest ,  preferences ,  an d progres s withi n a n envi -
ronmen t  tha t  use s Virtua l  Realit y fo r  life-skil l  simulation s an d 
activitie s t o functionall y mode l  cognitiv e tas k domains .  A 
singl e standardize d assessmen t  metho d i s bein g designe d t o 
collec t  informatio n abou t  cognitiv e variable s i n th e contex t  o f 
mediatin g an d suppor t  variables .  Th e functiona l  develop -
menta l  mode l  o f  recover y upo n whic h A L E R T i s base d vJh l 
use th e ongoin g assessmen t  a s i t  update s th e patien t  use r 
model  withi n th e intelhgen t  tutorin g syste m t o giiid e th e sug -
gestion s fo r  treatmen t  a t  eac h successiv e stage . 

Introduction 

Significan t  an d pervasiv e disabilitie s ca n resul t  fro m injur y 
t o th e brain .  I t  ha s bee n estimate d tha t  7  t o 8  milUo n peopl e 
suffe r  u-aumati c brai n injiu y (TBI )  eac h yea r  i n th e Unite d 
State s alon e (Bennett ,  Dittmar ,  &  H o ,  1997) .  Thes e indi -
vidual s ar e ofte n lef t  wit h long-ter m deficit s tha t  ca n se -
verel y impac t  thei r  vocationa l  an d socia l  opportunitie s fo r 
th e res t  o f  thei r  lives .  Resource s ar e hmite d fo r  th e cognitiv e 
retrainin g tha t  coul d increas e thei r  functiona l  recovery ;  thus , 
a challeng e emerge s t o develo p mo r e effectiv e compute r 

softwar e t o suppor t  cognitiv e retrainin g b y applyin g th e 
combine d knowledg e an d skill s  o f  researcher s from  severa l 
areas .  Thi s pape r  report s progres s o f  a  collaboratio n a m o n g 
neuropsychologists ,  rehabilitatio n speciahsts ,  occupationa l 
therapists ,  speec h pathologists ,  educator s an d compute r  sci -
entist s t o attemp t  t o mee t  thi s challeng e i n th e interest s o f 
T BI  individuals ,  thei r  families ,  thei r  employers ,  an d societ y 
as a  whole . 

Cognitiv e rehabilitatio n employ s th e apphcatio n o f  a  con -
stellatio n o f  procedure s b y a  practitioner ,  usuall y a  neuro -
psychologist ,  occupationa l  therapist ,  o r  speec h pathologist , 
t o facilitat e developmen t  o f  skill s an d stiategie s neede d t o 
overcom e cognitiv e deficit s i n person s wit h T B I  (Dille r  & 
Gordon ,  1981) .  T h e us e o f  cognitiv e rehabilitatio n tech -
nique s date s bac k t o th e time  o f  th e ancien t  Greeks ;  h o w -
ever ,  i t  w a s no t  unti l  afte r  Wor l d W a r  I I  tha t  th e potentia l  o f 
cognitiv e rehabilitatio n a s a n interventio n fo r  person s wit h 
hea d injurie s wa s first  propose d (Zangwill ,  1947) ,  Earl y 
researc h i n cognitiv e rehabilitatio n primaril y focuse d o n th e 
apphcatio n o f  thes e procedure s t o individual s w h o ha d sus -
taine d cerebra l  vascula r  accident s ( C V A )  (Gordon ,  Hibbard , 
& Kreutzer ,  1989) .  I t  w a s no t  unti l  Ben-Yisha y w a s calle d 
upo n b y th e Israe h governmen t  t o develo p a n outpatien t 
rehabihtatio n progra m fo r  soldier s wit h hea d injurie s tha t 
cognitiv e rehabilitatio n w a s appUe d t o thi s populatio n 
(Gordon ,  e t  al. ,  1989) . 

Withi n a  relativel y shor t  time ,  cognitiv e rehabilitatio n ha s 
b e c o m e on e o f  th e fastes t  growin g rehabihtatio n interven -
tions  provide d t o person s wit h hea d injuries .  Gordon ,  e t  al , 
(1989 )  cit e numerou s reason s fo r  th e recen t  expansio n i n 
thi s field  includin g th e following :  (a )  a n increas e i n publi c 
awarenes s o f  cognitiv e rehabihtatio n couple d wit h th e 
greate r  numbe r  o f  individual s w h o surviv e T B I  du e t o ad -
vance s i n medica l  technology ;  (b )  th e establishmen t  o f  th e 
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efficac y o f  cognitiv e remediatio n fo r  individual s w h o hav e 
sustaine d C V A s ,  leadin g researcher s t o questio n whethe r 
tin s interventio n m a y als o b e applicabl e t o person s wit h 
TBI ;  (c )  th e potentia l  o f  computer s t o serv e a s a n idea l  m o -
dalit y fo r  administratio n o f  cognitiv e rehabiUtatio n tech -

niques ;  an d (d )  th e result s o f  studie s i n th e are a o f  brai n in -
jur y hav e reveale d tha t  residua l  cognitiv e deficit s contribut e 
a majo r  barrie r  t o successiu l  vocationa l  rehabilitatio n o f  thi s 
population . 

Computer-based Cognitive Rehabilitation 

Dat a supportin g th e efficac y o f  cognitiv e rehabilitatio n ar e 
quit e limite d (Gordo n e t  al. ,  1989 ;  Pepin ,  Loranger ,  &  Be -
noi t  1995 ;  Rizzo ,  Buckwalter ,  &  Neumann ,  1997) ;  unfortu -
nately ,  computerize d cognitiv e rehabilitatio n interventio n 
has receive d eve n les s researc h attention .  Althoug h som e 

researcher s hav e conclude d tha t  computerize d cognitiv e 
rehabilitatio n effort s hav e bee n effectiv e (Bracy ,  1983) , 
controlle d researc h investigation s o f  computerize d interven -
tion s hav e no t  ye t  bee n conducte d (Gordo n e t  al. ,  1989) . 

Investigation s employin g computer s a s a  mean s o f  ad -
ministerin g cognitiv e rehabilitatio n intervention s hav e en -
countere d problem s an d issue s simila r  t o thos e reporte d fo r 
th e studie s o f  non-computerize d interventions .  Moreover , 
additiona l  criticism s hav e bee n concerne d wit h th e fac t  tha t 
fe w cognitiv e rehabilitatio n softwar e program s wer e devel -
ope d specificall y fo r  person s wit h TB I  (Gordo n e t  al. , 
1989) .  Mos t  program s use d i n researc h i n thi s are a wer e 
designe d fo r  eithe r  youn g childre n o r  wer e specialize d ap -
plication s designe d fo r  specia l  educatio n students .  Fo r  com -
puterize d rehabilitatio n effort s t o attrac t  participatio n an d t o 
be maximall y effectiv e wit h adults ,  th e softwar e applica -
tion s mus t  b e appropriat e fo r  th e person' s age ,  gender ,  edu -
cationa l  level ,  an d professiona l  an d cultura l  background .  I n 
addition ,  th e abilit> -  t o us e th e treatmen t  modalit y mos t  ap -
propriat e a t  th e tim e coul d greatl y improv e effectiveness . 
Relativel y littl e researc h ha s focuse d o n treatmen t  modali -
tie s tha t  improv e cognitio n followin g brai n injur y (Parent e 
& Herrmann ,  1996) . 

Th e potentia l  fo r  applicatio n o f  Virtua l  Realit y (VR ) 
technolog y t o th e rehabilitatio n o f  person s wit h cognitiv e 
deficit s ha s recentl y bee n recognize d (Rizzo ,  e t  al. ,  1997) . 
Suc h technolog y m a y indee d b e highl y valuabl e w h e n ap -
plie d t o individual s wit h TBI .  Throug h th e us e o f  V R em -
ploye d withi n a  rehabilitatio n context ,  brain-behavio r  rela -
tionship s m a y b e examine d mor e closel y an d revolutionar y 
treatmen t  option s m a y b e develope d (Rizzo ,  e t  al. ,  1997) . 
T wo genera l  approache s hav e bee n propose d fo r  applyin g 
V R technolog y t o cognitiv e remediation :  restorativ e ap -
proaches ,  whic h ten d t o focu s o n th e systemati c retrainin g 
of  cognitiv e processe s throug h repetition ;  an d fimctiona l 
approaches ,  whic h focu s o n retrainin g o f  activities ,  behav -
ior ,  an d skill s  throug h discret e step s (Rizzo ,  e t  al. ,  1997 )  o r 
tas k analysis . 

Bot h restorativ e an d functiona l  approache s hav e bee n 
subjec t  t o criticism .  Critic s o f  restorativ e approache s argu e 
tha t  thes e method s hav e limite d generalizabilit y  fro m th e 
trainin g environmen t  t o th e individual' s environmen t 
(O'Conne r  &  Cermack ,  1987) .  I n contrast ,  critic s o f  fimc -
tiona l  approache s asser t  tha t  throug h placin g a  grea t  empha -

si s o n performin g over-learne d functiona l  behaviors ,  un -
derlyin g cognitiv e abilitie s ar e no t  developed .  Thi s i n turn , 
m ay lea d t o th e individua l  experiencin g difficult y w h e n per -
formin g task s w h e n cognitiv e flexibilit y  i s  require d (Kirsh , 
Levine ,  Lajiness-O'Neill ,  &  Schnyder ,  1992) .  Ther e i s thu s 

a nee d t o develo p intervention s tha t  incorporat e bot h th e 
restorativ e an d fimctiona l  approache s an d thi s nee d le d t o 
th e A L E R T concep t  an d design . 

An Adaptable Learning Environment 

Th e purpos e o f  th e researc h reporte d i n thi s pape r  ha s bee n 
t o desig n a n adaptabl e learnin g environmen t  specificall y fo r 
person s wit h TB I  a s a  mean s o f  enhancin g thei r  cognitiv e 

abilitie s an d vocationa l  an d socia l  competenc e 
Thi s computerize d rehabilitatio n syste m wil l  trac k use r 

performanc e levels ,  interest ,  preferences ,  an d progress .  It s 
softwar e architectur e include s aspect s o f  intelUgen t  tutorin g 
system s (Frasson ,  Mengelle ,  Aimeur ,  &  Gouarderes ,  1996 ; 
Brusilovsky ,  Schwarz ,  &  Weber ,  1996) ,  helper/advisor y 
system s (Winkel s &  Breuker ,  1990) ,  an d interactiv e learn -
in g environment s (Akhra s &  Self ,  1996) .  I t  wil l  eventuall y 
includ e aspect s o f  a  learnin g companio n (Ragnemalm ,  1996 ; 
Chan &  Baskin ,  1990 )  an d o f  medica l  knowledge-base d 
systems ,  especiall y thos e designe d fo r  protocol-directe d 
therap y (fo r  example ,  se e Musen ,  Tu ,  Das ,  &  Shahar ,  1995) . 
Th e "Adaptabl e Learnin g Environmen t  fo r  Rehabilitatio n 
Training "  ( A L E R T )  i s bein g create d t o suppor t  multipl e 
"syste m modes "  whic h i n tur n shar e aspect s o f  intelligen t 
tutorin g systems ,  helpe r  systems ,  learnin g environments , 
learnin g companions ,  an d protoco l  deliver y systems .  It s 
softwar e architectur e i s describe d elsewher e (Ros s & 
Chiang ,  1998) ;  th e focu s her e i s th e cognitiv e tas k analysi s 
and th e visio n o f  a  patient-directe d retrainin g environmen t 
fo r  rehabiUtatio n tha t  inform s th e A L E R T project . 

Th e desig n o f  thi s learnin g environmen t  addresse s a  vari -
et y o f  cognitiv e domain s includin g arousa l  an d orientation , 
attentio n an d concentration ,  memory ,  visua l  an d spatia l  per -
ception ,  languag e an d verba l  skills ,  executiv e fiinctionin g 
(e.g. ,  reasoning ,  planning ,  organization ,  proble m solving) , 
lif e skill s  (e.g. ,  tim e telling ,  budgeting ,  followin g direc -
tions) ,  an d socia l  skills .  Cognitiv e task s ar e activitie s spe -
cifi c  t o assessin g th e skill s  containe d withi n a  broade r  cog -
nitiv e domai n (e.g. ,  attention ,  memory ,  executiv e fimction -

ing )  an d ar e designe d t o enhanc e th e learner' s skil l  leve l  i n 
tha t  particula r  sub-domain .  Enhance d cognitiv e performanc e 
wil l  b e develope d throug h age-appropriat e game-lik e activi -
tie s an d assessin g performanc e o n thes e tasks .  Afte r  th e 
participan t  achieve s a  pre-determine d leve l  o f  competenc y 
i n a  particula r  skill ,  h e o r  sh e wil l  the n engag e i n a  serie s o f 
simulatio n task s designe d t o enhanc e th e functiona l  us e o f 
th e skil l  an d increas e th e ecologica l  validit y o f  th e interven -
tio n (Rizzo ,  e t  al ,  1997) .  Thi s i s accomplishe d throug h th e 
us e o f  virtua l  environment s create d i n th e Virtua l  Realit y 
Modelin g Languag e ( V R M L )  (Matub a &  Roehl ,  1996) . 

Cognitive Rehabilitation within ALERT 

A multimoda l  approac h t o cognitiv e rehabilitatio n fo r  per -

son s wit h traumati c brai n injurie s include s examination  o f 
thre e type s o f  variables :  cognitive ,  mediating ,  an d support . 
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Cognitiv e Variable s involv e operations ,  o r  skills ,  tha t  ca n 
be learned .  Thes e ar e divide d int o tw o classes :  (1 )  Cogni -
tiv e Activitie s ar e cognitiv e operation s tha t  direc t  attentio n 
t o enhanc e encodin g o r  cuein g o f  informatio n (e.g. ,  mne -
moni c techniques) .  Thes e activitie s involv e breakin g dow n 
a particula r  cognitiv e domai n (e.g .  attention )  int o sub -
domains ,  o r  components ,  an d developin g task s t o asses s 
performanc e i n eac h o f  th e sub-domain s individually .  (2 ) 
Functiona l  Modelin g involve s cognitiv e operation s tha t 
utiUz e certai n concept-learning ,  problem-solving ,  decisio n 
making ,  o r  reasonin g technique s tha t  ar e simulation s o f 
norma l  activities .  Functiona l  modelin g task s includ e com -
pute r  simulation s (i.e .  virtua l  realit y [VR] )  o f  real-lif e ac -
tivitie s tha t  ar e designe d t o enhanc e generalizabilit y  o f  cog -
nitiv e skill s  learne d throug h th e Cognitiv e Activities . 

Mediatin g Variables ,  i n contrast ,  ar e variable s tha t  th e 
learne r  bring s t o th e settin g an d coul d potentiall y  affec t  th e 
individual' s overal l  performanc e (e.g .  patient' s inchnation , 
disposition ,  o r  readines s t o atten̂ j t  a  give n task) .  Example s 
of  mediatin g variable s m a y includ e Alertnes s (e.g. ,  leve l  o f 
arousal) .  M o o d (e.g. ,  emotiona l  state ,  leve l  o f  motivation , 
attitude s an d preferences) ,  an d Nutritio n (e.g .  whe n las t  foo d 
was eaten ,  type s o f  food ,  exercise ,  medication) . 

Similarly ,  Suppor t  Variable s als o d o no t  directl y influenc e 
cognitiv e fimctioning.  Rather ,  thes e ar e variable s containe d 
withi n th e physica l  o r  socia l  environmen t  tha t  m a y influenc e 

performanc e o n cognitiv e tasks .  Suppor t  variable s includ e 
factors ,  activities ,  o r  intervention s tha t  m a y compensat e fo r 

cognitiv e limitations ,  promp t  th e implementatio n o f  com -
pensatio n strategies ,  o r  facilitat e m e m o r y retrieval .  Fo r  ex -
ample ,  prostheti c m e m o r y device s (e.g. ,  calculators ,  com -

puters ,  daytimers/persona l  calendars) ,  environmenta l  modi -
fications  (e.g .  labelin g content s o f  drawers) ,  an d modifica -
tion s o f  th e socia l  environmen t  (e.g .  us e o f  socia l  reminders , 
socia l  feedback )  (Parent e &  Hermann ,  1996) . 

A L E RT bring s int o a  singl e environmen t  th e assessmen t 
an d analysi s o f  cognirive ,  mediating ,  an d suppor t  variable s 
an d wil l  synthesiz e a  use r  mode l  an d update d treatmen t 
plan .  Currentl y ther e i s n o singl e standardize d assessmen t 
metho d tha t  collect s informatio n abou t  cognitive ,  mediating , 
and suppor t  variable s (Parent e &  Herrmann ,  1996) .  As -
sessmen t  o f  thes e variable s i s  importan t  fo r  a  successfii l 
developmen t  an d implementatio n o f  a  multimoda l  mode l  o f 
cognitiv e rehabilitatio n treatment .  I t  i s  essentia l  fo r  it s 
meaningfii l  evaluatio n du e t o th e interactio n o f  mediatin g 
an d suppor t  variable s wit h activ e variable s i n cognitiv e re -
habilitation .  I n A L E R T ,  a  matri x o f  cognitive ,  mediatin g 
an d suppor t  variable s wil l  b e use d t o trac k th e user' s per -
formanc e an d updat e A L E R T ' s mode l  o f  th e user' s prog -
ress .  Th e sectio n o f  thi s matri x involvin g th e attentio n do -
mai n i s displaye d i n Tabl e 1 . 

Tabl e 1 :  Th e attentio n sectio n o f  th e A L E R T variabl e matrix . 

Attentio n 

sustained ' 

selective ^ 

alternating ^ 

divided " 

vigilance ^ 

COGNITIVE 
VARIABLES 

Cognitiv e 
Activit y 

(tim e o n task , 
performance ) 

(tim e o n task , 
performance ) 

(performance ) 

(performance ) 

(tim e o n task , 
performance ) 

Functiona l 
Modelin g 

(tim e limit , 
performance ) 

(tim e limit , 
performance ) 

(performance ) 

(performance ) 

(tim e Umit , 
performance ) 

MEDIATING 
VARIABLES 

Alertnes s 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

M o od 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

( 7 poin t  scale ) 

Nutritio n 

(multipl e choice ) 

(multipl e choice ) 

(multipl e choice ) 

(multipl e choice ) 

(multipl e choice ) 

SUPPORT 
VARIABLES 

Use o f  Sup -
por t  Agent s 

Agent s 
activate d 

Agent s 
activate d 

Agent s 
activate d 

Agent s 
activate d 

Agent s 
activate d 

Sustaine d attention :  Focusin g o n specifi c  thing s fo r  certai n length s o f  time .  Remainin g focuse d durin g a  conversatio n o r  completin g a 
tas k from  begirmin g t o en d withou t  interruptio n ar e example s o f  thi s typ e o f  attention . 

^  Selectiv e attention :  Focusin g o n specifi c  thing s fo r  certai n length s o f  tim e whil e ignorin g distractions .  Fo r  example ,  bein g abl e t o com -
pos e a  repor t  whil e th e T V i s o n o r  cookin g dinne r  whil e a  grou p i s havin g a  conversatio n i n th e nex t  room . 

^  Alternatin g attention :  Switchin g th e focu s o f  you r  attentio n from  on e projec t  t o another ,  withou t  losin g trac k o f  wher e yo u ar e i n eithe r 
task .  Fo r  example ,  a n offic e worke r  ma y b e typin g o n th e computer ,  the n answe r  th e phone ,  the n handl e question s from  someon e 
standin g a t  his/he r  desk ,  the n resum e typin g o n th e compute r  wher e he/sh e lef t  otT . 

^  Divide d attention :  Performin g tw o o r  mor e task s a t  th e sam e time .  Fo r  example ,  takin g note s durin g clas s whil e stil l  attendin g t o th e 
lecture . 

'  Vigilance :  Th e abilit y  t o sustai n attentio n an d b e prepare d fo r  an y change s withi n th e environmen t  an d havin g th e abilit y  t o respon d t o 
th e change s an d retu m t o a  vigilanc e level .  Fo r  example ,  drivin g a  ca r  whil e respondin g t o a  variet y o f  change s (e.g. ,  traffi c  light s 
changing ,  a  dee r  runnin g i n front  o f  th e car) . 
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Withi n thi s multi-system-mod e framework ,  cognitiv e re -
trainin g wil l  b e dynamicall y designe d followin g a  develop -
menta l  sequenc e an d wil l  emplo y a  developmenta l  mode l  o f 
recover y a s propose d b y Parent e an d Anderson-Parent e 
(1991) .  Thi s fimctiona l  mode l  o f  developmen t  wa s de -
signe d t o provid e suggestion s fo r  treatmen t  a t  eac h suc -
ceedin g stage .  Th e mode l  i s  premise d o n th e notio n tha t 
certai n skill s  (e. g arousa l  an d orientation )  mus t  b e acquire d 
befor e othe r  skill s  (e.g. ,  attention ,  executiv e skills )  m a y de -
velop .  Parent e an d Herrman n (1996 )  presen t  a  develop -
menta l  mode l  o f  cognitiv e recover y tha t  include s th e fol -
lowin g stage s o f  cognitiv e remediation : 

•  arousa l  an d orientatio n 
•  attentio n an d vigilanc e 

•  menta l  contro l 
•  rehearsa l 
•  recover y o f  episodi c memor y 
•  highe r  orde r  cognitio n 
•  recover y o f  socia l  competenc e 

Similarly, a developmental model is employed for transi-

tionin g betwee n cognitiv e activitie s an d ftinctional  model -
ing .  User s mus t  mee t  a n establishe d leve l  o f  performanc e 
on th e cognitiv e activitie s befor e advancin g t o th e fimctional 
modelin g componen t  o f  th e program .  Tabl e 2  provide s ex -
ample s o f  cognitiv e activitie s an d functiona l  modelin g a s 
apphe d t o th e domai n o f  attention . 

Tabl e 2 :  Cognitiv e variables :  example s o f  cognitiv e activitie s an d sample s o f  functiona l  modeling . 

Attentio n 

sustaine d 

selectiv e 

alternatin g 

divide d 

vigilanc e 

C O G N I T I V E 
V A R I A B L ES 

Cognitiv e Activit y 

Compute r  task :  Individua l  i s  show n a  scree n 
wit h number s o n i t  an d aske d t o cros s ou t  num -
ber  tha t  follo w i n orde r  goin g forward ,  i.e .  3  8 
4 2 0 1 7 8 6 4 9 2 4 . 

Compute r  task :  Individua l  i s  show n a  scree n 
wit h a  variet y o f  number s o n it ,  an d aske d t o 
cros s ou t  number s tha t  ar e on e les s th e numbe r 
befor e it ;  i.e .  0 1 2 7 6 4 3 1 9 8 5 3 8 .  Ther e i s 
a distractio n suc h a s th e radi o playin g whil e 
completin g thi s task . 

Compute r  task :  A d d number s o n on e par t  o f  th e 
scree n an d switc h t o anothe r  par t  o f  th e scree n 
t o cros s ou t  word s fro m a  Us t  tha t  begi n wit h 
th e lette r  H ,  the n switc h bac k t o th e othe r  task . 

Compute r  task :  Rea d a  stor y an d cros s ou t 
word s occurrin g befor e a  coma ,  whil e als o cir -
clin g word s beginnin g wit h th e lette r  H .  Afte r 
readin g th e story ,  summariz e pertinen t  aspects . 

Compute r  task :  Complet e a  variet y o f  task s an d 
games o n th e compute r  whil e watchin g ou t  fo r 
"virus "  tha t  m a y po p u p t o tr y t o sto p th e task . 

Functiona l  Modelin g 

Visitin g a  virtua l  vide o stor e an d makin g a  lis t  o f 
al l  th e progra m area s tha t  video s ca n b e selecte d 
from . 

Preparatio n o f  a  mea l  i n th e virtua l  kitche n wit h 
variou s distraction s (phon e ringing,  ca t  nmnin g 
throug h kitchen ,  etc. ) 

Preparin g a  mea l  i n a  virtua l  kitche n wit h a  vari -
et y o f  tasks ,  foo d o n stove ,  makin g a  salad , 
phon e ringing ,  followin g recipe ,  pourin g drinks . 

Listenin g t o a  virtua l  lecture ,  takin g notes ,  an d 
answerin g question s o n a  tes t  afterward . 

Drivin g a  virtua l  ca r  whil e payin g attentio n t o a 
variet y o f  danger s tha t  woul d b e foun d i n norma l 
driving . 

M e d i a t i n g a n d S u p p o r t  Var iab le s 

Assessmen t  o f  mediatin g variable s woul d includ e sel f 
rating s o f  h o w sleep y o r  aler t  patient s ar e feeling ,  thei r 
genera l  mood ,  an d nutritio n question s suc h a s las t  mea l 
eate n an d i f  the y ar e feelin g hungry ,  whe n medication s 
wer e taken .  Sinc e performanc e ca n b e adversel y affecte d 
by a  variet y o f  factors ,  monitorin g thes e factor s m a y hel p 
i n th e understandin g o f  thei r  rol e i n performanc e (Sbor -
d o n e & L o n g ,  1996) . 

Th e rol e o f  th e helpe r  variabl e i s two-fold .  Whil e ex -
ample s ar e give n o f  th e rol e o f  suppor t  an d hel p th e indi -

vidua l  ca n us e i n th e community ,  i t  i s  fel t  tha t  a  suppor t 
wil l  als o b e neede d wit h th e computer .  Th e suppor t  tha t 
i s  envisione d her e i s a  ke y reminde r  tha t  wil l  b e directe d 
at  th e defici t  area s see n wit h th e tasks .  Fo r  example ,  i f 

th e individua l  ha d lef t  neglec t  (visua l  defici t  i n th e lef t 
fiel d o f  visio n s o th e the y mis s thing s i n thi s are a o f  vi -
sion) ,  a  reminde r  bu g woul d ente r  th e scree n an d poin t  t o 
an are a o n th e lef t  sid e t o remin d the m tha t  the y ar e 
missin g thing s o n thi s side .  I t  i s fe h tha t  thi s syste m wil l 
be gentl e wit h th e individua l  whil e a t  th e sam e tim e al -
lowin g the m th e opportunit y t o mak e change s tha t  directl y 
relat e t o thei r  deficits . 
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Advantage s o f  th e A L E R T Approac h 

In ALERT,  functiona l  modelin g i s accomplishe d withi n 
Virtua l  Realit y interactiv e setting s fo r  th e cognitiv e tas k 
abilitie s bein g retrained .  Th e use r  i s abl e t o navigat e an d 
interac t  wit h th e virtua l  environment .  Figur e 1  provide s 
an exampl e o f  a n A L E R T virtua l  kitche n i n whic h real -
lif e situation s ar e simulated ,  an d a  variet y o f  attentio n 
task s ca n b e presented .  Create d i n V R M L wit h interac -
tiv e objects ,  th e use r  ca n mov e abou t  th e kitche n an d tur n 
on th e faucet ,  was h th e salad ,  mak e toas t  o r  coffee ,  an -
swer  th e phone ,  etc .  Onc e started ,  thes e processe s (e.g. , 
coffe e brewing ,  sin k fillin g wit h water ,  phon e ringing ) 
continu e unti l  th e use r  take s action .  Thus ,  th e phon e ca n 
be ringing ,  th e sin k filhng ,  th e po t  boiling ,  an d coffe e 
brewin g a t  th e sam e time ,  thereb y creatin g a  nee d fo r  pri -
oritize d attentio n Meanwhile ,  th e user' s response s an d 
respons e time s ar e recorde d an d performanc e score s cal -

culate d t o b e use d t o updat e th e use r  mode l  an d guid e th e 
cours e o f  treatment . 

The A L E R T approac h make s a n importan t  contributio n 
t o improvin g computer-base d cognitiv e rehabilitatio n b y 
includin g bot h restorativ e an d functiona l  approaches . 
Thi s facilitate s a n effectiv e rehabilitatio n proces s b y 
leadin g th e individua l  throug h retrainin g o f  cognitiv e pro -
cesse s bot h a s menta l  abilitie s an d a s (virtually )  real-lif e 
situatio n copin g skills .  Eventually ,  th e life-skil l  scenario s 
and virtua l  environment s wil l  b e expande d t o includ e 
many vocationa l  setting s an d vocationa l  an d socia l  prob -
lem-solvin g scenario s i n orde r  t o suppor t  vocationa l  reha -
bilitatio n (an d alternat e vocatio n exploration )  withi n 
A L E R T.  Th e goa l  i s  t o develo p A L E R T a s a  too l  tha t  it s 
user s ca n enjoyabl y us e t o hel p the m tak e charg e o f  re -
buildin g thei r  cognitiv e skill s an d expandin g thei r  educa -
tional ,  socia l  an d vocationa l  opportunities . 

Figur e 1 :  V R M L kitche n whic h ca n b e utibze d fo r  a  variet y o f  attentio n task s i n A L E R T . 

Case Stud y o f  A L E R T i n Us e 

I n th e followin g description ,  A L E R T i s use d b y a  thera -
pis t  t o suppor t  cognitiv e retraining .  Patien t  A  i s a  23 -
year-ol d mal e wh o sustaine d a  traumati c brai n injur y i n a 
car  accident .  H e ha d damag e t o th e lef t  fronta l  an d tem -
pora l  lobe ,  an d wa s i n a  com a fo r  thre e days .  H e spen t 
thre e week s i n acut e car e an d tw o month s i n inpatien t 
hospita l  rehabilitation .  Followin g discharge ,  h e entere d 
cognitiv e trainin g wit h a  speec h an d languag e pathologist . 

The therapis t  obtaine d baselin e measure s o n cognitiv e 
activitie s usin g A L E R T .  Restorativ e trainin g focuse d o n 
cognitiv e activitie s i n a  variet y o f  areas .  Fo r  simphcity . 
an exampl e o f  jus t  trainin g task s i n th e are a o f  sustaine d 
attentio n i s provide d belo w (Tabl e 3) .  Th e patien t  worke d 
on trainin g o f  cognitiv e activitie s unti l  a  targe t  leve l  o f 
performanc e wa s achieved .  Onc e th e targe t  wa s me t  th e 
patien t  wa s advance d t o wor k i n th e are a o f  ftmctional 
modeling . 

Tabl e 3 :  A  snapsho t  o f  variable s tracke d i n A L E R T fo r  Patien t  A  afte r  thre e session s 

Attentio n 

1.  sustaine d 

C O G N I T I V E 
V A R I A B L ES 

Cognitiv e Activit y 

Basehn e o n tas k tim e 2:1 5 minute s 
Baselin e performanc e 17/3 0 item s correc t 
Transitio n perform ,  o f  25/3 0 aaos s 3  session s 

Functiona l  Modelin g 

Patien t  A  locate d 5/ 6 item s i n virtua l  stor e withi n 
a 5  minut e period .  The n A  wa s abl e t o follo w 
4/ 5 step s i n preparin g a  sala d i n virtua l  kitchen . 
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Interdisciplinar y Col laborat io n 

Breakin g ne w groun d i n computer-base d retrainin g fo r 
cognitiv e disabilit y  require d combine d knowledg e an d 
experienc e t o develo p a  share d understandin g o f  problem s 
and solution s a s wel l  a s participants '  willingnes s t o joi n 
force s t o creat e A L E R T .  Th e author s represen t  rehabili -
tatio n psychology ,  neuropsychology ,  speec h pathology , 

linguistics ,  education ,  an d compute r  science .  Th e poten -
tia l  fo r  thi s collaboratio n wa s discovere d onl y month s 
befor e thi s pape r  wa s written ;  ye t  a  share d sens e o f  th e 
urgenc y o f  patients '  nee d fo r  hel p i n rebuildin g thei r  cog -
nitiv e skill s  an d thei r  hve s ha s le d t o a  pla n fo r  providin g 
thi s help .  I t  i s  hope d tha t  publishin g thes e preliminar y 
result s ma y attrac t  othe r  researcher s int o thi s ques t  t o cre -
at e a  ne w clas s o f  cognitiv e rehabilitatio n intervention s 
and t o asses s thei r  potentia l  t o suppor t  effectiv e retrain -
ing .  Intereste d partie s ar e invite d t o contac t  th e authors . 

Conclusion 

The A L E R T syste m i s designe d t o addres s th e individ -
ual' s specifi c  defici t  areas .  Startin g from  computer-base d 
activitie s fo r  restorin g cognitiv e abilities ,  explorin g game s 
and task s t o reinforc e thi s learning ,  an d progressin g t o 
mor e comple x problem-solvin g scenario s i n th e virtua l 
enviromnents ,  individual s ca n wor k o n thei r  defici t  areas . 
Thu s A L E R T provide s a  "safe "  wa y t o suppor t  learnin g 
and failur e prio r  t o reenterin g th e rea l  worl d wher e fail -
ure s ca n b e muc h mor e costl y (Rizz o e t  al. ,  1997) . 

A L E RT wil l  b e mad e availabl e ove r  th e Interne t  an d o n 
C D - R O Ms tha t  patient s ca n us e a t  hom e a s wel l  a s i n a 
clinica l  setting .  Th e first  releas e i s schedule d fo r  Sprin g 
1998 ;  informatio n an d demo s wil l  b e availabl e a t  th e 
A L E RT we b site :  "http;//www.earthlab.com/alert / 
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