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Better understanding of proficency in complex real-world tasks is needed, both for assessment of skill 

and fo r  training .  A s par t  o f  a  progra m o f  researc h o n assessin g an d trainin g comple x proble m solving , 

we hav e develope d a  compute r  progra m tha t  provide s coache d practic e fo r  a n electronic s 

troubleshootin g job .  Sherloc k wa s develope d fo r  first-leve l  airme n w h o diagnos e an d repai r 

navigationa l  equipmen t  fo r  th e F-1 5 aircraft .  I t  provide s trainee s wit h realisti c faul t  isolatio n 

problem s i n a  simulatio n o f  th e Unite d State s Ai r  Force' s F-1 5 manua l  avionic s 2  tes t  station .  Avionic s 

unit s ar e attache d t o a  tes t  statio n vi a a  tes t  packag e tha t  adapt s th e uni t  t o th e tes t  station .  Th e tes t 

statio n simulate s th e aircraf t  an d ho w th e unitwoui d wor k o n th e aircraf t  an d measure s uni t 

performance .  However ,  th e tes t  statio n i s comple x an d i s pron e t o failure s itself .  Thus ,  ofte n th e 

traine e mus t  troubleshoo t  fault s i n th e tes t  statio n befor e bein g abl e t o diagnos e an d repai r  avionic s 

components .  Troubleshootin g th e tes t  statio n i s th e mos t  complicate d aspec t  o f  th e jo b sinc e ther e i s 

littl e trainin g i n thi s are a prio r  t o on-the-jo b experience ,  an d jo b support s ar e incomplete .  Sherloc k 

was develope d fo r  firs t  leve l  airmen ,  a s a  supporte d practic e environmen t  fo r  learnin g 

troubleshootin g technique s tha t  coul d b e applie d i n th e rea l  world .  Ther e ar e severa l  instructiona l 

strategie s tha t  guide d Sherlock' s development ,  eac h o f  whic h wer e drive n b y ou r  empirica l  cognitiv e 

tas k analysi s researc h i n thi s fiel d (Lesgol d e t  al. ,  1986) . 

Background. We assume that our trainees are active learners. They are coached as needed while 

solvin g problems ,  thereb y presentin g opportunitie s t o construc t  n e w knowledg e tha t  i s  linke d t o th e 

menta l  stat e a t  whic h i t  wil l  b e needed .  Sherloc k ha s a  holisti c procedura l  trainin g emphasis ,  whic h 

means tha t  supporte d practic e o f  th e overal l  troubleshootin g proces s i s provide d rathe r  tha n practic e 

of  discret e knowledg e skills .  Peopl e lear n t o d o comple x cognitiv e procedure s b y doin g them .  W h e n 

a trainee 3 canno t  handl e th e whol e performance ,  h e i s supporte d throug h th e part s h e canno t 

handle ,  vi a reminder s an d hints ,  bu t  a t  th e sam e tim e h e i s stil l  enactin g th e whol e targe t  cognitiv e 

performance .  Cor e menta l  model s ar e no t  explicitl y  reveale d bu t  ar e discusse d an d elaborate d w h e n 

an individual' s performanc e indicate s tha t  explici t  hel p i s neede d i n a  particula r  par t  o f  th e overal l 

targe t  performance.  Muc h o f  ou r  tutorin g simpl y stimulate s a  technican' s interrogatio n o f  th e 

proble m spac e rathe r  tha n provid e explici t  guideline s o n wha t  t o d o next .  A n exampl e o f  h o w 

interrogatio n i s fostere d woul d b e th e followin g hin t  delivere d b y ou r  tuto r  t o a  traine e workin g o n a 

problem :  "Wha t  relay s i n th e A1A1A1 3 ar e bein g se t  b y thi s cod e ?  H o w ca n yo u tes t  thi s car d t o 

determin e i f  th e correc t  relay s ar e set? "  I f  suc h a  hin t  wer e insufficien t  a  moreexplici t  hin t  woul d b e 

provided ,  suc h as ,  "Yo u shoul d tes t  pin s 41,42 ,  an d 4 6 wit h respec t  t o groun d (pi n 51 )  an d se e i f  th e 

dat a signal s ar e good .  " 

Sherlock presents 34 problems based on our concept of "effective problem spaces " (see Lesgold, 

Lajoie ,  Loga n an d Eggan ,  i n prep.) .  Thes e ar e subgoa l  lattice s o f  plan s an d action s tha t  a n individua l 

migh t  mak e whil e troubleshooting .  Bot h exper t  an d novic e move s ar e include d i n th e representation , 

thereb y predictin g ahea d o f  tim e mos t  o f  th e step s tha t  a  technica n migh t  mak e o n a  particula r 

problem .  A t  eac h decisio n poin t  o r  nod e i n th e effectiv e proble m space ,  availabl e hint s 

2.  Avionic s refe r  t o electronic s equipmen t  fo r  aircraf t  navigation .  Th e F-1 5 i s a  tactica l  fighte r  plane . 

3. Most, but not all, of our subjects were male. We use the masculine form only to simplify sentence 

structure . 
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focuse d o n relevan t  curriculu m issue s a s wel l  a s wha t  th e appropriat e actions ,  tes t  outcomes , 

conclusions ,  an d nex t  bes t  move s woul d b e a t  tha t  point .  Whil e ther e wa s n o uniqu e bes t  pat h o r 

sequenc e fo r  solvin g a  problem ,  ther e wer e definit e expertlik e way s o f  troubleshooting .  Proficien t 

troubleshooter s collec t  appropriat e informatio n t o confir m o r  disconfir m a  specifi c  hypothesi s 

regardin g faul t  location .  Th e effectiv e proble m spac e accommodate s differen t  level s o f  expertis e i n 

planning .  Eac h subgoa l  nod e ha s on e o r  mor e exper t  way s t o confir m o r  disconfir m a  particula r 

hypothesis .  Les s skille d individual s ar e tutore d i n thes e exper t  moves .  Usuall y thi s involve s hint s 

provide d o n demand ,  bu t  Sherloc k als o ma y interven e t o limi t  tim e waste d repeatin g move s o r 

followin g hopeles s dea d ends . 

Every plan or action in the problem space has as many as four types of hints, for the choices of which 

actio n t o take ,  wha t  outcom e t o expec t  an d h o w t o interpre t  it ,  wha t  conclusion s t o draw ,  an d wha t 

t o d o next .  Fo r  eac h hin t  type ,  ther e ar e fiv e level s o f  explicitness .  Trainee s receiv e thes e hint s whe n 

the y as k fo r  hel p o r  sho w tha t  the y ar e havin g difficult y wit h particula r  curriculu m issues .  H o w explici t 

th e hin t  i s  depend s o n h o w wel l  th e tuto r  expect s th e traine e t o perfor m a t  tha t  point .  Th e 

performanc e expectation s ar e base d o n a  studen t  competenc e mode l  tha t  i s  update d afte r  eac h 

problem .  Onl y a  smal l  portiono f  th e tuto r  desig n i s presente d her e sinc e i t  ha s bee n reporte d 

elsewher e (se e Lesgold ,  Lajoie ,  Bunz o &  Eggan ,  1988) . 

An Integratio n o f  Theorie s 

Glaser(1985) and Resnick(1985) have called for an integration of several kinds of theories to guide 

instruction :  (a )  a  theor y o f  competenc e tha t  describe s th e skille d performanc e tha t  w e hop e t o evok e 

i n th e learner ;  (b )  a  theor y o f  acquisitio n tha t  describe s h o w peopl e construc t  knowledg e an d gai n 

skill ;  an d (c )  a  theor y o f  interventio n tha t  specifie s h o w t o activat e th e learner' s acquisitio n processes . 

Thes e thre e theorie s wer e considere d i n ou r  tutor' s design . 

A Theory of Competence. The development of Sherlock was driven by a cognitive task analysis of an 

avionic s electronic s troubleshootin g specialt y (se e Lesgol d e t  al ,  1986) .  W e derive d curriculu m issue s 

fo r  th e tuto r  fro m th e cognitiv e competencie s foun d t o characteriz e troubleshootin g proficency . 

Specifically ,  w e ha d looke d fo r  difference s betwee n trainee s w h o wer e acquirin g thei r  skill s  quickl y 

and thos e w h o wer e no t  (base d bot h o n superviso r  rating s an d performanc e o f  subject s o n difficul t 

diagnosi s tasks) .  Proficien t  troubleshooter s wer e skille d a t  generatin g an d testin g thei r  faul t  isolatio n 

plans ,  a s wel l  a s usin g th e appropriat e method s t o resolv e thei r  hypotheses .  Thes e more-skille d 

performer s wer e als o bette r  a t  th e overal l  troubleshootin g proces s an d a t  usin g thei r  strategi c 

knowledg e an d operationa l  method s fo r  solvin g problems .  Th e curriculu m w e derive d fro m thi s 

analysi s reflect s 8 2 aspect s o r  component s o f  skille d performanc e i n thre e majo r  categories :  (a ) 

procedura l  knowledg e o f  basi c troubleshootin g procedures ,  suc h a s settin g u p th e tes t  statio n 

correctly ;  (b )  declarativ e o r  operationa l  knowledg e o f  measurement-making ,  suc h a s knowin g whic h 

tes t  equipmen t  t o us e an d whe n t o us e it ;  an d (c )  strategi c knowledge ,  suc h a s seria l  tracin g throug h 

circui t  paths ,  spac e splitting ,  an d devic e an d syste m understanding . 

We concluded that it is better to train specific situated competence holistically, permitting transfer to 

come fro m concept s an d procedure s tha t  ar e c o m m o n o r  tha t  ca n b e generalize d fro m experienc e i n 

multipl e situations ,  rathe r  tha n t o teac h abstraction s tha t  a  traine e migh t  no t  b e abl e t o m a p t o 

variou s situations .  Rathe r  tha n teac h an y on e curriculu m issu e i n isolation ,  ther e wer e ofte n severa l 

issue s tha t  wer e relevan t  t o plan s o r  action s i n a  troubleshootin g problem . 

Hoping to make Sherlock an expert teacher, we relied on an interesting body of research into 

pedagogica l  competence .  Leinhard t  (1986 )  examine d h o w mat h teacher s organiz e thei r  knowledg e 

and h o w the y transmi t  thi s organizationa l  structur e t o thei r  students .  Exper t  mat h teacher s provid e 
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not  onl y clea r  presentation s o f  a  ne w mathematica l  procedur e bu t  als o severa l  context s i n whic h i t  i s 

applied .  Rehearsa l  i s  provide d fo r  bot h th e skil l  an d understandin g i n man y context s s o tha t  student s 

can se e th e condition s unde r  whic h thi s ne w procedur e applies . 

In developing Sherlock we hoped to replicate this teaching expertise. Specific domain expertise is 

necessar y i n a  tutor .  Fo r  a  syste m t o b e abl e t o shap e performanc e towar d expertise ,  i t  mus t  reflect ,  i n 

it s  coaching ,  th e expertis e o f  rea l  worker s w h o hav e learne d t o d o th e job ,  no t  jus t  th e exper t 

designer s mode l  o f  th e wor k environmen t  o r  th e jo b a s represente d b y doctrine .  Ou r  expert ,  Gar y 

Eggan,  wa s a  "worker "  a s wel l  a s a  "teacher "  w h o ha d worke d i n thejo b a s a n enliste d airma n an d 

late r  becom e a  technica l  adviso r  t o airme n doin g th e job .  H e provide d u s wit h a  rational e fo r  proble m 

selectio n an d wit h clea r  representation s o f  th e proble m spac e fo r  eac h problem ,  includin g likel y 

exper t  an d novic e path s t o solution .  Thu s severa l  solutio n path s wer e mappe d ou t  alon g wit h 

coache d practic e fo r  eac h path .  Ou r  coachin g structur e wa s develope d t o provid e rehearsa l  an d 

understandin g o f  skill s  i n man y context s s o tha t  individual s coul d se e th e condition s unde r  whic h a 

ne w procedur e applied .  Rehearsa l  o f  skill s  i s  presente d ever y tim e th e studen t  ask s fo r  help .  Th e firs t 

hin t  h e receive s i s a  structure d rehearsa l  o f  wha t  h e ha s don e o n tha t  problem ,  s o h e ca n reflec t  o n hi s 

plan s an d actions .  Further ,  eac h tim e additiona l  hel p i s requeste d h e get s a  trac e o f  th e hint s alread y 

received .  Thus ,  th e actions ,  outcomes ,  conclusion s an d option s fo r  a  pla n o r  actio n ca n al l  b e reviewe d 

durin g th e solutio n process . 

Understanding is fostered in many contexts. Each node can give hints about the conditions under 

whic h certai n thing s woul d b e true .  Fo r  example ,  "Thes e dat a signal s shoul d caus e relay s K 3 an d K 2 

i n th e A1A1A1 3 car d t o set .  On e wa y t o determin e i f  th e A1A1A1 3 car d i s operatin g properl y i s t o d o 
an ohm s chec k o n th e relay s bein g se t  b y th e stimul i  cod e selec t  thumbwhee l  switches .  Yo u coul d o h m 
out  th e lowe r  contact s ofK 3 (betwee n Pin s 1  &  3 )  an d th e lowe r  contact s ofK 2 (betwee n Pin s 5 5 &  57 ) 
t o determin e i f  th e relay s ar e bein g set. "  Th e conten t  o f  th e hint s ar e specifi c  t o th e wor k 

environment ,  realisti c an d detailed . 

The role of experts is essential to the development of efficent scripts and procedures for fault 

isolation .  Th e histor y takin g procedur e i s a n efficen t  scrip t  fo r  electronic s troubleshooters .  I n histor y 

takin g th e technicia n examine s wha t  device s ar e activ e fo r  th e curren t  tes t  ste p an d look s a t  th e 

previou s test s tha t  hav e passed .  Thu s h e build s a  se t  o f  hypothese s a s t o wher e th e faul t  migh t  lie , 

and als o ca n disconfir m hypotheses ,  b y comparin g th e tes t  ste p tha t  i s  currentl y failin g wit h step s tha t 

hav e passed .  Hypothese s ar e generate d b y determinin g wha t  i n th e curren t  tes t  differ s fro m othe r 

tests .  Fo r  instance ,  i f  a  measuremen t  devic e wa s use d t o measur e voltag e i n tes t  1  an d tes t  1  passed , 

and use d agai n i n tes t  2  i n th e exac t  sam e wa y bu t  tes t  2  failed ,  on e ca n infe r  tha t  thi s measuremen t 

devic e i s no t  th e proble m .  However ,  i f  th e typ e o f  measuremen t  change d fro m on e tes t  t o another , 

th e measuremen t  devic e fo r  th e secon d tes t  woul d b e a  suspec t  devic e sinc e i t  i s  a  ne w additio n t o 

circuitr y alread y demonstrate d t o b e sound .  Thi s i s on e exampl e o f  a n exper t  procedur e tutore d b y 

Sherlock . 

Processes of Acquisition. Understandi ng the processes of acquisition is necessary for sequenci ng of 

instructio n t o maximiz e learning .  W e approache d thi s b y identifyin g th e knowledg e tha t 

differentiate d skille d an d less-skille d performers .  A  majo r  findin g i n ou r  cognitiv e tas k analysi s 

researc h wa s tha t  skille d airme n di d no t  d o bette r  tha n les s skille d technican s o n discret e knowledg e 

component s suc h a s basi c electronic s knowledg e orbasi c operations ,  suc h a s knowin g wher e t o pu t 

mete r  probe s o n a  circui t  boar d t o ge t  a  particula r  measurement .  Instead ,  exper t  troubleshooter s 

wer e bette r  primaril y a t  orchestratin g ai l  o f  th e cognitiv e competencie s necessar y fo r  faul t  location . 

Our  result s suppor t  Estes '  (1976 )  observatio n regardin g performanc e o n intelligenc e measuresitha t  i t 

i s  no t  enoug h t o identif y cognitiv e processes ,  bu t  rathe r  i t  i s  h o w thes e processe s becom e organize d 

fo r  efficien t  performanc e tha t  distinguishe s highe r  level s o f  proficiency .  Give n ou r  findings ,  w e 

decide d tha t  th e processe s o f  acquirin g troubleshootin g skill s  ha d t o b e taugh t  i n th e contex t  o f  a 
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troubleshootin g proble m s o tha t  individual s woul d lear n ho w t o orchestrat e thei r  skill s  rathe r  tha n 
jus t  b e abl e t o perfor m suc h skill s  whe n th e cognitiv e loa d wa s low .  W e recogniz e tha t  th e practic e o f 
some componenttask s unti l  the y becom e automate d throug h practic e ma y enabl e mor e effor t  t o b e 
directe d t o highe r  leve l  task s (Schneider ,  1984 ;  Perfett i  &  Lesgold ,  1979) .  However ,  componen t 
processe s tha t  wor k wel l  separatel y ma y no t  wor k wel l  together .  I f  a  tas k demand s orchestratio n o f 
componen t  skills ,  the n assessmen t  mus t  b e abl e t o differentiat e skil l  inefficiencie s fro m skil l  absences . 
Sherloc k assesse s componen t  skill s  i n th e contex t  o f  assessin g performanc e level s fo r  individua l 
curriculu m issues .  Th e traine e wh o doe s poorl y o n on e skil l  bu t  wel l  o n anothe r  wil l  receiv e coachin g 
base d o n th e learne d stat e fo r  eac h particula r  issue .  Differen t  level s o f  hin t  specificit y  ar e provide d 
base d o n th e learne d stat e fo r  particula r  skills .  Thu s w e sharpe n thos e skill s  tha t  nee d t o b e sharpene d 
i n th e contex t  o f  th e proble m space . 

Understanding the knowledge a trainee brings to the learning environment makes the task of 
instructio n simple r  sinc e instructio n the n consist s o f  coherenc e buildin g (Resnick ,  1985 )  o r 
restructurin g th e individual' s curren t  knowledg e t o a  highe r  leve l  o f  comprehension .  Th e learnin g 
proces s consist s o f  connectin g ne w informatio n t o existin g knowledge .  Learnin g take s plac e o n th e 
basi s o f  existin g menta l  model s an d theorie s hel d b y students ,  whic h ca n eithe r  enhanc e o r  retar d 
learnin g (Glaser ,  1985) .  Glase r  state s tha t  wit h prope r  instructio n student s ca n test ,  evaluate ,  an d 
modif y thei r  curren t  theorie s o n th e basi s o f  ne w information . 

Sherlock reinforces prior knowledge and builds up mental models of performance through specific 
coaching .  Bot h a  genera l  menta l  mode l  o f  th e troubleshootin g proces s an d a  specifi c  menta l  mode l 
of  a  tes t  ar e taught .  Understandin g th e basi c troubleshootin g scenari o include s suc h thing s a s 
collectin g th e correc t  resources ,  understandin g th e curren t  test ,  analyzin g devic e history ,  an d tracin g 
schematics .  Th e menta l  mode l  o f  a  test ,  fo r  example ,  consist s o f  a  stimulu s inpu t  t o th e uni t  t o b e 
tested ,  a  circuit-adjustin g load ,  an d a  measuremen t  o f  output .  Othe r  menta l  model s dea l  wit h 
automati c configuratio n o f  equipmen t  t o carr y ou t  a  test .  Sherlock' s coachin g structur e addresse s 
thes e menta l  model s i n eac h problem .  Sherloc k reinforce s thes e menta l  model s b y providin g hint s 
tha t  teac h individual s self-regulator y o r  metacognitiv e skills .  Specifi c  tutorin g o n devic e an d syste m 
understandin g lin k th e student' s proble m solvin g abilit y  t o hi s prio r  knowledge . 

Self-regulation is taught by providing recapitulations of the student's problem solving trace when a 
traine e ask s fo r  help .  Thes e hint s encourag e hi m t o reflec t  o n hi s decision-makin g proces s b y 
illustratin g hi s prio r  hypotheses .  I f  a  traine e doe s somethin g inefficien t  th e tuto r  tell s  hi m wh y hi s 
action s ar e redundan t  give n hi s prio r  proble m solvin g activities .  Sherloc k teache s th e traine e t o 
constrai n th e proble m spac e an d efficientl y tes t  hypotheses .  Whe n a  traine e retest s a  uni t  tha t  wa s 
alread y rule d out ,  Sherloc k wil l  sa y somethin g like ,  "yo u hav e alread y eliminate d thi s devic e a s a 
proble m are a b y swappin g th e car d wit h a  goo d card ,  wh y don' t  yo u tr y somethin g els e ?  " 

Sherlock confronts the student to consider his hypotheses, make conclusions, and then choose 
alternativ e plan s an d action s base d o n tes t  outcomes .  I t  tutor s devic e an d syste m understandin g b y 
linkin g tes t  procedure s t o actua l  proble m solvin g performance .  If ,  fo r  instance, a traine e trie d t o 
perfor m action s tha t  specificall y wer e contrar y t o th e tes t  step s bein g used ,  the n Sherloc k woul d sa y 
somethin g lik e th e following ,  "Testin g thi s car d i s no t  necessar y sinc e i t  i s  no t  bein g use d i n thi s test . 
When yo u ente r  Measuremen t  Cod e Selec t  1 2 an d pres s Enter ,  yo u shoul d b e activatin g TPA12 . 
Perhap s yo u shoul d chec k you r  schematic s again .  " 

Thus, student actions are linked to system knowledge by pointing to the information in the technical 
resource s tha t  highligh t  th e relevan t  devic e knowledge .  A  theor y o f  competenc e an d a n 
understandin g o f  th e processeso f  acquisitio n wer e use d t o develo p Sherlock .  Ou r  theor y o f 
interventio n link s thes e tw o theorie s i n th e for m o f  th e coache d practic e environment .  However , 
ther e ar e othe r  thing s tha t  a  theor y o f  interventio n mus t  consider . 
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Theor y o f  Intervention .  Researc h mus t  tes t  th e effect s o f  particula r  form s o f  teachin g an d 

instructiona l  material s o n particula r  students .  Sherloc k ha s th e advantag e o f  bein g abl e t o monito r 

th e trainee' s progres s throug h instructiona l  material s an d provid e adaptiv e form s o f  instructio n 

base d o n individualize d performance . 

Individual differences in aptitudes and learning styles play an important role in learning from 

instruction ,  an d n o on e for m o f  instructio n fit s  ever y individual' s need s (Cronbac h & S n o w ,  1977) . 

Some individual s ar e muc h bette r  wit h spatial-visua l  instructio n wherea s other s deriv e mor e meanin g 

fro m verbal-textua l  representations .  Sherloc k minimizesth e effect s o f  learnin g difference s b y 

providin g multipl e mediu m presentations . 

Just as different modes of instruction must be considered so should the focus of instruction. There is 

some controvers y a s t o whethe r  o r  no t  educationa l  curricul a shoul d focu s o n genera l  thinkin g skills , 

specifi c skill s  o r  bot h type s o f  knowledg e a t  th e sam e time .  Som e woul d argu e tha t  knowledg e 

competencie s i n a  domai n an d th e abilit y  t o thin k abou t  tha t  domai n develo p han d i n han d 

(Bransford ,  Sherwood ,  Vy e &  Reiser ,  i n press) .  Studyin g a  domai n require s a  spli t  focus ,  wher e on e 

focu s i s o n th e materia l  itsel f  an d anothe r  focu s i s o n checkin g t o se e tha t  th e appropriat e menta l 

operation s ar e produce d t o facilitat e learnin g an d proble m solvin g (Locke ,  1975 ;  Simon ,  1980) . 

Even though teaching both specific knowledge skills and general problem solving skills 

simultaneousl y i s difficul t  an d demanding ,  ther e i s evidenc e tha t  thi s approac h t o instructio n ha s lon g 

ter m benefits .  A n excellen t  exampl e ca n b e give n fo r  teachin g readin g comprehension .  Palinsca r  & 

Brow n (1984 )  provide d a  learnin g environmen t  wher e inquir y wa s encourage d an d student s wer e 

encourage d t o b e consciousl y awar e o f  th e strategie s the y use d i n th e contex t  o f  reading .  Strategie s 

wer e taugh t  wit h proceduresforwhere ,  when ,  an d howt o us e them .  Comprehensio n monitorin g 

strategie s wer e taugh t  b y encouragin g student s t o chec k thei r  inference s an d organiz e the i  r 

knowledge .  Thi s spli t  focu s o f  instructio n wa s successful :  student s mad e significan t  improvement s i n 

th e qualit y o f  thei r  summarie s an d question s a s wel l  a s overal l  gain s o n criterio n test s o f  readin g 

comprehension .  Furthermore ,  thes e skill s  wer e demonstrate d t o transfe r  t o nove l  tasks . 

General and specific skills were tutored by Sherlock by providing opportunities for interrogation or 

inquiry ,  b y teachin g troubleshootin g procedure s an d th e condition s unde r  whic h suc h procedure s 

wer e useful ,  an d finall y b y a n emphasi s o n sel f  regulation .  Inquir y wa s supporte d i n tw o ways ;  (a ) 

student s coul d as k fo r  assistanc e anywher e i n th e proble m space ,  and ;  (b )  Sherloc k woul d sometime s 

respon d b y askin g question s itself . 

Were the Instructional Strategies Effective? Given the instructional strategies that underlie Sherlock 

we ca n as k whethe r  theor y drive n desig n o f  a  coache d base d practic e environmen t  improve s 

instruction .  Th e answe r  i n ou r  cas e i s yes .  A  pre/pos t  tes t  compariso n o f  electronic s troubleshootin g 

performanc e o f  a  treatmen t  an d contro l  grou p wa s examine d an d th e result s indicate d tha t  th e 

tutore d grou p di d significantl y bette r  tha n a  contro l  grou p o n pos t  tes t  performanc e (X 2 (1 , 

N =  77 )  =  3.67 ,  p < .05 ,  tuto r  grou p mea n problem s solve d =  39 ,  contro l  grou p mea n problem s solve d 

= 21) .  I n additio n th e tuto r  grou p wa s show n t o significantl y increas e thei r  numbe r  o f  exper t  move s 

(F(1,27 )  =  28.85 ,  p<.000 ,  tuto r  grou p mea n exper t  move s i n pos t  tes t  =  19.33 ,  contro l  grou p 

mean =  9.06 )  an d decreas e ba d move s (F(1,27 )  =  7.54 ,  p<.01 ,  tuto r  grou p mea n ba d move s i n pos t 

test = 1.89 ,  contro l  grou p mea n =  4.19) .  i n a n independen t  analysis ,  Got t  (1988 )  foun d tha t  th e 

tutore d subjects '  performanc e ros e b y th e equivalen t  o f  4 7 month s on-the-jo b experienc e a s a  resul t 

of  th e Sherloc k experience .  Tutor i  n g individual s t o tes t  thei r  hypotheses ,  t o reflec t  o n th e result s o f 

thei r  measurements ,  t o understan d th e procedure s an d condition s unde r  whic h suc h procedure s 

work ,  resulte d i n positiv e performanc e gains .  Th e treatmen t  grou p increase d thei r  proportio n o f 

exper t  lik e test s providin g evidenc e tha t  tutorin g a  menta l  mode l  o f  a  tes t  improve d performance . 
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However ,  ther e wer e severa l  instructiona l  strategie s use d i n ou r  coache d environmen t  an d w e mus t 
discove r  whic h o f  thes e strategie s wer e reponsibl e fo r  Sherlock' s success . 
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