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Tin e Evaluatio n o f  Cognitiv e Construct s Usin g Structura l  Equatio n Modelin g 

Morton Ann Gernsbacher & H. H. Goldsmith 
Universit y o f  Texa s a t  Austi n 

Though, in anthropomorphic terras, the field of cognitive psychology has barely 
grow n ou t  o f  youn g adulthood ,  it s developmen t  thu s fa r  ha s bee n markedl y influence d b y 
severa l  o f  it s  siste r  science s (e.g. ,  theoretica l  linguistics ,  artificia l  intelligence , 
engineerin g science ,  philosophy) .  Thes e influence s ar e mos t  noticeabl e withi n th e 
structura l  model s cognitiv e psychologist s propos e t o describ e variou s aspect s o f 
cognitiv e processes .  Thi s pape r  present s a n approac h t o structura l  modelin g tha t  aros e 
fro m wor k withi n th e fiel d o f  econometric s an d ha s recentl y bee n successfull y applie d t o 
describ e behaviora l  processe s withi n th e field s o f  sociolog y an d biometrica l  genetics . 
Vfe believ e thi s approac h t o b e particularl y wel l  suite d fo r  modelin g cognitiv e behavio r 
becaus e i t  help s t o resolv e severa l  o f  th e paradoxe s involve d wit h othe r  method s o f 
modeling . 

Rathe r  ironically ,  cognitiv e psychologist s demonstrat e les s catholi c taste s i n th e 
methodolog y the y emplo y t o verif y thei r  model s tha n the y d o i n outlinin g thei r  models . 
Most  cognitiv e psychologist s collec t  behaviora l  dat a fro m classica l  2  b y 2  design s an d 
the n analyz e thes e dat a wit h stardar d analyse s o f  variance .  Some potentia l  problem s 
aris e whe n w e attemp t  t o extrapolat e fro m tw D o r  fou r  cell s o f  mean s (o r  a  serie s o f 
suc h set s o f  data )  t o a  mor e elaborat e descriptio n o f  a n underlyin g process .  First , 
althoug h v ^  manipulat e ou r  experimenta l  variable s i n a  binar y fashion ,  ver y ofte n thes e 
variable s occu r  naturall y i n a  continuou s distributio n an d i t  i s  thi s latte r 
distributio n v ^  ofte n impl y i n ou r  models .  Second ,  i n orde r  t o obtai n laborator y 
control ,  v e systematicall y investigat e th e effect s o f  differen t  variable s b y pittin g 
the m i n a  serie s o f  one-to-on e contrasts .  Thus ,  th e entir e mode l  i s seldo m teste d 
simultaneousl y an d w e neve r  gai n a n appreciatio n fo r  th e exten t  t o whic h th e mode l  ca n 
accoun t  fo r  al l  th e phenomen a i t  purport s t o explain .  Third ,  th e degre e o f  th e 
relationshi p betwee n th e theoretica l  construct s represente d b y th e mode l  an d th e 
variable s use d t o measur e thes e construct s i s ofte n lef t  unquantified .  Fo r  example ,  ho w 
wel l  i s  th e construc t  vt e cal l  "long-ter m memory "  indexe d b y th e percentag e o f  word s 
correctl y recalle d afte r  a  two-wee k interval ? I n actuality ,  an y tim e w e tes t  a 
theoretica l  mode l  v ^  ar e simultaneousl y testin g th e adequac y o f  a  "measuremen t  model. " 
Wit h th e approac h w e shal l  describ e today ,  thi s fac t  i s  mad e explicit .  Moreover ,  th e 
processe s o f  mode l  fittin g an d mode l  testin g ar e integrate d int o th e sam e procedure . 

Overview of Structural Equation Modeling 
Structura l  equatio n modelin g (SEM )  i s a  comprehensiv e syste m fo r  testin g system s o f 

linea r  hypothese s involvin g bot h observed ,  o r  "manifest, "  variable s an d theoretica l 
constructs ,  o r  "latent "  variables .  Bes t  know n amon g th e famil y o f  SE M approache s i s th e 
Linea r  Structura l  Relationship s (LISREL )  approac h (Joresko g &  Sorbom ,  1978 )  whic h w e 
use d i n th e presen t  demonstration .  I t  i s  importan t  t o not e tha t  th e SE M approac h 
require s tha t  th e investigato r  hav e a n explici t  theor y guidin g his/he r  researc h an d tha t 
al l  laten t  construct s i n th e theor y b e assessed ,  preferabl y wit h multipl e convergen t 
measures .  Th e implementatio n o f  SE M involve s thre e majo r  steps : 

(1 )  Specificatio n o f  th e model .  Th e SH i  approac h require s th e investigato r  t o 
specify,  a  p r i on ,  a  mode l  i n v^ic h theoretica l  construct s ar e hypothesize d t o b e 
functionall y relate d t o observe d variables .  I n cognitiv e psychology ,  thes e variable s 
migh t  b e behaviora l  measure s suc h a s reactio n tim e o r  performanc e accurac y o n a 
laborator y tas k o r  the y coul d b e stimulu s characteristic s suc h a s orthographi c 
regularit y o r  semanti c meaningfulnes s a s indexe d b y a  normativ e scale .  Th e theoretica l 
construct s ar e suc h entitie s a s lexica l  familiarity ,  memor y span ,  o r  th e structur e o f 
semanti c categories .  Furthermore ,  "causal "  (o r  functional )  relationship s amon g th e 
theoretica l  construct s mus t  b e specified .  Thus ,  SE M ca n b e though t  o f  a s a  procedur e 
tha t  combine s element s o f  traditiona l  multipl e regression ,  facto r  analysis ,  an d pat h 

analysis . 



(2 )  Mode l  estimation .  Qic e th e mode l  i s specified ,  th e value s fo r  th e parameter s 
i n th e mode l  ar e simultaneousl y estimate d usin g a n iterativ e procedure ,  vhic h i n th e 
cas e o f  LISRE L i s a  maximu m likelihoo d algorithm .  Th e inpu t  fo r  thi s analysi s i s a 
variance-covarianc e matri x fo r  al l  o f  th e observe d variable s measure d i n th e study .  Th e 
magnitud e o f  thre e type s o f  parameter s ca n b e estimated .  Value s fo r  th e hypothesize d 
causa l  relationship s ca n b e interprete d a s partia l  regressio n coefficients .  Value s fo r 
relationship s tha t  ar e no t  specifie d a s bein g causa l  ca n b e though t  o f  a s correlations . 
Finally ,  th e residual ,  o r  unexplaine d variation ,  i n th e laten t  variable s an d i n th e 
manifes t  variable s i s estimated .  Th e statistica l  significanc e o f  eac h o f  thes e 
parameter s (wit h exception s note d later )  ca n als o b e computed . 

(3 )  Evaluatio n o f  goodness-of-fi t  o f  th e model .  Th e statistica l  evaluatio n o f  th e 
overal l  fi t  o f  th e mode l  t o th e dat a i s a  crucia l  elemen t  o f  th e SE M approach ,  a n 
advantag e tha t  distinguishe s SOI  fro m mos t  othe r  dat a analyti c procedures .  A  chi-squar e 
statistic ,  wit h it s associate d degree s o f  freedom ,  i s th e mos t  common indicato r  o f  th e 
likelihoo d tha t  th e observe d variance/covarianc e matri x coul d hav e emerge d i f  th e 
specifie d mode l  wer e "true. "  Th e numbe r  o f  degree s o f  freedo m i n a  mode l  i s th e 
remainde r  whe n th e numbe r  o f  parameter s bein g estimate d i s subtracte d fro m th e uniqu e 
number  o f  observe d variance s an d covariances .  I f  thi s differenc e i s negative ,  th e mode l 
is ,  o f  course ,  no t  identified .  Large r  value s o f  ch i  square ,  relativ e t o th e degree s o f 
freedom ,  indicat e a  poore r  fi t  o f  th e mode l  t o th e data .  I t  i s  thi s goodness-of- f  i t 
evaluatio n tha t  place s SE M withi n th e grou p o f  confirmatory ,  rathe r  tha n exploratory , 
statistica l  procedures . 

The Constructs of Category Structure and Category Verification 
Over  a  decad e o f  researc h i n th e fiel d o f  cognitiv e psycholog y ha s bee n aime d 

towar d investigatin g huma n semanti c memory .  Th e genera l  consensu s emergin g frcs m thi s 
bod y o f  wor k i s tha t  semanti c memor y i s organize d i n a  highl y systemati c an d orderl y 
fashion .  On e o f  th e mos t  commonl y describe d unit s o f  organizatio n withi n thi s stor e i s 
th e semanti c category .  Severa l  principle s hav e bee n propose d t o underli e th e 
organizationa l  structur e o f  suc h categories .  Th e mos t  popula r  o f  thes e ar e th e 
principle s o f  associatio n frequency ,  sananti c distance ,  featura l  overla p an d typicality . 

Accordin g t o th e principl e o f  associatio n frequency ,  membershi p i n a  semanti c 
categor y i s a  functio n o f  th e frequenc y wit h v^ic h a  categor y member ,  suc h a s ROBI N ha s 
bee n previousl y associate d wit h a  particula r  categor y concept ,  suc h a s BIRD ,  an d 
vice-versa .  Man y o f  yo u wil l  recogniz e thi s principl e a s underlyin g man y specimen s o f 
th e ver y familia r  bree d o f  networ k model s o f  conceptua l  knowledge .  When speakin g abou t 
semanti c categories ,  v ^  hav e simpl y sv±)stitute d th e ter m "categor y concept "  fo r  th e ter m 
"superordinate "  an d th e ter m "categor y member "  fo r  "subordinate. "  Th e principl e o f 
associatio n frequenc y i s usuall y assesse d b y collectin g normativ e dat a upo n th e 
frequenc y wit h vAiic h subject s wil l  mentio n a  categor y member  i n respons e t o a  categor y 
name,  an d vice-versa . 

A secon d principl e propose d t o underli e th e structur e o f  semanti c categorie s i s 
base d purel y upo n degre e o f  intra-categor y similarity .  Th e genera l  procedur e use d t o 
asses s thi s principl e i s t o as k subject s t o rat e th e similarit y o f  pair s o f  member s fro m 
a particula r  category .  Ihes e dat a ar e the n submitte d t o a  multidimensiona l  scalin g 
procedur e tha t  place s th e categor y member s i n Euclidea n spac e suc h tha t  th e metri c 
distance s betwee n categor y member s i s inversel y an d monotonicall y relate d t o thei r 
semanti c similarity .  And ,  accordin g t o thi s principle ,  categor y membershi p i s a 
functio n o f  a  member' s scale d positio n withi n th e multidimensiona l  configuratio n 

reveale d fo r  tha t  category . 
A thir d principl e tha t  ha s bee n propose d t o underli e th e structur e o f  semanti c 

categorie s i s tha t  o f  typicality .  Typicalit y simpl y refer s t o th e degre e t o whic h eac h 
member  o f  a  categor y i s believe d t o b e a  goo d exempla r  o f  it s  category .  Fo r  example , 
most  subject s wil l  rat e a  RCBI N a s bein g a  ver y typica l  member  o f  th e categor y BIRD S 

v*iil e a  CHICKE N i s usuall y rate d t o b e muc h les s so . 

A fourt h principl e tha t  ha s bee n propose d t o underli e th e structur e o f  semanti c 
categorie s involve s th e notio n o f  features .  Feature s ar e attribute s o r  propertie s o f  a 



semanti c concept .  Thoug h th e possessio n o f  a  featur e b y a  concep t  ca n onl y b e presen t 
or  no t  present ,  semanti c feature s themselve s ar e believe d t o var y i n a  mor e continuou s 
fashio n i n regar d t o thei r  importanc e i n definin g categor y manbership .  Fo r  example ,  a 
featur e o f  th e categor y BIRD S suc h a s "ha s feathers, "  migh t  b e mor e importan t  i n 
definin g categor y membership ,  v^il e a  featur e suc h a s "perche s i n trees "  migh t  b e les s 
criterial .  Give n tha t  eac h categor y member  ca n als o b e describe d b y a  se t  o f 
characteristi c features ,  accordin g t o th e principl e o f  featura l  overlap ,  membershi p i n a 
semanti c categor y i s a  functio n o f  th e nimbe r  an d typ e (mor e o r  les s criterial )  o f 
categoricall y descriptiv e feature s share d betvee n th e categor y member  an d th e categor y 
concept . 

Clearly ,  eac h o f  thes e principl e tha t  hav e bee n propose d t o underli e th e structur e 
of  sananti c categorie s implie s th e existenc e o f  a  theoretica l  construct ,  namel y Categor y 
Structure .  Thus ,  i n th e nonenclatur e o f  SEM,  Categor y Structur e i s a  laten t  variable . 
Als o common t o eac h o f  thes e structura l  principle s i s a n empirica l  prediction .  Eac h 
principl e predict s tha t  Categor y Structur e affect s behaviora l  processes .  Th e laborator y 
measur e commonl y use d t o evaluat e thi s predictio n i s performanc e o n a  time d categor y 
verificatio n task .  I n thi s task ,  subject s ar e presente d wit h th e nam e o f  a  categor y 
member  an d aske d t o verif y tha t  i t  belong s t o it s appropriat e category .  Bot h th e spee d 
wit h whic h a  subjec t  respond s (i.e ,  reactio n time )  an d his/he r  accurac y o f  respons e 
(i.e. ,  erro r  rate )  ar e provided .  Thus ,  i t  ha s bee n propose d tha t  measure s o f  thes e fou r 
principle s ar e relate d t o th e laten t  variabl e Categor y Structure .  Categor y Structure , 
i n turn ,  ha s bee n propose d t o influenc e anothe r  laten t  variable ,  v>̂ a t  w e wil l  cal l 
Categor y Verification .  Th e latte r  variabl e i s measure d b y reactio n tim e (RT )  an d erro r 
rate .  Her e i s a  prim e exampl e o f  th e proposa l  o f  implici t  construct s an d thei r  causa l 
relationship s tha t  require s evaluatio n i n a  simultaneou s fashion . 

I n thi s study ,  w e collecte d severa l  independen t  set s o f  dat a upo n on e rathe r  larg e 
sampl e o f  items .  Thes e item s v^r e eigh t  semanti c categorie s (viz. ,  FRUITS ,  VEHICLES , 
FURNITURE,  VEGETABLES,  BIRDS ,  SPORTS,  CLOTHING)  an d twent y eac h o f  thei r  respectiv e 
members.  Th e dat a collectio n wa s arrange d int o tw o stages .  I n th e firs t  stage , 
measure s o f  eac h o f  th e fou r  structura l  principle s wer e obtaine d fo r  th e entir e se t  o f 
item s i n procedure s identica l  t o thos e anploye d b y previou s researchers .  I n th e secon d 
stage ,  measure s o f  performanc e (i.e. ,  spee d an d accuracy )  o n th e speede d categor y 
verificatio n tas k ver e obtained ,  usin g th e previousl y measure d item s a s experimenta l 
stimuli .  A  differen t  grou p o f  5 0 undergraduate s a t  th e Universit y o f  Texa s participate d 
i n eac h aspec t  o f  th e dat a collection .  Thes e subject s provide d u s wit h a  dat a bas e 
composed o f  24,00 0 measure s o f  associatio n frequency ,  482 6 measure s o f  featur e 
criteriality ,  80,00 0 measure s o f  featur e possession ,  76,00 0 measure s o f  semanti c 
distance ,  80 0 measure s o f  typicality ,  12,75 0 RT s (wit h th e effect s o f  wor d lengt h 
removed )  ,  an d 13 6 erroneou s responses .  Thes e dat a wer e reduce d t o a  mor e manageabl e 6  X 
6 (fou r  structura l  principle s an d tw o performanc e measures )  correlatio n matri x tha t  vj e 
proceede d t o analyz e usin g th e SE M approach . 

Application of Structural Equation Modeling 
Frcx n th e theoretica l  guidanc e outline d above ,  th e mode l  i n Figur e 2  ha s bee n 

specified ,  estimated ,  an d evaluated .  Befor e discussin g th e mode l  itself ,  v e shoul d 
clarif y th e notatio n use d i n Figur e 1 .  Manifes t  variable s ar e represente d b y 
rectangles ,  laten t  variable s ar e depicte d a s circles ,  th e directio n o f  causa l  o r 
functiona l  relationship s i s specifie d b y arrows ,  an d unexplaine d relationship s ar e 
denote d b y curve d lines .  Eac h figur e tha t  v ^  coul d dra w usin g th e symbol s i n Figur e 1 
and th e convention s o f  pat h analysi s specifie s a  serie s o f  linea r  equation s tha t  ar e 
simultaneousl y solve d b y th e LISRE L procedure .  Fo r  th e analysi s presente d here ,  w e use d 
th e RAM parameterizatio n (Mc;Ardl e &  M::Donald ,  1981 )  o f  versio n I V o f  th e LISRE L progra m 
(Joresko g &  Sorbom ,  1978) . 

Let  u s no w conside r  eac h o f  th e portion s o f  th e model .  On th e lef t  sid e ar e th e 
manifes t  variable s hypothesize d t o represen t  different ,  bu t  correlated ,  aspect s o f  th e 
laten t  variabl e Categor y Structure .  I n on e sense ,  v ^  ca n thin k o f  Categor y Structur e a s 
a facto r  an d th e standardize d partia l  regressio n coefficient s .69 ,  -.57 ,  .82 ,  an d .7 0 a s 



facto r  loading s fo r  th e 4  observe d variables .  Not e tha t  thes e coefficient s ar e hig h an d 
tha t  th e residua l  varianc e i n eac h manifes t  variabl e i s low .  Th e negativ e valu e fo r 
semanti c distanc e i s simpl y du e t o th e fac t  tha t  th e Multidimensiona l  Scalin g progra m 
(ALSCAL)  use d t o deriv e th e measur e scale s dissimilaritie s rathe r  tha n similarities . 

The tw o undirecte d relationship s a t  th e extrem e lef t  o f  Figur e 1  represen t 
unexplaine d association s betwee n residua l  variatio n betwee n Sananti c Distanc e an d 
Typicalit y an d betwee n Typicalit y an d Featura l  Overlap .  Th e existenc e o f  thes e wea k bu t 
statisticall y significan t  relation s mean s tha t  ther e i s systemati c covarianc e withi n 
thes e pair s o f  manifes t  variable s tha t  i s no t  connmo n t o th e othe r  tw D variables . 

Switchin g ou r  attentio n t o th e righ t  sid e o f  Figur e 1 ,  w e fin d th e measurannen t 
model  fo r  Categor y Verification .  Gernsbache r  (1982 )  ha s empiricall y demonstrate d tha t  a 
combinatio n o f  Reactio n Tim e an d Erro r  Rat e i s a  muc h mor e comprehensiv e measur e fo r 
evaluatin g performanc e i n man y speede d cognitiv e paradigm s tha n eithe r  o f  th e tw o 
measure s alone .  Eve n th e lo w erro r  rat e observe d i n thes e dat a (viz. ,  mea n percentag e 
of  erro r  =  5%)  contribute s substantiall y  t o th e Categor y Verificatio n laten t  variable . 
Vfe d o notice ,  however ,  tha t  R T i s th e stronge r  contributor . 

The ke y predictio n o f  th e mode l  i s tha t  Categor y Structur e bear s a  functiona l 
relationshi p t o (o r  "causes" )  performanc e o n th e Categor y Verificatio n task .  Thus ,  w e 
examin e th e directe d pat h i n th e cente r  o f  Figur e 1 .  Tti e standardize d partia l 
regressio n coefficien t  o f  .9 5 show s tha t  th e influenc e o f  Categor y Structur e o n 
verificatio n performanc e i s stron g indeed !  Thi s rathe r  startlin g degre e o f 
predictabilit y  fro m a  collectio n o f  paper-and-penci l  measure s complete d i n a  classroo m 
t o choic e R T performanc e obtaine d unde r  highl y standardize d laborator y condition s alert s 
us t o th e potentia l  powe r  o f  th e SE M approach .  Compar e thi s regressio n coefficien t  o f 
.9 5 t o th e zer o orde r  E^arso n product-momen t  correlation s o f  .56 ,  -.49 ,  .69 ,  an d .4 9 
between ,  respectively .  Associatio n Frequency ,  Semanti c Distance ,  Typicality ,  an d 
Featura l  Overlap ,  an d R T i n thes e sam e data . 

Ther e ar e som e othe r  noteworth y point s concernin g th e estimatio n procedure .  Th e 
set s o f  directe d relation s o n bot h side s o f  Figur e 1  ar e simultaneousl y derive d s o a s t o 
maximiz e th e predictabilit y  o f  Categor y Verificatio n fro m Categor y Structure .  Thus ,  w e 
ca n conclud e fro m th e fac t  tha t  Typicalit y i s th e principl e mos t  strongl y relate d t o 
Categor y Structur e tha t  Typicalit y als o i s th e bes t  singl e predicto r  o f  Categor y 
Verification .  Fro m th e rule s o f  pat h analysis ,  w e kno w tha t  th e magnitud e o f  thi s 
predictio n i s .8 2 X  .9 5 =  .78 .  Stil l  employin g th e rule s o f  pat h analysis ,  w e ca n 
accoun t  fo r  al l  o f  th e standardize d varianc e in ,  sa y RT ,  b y computin g (.8 5 X  .85 )  +  .2 8 
= 1.00 . 

CXjr  nex t  tas k i s t o evaluat e th e adequac y o f  th e mode l  a s a  whole .  A s specifie d i n 
Figur e 1 ,  th e mode l  doe s fi t  th e dat a rathe r  well .  I n addition ,  th e first-orde r 
derivative s (supplie d b y LISREL-IV )  fo r  eac h o f  th e potentia l  parameter s o f  th e mode l 
ar e uniforml y low ,  thu s indicatin g n o loca l  area s o f  lac k o f  fi t  i n th e model . 

I n man y cases ,  th e ch i  squar e statisti c ma y lea d t o rejectio n o f  th e model .  Th e 
LISREL-I V progra m provide s informatio n o n th e loc i  o f  lack-of-fi t  tha t  permit s on e t o 
chang e th e mode l  t o improv e fit .  Ideally ,  th e investigato r  woul d nex t  collec t  fres h 
dat a an d attemp t  t o confir m th e revise d model .  I n actua l  practice ,  th e mode l  i s ofte n 
"fixed "  t o improv e fi t  base d o n preliminar y attempt s t o fi t  th e model .  I n fact ,  th e 
thre e undirecte d relation s i n Figur e 1  wer e adde d t o th e mode l  i n thi s fashion . 

Withi n th e constraint s o f  ou r  data ,  v ^  ca n pi t  riva l  structura l  equatio n model s 
agains t  on e another .  Th e resul t  i s  a  tes t  o f  th e relativ e abilit y  o f  th e tw o alternat e 
theorie s t o accoun t  fo r  th e observe d covariation .  On e mode l  w e wer e intereste d i n 
specifie d tha t  th e fou r  categorizatio n principle s shoul d contribut e equall y t o th e 
Categor y Structur e laten t  variable ,  i.e. ,  tha t  th e fou r  partia l  regressio n coefficient s 
be constraine d t o b e equa l  durin g th e maximu m likelihoo d estimatio n process .  When w e 
evaluate d thi s model ,  v ^  foun d a  ch i  squar e o f  51.8 8 wit h 1 0 df .  I n a n opposin g model , 
al l  condition s wer e equivalent ,  excep t  tha t  th e fou r  principle s o f  categorizatio n wer e 
allov^e d t o var y freel y i n thei r  estimate d contributio n t o th e laten t  variable .  Thi s 

latte r  mode l  yielde d a  chi  squar e o f  42.5 6 wit h 8  df .  Neithe r  mode l  fit s  ver y well ,  bu t 

achievin g optima l  fi t  i s  no t  th e purpos e o f  thi s comparison .  A  statistica l  compariso n 



of  th e tw o model s show s tha t  X  di f f  =  9.3 2 wit h 2  d f ,  a  signif ican t  di f ferenc e ( p = 

.01 )  .  Thi s comprehensiv e tes t  o f  model s offer s evidenc e tha t  th e fou r  principle s ar e 

no t  equivalen t  measure s o f  Categor y Structure . 

Concluding Remarks 

One goa l  o f  thi s pape r  ha s bee n t o conve y somethin g o f  th e potentia l  o f  th e SE M 

approac h fo r  mode l  buildin g an d testin g withi n th e real m o f  cognit iv e psycholog y 

research .  I n attemptin g t o d o this ,  w e hav e unde r  emphasize d th e di f f icul t ie s o f  th e 

approach .  Perhap s i t  i s  appropriat e t o conclud e wit h som e caut ions ,  tha t  ar e discusse d 

mor e full y b y Hor n an d M^Ardl e (198'3 )  .  Give n tha t  SD^ ,  l ik e an y mult ivar iat e 

maximizatio n procedure ,  capitalize s o n chanc e relationship s i n th e da ta ,  repl icatio n o f 

comple x finding s i s mandatory .  Issue s o f  identificatio n ca n b e quit e intractable ,  s o 

much s o tha t  studie s no t  initiall y  conceptualize d wit h SE M i n min d ar e ofte n unsuitabl e 

fo r  SE M analysis .  O n th e othe r  hand ,  SE M ha s potential s vi e hav e no t  explored ;  fo r 

example ,  interactiv e term s ca n b e entere d int o th e system s o f  equation s an d mul t ip l e 

group s o f  subject s o r  iten s ca n b e analyze d simultaneously .  O n balance ,  th e approac h i s 

vrort h th e attentio n o f  a  disciplin e tha t  util ize s comple x model s an d i s i n nee d o f 

method s fo r  testin g the m comprehensively . 

Gernsbacher, M. A. On the use of a "new" performance variable to measure cognitive 

processing .  Manuscrip t  submitte d fo r  publication ,  1982 . 

Horn ,  J .  L. ,  &  McArdle ,  J .  J .  Perspective s o n mathematica l  /  statistica l  mode l  buildin g 

(MASMOB)  i n researc h o n aging .  I n L .  W.  Poo n (Efl. )  ,  Pqir q i n th e 1980 's : 
Psychologica l  issues .  Washington ,  D .  C :  toerican  Psychologica l  Associat ion ,  1980 . 

Joreskog ,  K .  G. ,  &  Sorbom ,  D .  LISRE L IV :  Analysi s o f  linea r  structura l  relationship s b y 

th e metho d o f  maximo n likelihood .  Chicago :  Nationa l  Educationa l  Resources ,  1978 . 

McArdle ,  J .  J. ,  &  McDonald ,  R .  P .  A  simpl e algebrai c representatio n fo r  structura l 

equatio n models .  Unpublishe d manuscript .  Universit y o f  Denver ,  1981 . 

FIGURE 1. A Structural Equation Model of the Relationship Between 

Categor y Structur e an d Categor y Verificatio n 
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Goodness-of-fit :  ch l  squar e "  3.89 ,  d f  -  5 ,  £  -  .57 .  Standardize d 
escimace s ar e shown .  Ai l  value s ar e a t  leas t  twic e th e siz e o f 
thei r  standar d errors . 
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