
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Short-Term Memory Resonances

Permalink
https://escholarship.org/uc/item/8th439w9

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 21(0)

Author
Kitzis, Stephen N.

Publication Date
1999
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8th439w9
https://escholarship.org
http://www.cdlib.org/


Shor t -Ter m M e m o r y Resonance s 

Stephe n N .  Kitzi s (SKITZIS(̂ Fhsu.Edu ) 
Departmen t  o f  Psychology ,  For t  Hay s Stat e Universit y 

60 0 Par k Stree t 
Hays ,  K S 6760 1 U S A 

Abstrac t 

A cascading neural loop model is proposed to address the 
questio n o f  ho w t o represen t  continuou s experience .  A  pre -
dictio n o f  th e mode l  i s tha t  short-ter m memor y deca y shoul d 
exhibi t  a  se t  o f  bump s o r  dip s superimpose d o n a  smoot h ex -
ponentia l  base .  Th e predictio n wa s teste d usin g a  Brown -
Peterso n distracto r  task ,  wit h distracto r  interval s from  1  t o 
24 second s space d ever y secon d apart .  I n on e stud y wit h 2 2 
participants ,  fits  o f  neste d regressio n model s indicate d tha t 
peakin g function s wit h period s nea r  harmonic s o f  1. 6 sec -
onds provide d a  bette r  descriptio n o f  th e dat a tha n a n expo -
nentia l  functio n alone .  I n a  replicatio n stud y wit h 2 9 partici -
pants ,  peakin g function s wit h a  perio d o f  3. 2 second s pro -
vide d th e bes t  fit.  I n bot h studies ,  5 % rises  abov e a n expo -
nentia l  bas e wer e eviden t  nea r  7 ,  1 0 t o 11 ,  1 3 t o 14 ,  an d 1 6 
seconds .  Thi s short-ter m memor y effec t  ha s no t  bee n re -
porte d befor e an d need s furthe r  replication . 

Introduction 

T h e paradigmati c treatmen t  o f  short-ter m m e m o r y i n ex -
perimenta l  psycholog y ha s bee n relativel y stabl e fo r  a  lon g 
time ,  thoug h stil l  no t  resolved .  Afte r  Miller' s (1956 )  identi -
fication  o f  a n informatio n processin g bottle-neck .  B row n 
(1958 )  an d Peterso n an d Peterso n (1959 )  establishe d a 
smooth ,  rapi d deca y a s th e principa l  empirica l  characteris -
ti c  o f  short-ter m memory ,  an d Broadben t  (1958 )  an d Atkin -
so n an d Shififri n (1968 )  formalize d model s i n whic h short -
ter m m e m o r y wa s theoreticall y separat e fro m othe r  form s o f 
memory.  However ,  whil e providin g a  clea r  focu s fo r  em -
pirica l  an d theoretica l  questions ,  deca y wa s neve r  univer -
sall y accepte d a s th e actua l  mechanis m o f  forgetting .  Kep -
pel  an d Underwoo d (1962 )  immediatel y cas t  doub t  o n a 
simpl e trac e deca y interpretatio n o f  th e Peterso n an d Peter -
so n (1959 )  results ,  an d th e deca y versu s interferenc e ques -
tio n i s stil l  wit h u s toda y (Laming ,  1992 ,  Crowder ,  1993) . 
Similarly ,  Atkinso n an d Shiffrin' s (1968 )  mode l  ha s 
spawne d mor e debat e tha n consensus .  I n general ,  Bad -
deley' s (1992 )  mor e comple x vie w o f  multipl e workin g 
m e m o ry component s ha s becom e mor e accepte d tha n thei r 
proposa l  o f  a  singl e short-ter m m e m o r y store ,  bu t  eve n th e 
questio n o f  whethe r  separat e store s exis t  i s  stil l  quit e ope n 
(Cowan ,  1988) . 

Another ,  les s wel l  recognize d face t  o f  thi s paradigmati c 
vie w i s h o w closel y short-ter m m e m o r y ha s bee n though t  t o 
resembl e a  compute r  dat a buffer .  Broadben t  (1958 )  wa s 
quit e explici t  i n thi s regard ,  an d mos t  othe r  model s hav e 
followe d i n exactl y th e sam e tradition .  O n e resul t  o f  thi s 
relativel y unquestione d assumptio n i s  tha t  n o mode l  ca n 

adequatel y addres s wha t  Jame s (1890 )  ha d describe d a s a 
"strea m o f  consciousness" . 

Introspectio n woul d lea d m e t o believ e tha t  bot h m y im -
mediat e experienc e an d th e recollectio n o f  tha t  experienc e 
ar e continuous ,  ye t  th e typica l  mode l  o f  short-ter m memor y 
woul d sugges t  otherwise .  Tha t  is ,  short-ter m memor y sup -
posedl y ca n maintai n onl y a  smal l  se t  o f  informatio n a t  an y 
give n time ,  som e o r  al l  o f  whic h ca n b e replace d a  shor t 
tim e late r  onl y b y anothe r  smal l  se t  o f  information .  How -
ever ,  i f  thi s wer e th e case ,  the n wher e doe s tha t  feelin g o f 
continuit y com e from ? A n y continuou s fiinctio n ca n b e 
approximate d b y a  sufficientl y hig h enoug h resolutio n 
digita l  function ,  but ,  usin g neura l  firing  rate s a s a  guide , 
thi s implie s a  digitalizatio n rat e o n th e orde r  o f  1 0 t o 10 0 
item s pe r  second .  Short-ter m m e m o r y ma y b e narro w i n 
width ,  a s suggeste d b y Miller' s (1956 )  seve n plu s o r  minu s 
tw o chunks ,  but ,  i n effect ,  mus t  b e m u c h longe r  i n lengt h t o 
captur e continuit y o f  experience .  Eve n selectiv e attention , 
imitar y stor e model s lik e Cowan' s (1988 )  d o no t  escap e thi s 
proble m i n tha t  recollectio n o f  sequence s o f  event s some -
h o w mus t  b e maintaine d i n m e m o r y tha t  ca n onl y allo w th e 
passag e o f  tim e t o b e represente d a s scannin g acros s differ -
ent  location s i n memory . 

Thi s admittedl y simplisti c analysi s force s on e t o as k th e 
questio n o f  h o w an y neurologicall y realisti c mode l  ca n 
maintai n stream s o f  experienc e instea d o f  merel y cross -
referencin g stati c "snapshots "  o f  tha t  experience .  Neura l 
networ k model s (Rumelhar t  &  McClelland ,  1986 )  provid e a 
goo d clas s o f  candidates ,  but ,  b y design ,  th e input s an d out -
put s o f  thes e model s ar e restricte d t o fixed  values .  Eve n 
when th e input s an d output s represen t  sequentia l  informa -
tion ,  a s i n Jorda n (1986) ,  th e sequenc e consist s o f  a  serie s 
of  fixed  values .  Or ,  whe n th e tim e cours e o f  processin g 
actuall y i s  th e subjec t  o f  interest ,  a s i n Kawamot o an d 
Kitzi s (1991) ,  th e time-varyin g signal s ar e restricte d t o 
approachin g fixed  asymptoti c values .  I n short ,  ther e ar e n o 
neurologicall y realisti c model s availabl e tha t  addres s th e 
questio n o f  maintainin g sequence s o f  dynamicall y \aryin g 
signals . 

On th e othe r  hand ,  droppin g th e restrictio n o f  neurologi -
cal  plausibilit y  woul d allo w al l  sort s o f  engineering-lik e 
model s t o b e considered .  Th e basi s fo r  tlies e woul d b e th e 
equivalen t  o f  an y sequentia l  recordin g device ,  lik e a  tap e 
recorder ,  o r  rando m acces s compute r  memor y o r  dis c use d 
t o stor e a  sequenc e o f  data .  I n essence ,  storag e element s 
remai n empt y unti l  filled,  maintai n perfec i  dat a integrit y 
unti l  overwritten ,  an d the n ar e overwritte n wit h ne w dat a 
withou t  an y interferenc e fro m th e prio r  dat a store d a t  tha t 
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location .  I t  seem s ver y unlikel y tha t  real  neuron s woul d 
maintai n informatio n i n suc h a  localist ,  completel y nondis -
tributed ,  manner .  I f  nothin g else ,  th e ide a o f  a  neuro n 
"waiting "  fo r  tha t  firs t  input ,  an d the n maintainin g th]i ( 
singl e fixed  valu e foreve r  afte r  jus t  seem s ver y biologicall y 
wasteful . 

For  thes e an d othe r  reasons ,  I  wa s le d t o conside r  a  recur -
ren t  neura l  networ k approac h toward s memo i y i n whic h 
sensor y an d cognitiv e experienc e i s recorde d i n a  serie s o f 
close d neura l  networ k loops .  Withi n a  loop ,  a  specifi c  expe -
rience  a t  a  specifi c  tim e i s recorde d a s a  se t  o f  featur e val -
ues sufficientl y ric h enoug h t o represen t  tha t  experience . 
Paralle l  t o tha t  se t  o f  unit s i s anothe r  se t  tha t  record s th e 
prio r  experienc e i n time ,  followe d b y anothe r  an d another . 
I n short ,  tim e i s represente d a s distanc e alon g a  loo p "per -
pendicular "  t o th e unit s actuall y maintainin g th e experi -
ence ,  an d experienc e "flows "  alon g a  loo p a s successiv e 
copie s o f  prio r  experience .  Wher e a  loo p close s bac k o n 
itself ,  curren t  experienc e comin g int o a  loo p i s blende d 
wit h th e recordin g o f  prio r  experienc e fro m on e tim e cycl e 
before .  Th e loo p cycl e tim e woul d b e determine d b y th e 
physica l  lengt h o f  a  loo p an d th e tim e require d t o cop y in -
formatio n fro m on e se t  o f  unit s t o th e next .  Finally ,  t o com -
plet e th e pictur e bein g draw n here ,  loop s ar e arrange d i n 
serie s suc h tha t  shorte r  duration ,  highe r  experientia l  reso -
lutio n loop s provid e input s t o longe r  duration ,  lowe r  reso -
lutio n loops .  And ,  som e serie s o f  loop s ar e dedicate d t o 
maintainin g specifi c  type s o f  sensor y experiences ,  an d oth -
er s t o mor e progressivel y integrate d sensor y o r  cognitiv e 
information . 

I n man y ways ,  th e conceptua l  basi s o f  thi s mode l  i s tha t 
of  Jordan' s (1986 )  recurren t  networ k model ,  bu t  wit h th e 
emphasi s o n maintainin g potentiall y  longe r  sequence s o f 
informatio n rathe r  tha n learnin g a  c o m m o n ,  efficien t  se t  o f 
weight s t o maintai n shorte r  sequences .  I f  anything ,  learn -
in g i s no t  a n immediat e consideration ,  a s eac h individua l 
memory loo p act s m u c h lik e Atkinso n an d Shififrin' s (1968 ) 
conceptualizatio n o f  sensor y memory .  Alternatively ,  eac h 
loo p coul d b e considere d t o ac t  lik e a  continuou s experien -
tia l  tap e recorder ,  bu t  wit h th e recordin g o f  curren t  experi -
enc e bein g affecte d b y prio r  experiences .  However ,  learnin g 
parameter s woul d ente r  int o th e mode l  whe n detail s o f 
blendin g informatio n withi n an d betwee n loop s ar e speci -
fied .  Fo r  example ,  th e blending  proces s shoul d allo w fo r 
differen t  weight s t o b e give n t o th e presen t  an d prio r  expe -
riences,  an d thi s coul d conceivabl y var y wit h loo p duratio n 
and type .  Althoug h i t  i s  beyon d th e scop e o f  thi s paper ,  i t  i s 
assumed tha t  a s i n Cowan' s (1988 )  model ,  selectiv e atten -
tio n ca n focu s o r  amplif y informatio n store d a t  differen t 
locations .  Here ,  thi s woul d involv e focusin g o n differen t 
loop s o r  loo p position s and ,  o f  course ,  whateve r  wa s recol -
lecte d an d becam e par t  o f  th e curren t  cognitiv e experienc e 
wor.' d the n re-ente r  th e syste m al l  ove r  again . 

Withi n thi s cascadin g neura l  loo p model ,  th e usua l  dis -
tinction s mad e betwee n sensory ,  short-term ,  an d long-ter m 
memory (Atkinso n an d Shiffrin ,  1968) ,  o r  betwee n episodi c 
and semanti c memor y (Tulving ,  1972 )  hav e becom e 
blurred .  Wha t  i s bein g proposed ,  instead ,  i s tha t  memo i y 
range s al l  th e wa y fro m highl y detailed ,  shor t  duratio n sen -
sor y memor y t o semanti c memor y wit h littl e experientia l 

recal l  bu t  o f  lon g duration ,  an d everythin g i n between . 
Looke d a t  i n thi s way ,  short-ter m memor y i s no t  a  categori -
call y differen t  typ e o f  m e m o r y bu t  jus t  anothe r  se t  o f  spe -
cialization s withi n th e complet e system . 

Eve n thoug h th e mode l  outline d her e i s no t  define d wel l 
enoug h fo r  rigorous  testing ,  ther e i s on e predictio n tha t 
shoul d b e amenabl e t o a n empirica l  check .  I f  a  loo p ha s th e 
equivalen t  o f  a  fixe d picku p poin t  an d informatio n i s flow -
in g throug h i t  a t  a  constan t  rate ,  the n recal l  shoul d b e bes t 
wheneve r  th e relevan t  informatio n happen s t o b e right  a t 
th e picku p poin t  or ,  conversely ,  wors t  wheneve r  i t  jus t  wen t 
by an d ha s t o g o al l  th e wa y aroun d again .  I n othe r  words , 
i f  ther e i s an y realit y a t  al l  t o neura l  loops ,  accurac y o f  re -
cal l  shoul d rise  o r  fal l  t o som e degre e wit h a  perio d equa l  t o 
a loo p cyclin g time . 

Thi s suggest s tha t  th e deca y curv e fo r  short-ter m memor y 
shoul d exhibi t  a  se t  o f  nonmonotoni c bump s o r  dip s su -
perimpose d o n th e alread y wel l  establishe d smoot h deca y 
curve ,  resonan t  wit h an y loop s cyclin g i n th e rang e o f  abou t 
3 t o 1 0 seconds .  Thi s constitute s a n entirel y ne w testabl e 
predictio n but ,  a s short-ter m memor y alread y ha s bee n ex -
tensivel y studied ,  h o w coul d suc h a n effec t  no t  hav e bee n 
previousl y observed ? Th e mos t  obviou s possibilit y  i s  tha t 
th e effec t  doe s no t  exis t  o r  i s  s o smal l  a s t o b e los t  i n th e 
"noise "  o f  interparticipan t  variability .  A  secon d possibilit y 
i s  tha t  loo p cyclin g time s var y greatl y betwee n participants , 
and an y averagin g togethe r  o f  individua l  result s woul d 
completel y blu r  awa y an y resonanc e effects .  A  tliir d possi -
bilit y  i s  mor e interestin g an d exploit s a  smal l  methodologi -
cal  oversight . 

Short-ter m memoi y deca y ha s alway s bee n measure d i n 
conjunctio n wit h som e distracto r  tas k t o preven t  ite m re -
hearsa l  (Crowder ,  1993) .  However ,  a s a  convenience ,  re -
searcher s neve r  measur e ever y possibl e distracto r  interva l 
but  onl y a  convenien t  representativ e set ,  suc h a s ever y 3 ,  4 , 
or  5  seconds .  Peterso n an d Peterso n (1959 )  an d Murdoc k 
(1961 )  use d th e mos t  complet e interva l  se t  o f  ever y 3  sec -
onds ,  bu t  researcher s thereafte r  use d onl y ever y 4 ,  5 ,  6 ,  o r  9 
second s (se e Laming ,  1992 ,  fo r  a  summary) .  Apparently , 
distracto r  interval s o f  7 ,  11 ,  13 ,  14 ,  17 ,  19 ,  21 ,  22 ,  an d 2 3 
second s hav e neve r  bee n sampled ,  an d n o stud y ha s use d 
distracto r  interva l  spacing s les s tha n 3  seconds .  I f  th e reso -
nanc e effect s i n questio n happe n t o b e relativel y narro w i n 
term s o f  timin g widt h an d no t  fal l  o n an y o f  th e typicall y 
sample d interva l  times ,  the n the y coul d hav e bee n missed . 
Thi s i s equivalen t  t o fine-graine d feature s i n physic s o r 
astronomy ,  suc h a s spectra l  lines ,  no t  bein g observabl e unti l 
a devic e wit h a  hig h enoug h resolutio n wa s buil t  capabl e o f 
measurin g them .  I n thi s case ,  w e don' t  nee d t o buil d a  bet -
te r  devic e bu t  onl y t o us e a  mor e complete ,  methodologi -
call y wel l  controlle d samplin g interval . 

Th e purpos e o f  th e followin g tw o studie s wa s t o examin e 
th e short-ter m memor y deca y curv e i n bette r  detai l  t o de -
termin e whethe r  resonanc e effect s migh t  b e present .  Th e 
tas k use d wa s equivalen t  t o a  Brown-Peterso n distracto r 
task ,  wit h distracto r  interval s sample d fro m 1  t o 2 4 sec -
onds ,  space d ever y secon d apart .  Thoug h n- x exclusiv e o f 
othe r  possibl e explanations ,  short-ter m men.or y resonanc e 
effect s wer e predicte d by ,  an d woul d b e consisten t  with ,  th e 
cascadin g neura l  loo p mode l  outline d above .  However ,  th e 
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primar y purpos e her e i s no t  t o suppor t  tha t  o r  an y othe r 
model ,  bu t  t o describ e a n interestin g empirica l  short-ter m 
m e m o ry effec t  tha t  ha s no t  otherwis e bee n predicted . 

Experiment 1 

Ideally ,  t o detec t  short-ter m memor y resonanc e effects ,  a 
wid e rang e o f  closel y spaced ,  tightl y controlled ,  repeate d 
measure s fro m th e sam e individua l  shoul d b e taken .  Th e 
reaso n fo r  a  wid e rang e woul d b e t o ge t  a s man y resonanc e 
cycle s a s possible ;  closel y spaced ,  t o detec t  narro w reso -
nanc e eflFects ;  tightl y controlled ,  t o preven t  blurrin g o f 
thos e effects ;  repeate d measures ,  sinc e memor y i s mor e 
likel y t o b e stochasti c tha n deterministic ;  an d th e sam e in -
dividual ,  sinc e differen t  individual s ar e unlikel y t o hav e 
exactl y th e sam e resonanc e cycl e times . 

However ,  peopl e ar e no t  physica l  particle s o r  photons , 
an d psychologica l  researc h require s compromises .  Afte r  a 
number  o f  smal l  pilo t  studies ,  i t  wa s foun d bot h tha t  par -
ticipant s improve d wit h experienc e acros s sessions ,  bu t  als o 
became fatigue d o r  bore d iJ F a  sessio n wen t  o n fo r  to o long . 
Th e fe w attempt s m a d e t o gathe r  extensiv e dat a from  singl e 
individual s quickl y le d t o th e conclusio n that ,  assumin g res t 
break s wer e sufficient ,  th e quantit y o f  usefu l  dat a quickl y 
fel l  of f  i n term s o f  increasingl y lowe r  erro r  rates .  And ,  o f 
course ,  tas k vigilanc e soo n becam e nex t  t o impossibl e with -
out  sufficien t  res t  breaks .  O n th e othe r  hand ,  thes e sam e 
pilo t  studie s unexpectedl y als o seeme d t o indicat e tha t 
resonanc e effect s di d occu r  fo r  m a n y individual s wit h a 
perio d o f  roughl y 6  seconds .  Accordingly ,  th e decisio n wa s 
m a de t o follo w u p thi s pilo t  resul t  wiU i  a  mor e rigorous 
stud y i n whic h th e tas k wa s restricte d t o thre e half-hou r 
sessions ,  th e rang e o f  I  t o 2 4 second s wa s sample d wit h a 
resolutio n o f  1  second ,  an d t o averag e dat a acros s partici -
pants . 

Method 

Participant s Twenty-tw o universit y undergraduates , 
mainl y psycholog y major s an d approximatel y two-third s 
female ,  participate d i n th e stud y i n exchang e fo r  extr a 
credit .  Neithe r  ag e no r  gende r  wa s restricted . 
Apparatu s Micro-computer s (28 6 processor )  runnin g pro -
gram s writte n b y th e autho r  wer e use d t o presen t  instruc -
tion s an d eac h tria l  o f  th e short-ter m memor y task .  Al l 
time s wer e measure d b y th e compute r  a s difference s be -
twee n successiv e call s t o th e onboar d cloc k function .  Esti -
mate d accurac y wa s n o bette r  tha n tha t  o f  th e scree n refres h 
rate ,  approximatel y 3 2 milliseconds . 
Procedur e U p t o fou r  participant s worke d a t  th e sam e tim e 
i n th e sam e testin g roo m a t  divider-separate d wor k stations . 
Instruction s wer e presente d b y th e computer ,  bu t  a  researc h 
assistan t  wa s alway s availabl e t o answe r  questions .  Eac h 
memory tria l  consiste d o f  thre e rando m bu t  nonrepeate d 
consonant s presente d o n th e compute r  scree n fo r  1  second , 
followe d b y a  serie s o f  rando m two-digi t  number s presente d 
at  th e rat e o f  tw o pe r  secon d fo r  a n intege r  numbe r  o f  sec -
ond s betwee n 1  an d 24 .  Participant s wer e t o repea t  th e 
number s ou t  lou d unti l  a  promp t  appeared ,  a t  whic h poin t 
the y wer e t o ente r  th e thre e consonants .  Th e researc h as -
sistan t  first  m a d e participant s practic e th e distracto r  tas k 

unti l  the y coul d comfortabl y d o it ,  an d the n remaine d i n th e 
roo m t o ensur e tha t  participant s continue d t o d o s o 
throughou t  al l  thre e sessions . 

Eac h sessio n laste d abou t  2 5 minutes ,  an d participant s 
wer e encourage d t o tak e a  shor t  res t  brea k betwee n them . 
Session s bega n wit h practicin g th e distracto r  tas k an d the n 
doin g 6  practic e memor y trial s t o gai n (o r  regain )  familiar -
it y wit h th e task .  Participant s the n di d th e actua l  memor y 
tes t  consistin g o f  thre e filler  trial s followe d b y tw o block s o f 
24 trial s i n whic h al l  2 4 interval s wer e randoml y presented . 
Participant s wer e teste d a  tota l  o f  si x time s a t  eac h interval . 
Participant s ha d a n unlimite d tim e t o respon d o n eac h trial , 
an d woul d pus h a  ke y t o indicat e whe n the y wer e read y fo r 
th e nex t  trial .  Fo r  eac h trial ,  a  targe t  consonan t  wa s score d 
as remembere d correctl y i f  i t  appeare d withi n th e entere d 
response ,  regardles s o f  position . 
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Figur e 1 :  Actua l  m e a n proportio n correc t  an d bes t  mode l 
fit  a s a  functio n o f  distracto r  dela y time ,  experimen t  1 . 

Results 

T h e overal l  proportio n o f  correc t  answer s wa s .75 ,  wit h 
minima l  change s acros s (i n order ,  .75 ,  .75 ,  an d .76 )  an d 
withi n session s (larges t  differenc e betwee n block s occurre d 
i n th e thir d session ,  .7 7 an d .75) .  Figur e 1  provide s th e 
m e an proportio n o f  correc t  response s fo r  eac h o f  th e 2 4 
distracto r  intervals .  A s foun d i n earlie r  studies ,  suc h a s 
Peterso n an d Peterso n (1959) ,  th e overal l  shap e wa s tha t  o f 
a descendin g exponential .  I n contras t  t o thos e studies ,  how -
ever ,  th e point s di d no t  for m a  visuall y smoot h curv e bu t 
exhibite d a s m a n y a s si x peaks :  a t  3 ,  7 ,  11 ,  14 ,  16 ,  an d 2 1 
seconds .  Thes e happene d t o fal l  betwee n th e usua l  interval s 
sample d b y previou s studie s and ,  i n particular ,  restrictin g 
th e dat a se t  t o ever y 3 ,  4 ,  5 ,  o r  6  second s woul d produc e a 
m u ch smoothe r  curve . 

T o quantitativel y tes t  fo r  th e existenc e o f  thes e peaks , 
thre e neste d regressio n model s wer e fitted  t o th e data .  Th e 
bas e mode l  i s a n exponentia l  o f  th e form :  y  =  b O + 
bl*cxp{b2*t) ,  wher e y  i s th e proportio n correct ,  t  i s  th e 
distracto r  interval ,  an d bO ,  bl ,  an d b 2 ar c ( > e  parameters . 
T h e nex t  inclusiv e mode l  add s a  three-paramete r  cycli c 
peakin g function ,  wher e b 3 i s th e startin g time ,  b 4 i s th e 
period ,  an d b 5 i s th e amplitud e t o b e adde d t o th e bas e ex -

272 



ponentia l  model .  I f  6 5 plu s th e nex t  multipl e o f  b 4 doe s no t 
produc e a n intege r  value ,  the n b S i s spli t  betwee n th e tw o 
adjacen t  tim e point s i n proportio n t o th e complemen t  o f  th e 
tim e differenc e Fo r  example ,  i f  a  pea k o f  1 0 unit s occur s a t 
4. 7 seconds ,  the n 3  unit s woul d b e adde d t o th e 4  secon d 
interva l  an d 7  unit s t o th e 5  secon d interval .  Thi s i s 
equivalen t  t o representin g th e peakin g functio n a s a  serie s 
of  isoscele s triangle s separate d b y b 4 seconds ,  eac h wit h a 
2-secon d wid e bas e an d a  heigh t  o f  b S units .  Th e mos t  in -
clusiv e mode l  add s a  secon d three-paramete r  peakin g func -
tio n o f  th e exac t  sam e form ,  bu t  independen t  o f  th e firs t 
series . 

The bas e exponentia l  mode l  accounte d fo r  9 5 % o f  th e to -
ta l  variance .  Th e othe r  model s produce d a  numbe r  o f  dif -
feren t  "best "  fit s  whic h wer e significantl y bette r  tha n th e 
bas e exponential .  Fo r  th e single-serie s model ,  thre e fits 
wer e foun d t o b e significantl y bette r  tha n th e bas e mode l 
and accounte d fo r  anothe r  2 % o f  th e tota l  variance ,  wit h 
F ( } , m =  5.3 ,  p  <  .01 ,  F(3,18 )  =  5.1 ,  p  <  .01 ,  an d F(3,18 ) 
= 4.9 ,  p  <  .0 5 respectively .  Th e first  cas e picke d u p th e 
peak s a t  11 ,  16 ,  an d 2 1 seconds ,  wit h a  perio d o f  5. 2 sec -
onds ;  th e second ,  peak s a t  3 ,  7 ,  11 ,  14 ,  an d 2 1 seconds , 
wit h perio d 3.5 ;  an d th e third ,  i^ak s a t  11 ,  14 ,  16 ,  an d 2 1 
seconds ,  wit h perio d 1.6 .  Peakin g amplitude s adde d a n 
extr a .0 5 o r  .0 6 t o th e correc t  respons e rat e abov e th e bas e 
function .  Th e cas e 1  an d 2  period s wer e clos e t o intege r 
multiple s (3. 3 an d 2.2 )  o f  th e cas e 3  period . 

For  th e double-serie s model ,  si x fits  wer e foun d t o b e sig -
nificantl y bette r  tha n th e bes t  single-serie s fit,  al l  bein g 
combination s o f  single-serie s fits.  Th e bes t  double-serie s fit, 
F(3,15 )  =  8.0 ,  p  <  .01 ,  picke d u p al l  si x peak s an d ac -
counte d fo r  9 9 % o f  th e variance ,  a  4 % improvemen t  ove r 
th e bas e model .  Thi s particula r  fit  i s  th e on e show n alon g 
wit h th e actua l  dat a i n Figur e 1 .  Othe r  type s o f  peakin g 
function s wer e teste d i n additio n t o th e triangular ,  includ -
in g polynomia l  powe r  series ,  sinusoidals ,  an d serie s o f  ex -
ponentia l  shape d peak s wit h variabl e widths .  Non e pro -
duce d bette r  fits  tha n th e simple r  triangula r  shapes . 

Discussion 

Thes e result s impl y tha t  short-ter m memor y resonance s ca n 
be foim d superimpose d o n a  mor e basi c exponentia l  deca y 
curve .  Thi s doe s no t  constitut e a n enormou s effect ,  onl y 
abou t  5 % ,  s o i t  coul d easil y hav e bee n previousl y over -
looked . 

I n a  smal l  way ,  thi s stud y doe s suppor t  th e cascadin g neu -
ra l  loo p mode l  outline d earlier ,  a s resonanc e effect s wer e a 
direc t  predictio n o f  tha t  model .  Th e fac t  tha t  th e bes t  fitting 
period s occurre d a s clos e harmonic s o f  som e bas e period , 
1. 6 seconds ,  als o woul d b e ver y consisten t  wit h suc h a 
model  thoug h no t  necessaril y  a  har d prediction .  Tha t  is ,  th e 
simples t  systemati c arrangemen t  o f  a  cascad e woul d b e a 
doublin g o r  som e othe r  multipl e o f  th e smalles t  loop .  A s 
logica l  a s thi s m a y sound ,  however ,  othe r  mor e rando m 
arrangement s ca n no t  b e exclude d o n biologica l  o r  an y 
othe r  grounds .  O f  course ,  furthe r  test s o f  th e mode l  ar e nec -
essar y befor e i t  ca n b e considere d mor e seriously .  Thes e 
migh t  involv e lookin g fo r  simila r  effect s o n longe r  tim e 
scales ,  suc h a s minutes ,  hours ,  o r  eve n days .  Give n th e fac t 
tha t  distracto r  task s ar e no t  realisti c ove r  suc h durations . 

mor e subtl e procedure s woul d b e necessar y t o minimiz e th e 
possibilit y  o f  purposefu l  practice .  Misleadin g participant s 
abou t  th e tru e targe t  informatio n o r  perhap s recordin g th e 
time s o f  spontaneou s reminiscence s migh t  b e technique s b y 
whic h t o accomplis h this . 

As short-ter m memor y resonanc e effect s hav e no t  bee n 
reporte d before ,  i t  wa s fel t  tha t  replicatio n wa s essential .  I f 
resonanc e peak s wer e spurious ,  the n the y woul d no t  b e ex -
pecte d t o reappea r  th e sam e wa y i n a  secon d independen t 
study .  O n th e othe r  hand ,  th e sam e peak s occurrin g wit h a n 
entirel y differen t  grou p o f  participant s an d a  modifie d tas k 
woul d b e a  ver y convincin g argumen t  toward s establishin g 
thei r  reality . 

Experiment 2 

Th e purpos e o f  thi s stud y wa s t o replicat e th e result s o f  th e 
first.  Th e procedur e wa s modifie d s o tha t  th e tw o block s o f 
three-consonan t  trial s withi n eac h sessio n wer e replace d b y 
a singl e bloc k o f  randoml y intermixe d thre e an d four -
consonan t  trials .  O n e reaso n fo r  thi s variatio n wa s t o elimi -
nat e th e smal l  possibilit y  o f  som e uniqu e aspec t  o f  th e pro -
cedur e accountin g fo r  th e resonanc e peaking .  Anothe r  wa s 
t o mak e th e tas k slightl y harde r  a s a  fe w participant s i n th e 
first  stud y manage d t o hav e ver y lo w erro r  rates .  A  thir d 
reason ,  subsequentl y dropped ,  wa s th e possibilit y  o f  inves -
tigatin g whethe r  th e resonanc e effect s migh t  systematicall y 
var y wit h tas k difficulty .  Thi s woul d b e consisten t  wit h 
some for m o f  subvoca l  o r  subconsciou s rehearsa l  strateg y 
rathe r  tha n a n automati c physiologica l  mechanis m a s pro -
pose d i n th e cascadin g neura l  loo p model .  However ,  th e 
sampl e siz e her e wa s no t  sufficien t  t o reliabl y establis h o r 
exclud e an y suc h variations ,  an d th e analysi s wil l  collaps e 
th e thre e an d four-consonan t  trial s together . 

Method 

Participant s Twenty-nin e universit y undergraduate s par -
ticipate d i n th e stud y i n exchang e fo r  extr a credit .  Neithe r 
age no r  gende r  wa s restricted ,  bu t  participant s o f  th e first 
stud y coul d no t  als o participat e i n th e second . 
Apparatu s an d Procedur e Apparatu s an d procedur e wer e 
th e sam e a s befor e excep t  tha t  eac h o f  th e thre e session s 
n o w consiste d o f  2 4 four-consonan t  trial s randoml y inter -
mixe d wit h 2 4 three-consonan t  trials . 

Results 

Performanc e i n th e secon d stud y wa s slightl y lowe r  tha n i n 
th e first  du e t o hal f  th e trial s havin g fou r  targe t  item s t o b e 
recalle d instea d o f  three .  Th e overal l  proportio n correc t  wa s 
.72 ,  wit h onl y a  smal l  increas e betwee n th e first  an d secon d 
session s (i n order ,  .69 ,  .73 ,  an d .74) .  Figur e 2  provide s th e 
mean proportio n o f  correc t  response s and ,  again ,  th e over -
al l  resul t  wa s tha t  o f  a  descendin g exponentia l  wit h su -
perimpose d peaks .  A s i n th e first  study ,  thre e neste d regres -
sio n model s wer e fitted  t o th e data ,  an d th e bes t  fit  i s  show n 
i n Figur e 2. .  Thi s time ,  th e bas e exponentia l  accounte d fo r 
onl y 9 3 % o f  th e variance ,  an d ther e wer e th i  . ^  single-serie s 
fits  tha t  wer e significantl y bette r  tha n th e bas e model , 
F(3,18 )  =  3.7 ,  p  <  .05 ,  F(3,18 )  =  3.6 ,  p  <  .05 ,  an d F(3,18 ) 
= 3.5 ,  p  <  .05 .  Thes e accounte d fo r  anothe r  3 % o f  th e tota l 
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variance ,  an d al l  thre e fits  ha d essentiall y  th e sam e perio d 
of  3. 2 seconds .  Thi s i s exactl y twic e th e smalles t  perio d 
foun d i n th e first  stud y (1.6) ,  an d vei y clos e t o th e nex t 
large r  perio d (3.5) .  Ther e wer e n o double-serie s fits  tha t 
wer e significantl y bette r  tha n th e bes t  single-serie s fit. 

Figur e 3  provide s a n averagin g togethe r  o f  result s fro m 
bot h studies .  Qualitatively ,  th e peak s a t  3 ,  7 ,  1 0 o r  11 ,  1 3 o r 
14,  an d 1 6 second s see m fairl y consisten t  acros s th e tw o 
studies ,  thoug h whethe r  th e peak s nea r  1 1 an d 1 4 second s 
ar e broad ,  shifted ,  o r  perhap s closel y space d double s i s un -
resolve d b y thi s data . 
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Figur e 2 :  Actua l  m e a n proportio n correc t  an d bes t  mode l 
fit  a s a  fimction  o f  distracto r  dela y time ,  experimen t  2 . 
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Figure 3: Actual results of experiments 1 and 2 averaged 
together . 

Discassion 

Not  onl y di d th e result s o f  th e secon d stud y replicat e th e 
first,  bu t  th e peak s appea r  a s eve n mor e regula r  feature s 
tha n before .  Thi s strongl y suggest s tha t  short-ter m memor y 
resonance s d o i n fac t  exis t  an d tha t  effort s t o replicat e an d 
furthe r  investigat e the m woul d b e warranted .  Thoug h sys -
temati c variation s i n memor y recal l  o n th e orde r  o f  5 % ma y 
not  hav e an y immediat e practica l  applications ,  the y d o im -

pl y tha t  short-ter m memor y i s a  mor e complicate d phe -
nomenon than  man y theorist s migh t  hav e thought .  Bu t  on e 
tha t  stil l  i s amenabl e t o classi c experimenta l  techniques . 

Thes e result s nee d furthe r  replicatio n an d extension .  T o 
m e,  personally ,  th e mos t  unexpecte d finding  wa s th e hig h 
degre e o f  consistenc y i n cycl e timin g betwee n individuals . 
Thoug h memor y itsel f  i s a  stochasti c process ,  th e existenc e 
of  relativel y narro w peak s implie s tha t  th e underlyin g 
physiologica l  parameter s m a y b e relativel y constant .  On e 
extensio n woul d b e t o us e essentiall y  th e sam e methodolog y 
t o expan d th e resolutio n o f  observatio n i n smalle r  region s 
t o bette r  determin e th e widt h o r  shap e o f  selecte d peak s an d 
h o w m u c h variabilit y  i s  normal .  Fo r  example ,  samplin g 
ever y hal f  secon d betwee n 5  an d 1 6 second s probabl y woul d 
be sufficien t  t o determin e th e actua l  shap e o f  th e peak s nea r 
11 an d 1 4 seconds .  Anothe r  extensio n woul d b e t o exten d 
th e rang e o f  observation s t o longe r  intervals .  A n exampl e 
her e woul d b e t o sampl e ever y secon d betwee n 8  an d 3 1 
second s t o determin e whethe r  tha t  hin t  o f  a n uptur n i n Fig -
ur e 6  startin g a t  2 0 second s happen s t o b e spuriou s o r  not . 
I n eithe r  case ,  increasin g th e tas k difficult y migh t  allo w 
single-participan t  studie s t o b e mor e feasible ,  whic h shoul d 
provid e eve n mor e stabl e results .  However ,  al l  extension s o f 
th e sam e basi c methodolog y hav e t o balanc e tas k difficult y 
an d a  reasonabl e limi t  o n h o w m u c h tim e o r  effor t  an y on e 
participan t  ca n b e expecte d t o contribut e t o th e task .  Th e 
critica l  elemen t  alway s wil l  b e t o maintain  a s muc h consis -
tenc y a s possibl e i n tempora l  sampling ,  bot h betwee n an d 
withi n participants . 

Assumin g suc h replication s continu e t o produc e reliabl e 
resonanc e effects ,  a n entirel y differen t  leve l  o f  extensio n 
the n become s necessary .  Thi s involve s th e determinatio n o f 
th e cause s o f  thes e cycles ,  an d perhap s eve n factor s tha t 
caus e consisten t  variation s i n thei r  timing .  Th e latte r  po -
tentiall y  woul d includ e an y o f  th e factor s tha t  no w ar e 
know n t o affec t  attentio n o r  vigilance ,  suc h a s slee p depri -
vation ,  drugs ,  tas k complexity ,  prio r  experienc e leadin g t o 
tas k automaticity ,  and ,  o f  course ,  tim e o n tas k withou t  a 
break .  Th e forme r  woul d involv e lookin g fo r  th e actua l 
physiologica l  correlate s o f  thes e resonanc e effects ,  an d de -
terminin g whethe r  the y ar e innatel y neura l  o r  a  matte r  o f 
experience ,  suc h a s a  learne d subvoca l  rehearsa l  cycle .  I f 
nothin g else ,  i f  th e 1. 6 o r  3. 2 secon d period s foun d i n thes e 
studie s wer e consisten t  acros s individuals ,  i t  woul d provid e 
an empirica l  basi s agains t  whic h E E G o r  perhap s eve n 
functiona l  M R I  dat a coul d b e compared .  O n th e othe r  hand , 
i t  woul d b e eve n mor e impressiv e i f  variation s i n short-ter n 
memory resonance s betwee n individual s wer e matche d b y 
relate d variation s i n specifi c  neurologica l  cycles .  I n effect , 
i t  woul d b e interestin g i f  individual s coul d b e categorize d 
by relativel y uniqu e pattern s o f  neura l  loop-relate d "spectra l 
lines "  superimpose d o n th e short-ter m memor y deca y curve , 
m u ch a s star s ca n b e classifie d b y thei r  spectra . 

General Discussion 

Thes e studie s wer e motivate d b y th e askin g o f  a  simpl e 
question ,  h o w i s continuou s experienc e r ,  ;urall y repre -
sented ? Thi s le d t o th e conceptua l  developmen t  o f  a  poten -
tia l  answer ,  th e cascadin g neura l  loo p model ,  whic h le d i n 
tur n t o th e predictio n an d observatio n o f  a  previousl y unre -
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porte d memor y eflfect .  Thoug h th e mode l  i s supporte d b y 
thi s outcome ,  i t  i s  mor e importan t  tha t  a  ne w empirica l 
phenomeno n ma y hav e com e t o ligh t  tha t  ultimatel y wil l 
requir e som e for m o f  theoretica l  explanation . 

I n term s o f  empirica l  phenomeno n tha t  nee d theoretica l 
explanation ,  I' d lik e t o poin t  ou t  a n interestin g coincidenc e 
betwee n th e result s her e an d from  anothe r  empirica l  paper . 
Kristofferso n (1980 )  foun d evidenc e fo r  discret e step s i n th e 
discriminatio n o f  tim e duration s whe n participant s hav e 
had sufficien t  practic e a t  th e task .  H e determine d value s fo r 
fou r  differen t  "tim e quantum" :  13 ,  25 ,  50 ,  an d 10 0 milli -
seconds .  I f  thes e tempora l  discriminatio n ste p value s wer e 
assumed t o b e relate d t o a  cascad e o f  neura l  loop s an d th e 
doublin g progressio n continued ,  th e nex t  value s woul d b e 
0.2 ,  0.4 ,  0.8 ,  1.6 ,  an d 3. 2 seconds .  Thos e las t  two ,  o f 
course ,  ar e extremel y clos e t o bes t  fittin g resonanc e period s 
foun d i n thi s paper .  A s mentione d i n th e discussio n a t  th e 
end o f  th e firs t  study ,  on e o f  th e mos t  logica l  arrangement s 
fo r  a  cascadin g neura l  loo p mode l  woul d b e a  simpl e dou -
blin g o f  duratio n fo r  eac h loo p i n a  cascade .  Thi s happen s 
t o b e exactl y th e patter n foun d i n Kristofferson' s (1980 ) 
serie s o f  tempora l  quanta l  steps .  I t  woul d b e trul y excitin g 
i f  thi s wer e no t  a  coincidence ,  bu t  a  convergenc e o f  evi -
denc e from  completel y differen t  tim e scale s ont o a  singl e 
model  o f  memory . 
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