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S tu d i e s  on the  A c q u i s i t i o n  of Temporal Codes for  Word s Within A Li .~i

bentou i . Underwood ~ Rob er t  A.  tialmi

When a relatively discreet event  occurs , the memory f o r  t h a t  even t  nay

carry informat ion which reflects the  po in t  in t ime at which  t h e  memor’

e~~iab l i~ hed . TI tUS , it  is said tha t  memories  m a y  be t empora l l y co~ ed . N l . m m t y

ol our la bo r a t o r y  t a sks  d i f f e r  in the demand s p laced on t empora l  c o d i n .

S er i a l  l ear n i n g  and f ree - re c a l l  l ea rn ing  d i f fe r  in  t h a t  i n  t i m e  f u r - -ci  ,

c a l l  m u s t  be order ed to correspond to p r e sen t a t i o n  order , whereas  t h i ~~~ i~~

not required in the latter type of learning . Still , free-recall learning

requires a distinction between words presented for stud y and o ther  words

not p r e s e n ted , a d i s t i n c t ion which i n  r e c o g n i t i o n  t e S t s  is i d en t i f i e d  ex-

p l i c i t ly w i t h  the temporal terms “old ” am -id “new . ” R e t r o a c t i v e  and p r o a c t i v e

in h i b i t i o n  be tween  two l i s t s  may result in par t  f rom t h e  l ack  of (or loss u l )

i n f o r m a t i o n  concern ing  t h e  order of the l i s t s  in l e a r n i n g .

C e r t a i n  i ssues  and problems associa ted  w i t h  a t t emp t s  to  u n der s t a n d  the

deve lopment of temporal codes for memories were identified in a previous

repor t (Underwood , 1977). The studies to be presented here represent’ efforts

to cla rif y certain of the issues , and also to make sonic theoretical tests

.,l ‘~c eht inisnis pr e sum ed to be involved in temporal cod i ng . As imp l i ed  above ,

I I R I . r n l  cod i ng um ay be stud i ed for s u c ces s i v e l y p resen ted  l i s t s  of word s

( t i - p r t L  d i f f e r e n t i a t i o n  among l i s t s ) ,  or for s u c c e s s i v e l y p r e s e n t e d  words

w i h h r i m i  .1 list. Our e x per i m e n t s  Wete- concerned  e x c l u s i ve l y w i t h  the  t empora l

:uew led ge for ind ividual words within a list. The purposes  and back grounds

m l  th~ s i x  e x p e r i m e n t s  w e-r e  somewhat d i v e r s e  - T her e f o r e , each w i l l  be g iv e -n

r a t e  i u t r o d u c  t ton .
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Exper iment I

Three response measures have been used to index temporal coding for

words w i t h i n  a l i s t .  flm~- d e s c r i p t i o n  of each assumes t ha t  the  s u bj e c t  has

been shown a list of words singly for study . The response measures differ

because diffe rent questions are asked of the subjects. The first response

measure to be described will be called position judgments. On the test ,

words from the l i s t  are show n the subjects and they are  asked to identi ty t h e

p o s i t i o n  l i e - I d  by each on the  stud y t r i a l .  The e x a c t  p o s i t i o n  may be rcque ’s t~~d .

or , m ore grossly ,  the subjects may be asked to ident i fy t h e  portion of t h e -

l i s t  in which the word occurred , when por t ions  r e p re s e n t  t e n t h s  or p erhaps

eighths .

The second response measure results from asking the  subjects to eStiu ~it v

the lag between two items from the list. Lag represents the “d istanc e be--

tween two words as measured by the number of other word s that , on the stud y

l i s t , f e - I l  be tween  the  two t e s t  words . For examp le , if the two word s in a

t e s t  p a i r  occupied pos i t ions  15 and 20 of the  s tudy  l i s t , the t rue  lag is 4 .

Of course , the  subjects are presented many pairs from the list , and for ea ch

pair th e y  respond with a number to represent the lag estimate.

the third response measure comes from asking the subject to make r e c en cy

j u d g m m - m i t s .  Pairs of words are shown on a test (just as if lag jud gmen t s

were 10 be requested), and for each pair the subjects designate the word

wh ich they believe occurred most recently in the list as presented on the-

stud y tr ia l .

A major purpose of Experiment I was to examine the r~- 1a tionsh ips  among

th c s~ t h r e e  r esponse  measures .  An a cq u a in t a n c e  w i t h  two f a c t s  i s  n e c e s s a r y

L. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---,- - . - - - - -- -.- . . -~~~~~~~
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to  u n d er s t an d  t h i s  purpose . A n u m b e r  of i n v e s t igat o r s  have - shown t h a t

p o s i t i o n  jud gments  have va l id i ty , e . g . ,  Tog li a  and K i m b l e  ( 1 9 T h ) .  On t h e

o t h e r  hand , three  stud ics (H int z m an  & Block , 1973; III  n t z m i m ~mn , Sunimi er s , &

B l o c k , 1975; Underwood , 1977) have demons t rat ed  t h a t  t h e r e  was at bes t

on l y a s l i g h t  r e l a t i o n s h ip b e t w e en  t r ue  lag and l ag c-st imates  fo r  u n r e l a t e d

w o r d s .  Indecd , in the  Underwood s tudy , the re  was no ev i d e n c e  of s u b s t a n c e -

that tin r e l a t i o n s h ip b et w e en  lag j u d g m e n t s  and t r u e  lag in c r e a s e d  ov Lr

t r i a l s .  The q u e s t i o n  which  a r i s e s  is t h i s :  if s u b j e c t s  can make v a l i d

p o s i t i o n  jud gments , why cannot th~i information lead i ng to these  jud g men t s  be’

used to make va l id lag jud g m e n t s ?  More s p e c i f i c a l ly ,  when two words Ir e  pre --

. s e nt € -d for  a lag judgmen t , it would seem tha t  th e -  s u b j e c t s  cou ld  estimate

the  p o s i t i o n  of each , and then take the d i f f e r e n c e  to r e p r e s e n t  t i m e  lag  -

Work on temporal  coding is a r e l a t i v e ly new are a of i n v e a t i g a t  ion .

Th e-re  is muc h to be learned about the  i n f l u e n c e of many v ar i ab l~~s .  Time

a p p~i r & L 1 t c o n t r a d i c t i o n  b e t w e e n  the results for lag jud gment s  and those  fo r

po sition j u d gment s evolved f rom examining  the results ot s e p a r a t e  si ud i~~s ,

and t h e s e -  s t u d i e s  d i f f e r e d  in a number of w a y s .  There fo re , i t  seemed nem eS-

SarY Li) d e t er m i n e  i f  pos i t ion  jud gments sh ow validity and lag judgments do

h o t  When tile t i -s  t s  are made in the same exp e-r im ent  u s i n g  ex a c t l y the sane

m a t e r i a l s  and procedures . Exper iment  I makes this comparison. Actuall y,

11 i h m r ~~. r e spon se  measures  (recency , lag ,  pos i t ion)  were used . F u r t h e r m o r e ,

we a:,k~-d about  changes in performance over trials , and about  t r a n s f e r  f r o n t

one- re sponse  measure  to the other. If conunon information underlies all

t h i r c t y p e - s  of jud gments , sub jec ts  should  be ab le  to t r an s f e r  front the  Use ’

~~t ofle r e spons e ’  measure -  to ano the r  w i t h  l i t t l e  or no disturbance i n  t hc
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per forumance.

A l l  s u b j e c t s  were g i v e n  f i v e  stud y - te s t  t r i a l s . For tnc  g roups  un - -d

to  s tud y t r a n s f e r , the response  measure  was changed af ter the-’ f i r s t  t h r e e

t r i a l s , so tha t  t r a n s f e r  e f f e c t s  w i l l  be gauged b y the  pe r fo rmanc e on t h e-

f o u r t h  and f i f t h  t r i a l s . The three-  r esponse  measures  w i l l  be - d e s i g n a t e d  by

l e t t e r s : P ( p o s i t i o n ) ; R ( r e cency );  L ( l a g ) .  Each of th e-  n i n e  g roups  ,~~

s u b j e c t s  way be des i gnated  b y two l e t t e r s , the  f i r s t  let t e - r i n d i c a t i n g  th e-

r e s p o n se  measu re  used on the first three t r i a l s , and the - -  second l e - L t c ’r i i i -

d i c a t i n g  the  response  measure  used on t r i a l s  4 and 5.  Th e nine - groups we re-

PP , RP , LP , RR , PR , LR , LL , RL , PL.

Me- thod

L i - ; t . A l i s t  of 50 f i v e - l e t t e r  words was used for  a l l  c o n d i t i on s .  I I i ~ ’

i ( ) word s w er e -  A and ~~ words from Thorndike and Lorge (1944), and a s in g le

random order  served as t h e  stud y order for a l l  c o n d i t i o n s  and t r i a l s .  W l t h i n

the l i s t , 20 pa i r s  of words were i d e n t i f ie d  for  us e -- as t e - s t  p a i r s  fo r  t i m e -

r e - c t - l i e - v  and lag jud gments. There were 10 lags (2 , 4, 6, 8, 10 , 12 , 14 , 16 ,

18 , ? O ) ,  with two pairs representing each. Ob viousl y w i t h  onl y two p a i r s  at

ej e - hi l ag , we itad no intention of examining lag effects in such small steps .

R a t h e r , i n  p r e s e n t i n g  th e  r e s u l t s  we w i l l  speak on l y of sho rt  (2  t h r o u g h 10)

amid lon g  ( 1 2  th roug h 20) lags , each being represent e - d b y 10 p a i r s .  The 41)

~ti r ds us ’  d to c o n s t r u c t  the- 20 t e s t  p a ir s  for  lag and re em n e -v jud gme nts we-re

a t  so i i a , d  fo r  t he  p o s i t i o n  jud g m e n t s .  Ti-n word s w e r e-  n e v e r  t e - s ted , a l  t h o u g h

thi sub j e cts we--re not told this. These 10 word s occupied p o s i t i o n s  1 , 2 , 16 ,

~ l , ~2 , 27 , 33 , 42 , 49 , and 50.

Pr o c e d u r e -  and s u bj e c t s .  The 50-word l i s t  was p r e s e n te d  a t  a 4-se-cone]

‘ . - ‘- —— --—--.. —‘ — .- —-—- - - - - - .- - . . — — -- ----~~~~- .— .- ,—-— - -. --——--~-.-----—-—----- ------- --- ----. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



5

ra te  on stud y t r i als , u s ing  a memnory drum . The f ir s t  t es t  was unp ace-d b r

a l l  c o n d i t i o n s  so tha t  the  sub jec t s  could unders tand  f u l l y t i m e  ‘m a t u r e -  ol t i m e

tests before pacing was introduced . For the recency jud gments , tim e s u b j e c t s

were given a sheet on which the 20 pairs were l i s ted  and they  c i rc l ed one

word in each pair  to i n d i c a t e  the  most r ecen t  word . For t im e  lag jud gments ,

the- sante 20 pairs ~‘ere presented with a blank after each . The ~ubj e-ets were -

asked to  i n d i c a t e- ’  t i m e  number of words which f e - l i  b e t w e e n t i m e  two om i t h e-

s tud y t r i a l .  They were told  tha t  no lag g rea t e r  t han  25 should be - recordt -d .

For t i m e -  p o s i t i o n  jud gmen t s , the s u b j e c t s  were  g ive - i t  a she-~ t of paper  on

Lhc 40 words were l i s t e d , w i t h  a b l a n k  a f t e r  each. The- subjects we-re

~e-d to f i l l  in each b lank  w i t h  a number be tween  1 and 50 to j u d i c . t L e

L I R  p o s i t i o n  held b y the word in the s tud y o rder .  Th ey we -re- f u r t h e r  t o l d

that t h e y  should t ry  to avoid us ing  the  same number  t w i c e - , b u t  iii is was mint.

monitor~-d by the e x p e r i m e n t e r . The expe-r i n m c n t e -r mo n i t o r e d  a ch t  L e s t  u n I v

Lu mi ake- sure- that no O I I I I S S I O U S  occurred .

None - u t  t he  procedures  came as a s u r p r i s e  to the s u b j e c t s .  They were-

I cml  l y I h m l u r i e l  abou t  th e - t y p e  of unpaced t e s t  be fo re  t i m  St ud y trial , ~mm d

a g a i n  t i t e r  the-j s t u dy trial , for all trials. All tests after t i m e -  F i r s t  we-re-

i lced at  a 6-second rate. Each test word ( p o s i ti o n  jud g m e n t s )  or t m ’ ~ , L  pair

(rm-e eney and lag judgments) was shown fo r  6 seconds d u r i n g  which t h e  s e i b j e - e t s

~~~ t i m e  d c c  is  ion r e q u i r e d  . In the’ leW case-s where th e- sub j t c t  tat l e d  Lu

r spume d w i t i m  in tIme 6-second  i nt e r v a l , the expe-rimenter returned to t ime p air

m r  wor d a f t e r  the  c o m p l e t i o n  of the t e s t  t r i a l  and the subject was re quired

to make a d e c i s i o n .  The- order of the i tems on t h e- test d i f f e r e d  f o r  e-j e h ot

t ime  t i r s t  t h r e e  t r i a l s,  On t r i a l s  4 and 5 , t im e  o rde r s  used for  t r i a l s  1 a m i d  

_ -
~~~:::~~~~~. — ——---- -
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------- --- - ___________
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2 were- repeated . The l e it - r i g l mt  p o s i t i o n  of t h e e  words  iii t i m e  h - e i r s  also

varied randoml y .  When the  r e s p on s e -  measure  was c h an g e d  a l t e r  t i l e  I i r s t

th ree  t r i a l s  for the -  t r a n s f e r  groups , th e-  subjects w ere  e - omn p l c t e - l v  i n f o r m e d

about  t i m e  na tu re  of the change b e f o r e  the- f o u r t h  s tud y t r i a l

A block randomized schedu le  of the n ine cond i t i ons  was used to ass i gn

20 s u b je c t s  to eac h c o n d i t i on . In a l l  c -x p er i m n e n i s  to be- r e -po r t ed , ~hme- sub-

j ec t s  were -  co l l ege  s t u de-n t s .

R e s u l t s

Posi t i o n  judgments .  As a measure  of p o s i t i o n i n g, we used a h i t  mne ’ , m s u r e  -

Ti cks  was d e f i n e d  by a f i v e — p o s i t i o n  span which inc luded th e e - - true pos i t  ion

and the - -  two posi t ions on e i ther  s ide  of the t rue  p o s i t i o n . Titus , i f  t h ì e

t r ue  pos i t i on  of an i tem was 25 , a h i t  or correct response was said to h ave

occurre- d if  any one of f i v e  numbers (23 , 24 , 25 , 26 , 2 7 )  was i n d i c a t e d .

This was a h i gh l y r e li a b l e  response m e a s u r e .  For examp le , fo r  t I m e -  20 sub-

j e c t s  in  C o n d i t i o n  PP , the co r re l a t ion  b e t w e e n  th e- scores  on t r i a l  ~. amid

t hose  on t r i a l  5 was .92 .

F i g u r e  1 shows the basic r e su l t s  for  p o s i t i o n i n g . Over the  l i v e  t r i a l s ,

p e r f o r m a n c e  increased from approximate ly si~ correc t  ( l 5Y ~) to over 22 c o r r e c t

( 5 5 ;~) o t t  t he  f i f th tr i a l . The t r a n s f e r  front  recency jud gments  to position

j u d g m e n t s  (Condi t ion  R P ) ,  and the t r a n s f e r  f rom lag j ud g ine - -n t s  to p o s i t i o n

j U d c ’~ T e f l L 5  ( C o n d i t i o n  LP) was obviousl y not comp l e te .  S t i l l  t i m e - r e  is e v i d e u t

positive trans fer , A comparison of trials 1 and 2 of C o n d i t i o n  PP w i t h

t r i a l s  4 and 5 of Condi t ion  LP showed t h i s  s t a ti s t i c a l ly ,  F (1 , 38) = 16.60 ,

< . 0 1 .  But that trans fer was incomplete was shown by th e- compar ison of

~ 

- . - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure  1. The acqu i s i t ion  of pos i t ion  in fo rma t ion  over five trials , and the -

transfer from recency judgments to position judgments (RP), and from lag

j udgmen t s  to posi t ion ju dgments  (LP) . Exper iment I .



- —--~~~~~~~~~~~~ -- - ---——- - - - - - - - - -.- - - - . - - - - - - - —~~ -~~~~~- -  ~~~~ — - — — - -~~~~ -- -- —-----~~~~~~ - —.‘-

Condition PP w i t h  C o n d i t io n  RP on t r i a l s  4 and 5 , F ( 1 , 3 8)  4.65, £ - -: M S .

As we- will Se-c- , the t r a n s f e r  d Ied is p a r t i c u l a r ly r e -v e -a l ing  for Condition

LP in w h i c h  the- transfer t r i a l s  were -  procede -d b y lag jud gments.

We - a l so  exam ined pos i t  ion jud gmen t s  u s i n g  the -  40 item us  summed across

su b j e c t s  as t i i e -  b a s i s  for the- analysis. A me-an ~~‘s it ion score was d e t e - r i m i  i c e d

b r  each of tIme 40 words for C o n d i t i o n  P1’; t in s W d s  s i m p l y t i m e  aver age  i~°~ 
-

t i omm a~~s i gmt e -d  c a c i m  word by the  20 sub j  e e t s  . We t h m e m t  cut re ta t ed t h e  i~~~~e t i

i t s  i t  L OU e 5 t  i ilSt te- s W i t h  the true- posit ions for  t i m e -  40 word s  - Across time .

l i v e  t r i als th ese -  correlations were- as follows : ~~~~~~~~~~~~~~~~~~~~~

I h i s  obvious increase- in tile- relationship across trial t .~i mumi i t e - m u  s(~ore s

Wt re- used as the entry, supp lements the relationship shown in Figure 1 i t t

wh ich subject score-s we-re used as the entry .

~~~ 
ju4gmne-nts. Ihe results for Condition LL are shown in Figure 2 .

l i e  ea~.ure~ ot lag was simm mp ly t h e  mean lag judgments , and time - values ott t i c

ureh i em i t  c re-ti e-eL time- means per item . ‘fime lag length ( s h o r t  and long) appears

1 c  a ~. cm iab le - in addition to trials. The me-au true lag for ti me - short-lag

eat- ~~~~~~~~ 6, t h a t  for the long- lag category , 16. On L i me f i r s t  dmr ~-~-

trial s Ihic te- was ito consistent difference in Lime - jud gments mad e-- for long

I m ’ s  aid those- wad e [or short lags . This confirms the previous findings

~t S  (ft:cd r m bed in the introduction to this ~-xpe - -r immemit . lime c onclusion that

I i~ - i nch no t i c  ct on the  ear ly t r i a l s  d i d  mt o l  change- wim e -n t i m e  re -suits 2or

ii I ~m ) ;mm b j e - c ts having L i t r e - c  l ag - .jud gme -nt  t r i a l s  (LR , LI’ , LL) were  c o m b i n e d  -
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On t r i a l s  4 and 5 of C o n d i t i o n  LL , t i m e  pe - r i o r im mance -  on t i ’e -  sho r t  and l o n g

lags d i s t in c t l y s e p a r a t e .  An ana l y s i s  of v a r i a n c e  across  a l l  f i v e - -  t r i a l s

showed that lag F (1 ,19) = 6 .44 , £ < .05 ; t r i a l , F (4 , 76) 7 .13 , £ . 01;

and t h e -  lag b y trial i n t e ra c t i o n , F (4 ,76) 6.53 , ~ < .01 , w ere -  ~m 1 l  r c - l j . i b l c  -

Thus , it seems tha t SonIc- lag  l e a r n i n g  was e xh l b it c d  on t h e e  temi r t h m d  I i  t i m

t r i a l s .  Ho we -ve r , t ime- re  is an asy : iunetry  i n v o l v e d  . Jud gme n t s  of  simort. I

shou ld  ,~ave- lower i t  l e a r n i n g  we-re o c c ur r  i m eg . Fi guce 2 shows that t i m  i s  -.i t m -I

h o t  o c c u r ,  1’lte jud gn me nt s  fu r  long  lags d i d  i n c r e a s e -  as t h e y  si o m m i d  i i  Ic rum-

ing  occu r r ed . S t a t i s t i c a l ly ,  the- n , a lag e r i e _ c t  d id  d e v e l o p  over  t r i a l s

b u t  i L l ;  n atu re  was not e n t i r e l y as one would  e x p e c t .

F igu re  3 shows the- me-an lag jud g m e n t s  on t r i a l s  4 and 5 e - ommm bi ne d  fo r

time . t l e r c - e- r e l e v a nt  c o n d i t i o n s . As a s i m p l i f y i n g  s t e p ,  t r i a l s  h ave  b e - e u

o m ; i i t t e - d  from the -  p l o t .  The trial effect was reliable statisticall y, but
1

t i m e - r e  was no i n t e r a c t i o n  invo lv ing  t r i a l s .  Time ’ f a c t  t h a t  c o n d i t i o n s  d i f f e r

i s  n o t  ve ry  m e a n i n g fu l , s i n ce  i t  t e l l s  us on l y t h a t  mi me-aim j ud g m ent s  d i f f e r

as to leve l of responding . The c e n t r a l  conce rn  ar e  t h e  d i I f i r c . mmc e s in di .-;-

c ri ne im ea ti o n b et w e e n  short and long lags as a f u n e t  i c e m m  o l  e - e~ md i t t o i l s , l i m e

l ag  e - l f c c t  was si g n i f i c a n t  s t a ti s t i c a l ly ,  F ( 1 , 57)  = 30 04 . 
~ 

< .01 , but

i.li c ia~-, by c o n d i t i o n s  i n t e r a c tion was for  f rom r e l i a b l e- , F 4 2 , 57 ) 1.51 ,

£ > . 05. This  means t ha t  t he  t r a n s f e r  was comp lete for botim conditions ;

? J I c . disc rimination between long and short lags was as gr m - at b r  the- two

transf er conditions (RL and PL) as it was for Condition LL. At tue same

t i n e , we must point out that t h e  d i s c r i m i n a t i o n , w h i l e  s t a t i s t i ca l l y r e - l i a b 1~ - ,

~~~~~~~~~~~~~~~ ~~~. - -- - - -~~- 
. — -_~~~~~~~~~ - - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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is , f r i  m en abso lu te  Seflsc , ciot very impress ive- .

R e c e u t c y  jud~ m ent s .  The recency nmeasurc was simp l y thu Jmm m - - am t numim ber c c l

ce lr r ee -  L re-ce’ncy jud gmnen Ls . Time -se- are- p l o t  led i i i  t i m e  uppe r sec t  tom m cml i i  gui re-

4 J o ~ Lund i t  ion RR as a junction of lag length amid t ri a l , Scores  c o u l d  r~ m i m 4 :e

b e t ~~e e m m  U and 10 , w i t h  a sc-ore- of ~ re- p r e - s e m m t  i m m g  i m . i i i c e -  t c ’ s j i u i m d  ing . Ou m a I

l ive - t r i a l s  th e--re ’ was a c l ea r  s e p a r a t i o n  as a f u m m e t  t o i l  of l a g  1 ( 1 , l u )

1 1.91 , 1! < 01. Performance improved over trials , Lmmt ti me ’ I- fur tim e i mit ci

ac t  ion b~- t w e e - n  t r i a l s  and lag was less t h a m m  m m m c c  . t i le  1 , m e  t t i mi t  t.i~ I c m l  I u-

e um ce-d r e c e -n c y  ju d gnme -n t s  is a contradiction ol p r e v i o u s  w m -~rk  ( L i m d e r ~~em od . V.3 / i ,

E.~per m m ime -nt 11) w h ere - lags of 3 , 6 , 9 , atid 17 d d not 1 m m i  I l i e - f l e e’ p en  o r e m m ; m l m e

i t!  iab l v o v e r  L it re - c- t r i a l s .  l”or reasons w i m i e i m  We ’ de c clot t m m m d c r ~~t ,m imd , out

previo us result was anouno lous w i t h  r ega rd  to t i l e  ci t m - m t  cml [; m ~ d m 1  l er e u c t

om m r e e - c m m e y  jud gme nts . Every  s tudy  We r e -p o r t  lu cre- mu W t t j  c l i  I .IL ~w ;ms van e-d

Sh~Wed an e f f e c t  of lag on recency j u d g m e n t s  . ‘the e f f e c t  is ol t e n  not I arge~,

but it ~s a l w a y s  p r e s e n t . I t  occurred on t i m e -  first thrc e- trials ol Comid i-

t i c e u l s  RL and RI’, althoug h we have not simuwm i t i m e - s e -  d at a  i m e r e -  . Fi gure- 4 show s

m u t t  thi c -I tee-I du e s not i n cr e a s e -  in m a g n u L u d m - ’ ov er  t r i a l s .  (hi t h m - -  i i f L I t

r i - m i  L I m e  c m  [ucs , w h e n  t r an s  la ted i n t o  p e - r c e ’m m t a g s , show about 1 6 .  e orrc . c t

r i t i l t  ‘~ ju d gmim e -~nt  s for t i m e ’  shor t lags , 8 3/ i or the long

[ I c e -  lowe r pa ne - i oil Fi gure -  4 p rov ides  time’ t r a m m s f e - r  d - m t a  - l i m e -  i i  me - b r

Comm d 1. t m ni Rh s m l impl y r epre ’s c Iit s t i m e  f lle-d t l  of time - two I m um - s i i i  t i m e -  ( l im p e r  j l.mmme I

A I him l i 4 ~ h i  I cc W I ,  e m m e t  m i me  I tnt e-d i i i  t lit . p h ot _ it C 1mm be- s - m i d t h a t  ti l e re W a s .

• I i i i ’  I - I .i~~ . I I ’  I c m i i  I i i u h  :. 4 .& mm e i  c~ t o t  t t m i i d  L I  i~~e l l : .  I’R .mi td I_ il . .-\.ut _ m ivs is
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u I  t i m e  d a t a  for  time ’  t h r ee  c o u md i t  i ons  f o r  t r I .m l 4 amid ~ shuwe’d i i m . t t  o m i l  y

t r i a l s  was a r e l i a b l e -  source- u t  v a r j ; m m m e ’ , . N e i t h e r c u u i d i I . io i ~ , I mo r  t i m e -  coil-

d i t i o c i s  b y t r i a l s  i n t e r a c t i o n  approached  -, ig r i i l  I cane -~. ,  t h e e -  F a i icg  les s t Im . ct m

One -  i n  t .ieli e L L S  e . W~- m in is t conc lud~- t l m a  t time’ t r a u m s  e-r I ruin A lus it ott juel gimi e’m e t Ic

to re - c  c u c y  j ud g m n e n t s  , and I urn lag jud gm e n t 5  to  re -ce mme y jud gm ;i e ’ui ts , w as 55c C -

t ial ly pert ect or comp lete . That tim e- p e ’ r t u n m .  . c m i e - e  I or C omm d t t  i o m m s  PR ma d LR

was a 1 f t t l c -  lower t h a n  t h a t  for Cond i t  ion RE may r e - s u i t  t r ot  .~ p c n l o r i m m m i ee ’

d i s t u rh a i m c e , i . e .  , a d j u s t i n g  to the  paced r~~sp o n d i m m g  us i mu g a new re-spo ums e .

i n d i c a t o r . That t r a n s f e r  was n e a r l y p e ’ r f c c t  k s  of some - m Ilommic- I l t  i i i  V i e w  of

L i m e  f ; m c t  t h a t  on the  f i r s t  th ree-  t r i a l s  und e-r Co mu d i t  ion 1K time subjects g~m c e-

l i l t i e  evidence that  1h -y w e -r e -  d i s t i n g u i s h i n g  bct~~een loumg and shor t  lags

whe -n  L i m e - y  made the ir lag jud g ir m e m i ts  . O b v i o u s l y t i m e , y m~ m- ne acqim i ring jul on c e - m t  ion

w h i c h  a l l o w e d  them to make correc t  r e ccncy  j ud gmmme - n L s  a:; r e a d i l y as d i d  those-

stm bj ec Ls  wim o im a d been m a k i n g  re ’cency jud g m e n t s  on a ll tria ls

Corre -  t a t  ions.  Cor re la t ions  may be - used t o  supp l ei m ie - - n t  t } m m -  L r tmu s  I c r

cv id e ric e w i t  he r e-gard to the  cornnmona i i  ty of t he in I oroma t ion und c r1 yb ng t i m e ’

t l i r e - c  d ci~ er c ’nt response-  nme-.~sures I’he- corre- 1 at  ion s  i n  Tab ]  e I i n c  I ude

~~m thin tasks as w e l l  as those b e t w e e n  t a s k s .  w i me - re -  t a s k  r e - f e - i s  1cm t h ~ e

d i i  I c r -  c i t  r e sponse -  me a s u r e s .  Scores fo r  v a r i o u s  t r ia l  conmb i m l a t  i ons  we-re ’

u: ; el , m i , c i ; . - l y  , t r i a l s  1 throug h m 3 combined , t r i a l s  4 and 5 separatel y, and

t r i a l  “. .mm id ; e o m i m b t n e d . For r ecency  and position jud gments , tutmiber ut

.ci rr e - & responses was used to index p &- r for m n a nc e ’ . Lag j u d g m e n t s  do not g ive -

d i r  e t l y a mc m ea sure  of the -  goodness of performance’ . To p r o v i d e -  sue -h i  a meas ure

I
I- - -  - --
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Trial
Figure 4. Recency judgments as a function of trials and lag (upper

pane--i ), and transfer performance- (lower panel) from position judgments

to recency jud gmen ts (PR) , and from lag judgments to recency jud gment c

(LR) . Experiment I. 
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I ’a b l e  1

[n t r a t a sk  ami d I m i t e r t a s k  C o r re l a t i o n s  on Variou s ‘l’rial Com binations

( h.) c ’ci ume a l P o i n t s  Omi t t ed )

C o m e e h i L i m c m i  ( i — I )  x (4j ( 1 h )  x (.5J ( 1 3) x (4 5) 
~~~~~~~~~~~~~~~~~

LL 12 35 30 70

RL 22 60 51 16

PL 83 61 84 47

PP 74 59 67 92

LP 43 41, 45 71

RI’ 27 2 14 54

RR 74 54 76 71

PR 46 51 59 51

LFt 53 41 48 70

L. _________



W ’  tms d time sum of the- judg nmm’cits for Lime ’ 10 long— Ja g pairs minus tim sumii ~‘l

ti m m ~imcI gmmc e-ut s for the- It ) s h o r t — l a g  p a i r s . l i d s  is a s ] oh ) e  l I c - . m s nr e -  i i i  w h i c h

t h e -  g r e a t e r  t h e -  s lope  ( d i f f e r e n c e b e t w e e n  sho r t— and long- lag  jud g i m m e r m t s )

time gre-ate-r the sensitivity to lag differences.

l ime ’ C o r r e l i It i t) f lS  [or Condition LL, PP , and RR g i v e - e v i d e m i c e  om m t i m e

re- i iab i lily of the response’ mmeeasures. Under Cond i t ion LL , I lie- pe--r lornmane -c

sco re -s fu r  t i m e :  m - a r l y t r ia l s  showed a v e r y  low r e l a t  i o n s i m i p  wi  t i e  t i m e - s e - mI re ’ s

c m l  t hee  L it e  t r i a l s .  This  corresponds to th e -  lack of -e lag e l  I eC t oii time

e - . ’r l y t r i a l s  lor  t h i s  group (Figure 2 ) .  The r e - l i a b i l i t i e . s  f o r  C o n d i t i o n s  Pb’

and KR w~ re q u i t e -  hig h .  For a l l  c o r r e l a t i o n s  a va lue ’  of .45 is r c -qu  i r e ’d I or

t i i m -  - I ) )  i c - y e - i  of significance-

1 1 t h e ’ i im t c ’r t a s k  c o r re l a t i o n s  are to a l l o w  fo r  a m e a n  nig hi I i uter pr e —

tat ium m , t h m e ’y  should be low (as w i l l  be - e x p l a i n e d  sh o r t  b y )  - I u r thee -~rmI core - , ( i c e

i L e)~ c L  e l  I tic~il corre lations would be those- be tween tria ls 1 - 1 comimb i m ce -d and

t r i a l  4 .  Ib i s  is not a conmp l et c ly  u n c on t a m in a t e d  re~lat  l o i t s h m i p b e c a u s e ’  Lime

s m m b i e . c t :~ were - t o l d  b e - f o r e  the- f o u r t h  s t u d y  t r i a l  that th e- test would cim~ n~ t~ -

f< n o w i m m ~ t i m i s  , t h e  subj ects ni ght imave changed Lime - jr encodin g habits omi time

I ou r t l i  ~cud y t r i a l  . h i g h  c or r e la t i o n s  b et w e e n  t i m e  S e - O i e  S oIl  t r i a l s  1-3

m m m d  t ieeo ; e on trial 4 do not y i e l d  a c l e a r  interpre-tat m utt . A ii i glm c e m r r e - 1 , c

I tnt c~~~ld mime -an t h a t  t he  u n d e - r l y in g  i n f o r mat i o n  u s e d  is L i m e  same for two

1 -  1)01c c m L i t e~ L l r C ,S , but i t could also nme - ; m ml  t h a t  l i c e -  i n f o r m a t i on  d i f f e r s  i m i

k m m i e l bi t t ,  t h e  r~- i s  a c o r r e l a t i o n  in terms of the - -  r a t e  of a c q u i r i n g  t i m e  two

L ’ ’ i m e  :; of i nt o r n i at  i o n .  ‘Il m e’ne [ore- , onl y low c o r r e l a ti o n s  can be- m m s e d  i i i  a i m

. t e t . m i y t  i e m l  W ;my

im t i m e  , mb e v e -  i m i  me- m ime 1 , W e ’  m i c m t  e~ f j  r e - I  t i e , e t  t h e e  t e  e - e’el c l : ;  to be’ l I t t i t - 

~~~~~~~~ 
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cum m an ona l i t y  between rcccncy jud gmen t s  f o l l o w e d  by lag j u d g m e e e -n L s  ( R L ) , wim e -m i

t h e  correlation is based on trial 4. However , the subjects apparentl y find

some way to use the  i n f o r m a t i o n  acqui red  over the f i r s t  th ree  t r i a l s  be -cause

the- c o r re l a t i o n  be tween  t r i a l s  1-3 and t r i a l  5 is q u i t e  high. Under time

r e -v e r s e  order  of tasks  ( C o n d i ti o n  LR) , a r e l a t i o n s h i p  is a p p a r e n t  t h r o u gh o u t ,

a l t h o u g h the magni tude-  of t ime c o r rel a t i ons  is c e r t a i n ly not h igh . l’Ime om il y

o t h e r  c o n d i t i o n  to which  we- w i l l  ca l l  a t t e n t i o n  is C o n d i t i o n  RI’ . The se-ores

on these  two tasks ( recency ,  pos i t ion ing)  do not co r r e l a t e  s u b s t a n t i a l ly at

any point . However , under the- reverse order , Cond i t i on  PR , the re lat ion si i hms

were a l l  r e l i a b ly grea ter  than 2ero . Thus , it would appe-ar tha t  s u b je c t s

leaving posi t ion jud gments and lag jud gments  be fo re  recency jud gments  can

mm ca ke use -’ of at least some of the- i n f o r m a t i o n  for  making  r c - c e - n e -y  j ud grnee~ts ,

but  th i s  i n f o r m a t i o n  is of a d i f f e r en t  type from tha t  acqui red  when r cc e -n e ’y

j ud gn me - ’n L s  a re-  learned i n i t i a l ly ,  in short , there  is a m b i g u i t y  r e s u l t i n g

f rom d i f f e r e n t  f i n d i n g s  associa ted  w i t h  t ime  d i f f e r e n t  t r a n s f e r  orders . As

a consequence , the correlations in Table 1 have not provid ed us with time-

critical data that in the abstract it seemed they should .

D i s c u s s  ion

Time exper iment  conf i rmed the  i n f e r e nc e - t h a t  one group of s u bj e c t s  may

make  v e r y  valid position judgments of a list of items presented sing ly,

while- another group has great difficulty in making  v a l i d  lag j u d g m e n t s  a f t e r

stud ying the same list. Valid lag judgments begin to emerge only after

several stud y and test trials. We have failed to confirm a previous f i n d i ng

th at lag was irrelevant for recency judgments; our present data show clearl y

t~~~iL lag length is positively related to correct rece -ucy j ud gm e n t s .  

—~~~~-‘ -~~~~~~~ 
_ _
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The da ta  showed tha t  there was r ather  heavy t r a n s f e r  fromm c the: use of

one response measure to the use of ano ther .  Tim e t r a n s fer  was n ea r l y per-

le-ct in  two of the three cases (Figures 3 and 4), and roug i m l y SOY , in t i m e -

t h i r d  ( F i gure 1). in the -~ la tter cas e the transfer was from rece-ncy jud g-

i i ie : i it S t’o position judgimme nts and f rom lag jud g m e n t s  to p o s i t i o n  jud g w e - i m t s .

l i m e  t r a n s( er  in the  reverse d i rec t ions  was e s sen t i a l l y b O Y . We- w i l l  not

s pec u l a te  about the  reason for tili- a sy mm ~~e t r y . Ra t im er , we w i s i m  to  c o n si d e r

br i ef l y L i m e -  i n t e r p r e t a tion that  mi giet be g ive - i t  tu t i m e  r a t i m e r  heavy ir a n s i  r

t r o m mm one r e s p o n s e immeasure to time other . We p r e f e r  to i n t e r p r e t  the- re-suits

to mci a im t h a t  the information involved in making decisions overlaps appree-ial ’l y

for time three - response nmeasures . The subjects draw on time same types of

i uformcmat iou regard less  of th e -  response measure . Time -re ’ are a l t e r n a t i v e  j u t  er-

f r e - L :mL ions , omme - of which will be d e s c r i b e d .

We - m i g h t  assume tha t  du r ing  the  l ea rn ing  t r i a l s  t ime  s u b j e c t s  acqu i re :  ci

n u m b e r  of d i f f e r e n t  types of i n f o r m a t i o n  (each i n d e - pen d eu t  of L i m e  o t i m e r )

about  t im e  words in the  l i s t , and th i s  i n f o r m a t i o n  is acqu i r ed  r e g a r d l e s s  of

th ee response measure being used . We would further assume that t h e  amount

o l  i n f o r m a t i o n  of each type  which is a c c u m u l a t e d  i s  c o r r e l a t e d . W~ mig ht

naecc ~- tL three: types of information P, R , amid L , each of w h i c h  is app rop r i t e

1 t e -  e ) w m m r e s p o n se  measure  onl y .  Whie m i s u b j e c t s  are t r a n s fer r e d  f rom one-

i s 1mofl~i e -  me asure  to another , they  s imp ly change  t h e e  type-  of i n Io rn i ;m L iou

s e - I  - CL e-d f r o n m  memory , choosing time type needed to f i t  t ime-  demand s of the mle ’w

f  : . p O I m ~ . e , m m& , m s m m r c .  The consequence ’  would be im igh posit iv e -  t r a n s fe r  fronm one ’

[ m  :, fme)tmse nce ;ms ure- to a n o t h e r , and p o s i t i v e -  corre- 1 re t ions among th&- scores e l m

~- . I  ±~ _ _ _
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the- various tasks . This is a r a the r  conmp l icat e -d  i n t e r p r e t a t i on  bu t  W e : know

of no evidence t ha t  w~ uid deny i t .  If we favor  tim e: e a r l i e r  in t e rp r e - t a t  l out ,

i t  would  be due to the  s imi mp lic~~t y  of t h e -  in t e r p r e t a t i o n . N e i t h e r  in t e r p r e -

t a t  io u  a d e q u a t e l y accounts  for some of the d e t a i l s , e . g . ,  the asyninetry .

Experiment  II

Despite the fact that subjects did show some learning in Condition LL

in  Experiment I , the fac t  remains that  they found i t  a very d i f f i c u l t  m a t t e r

to d i s c r i m i n a t e  the “dis tance” between two items from the list. We do not

know whether subjects tried to learn this distance directl y, or to lea rn  by

ind i rec t  means , e . g . ,  learning the pos i t ion  of each i tem and then t a k i n g

t h e -  d i f fer e n c e  as a lag estimate, in any event , it seemed wor thwhi l e  to t r y

to dc -vise - a s i t u a t ion in which accurate lag jud gmen t s  shou ld  be - e a s i l y

ac qu i r e -d  on them first study trial. We pre:se-nted the subjects with a 30-

word l i si  in which the first six words were- all names of metals , time- second

s i x  a l l  names of animals , and so on. In short , there were  5 concepts  used ,

e , e e i l  w i t h  s i x  instances , blocked in the  p r e sen t a t i o n  l i s t, .  it  seemed t o  us

th a t  u n d e r  t h e s e  ci r cums tances  eve-n a poor sub j ect would assi gn shor t  bri g

v a l u e s  i f  two word s from the same concept were t e s t ed . I n  t ry  to produce-

v d id lug  j u d g m n e n t s  quickly was not the onl y u m e a t t e r  of m i t - r e s t  in the  s t u d y ;

we t u r n  to these other mat te r s .

in the above situation , it is possible that subjects would be quite

a b l e  to make valid lag judgmen ts for two items from within a concept and imave-

difficult y in making recency judgments for the same two items . Acquisition

ol t i m e p .mrticular order of the instances w i t h i n  the category could be- dif h m-

c u l t , h - nec , r ecency judgments  could be d i f f i c u l t .  In th e-  e x p e r i me nt , sub-

‘I  -
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j e c t s  were also asked for lag and r ec e -m icy  jud g men t s  b r  p a i r s  m c i  i t e m S  I I I

wie i c i e  t i m e  two word s in  t he  test pairs repre-senie-d di Lie -ren t categ ories. ‘li e

lag b r  four of t i m e - s t  p a i r s  was two , in which case- it was m me ’ ce-ssary ti e -m t c ite-

ub the e- word a be the  b l i t h e  or s i x t im  i tem iii one ca tegory , rend t ime-  o t i m e r  be

L I i e  I i r ~~L or secoud i t em s in t h e e -  f o l l o w i ng cr e t e-gory . Time t e s tS  me-id e ~or i t e - - m i s

w~~i h m  im m e it e g o r i es  also a lways lead a lag  of two . So , t i m e - r e -  wer e  wi t i m i n -

cotmc ep t or within—category t e s t S  w i t h  l ag s  oI l two , and b e - t w e - e - m m -  c o m i c  e pt  L e s t

w i t i m  l , m ~ s of two . We - also irm c luded between-concept tests with loum g ~~~~

( v ary In g  b et w e en  8 and 2 3)  .

W h m L  d i e 1  we e x p e c t  f rom the- re-ce -ne -y and lag j ud gn ee i e t s  b r  t e s t  p~m m  rs

j i m  w h m j j m  eaei i  of two c o n c e p t s  is r e -p re sen t e :d?  We- b e - l i  e - V e  ~l l ie - mt  Se- r i  i l  l e - e C f l~

i ie ~ wou l d  p lay an imemport rmnt role - , If a sub] cci l e a r n e d  t i m e - rerder e L m w ic i

t i m e  5~~ x concepts was prc-se nted , corre c t r e c e - u c y  jud g ec m e - u ts  s h o u ld  he - e-a s i i ’ ,

“Je ’mhl m cm ’ l ” , um id for the short lags , time lag jud gments simou Li be- coum me- va] id

f - m j )  i d l y . in fact , we fe- It that time - lag j ud gu c e e nt s  on the -  sh o r t - b e - t w e ~e m m  te si s

e lu Id b~ mm m or c a ccura te  t im a n  those  for the w i t h i n - ca t e g o r y  t e s t s  . f l e e  u u m k m m u w m c

A n  L i i i  scat te- r concerns the  r a p i d i t y  w i t i m  w h i c h  time: sub] c-CL l e a r n s  t i m e

n a t  ord~~r of t ime words w i t h i n  c a t e g o r i e s .

A l t h o u g h t he -  above - compar i sons  are -  of some i n t e r e s t  , we w i l l  be most

~o m i e - &  m e d  w i t h  t h e -  compar i son  of Lenmpo r a l  codes d e v e l o p e d  fo r  thee-  b l o c k e d

c i t  e-gemry it s  t and thmos e developed for L i m e  sarume items when they ire - random : i v

e~~ , m ~ ’ im ~-d to p o s i t ion s  w i t h in the-- list. Also , we: w i l l  be asking about tr ,mtcs-

- r I CemS ag jud gm erm ’ s to re-c enc y j u d g n m c m i t s  and for  t i m e  r eve - r se -  or th-r

.
~ i t  I on  j u d g m e n t s  we -re  mmot i n c l u d e d .  Timus , w i t i m  b 1ock~-d ( B)  o r d e r i n g  of

t h  i t ,  r >  i f l s t j m m c e-s within a l i s t , and t i me  m m m m h l o e k e d  (t i l l ) or random: , u r d t r i ’ c ~-

~~~
- --.-~~~ 
! =~~~!_
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e) i t i m e -  wo tds , e-i g ht  groups  w er e -  ne - c -dud : B-LL , l i -LR , B -RL , B -RE , U B - L L .

IJB-LR , IJB-RL , and UB-R R .

Met Imod

I . i s t~ . The- g en emr a i  n a t u r e  of time B l i s t  was d~’se - n b c - i  above . T i m e - r e -

w e r e  30 word s c o n s i s t i n g  0 f i v e  c a t e go r ic - s  of s i x  i m m s  m m c c  e S  c - a c h e , t a k e - u t

I c om i c t i m e  table -s provided by Brett ig and Montague , l9b ~i )  . ‘l im e - o r d e r  u l  t I c e

e a t c ’gor  i e - s was mmme - ta ls , a m m i u m m a  i s  , e’ l o t u s , s p o r t s , ;-.c lel mc i u s i t  a 1 m c :  I i c e  i i i  ~

l i e r eel d u t Lomi , th ee-re- were- two pr [sac y i t  emi cs and I we re - c t i me y i t  e ’ m ! : 5  . A I I r

word s were  or d c -re - -d w i t i m i n  Lime -  l i s t  , we- cheose- fouL- p a i r :; t o  iic u s e d  b - a r  w i t ; -

i t t - c -a t e -go r y  tests . These coums iste--d of time it cmmm s I m o l d  i m i g  P 0511  b its 3 ami d

in t t e e  m e t a l s  category . 2 amid 5 in the  animal  c a t e g o r y , 3 a mmd ~c in t i m e ’ s i c e r L

eri t e~~ e i y, au md I and 4 in t ime i n s t r u m e n t s  ca tegory . Fou r be - Lw ec - u m - e . a t  e ’~~oi y

p a i r s  w e ’r e  chose-n as t i me  b e t w e e n - c r e t e - g o r y , sh o r t -  i -at , t e s t s  ( b e i w e e u i - s l i o r t )

‘ l i m e -  l ag  was always two . From cc time- re--mmm a i i i i  m ig 14 word s , w e -  e o m m s  I. rem . t e d

l e st  p i i r s  to  be- used b r  t h e: be :twecn-c.xLe:gory tests w i t i m  l e ~I ; i ~ l a g s  (b~ -

c s e e m e — i e c m c c ~ ) .  l i c e  six Legs we-r e B , 9 , I i , l~~, l Ie , amid ‘3 , w ith -m mi s ai m ol I

l ’~~ti  We t’J: ( i m m  add i  t ion to t h e -  p r i m c m a c y  amid r - e - e m i c y  w o r m i a )  W e ’r e i~ OL  u sed I ur

t h e  t e - ~~t~ i ;  one -  ol t i m e - se  word s was t i me -  f i r s t  word in t i m e - m e t a l s e - a t c  ~‘ > i , ’V

i l i u m - I  word j u t  t ime-  l i s t ) ,  am i d t ime: o t i m & - r  was Lime-  l a s t  w e c r d  I m i  t i l e -  c l m ,j t ic e m I t

‘ m l ’’; .

A l l  ccl ti le ’ above description re--lers to the - blocked i R )  I 1st . ~~ i o m m m c J

~t p o s s I b l e  t ei  order Li i c  i tems in an u e m b l o c h ~ J (U ’B )  l i s t  c c  t i e - m i  t i l e  I - ’+ t e s t

- m i  r s  c m c , c  ci w e - r e  e x a c t l y t ime  same p a i r s  as those -  us~ -d t o n  I t  - - t  ot t i m e  ti l e e  -a - t i

I m i t . ,  - I e c r t h e - r u u c o r . ’ , t ime-  l a g s  for  the p .mtr s in t i m e  t w o  l i s t s  We r S b  m i t  i i i  i v

I l t  c c c i - , - m i r  h v  p a i r ,  A l l  sho r t  1 m ): : ;  w e -re lw-a t ’ r b ot h l i s t ~~. l’hm ’ ol

t i e  c e m c ~ - l , m e ,~ we-r e - idt-ee t ic ~ai [or b o t h  [ i c , t : ;  , L i t m t t i m e -  i t  c : . m t I 1 i c m ~ - t h e r e - c ~‘ t ~i e - d  
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b y Ofle- (8 vs. 9; 22 v s .  2 3 ;  16 vs. 17). In on l y  o c e e -  e - a s e  d i d  two i t e m s : ;

r e p r e s e n t i n g  the Sam cie c a t e g o r y  occu r  j u t  a d j a c e n t  p o s i t i o n s  in t i m e  u n b l o c k e d

list.

P r o c e d u r e :  and sub j e - c t s  . l ime  p r o c e d u r e-  was mn u ci m t ime-  sanme ces f o r  E xp e - r i

m i ce -it t I see-pt th at  a l l  t es t  t r i a l s  were  p a c e d  ~ 6 — s e ’ e ecu  r a t e )  . T i m e - r e -  W e re

l’~~V e c l ud y— t e s t  c y c l e - s  f or c e l l  sub j ec ts , amid for t i m e  t r an s f cr  e o r m d i t  m o m m s ,

there- c - stem d y trials we-re g ive - m m omm time- first -used re-spouse - mm ee- asur e , two omm

t ime see omid . Time s u b j e c t  was a lways comp l e t e l y i m m f o r m c e e d  . Each of time ei ght

c o n d j t m o u i s  was r e p r e s e n te d  b y 24 s u b j e c t s  assi gned to c o n d i t i on s  by a b l o c k e d -

r ; m m e d o m u c  m e-d s c h e d u le

X - s u m  i t s

~~~~j~~~gmnc- n i s .  i t  w i l l  be - r emen mb ered th a t  t h e  lag f o r  w i t h i n - c a t e g o r y

tests was alway s two , and t h i s  was a l so  t r u e  for  t im e -  b e t w e e n - s i m o n  t e s t s .

(however , siuce- t he re  were onl y four  pa i rs  iii  each c l a s s , an d si nc e-- t i m e  word s

we -re miot ro t a t ed  across time - -  c l asses , in t e -r c l a s s  c omp a r i s o n s  Ir e  q u e s t i o n a b l e .

i c e  i c  - ; : c l  t s  w i l l  encp he as t L e -  comparisons  b~- twe e-u  B and IJB cond i t  ions for cac ti

[ i ~~~ A> c m e m s e - -  t i c -  j e i e l gnm e m m t s  we -r e- u -mad e- on e -x a c t ] y L i m e - s; mm c ce - - p a i r s  for such

I ~cm ii p m C  c e l m .

‘ ihme ~ me- m ci  l ag  jud gm e u m t s  fo r  w i t h i n — c o n c e p t  t e s t s , and t hose -  f o r  t ie e-

be iwe - - m m short t e s t s , a re -  s ie own in Figure - 5. As miul e y be- s e - e n  i t t  t i m e -  l e f t

p c m n e - I , t h e  wi th in  j u d g m c i e - u m L s  a r e -  Ve ry a c e m m r ~ m t  i b r  C o m i d i t  i o n  R — L L . h u e -

c-s a l m s  - c r  o n l y s l i g l m t l y i m i g i e :r t h a n  the - t r u e -  i c m g  ( t w o ) ,  r end t h e e ’  l e v e l  ol

- — - - 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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respond i ng is f a r  more-  a c c u r a t e-  than  the -  leve l  for  t i m e -  s u b j e c t s  uu d~-r Con-

diti o u m UB-LL . Althou gh the- trend across time live - trials b r  C o n d i t i o n  Ull-LL

i n d i c a t e s  mm l o w e r i n g  u i  t I m e  e s t im a t e s , ti me - - n m e a n s  on t he  l i v e  t r i a l s  d i d  u mot  - 
-

d i f t u r  s t a t i s t i c a l ly (F = 1.09). Thus , as in Experiment 1 , lag  jud g i n e m m t s

d id  not move- toward the true length of short lags.

‘l r m i c s f e ’r front re ccency le a r n i n g  ( f i r s t  t h r e e -  t r i a l s )  to 1 m g  jud grn e- -mm t s

i t r i a l s  4 and 5) a p pea r s  to h ave be -- -- en e ss em i t i a l l y coecip le- t e- fo r  C o n d i t i o m u  h-RI. ,

T l u i s  is 10 say t h a t  t h e -  ev iden c e w h i c h  a l l owed  t h e -  ~ em b j e c t s  in C o n d i t  ion B - L i .

to nmak e very  a c c u r a te -- lag jud gments  on the  w i t h i n  pa i r s  was a l so  a s s i m i l a t e d

by t h e  i b j e - ct s  in C o n d i t i o n  B-~~~. In f ac t , as we w i l l  se-I: l a t e r , c O r re c t

re- c - - me - v jud gments  dev e-I op e- d  more slow ly t h m a n  d id lag jud gme n t s . On t he - t r a i l s -

i c r  t e s t s , Lime subjects in condition IJB-RL per fo rmed  at about the  same- l ev e l

as did the- subjects in Condition IJB-LL , altho ugh it ~~~~~ not statisticall y

lower tlman time level 01 re-sponding on trials 1 and 2 for Condition UB-LI,.

F 1 . 4 m )  3 . 7 1 , ~ > 05. This  would see -rn to i n d i c a t e  t i m e - r e  was  no t r a n s -  11.

l’e-r  t ro sm r ee - ency jud hments to  lag judgments. Oue t h e  s u r fa c e ’  t h is c o n clu s  i on

,m h 1 - -ar~
; i i i  con flic t with Lim at of ExperIment I wimere - i t  was said t h a t  t r um is -

l~~r t roicc e ither re ency jud gmnents or p o s i t i o n  j ud g m c c e - n t s  to  l ag  jud g m e n t s  was

C . p l~ t e  (as  gauged b y th ee p e r f o r m a n c e  on C o n d i t i o n  I L )  - However , t h a t  de--

c i ~io r ’m w as  b m m s e d  on e x a m m m i n a t  ion of a s lope  m e a s u r e  d e r i v e d  f r o m m c  t he -  s c o r e- s

till s i i o n t  end long lags. Were - we- to follow that p r o c e d u r e  here - , we’ would

i i  .j c hi  i c e - samn e - c o n c l u s i o n  as was reached in E x p e r i m e n t  I because-  judgm i ce u i t s

c - i  ( o e m 1 -. l egs do i n c r e a s e-  across t r i a l s  ( S e e  l a t e r )  and the l e v e l  of t ’ 

tr .m n ste m~ p e - r i o r m n a n c e -  is equ i v a len t  to t h a i  shown cinder Cond i t ion  UB-LL .

i b m  r - b i t  i _ m i l e - I  of F i g u r e - 5 shows t ime  n e : su l t s  for  the p a i n s  w i t h  Im e g s  
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Figure 5. Judgments of lag when the lag was always two for items withein

a concept , and for items from two different concepts. The dotted lines

reptesent the transfer performance. Se-c- the text for furthuer elabora-

tLon. Experiment II.

‘ _

~ 

- - - 
-
—~~~~~~

- - - ‘ —‘- 

-



r
I 9

CII tWo imm wimi chi the- p a i r  um m em bers were  i t e m i ms iron c d i  f i e r e - n i  c a t e g o r i e s  (be

t w e - t - u - s h e e r t ) .  T h e r e -  was v e r y  li ttle ~ c hm 4ng e - over t r i a l s  b r  Cond~~t i u m~s

l _LL aimd UB - LL (F l . 4 b ) .  E s sen t i a l l y ,  the- ~ub jc-cts in Cond ition ti l l -Li .

p r i e r u c c e -d at  t i m - - same l e ve l  as th e y  d id  on the w i t l m i i m  pai rs . Tim e- bi g c im .em m ge -

c - c e U r r - , - el  I ~~~ Cond it ion B—LL jim that t i m e -  lag jud g men t s  were  h i gh e r  than times-

i - . c it by time - semb ject s in C o n d i t i o m m  UB-LL , F ( 1 ,46) 9 . 35 , ~~ 
. 

- ~Oi . -h- . c C -  r

Lu , i,ml:- , nor L i m e  intera c t ion be-twe~ m m trials amid cormd it Ion: , was r- 1  mjb Ic

s L i t  i:; t j cj l  ly . Be-cause- no learning occurred i n  e - i t h m e - r  g r o u p  (as w~n m id  be-

m nd i c ate -d 11, t h e - -  means decr~-a se-d reliab ly over trials), the: transter d~e t c e

m im e st b. vie-wed as representing no transfer .

We- hm ave~ not graphed time results for the items classed as betw e eum-iom m g-

lic e - data f o r  the r m sh m ow e - d t h a t  t i m e -  mim e -an j ud g u mm e -n i s  w e - r i -  i m i ghe-r  Io n  Cond i t  b u m

L B-LL thm ;m m ’m for  C o n d i t i o n  UB-LL , F ( 1 , 46) = 6 . 03 , ~~ < .02 . The five me -aims

e ) r r e 5~c O f l d i m i g  to trials 1-5 for  C o n d i t i o n  3-LL were- 8 .44 , 8 .87 , I O . Oo , 9 .~Y- .

a m i d  9 • ‘ , For Condition UB-LL , time - correspond ing  v a l u e - s w e - r e~ 5 .84 , 6~

me - ‘ : H , 7 - , and 7.78. Tim e- time-an jud gme-mmt s (botim conditions com imbi mmed ) kim-

-, r e c s i - , I ove r  t r i a l s , F (4 , 184 ) 5 . 0 9 , ~ 
c-, .01 , but tim e - F for time interactioum

b t W c  c i i  coimd it louis mind tr i rm ls was less than one- .

i re e-’ m S  no t r a n s fe r  frommi re-ce-fey jud gm ents to lag ~ud gm . - -cit s under

‘ . - i i d  it l e e s  B—RI - fur thee’ lom ig — lag lie-ens - lice- swim of t h e  j e m d gei e’nt s o m m t u e

l s c  t r~ m m s t e r  tn ia is ’~~m , ae tu~m ll y sli gi mt i y l owe r tie mi t time- s -in c for tri a l s I

i t  Coimd i t i o m m  B — I L  - On Lhe : o i l m e n b m ; m n d  , tie r - t ra um si er .eppe-~mred to be-

e i - ; - ; e ) e  it ’ j ul C orm dit eom e Ub - RL . h owever , mis w i l l  be- dis e ussed later , W e - .mr e

e - e i c m t  - r i -  ii about tie , - v a t  id i ty  of these-  counp ar  i sout s

H - - - - c cc  m i n t s  . The e -  f l ee-an c o r r e - c t  re - c e .e m c y  j u d g m c k - n t s  1 or th e e- two

- - --.- - -- ~~~--~~~~~~~~-~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ -- -~~~~- 
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short-lag conditions are shown in the two panels of Figure 6. B~ au~~

th e re  were fou r  poss ib le  correc t  responses , a mean of two would r e p r e s i - 1  -

chance respond ing . The results in time le-ft panel show that the mean correc

recency judgments across five trials for two items within a category of

six instances (Condition B-RR) were greater than the m e-an for time same i t e u m c s

in a randomized list (Condition LJB-RR), F ( 1 ,46) = 5.96 , ~ < .02 . Time dit-

f e - r e -n e c  be tween  these same two cond i t ions  for the between-short tests

( r ight,  pane l)  was even more marked .

T r a n s f e r  was s t a t i s t i c a l ly comp lete in three out of the tour cases .

The- onl y exception was under Condition UB-LR for the within tests . Commmp ar-

ing L i me performance on time two transfer trials of this condition wi tim time

performanc e on trials I and 2 of Condition UB -RR showed that there was

positive transfer , F (1 ,46) = 7 .95 , £ < .01.. But , compar ing the perfor-

man e-u, on time transfer trials with trials 4 and 5 of Condition UB-RR simowed

timat the transfer was not comp le te , F (1 ,46) = 6. 23 , ~ < .05 . Thea ge- n er a l

implication of these transfer findings is that altimoug h subjects learned

very l ittle- about lag leng ths when making lag j ud gments , they did acquire

iuforr cmation which allowed them to make recency judgments at a leve l that

approcecimed that expected if recency judgments (tad bee--n practiced directl y.

‘Ih i e - results for the between-long test pairs were very similar to timo se-

sc-en in the left panel of Figure 6. Performance under Condition B-KR cx-

c ee-dcd that under Condition LJB-RR , F (1 ,46) = 9.97 , ~ < .01. Respond ing 

~~~~~~~~~- ---~~~~~~ - -— -- -~~~~~-- - ----~~~~
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W e : .  t m e - . t r I —, p e - L - l e - c t  on t r i a l s  4 and 5 unde r  Co u md lt  ion m~ - R R  - Tr ace s  I e - r  f or

t u m i d  i t  I c i u m  B-LR was co emmp l c - t e , t he  pe -r f o rn mance -  fo r  t i m e -  s u b jc .c t s  in t h i s  group

a l — u  be i ng n e a r l y p e r f e c t  oem t r i a l s  4 and 5. Transfer under Condition IJB-LR

was c om mm ple te - s t m m t i s t i c a l l y in t h a t  p e r f o rma n ce  on tim e- two t r a n s f e r  t r i a l s

(83 3: c o r r e c t  r e c en c y j u d g m e n t s )  was not r e l i a b l y less t h an  t h e  p e r fo rm mmm m r’uce

0 mm t r i a l s  4 and 5 un d e r  C o n d i t i o n  U’B-RR ( 8 9 . 9 X ~) .

i i i  Si.  U S S  ce cil

The -  r e - s u i t s  leave shown t h a t  lag jud g m e n t s  cam e  be h i g h l y a c c u r a t e-  w i m e - e m

c e r t a i n  k i u m d s of i n f o r m a t i o n  are a v a i l a b l e  to the  s u b j e c t  . In  p a r t i c u la r ,

if time - two t e s t  words are fronm a b lock  of s ix  words r e -p r e s e n t i n g  t h e -  s~m e mm e

c a t eg o ry , lag jud gment s  a re-  \ ‘ery a c c u r a t e .  The s u bj e c t s  a p p a r e n t l y l e a r m t

L ime -  n a t u r e  of the  b locked  l i s t  s t r u c t u r e  on the  f i r s t  s tud y t r i a l , amid Iromu

t h e i s  is can  be C i d e d u c  d ” t h a t  if two iteumm s in a test pair are- bothc instance - :,

of th e- same category , Lhi e-r lag must  be s h o r t .  Th is ummay see- ic t o  be- a t r i v i . m I

f i n d i ng , but we have become somewhiat skittish about attnibutim ig log i c.ml

c a p a c i t ie s  to the  s u b j e c t s  when lag jud gume en t s  a re  i n v olv e d . For examp le ,

i t  s e e - m ed o b v i o u s  t h a t  i f  a s u b j e c t  would  make va l id p o s i t  ion jud g m eu m t s ,

ice -t e rmi te lag jud gments could be- deduced fronm the position i n f o r m a t i o n .

l im i s  t u r m m e - d  ou t  not to be-- t rue ’  - 1mm any case- , for the pres ent L-xpe-r i iii en t

ri - ri 1 m g  ~em d g m en t s  we - - r e  br oug h t t  unde r  c o n t r o l  b y us ing t i m e  b l o c k e d  e . m t  ~- g c i i y

i s t s  j m m d  t e s t i n g  p a i r s  of i tem s  from w i t b i i m m  a b lock .

h h i e -  o t h e  r two c l a s s e - - - of ’ i t eo ms  produced r e - s t i l t s  in  w i m i e - h m  t i m e - r e  ar e -  .m

n m e i c c b e  r of puzz i c - s  . The. - f lee -an l ag  jud g m e n t s  for t h e  su b j  c-c ts  i n  Cond it ion

B - L L  i e r  b e t w e - e - n - sh o r t  p a i r s  were  h i g her  t i t an  those  for  t i m e -  same: p a i r s

m p p c i m r i n g  i n  Condition IJB-LL (Figure 5 , r i ght  p a n e l ) .  A l t i m o u g im n e i t h e r
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group improved significantly across trials , we might cimoose to conclude the at

b e-cause- tim e- level of responding was lower (henc e , clos er Lu t r u e  lag)  fo r

t h e  s u b j e c t s  in Con d i t i o n  UB-LL than for those in C o n d i t i o n  B -LL , perfor-

marmce was better or more accurate. We might , further , talk about differences

en interference which resLits from conceptual associations in the two cond i-

tions . There are problems which follow if it is con c luded  that the perfor-

u m m armc e- u i  time subjects iii Cond i t ion  UB-LL was super io r  to t ima t  of the  sub

je-ets in Condition B-LL . If this was true-, wh y d idn ’t the subjects in Group

UB-LL get neorc and more accurate with prac tice? Or , ii this was true , wi m y

didn ’t time same relationship occur for the long lags? The judgeuments for

long Lag pairs for the subjects in Condition B-LL we-re imig her (more accurate-?)

t l m miui were thmose for the subjects in Condition UB-LL . We are- i mm c l i n e d  to

b e - le e -y e that such conclusions cannot be drawn with confidence , and tha t i m m

se -n i t  way t i m e - -  c o n d i t i o n s  produce d i f f er e n c e - s in the  leve l of respond ing al-

thoug h t i m e - r e  a re -  rio d i f f e r e n c e- s  iii lag knowl edge.

I t is pr obab l y correct to presume thiat the subjects in Condition B-LL

knew they we-re- accurate for the within-category tests , but t h a t  they  lacked

confide-mice in their ideas of the absolute lags for tim e otime -r test pairs.

c i v - ’mi t h ei s situation , time question is why did the subjects in Coitdition B-LL

d euce a h e i c;he -r  r e sponding  leve l  for  time-  b e tween - sho r t  pa i r s  L i m a n  d i d  t i m e

scm b jec ts mum Condition UB-LL , the latter subjects h m a v i n g  ito c l a s s  of lag

judgments in w h i c h  they could feel confide-nt . it was almost as if time sub-

jm -ct s in Condition B-LL said to themselves: “I know my shor t-lag decisions

b r  l i me -  pairs of items from the same category are about perfect ; Since I

(lout ’ t ~ ec ic e to imave such fe-clings for time : o the r  pairs , they  mi mus t have lome g
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lags .” As a consequence- of such thmoug le t s  or s i n m i l a r  on e-- s , time- sub je-ctS mmm ay

have assigned values to lag judgments that we-re hm i ghe-r than those whici m we-re-

assigned by the subjects in Condition i.JB-LL . Becaus e- of our concern  t h at

such c o n t r a s t - l i k e  e f f e c t s  may have been involved  j i m  t he  jud gumm e nts , we- are-

cu emea sy about  t ime t r a n s f e r  e - f f e-:cts  from em r ece r m cy  jud g e n em mts  to l a g  judgne e -u mt s

ton Coutd i t  ion B — R L , when the- compar ison  i m m v o l v e - s  Coeid i t  ion  B — L L . ‘I~ime - Siel ) h t S

in C u e m d i t i u n  li-RI. mnay not have been i n f l u en c e d  b y t h e e -  c o n t r a s t  c i  f e - c t  s , scm

t i m a t  the - l eve l  of responding would not be - e x p e c t e d  to be c u u c r p a r a b l e -  t o  t i m . e t

[or Condition B-LL eve -mi if  lag know l ed ge was the  Sau m m e - U e m m c e , to d e -t e rimm i  m mc -

i i  t im e -r e  was or was not p o s i t i v e  t rans  fer  by cumm m par  i ng per ! or r cm an c e-  on t ime-

t i r s t  two t r i a l s  of Condition B—LL w ithm trials 4 amid S of C u m m d i t  i on  B-R1~

u nii y ic -ad to erroneous conc lus ions  abou t t r a m m s i e-r .  (in t ime  o t i m e r  ieand , we be-

l i e v e  th e e-  t r a n s f e r  r e - s u i t s  for Condition IJB-LL and (5B-RL would  e mot  h av e

t h u s p r o b l e m , a l t h m o u g hi , except  for long lags , t i m e - r e  was no evidence - t h m a t

j e m d g m m e e i m t s  i m improv e d over  t r i a l s , hence t h e e - r e  wa s no oppo rte u tmity to assess

t r c m n s  I c r  c -f  L et s .  -

li -i t i m e -  i n t r o d u c t i o n  we po in t ed  out t i m a t  if  s u b j e c t s  i c e  C o n d i t i o n  B - L L

m i m a s t e - r e d  a l i v e  i t e m  s e r i a l  l i s t  (m et a l s , a n i m a l s , e - i o t h m s , spor t s , in s t r im-

r e n t s ) ,  l ag  jud gm e n t s  s i m o u l d  improve-  r a p i d l y o v er  t r i a l s  l e m ~ L ice- t e s t s  m u m - -

v o l  v i  rig i t  ems irom d if  f e - r e n t  c a t ego r i e s  . Tim e- s u b j e c t s  coo Id a t  t a c i m  t i m e

r m r:rbe r ‘; I t h m r n t e g h m t  5 to th e -  f i v e -  c a t e g o r i e s  in  o rde r  . Ci  vern t he is I e- c r m m  I mi g

r~ Lit i v ~- lag j u d g m c m e m t t s  shou ld  have be -en  p e r f e c t  i f  t i m e  s u b je ct s , oui t i me - i t  s t  s ,

i d e : n t  i l i e d  t ime  n u m b e r s  e mf t he  two c a t e g o r i e s  r e p r e s en t e d  mi u id  t i m e - n  took t i me

d m 1  f e - r e - n e - c  . (if course ’ , t h i s  is behav io r  We- had o r i g i n a l l y b e q e m e a t  heed  L i i

sub j c - c t  - , a ~ a m e - ans  of  c ; r .m k  ing lag jud gm ne m i t s I m mm i pus i t  m cl i i  k me ow i ed ge , ami d  w.

- -  
~ --- - -- -- - - -- - -~~~-~~~~ - —-- ‘ - -
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fiotmeid t h a t  a sub jec t  ap p a r e n t l y  cannot  or does not go t i m r o u g h m  sue - i t  m e m e n t a l

m a n i p u l a t i o n s . The s u b j e c t  can make a c c u r a t e  p o s i t i o n  jud gm ents  w i t h o u t

b e i n g  able to make accurate lag judgments.

transfer from lag judgments to recency jud gments was very imi gi m , j u s t

is We~ h m ce d found in Exper iment  I .  This t r a n s f e r  was h eavy even i f  t ime -  sub-

j e c t s  showe d no increase in the accuracy of lag jud gmen t s  over t ime t h e r e - c -

“training ” trials. Time - s u b j e c t s , t h e r e - f o r e, were  a c q u i r i n g  m i most  of  l i m e -  i i m

f o r n m a t  i out  nee-d ed to mnake r e -cency  jud g m e n t s  w h u i l e -  t i me-y  we re t r y i n g  w i t i t e m u t

mime -h success to nmake accurate lag j u d g m en t s .

Re :cency jud gments  were  cons i s t en t ly b e t t e r  for  the- subjects in Cormd i-

t i o n  B-RR than  for those in Condi t ion  IJB-RR . The d i f f e r e n c e s  were p a r t i c u

larly large for the between short tests (righ t  pane l , F igu re  6) Wh y s h o u l d

t i m e - s e .  two c o n d i t i o n s  differ? One stroLug possibility is that the-- s e r i a l

l e a r n i e e g  of  thee  f i v e  categories  could be used to i unp l e-cc men t b e t w e c - n - c a t e -

gory  re- i e n c y  jud gmen t s  - If  t ime Success ive-  c -a t e -gun e:s are -  numbered  I t h e r e - m e u g im

5 w iR -n t ime-  l i s t  is b locked , the  most r e c e n t  i n s t ance  is g i ve -it d i r e c t l y by

Li c e-  two nuime be -rs as soc ia ted  w i t h  the  two words in a t e s t  p a i r  Tlme ~ respond-

i i m  Lie  is case -  does not r e q u i r e-  that  the s u b j e c t  take -  a d i i  l i - r e - n e - c ’  b e t w e i  mc

v alu e. , as Se- ems to be t rue-  for lag j u d g n m e n t s .  Th i s  exp l a n a t  ion , 01 cou rse - ,

W i l l  n u t  i m a u m d l e  the d i f fe r e n c e  for  time two groups for  t ime  w i t h i n - c a t e g o r y

te st S ( l e f t  p an e l , F igu re  6) .  Se r i a l  l e a r n i n g  w i t h i n  th e- four  c o n c e p t s  m mcay

be iei~ o i v e - d  en t i t e r  l a t t e r  case , bu t  p er f or m a n c e  se-ems L u  i m c m p r o v e  more r cmpi d l y

ov e r t r i a l s  t i t an  would be expected if  t he  s e r i a l  l e a r n i n g  o t  fou r  l i s t s  of

s i x  ili.e m cs was i n v o l v e d , it may also be p o s s i b l e  t h a t  time-  cause  of the e -  d i f -

f~ r e  [m e l i e s  clot in a f a c i l i t a t i o n  u n d e r  C o n d i t i o n  B—RR , but  in inhibit ion
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under  Condi t ion  LJB-RR . Tim e i n h i b i t  ion mig h t  r e s u l t  fro nm g r e - a L e-F assoc  e a t  i v ~-

i u i t e n f e r c n c e  for t ime random l i s t  than fo r  time . b locked  l i s t , b u t  j u s t  how

th i s  i n t e r f e r e n ce opera tes  on r ecency i n f o r m a t i o n  i s  not k n o w n .

We - h ave cimoser m not  to pursue  f u r t h er  j et t h i s  paper the  i mt t e r p r e t a t i v e

p r e ) b l e - r m m s  w i m i c i e  heave a r i s e n  by our a t t e m m e p t s  to u n d e r s t a n d  the  r e l a t i o n s h i p s

;iumeon g d i f f e ren t  r e sponse  measure-s  used to i r idcx  t enmpora l  cod ing  of u m m e n m o n i e s .

Oti uc- t problemm i s  have- engaged our a t t e n t i o n .  In t i m e -  e x p e - r i n m e u e t s  on t i m e - s e -

p r o b l e ms , we have a lways  use-d r e-ceu cy j u d g m e n t s  as th e  r e - s p ou s e -  m m c e asu re -  -

Expe n inm en t  11.1

I n an exper iment  reported ear l ie r  (Underwood , 1977 , E x p e r i m e n t  5 ) ,  it

was simown that exposure duration of itenms did not influence - the a c c u r a c y  ol

p o s i t i o n  jud g m e n t s .  If t h i s  f i n d i n g  has g e n e r a l i t y ,  i t  would most assure-d i y

lumfl u e-nc e the nature of t h e o r i e s  about temporal coding . We believe - that

as soci.il ive- Iearning is p r i n m a r i l y  respons ib l e- for t i m e  l e a r n i n g  of c o r r e r c t

r e c e n c y  jud gnee -n ts  and c o r r e c t  p o s i t i o n  judgmmme -n t  s , and ~m s s o c i a t  i ye l e - a r m m i m m g

i s  n u r m u m a l l y q u i t e  s e n s i t i v e  to r a t e  or exposure-time - m imani pulatiou m s . lime-

sh o r t e st  e x p o s u r e  d u r a t i o n  used in our e a r l i e r  s tud y was 5 s e c o n d s,  It  is

possible t imat time - m ajor c i m ang e s  in t e m p o r a l  cod ! img I s s u e  i~~Lcd w i t h  changes

:<p u sur e - durat ion occur with d u r a t i o n s  s h o r t e r  t i m a n  5 s -co imd s . We- Ic - i t

i t  m e e - c e - s~~ e r y  to d e - t e n m m r i n e  t ime -  r o l e -  of re l a t i ve l y s h m o r t  e -xpos emr e -  d u r m e t  ie~m

o f thee items on r ecency  jud g m e n t s .

‘l i m e u s u a l  n m c th m od of m a n i p u l a t i n g  exposure  d u r a t i o n  c o n f o u n d s  s t u d y t i m i c e -

m l i i i  r e t e n t i o n  i n t e r v a l .  This  is t r u e  eve-n i f  t e s t s  are- g i v e - t i  i m e - d i a t e - l y

a l t e r  L ii  last itenm is presented for  s tud y The I e n g t im  of t h e  r e - t e n t  i o i m

h , t ~ r- - .il for items in the i imiti al part ol time- l ist is dire -ct l y re la t e -el t i m
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exposure  d u r a t i o n .  There is another  problem of confounding  which a r i ses

when rccency judg ments  are used as the  response measure . Although the  lag

( number of items ) between two t e s t  i tems is cons tan t  r ega rd l e s s  of exposure -

d u r a t i o n , the t ime between the  two items varies  as exposure- d u r a t i o n  v a r i e s .

We were concerned about these  problems of method , and we de t e r u n in e d  to

dec i d e  if  they were ma t t e rs  of importance for temporal  cod i ng . T i m e - r e - f o r e ,

we used one condi t ion  as representative of the traditional approach , ,end

ano ther  in  which  the  confou ru dings  were reunoved . The exposure  d u r a t i o e m s

we-re of three lengths ; 1, 2 , and 3 seconds .

t4etimod

Lists. Three lists of 36 words were used . From a pool of 108 A and

~~~~, five-letter words , we constructed three lists such t h a t  word s we -r e

assi g n e d  to l i s t s  and to pos i t ions  w i t h i n  the  l i s t s  ra imdonml y .  The th ree

l i s t s  were  a r b i t r a r i ly des ignated  1, 2 , and 3 , and these -  numbers  r e -p re s en t

t h e e -  exposure  dura t ions g iven  them . Eight  pa i r s  f rom e r ac im l i s t  were  d e s i g u t a -

ted as s h o r t - l a g  tes t  pairs  (lags  of 2 or 3 ) ,  and eight were- desi gnat ed as

l o m m e , - l - .ug t e s t  pa i rs  ( lags of 10 , 11 , or 12).  I t ems  1 , 2 , 35 , and 36 in  c- ae im

I ist We te  never tested . It should be- clear tima t the test pairs came fromi c

e - x m c t l y t ime  same posit i ons  in all three- lists . Thus , s h o r t - l a g  t e s t  p a i r s

we - r e -  mn~ de f r o m  the -  two words occupying  posit4ons 5 and 9 in t i m e -  t imr e- e s t u d y

l i s t s , t ime- t e s t  p a i r s  b e i n g  p a r t y -gr e e t ,  awake-count , and offe-r .happy f u r

t i m e -  t hr e e  lists in order .

li me usual method of manipulating stud y t ime or exposure duration w i l l

be called Condition V to indicate that the- retention interva l and time

“crowdic ,~-, ” varied as the exposure duration varie--d. In time condition used

to ke ’e p L i ce -s e  two t i c  t e i r s  cons  Lant  , Condition C , we- set lime memory d t m m e c c  t o

- - ---~
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p rov ide -  a I - second  exposu re  u m m d e r  a l l  c o m m d i t i o u i s . T h e - f irst nine exposure-s

fo r  c - a c h e  l i s t  as g iven  i i i  Tab l e- 2 i l l u s t r a t e  t i m e  m e - t h ud used  t o  re -move [l ee-

c s c m l  om .m nd I m i gs . It can be seen that item rcs are exposed for 1 , 2 , and 3 ~e-c onds ,

- c m m d  L h t . m L  t h c c - t o t a l  t ime- f r e m m mm b e-g in n iu mg  to  t i m e -  end of L S u ’hI list was timer saicmce

i or at I cotid it ions , We a re , of, cou r se , iss unc i m eg h eal t i m e  a r m  t i m i r m e t  mc prohl emc m s

w e  1 1 1) re -v e -Li t r eh ea r sa l  , armd at  t h e  Same L i nm e-  wi 11 n u t  jut eric-re- wi t Ic I i c e

i c - m I m e  id  r e qu i r e d  to produc e- co r r e c t  r e c e m i c y  jud g n e e - m i t s .

Procedure and suble-cts. Thee s u b j e c t s  were  f u l l y i n f o r m e d  about t i m e

r e t  e l m e y  jud gments t h ey  we-- re to mmm a k e a f te r  e - achm s t ud y t r i a l  . A l l  t e s t s  w e - r e

I
t mtm p aecd - L ’i le  s u b j e c t  was g i v e - n  a test sh eet on w i m i e - h e  t i m e -  16 p a i r s  w e r e

1 c ~ i ed ; L i e ’  re -qu i r e - m i m e - n t  was t a  c i rc l e  t im e m i most  r e - ce -mi t  word it each p a ir ,

g i m e -  m I e ~ m l  c c - c e  s sary . During stud y tri a ls i n v o h v i m i g  t ime-  a r i l h m i c e e - t i c  pr ob—

I d l e s . l i e u - sub j e c t s  so l v e d  e~i c t i  e q u a l i o u m , spe -a k i m m g  t i l e ’  , im I s w e r  a l o u d  w i t h e i m i

t i e  I - s e c o n d  period . Three s t u d y — t e r s t  cy c l e s  w e -r e -  em s e--d l e e r  a l l  l i s t s .

c e n t ’ g r m ) e m ~) of 2 .  s u b j e c t s  was g i v e - m m  t u e  t h m r e e - I i  ~t s  u c m d e - r  Cui id it iou  V ,

mm mci  c i t - L i c e  r gr o u p  of 24 s t m b j  e et s  was g i V e  i m t h e e -  t i mre ’ e l i s t s  wider  Cond i t  i o u m

C . W i  t i m  I i i  e me i m g r o u p ,  t h e r e - c- o rders  of t u e  t h r e e -  lists wi-re u sed , 1 - 2 — 3

2 -  3 ‘ I , and 3 — 1 -2  . Eig ht  sub j e c t s  were  ass i gm i e d to e-~m cie orde r  w i t h m  j u t  c a c t i

c e m c d j t  i o n .  Ass i gnment  of subjects to coi md it ion and to list order followed

a b l e d - r a n d o m iz e d  s ch e - d u l e  of Lime c o n di t i o n s .

Re~~i i 1 t s

R e - c e - u c y  judgments .  The recency jud gments we-re- a l w a y s  r e d e m c e - d  t o  r e - -

t i t - k  I a has  c- of ci g i m t (t  lie n u m b e r  at cue-hi lag) . 11c m mc e- , a n e - J i m ol 4 won Id

-~~ ~~ - - ~~~--~~~~~~~~-- -  -~~~~~ - --- --- ---- 
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ind icate  chance  respond ietg . We - mu ma y first observe the- . upper  panel in F igu re

7 , where  exposure dura t ion  is related to c o n d i t i o n . A l t h oug h the  p e-r i o r -

muaru ce und er Cond i t ion  V is b e t t e r  than  u n d e r  C o n d i t i o n  C , t ime-  d i f f c r e - c m c c ,- is

t a r  fromn be ing  r e l i a b l e , F (1 ,46) = 1.20 , E > 05. Di.fi ere i ices  in e xp os u r e

d u r a t i o n  w ere -  a s soc ia ted  w i t h  d i f f e r e n c e s  in t h e  number of c o r r e c t  r c c e - c e c v

jud g men t s  (F = 17. 12),  but  the i n t e r a c t i o n  between exposure  du ra t  iou and

cond i t ions  was u n r e l i a b l e , F (2 , 92 ) = 1.56 , ~ > .05 . it appears  t h a t  our

couce~~m c about  d i f f e r e n c e s  in the r e t e n t ion i n t e rva l  as a f u n c t i o n  of expo-

s u r e  d u r a t i o n  was a needless  one .

l i c e  lower po r t ion  of Figure  7 r e la tes  exposure  d u r a t i o n  to l ag .  The

d i l t e - e - u- m c c e s  as a f u n c t i o n  of lag are q u i t e -  appa ren t  (F = 33.13). N e i t h e r

of t c . ~~- [) Io t s  show s t r i a l s  as a va r i ab le , bu t  as usua l , pe r fo rmance  in c r ea s e d

ove --r trials ; the- mean values , summed across the other variables were 4.50,

5. 08, and 5.36 for  the t h r ee  t r i a l s  in o r d e r .  None of the  i n ter a c t i o n s

among c e m y  of t he  v a r i a b le -s approached statistical reliability . Finall y, we -

cou ld  l u n d  no e f f e c t  of the orders in which the  t h r ee  l i s t s  were learned .

Correlations. The evidence as described above seemed quite clear in

u u - ; i - o n : . t r a t i m m g  t h m a t  Condi t ions  V and C did um ~~t produce d i i f e r m ’ r m c c - s  of cou m se - -

qcme - m ~cc - 1) i l l  i-rel ic e S  ifl the- It ngth of the- re-tent f e - n  i n t e r va l m i m e -r e n t  im m

t h e -  m ieth e od us~ d in Condit ion V had little - I nI’luem ice 0mm pe -r ioruem ~iue c e . S l m t m j  -

larl y, i t  appears  tha t  r e q u i r i n g  the-- s u b j e c t  to mec i eke-  s i u r i p l e  i m r i t h m c c e t i c  cal-

ct m l~~t m u c u s  under  Cond i t i on  C had l i t t  Ic- i n f l u t u m c c -  . In a fem rt hm er effort to

d~~t~~u
- t diil cre n c -s between the two conditions , we t a l c u l e t e - d C e l l  p o s s i b l e

I._ / —, — - —-- 
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l ab l e 2

the  F i r s t  N i m e e  Exposu re s  ( I - s e c o n d  r a t e )  b r  E ac i m L i s t  o f C o n d i t i o n  C ,

E x p e r i u m m e u m l  111

Exposure Lis t  1 L i s t  2 ~~ st 3

1 roug h f l a s h  great

2 4 + 2 = ? f l a s h  g rea t

3 8 - 6 = ?  1 + 7 = ?  g rea t

4 fancy  smart s t e a l

5 2 + 7 = ? smart steal

7 - 5 = 2 4 + 5 = 2 steal

7 clainm grown eve-nt

8 5 - 1 = ? gr owmm e v e n t

3 + 4 ? 5 - 3 = ?  event

etc. etc . etc

-

~

-

~
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Long - -

5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Shor t

Exposure Duration (seconds)

Fi gure 7.  Recency jud gments  as a f u n c t i on  of exposure d u r a t i o n  and v a r i a b l e

( V )  or cons t an t  (C) cond i t ions  (upper  p a n e l ) ,  and the  r e l a t i o n s h i p  w i t h  lag

(lower panel). Experiment III.
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I n ir a c o n d  i t i o n  c o r r e l a t i o n s , wh ere 11mg ami d list were kept sep a ra te - , the n -

a l l o w i n g  15 d i f f e r e n t  c o r r el a t i o n s . O f t I m e - s e -  15 cor re  lat  i oei s [or C o m md i t  i e ) m i

V , I l  were -  r e l i a b l y d i f f e r e n t  from zero (~~ < .05 , 22 d i , r = . 4 0 ) .  i-or

C o n d i t i o n  C , onl y two of t ime  15 we - re -  r e l i a b l y d i f t e r e m i t  f rom zero . W i m e m m

t I m e  15 c o r r e -  la t i o n s  for  each group were  a l i g n e d  iii two c o l u m ns so t h a t

l i s t  I e m i g t l m  ~end lag were  mnatc im e d , time e - o r r e l a t i o m m s  were -  h m i gher  i n  eve ry

case-  unde r  Cond i t ion V. Time m mm e ~an r was . 19 fur Condition C, amid 46 lor

Coumd it ion V.

Our post (moe- inte-rpretat ion of these dif le - re-m m ce - s points to diff e rent

p er  l o rm i man c  e- r e q u i r e m e n t s  for the two cond i t ions  . t i m e  p e r f o r m i m a n c e -  r equ  i r e -  -

um m e nts  were -  more var i ed under Condi t ion C than u n d e r  C o n d i t i o u m  V .  W it ie t i m e -

L - s e c o m e d  exposure-  d u r a t i o n  for Con d i t i o n  C , time - subjects solved two .,mr jtim-

e m e t i c  prob l cues b e t w e e n  each word ; w i t h  the 3-second exposure-  du ra t  i o m m t I e e -~

s 0 I v ~ d eio n e- -. The -re  m mm ighmt , t h e r e f o r e , be an i n te r a c t  ion b e t w e e n  s u b j .  e - t

and r c ’c e - n c y  l e -a rn ing  assoc ia ted  w i t i .  t i m e  differences in t i m e  p c - r I o r m r m a i i u

r e - q u i r e -u cie im t s , and th is is r e f l e c t e d  in t ime c o r r e l a t i o n s .

Discuss ion

l4 i t, h r e - sp i e l to time - centra l purpose of t l e e  s tud y ,  t ime-  r e s u l t s  were ’

un ,mumb i gteoims . C o r r e c t  r ece -n e -y  ,j ud gn me -n t s  i m m c r e - a s e d  d i r e - c t  l y wi  t i m  i n c r e a s e s

in - x j n i s c e r e  d u rat  ion fro um m 1 t i t roug im 3 secon ds . Time ~‘arI ~~e r I i  rid ing [h e a t

c o ’  i t  ion j u d g m e n t s  w e r e  not i n f l u e n c e d  b y e xp o s u r e  d u r a t i o n  c i  - a r l \ -  d i d  not

i m u e l d  t a r  t i m e  p r e s en t  c o n d i t i o n s .  l i m e - r e  W a S rio C1~~1ir e v i d e n c e -  in our data

t l m m t  p~- r 1o r n m a n c e  was a u m e g a t i v e l y a c c e l e r a t e d  fu m i e t  l ou t  ol e -xp o sur t  d u r a t  t i c  -

I t i  r - I e ’ t e , We t e - - m m d  to  b L l i e v e -  t ha t  we wou ld  m iot observe a lev e l imm g oi l hy

3 s e - c e , m m c i s  , amid t i e - i t  the results of t u e  ea r l  i c r  s t u d y  are- not  compat  ib l e -

-‘-~~~~~~~~~~~~
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w i t !  t i eose  of time p r e sen t  s t u d y .  In r e t r o s p e c t , we- h~eve -  r e g r e t t e d  not j u t e  lud  -

iu m g a c o n d i t i o n  w h i c h  used a 5-second exposure d u r a t i o n .  Not i m a v i t m g  do r m e - so ,

we - cann o t c o n c l u de  w i t h  c e r t a i n t y  w h e t h e r  sortie d i s a g r e e i m m e - m m t  be-twee rm the-  two

studies doe s or does not remnain.

Experiment IV

11 has been proposed that  recency jud gments  ar e  med i~’, ie- d ~r i u i m a r i l y b y

~e t y p e  of two-category classification learning (Unde~~ ood , 1977). Time Iwo

words w i t h i n  a t e s t  p a i r  are- sa id  to have bee -ui  c l a s s if i e d  i r m  a way t h a t

wou ld produce direc t temporal informat ion. An itene nmi ghl be c l a s s if ie d  as

falling [ s o  the f i r s t  half of the- list , or into time second half of time - list.

Or , an item mi ght  be c l a s s i f i e d  as leaving occurred  fr i  time earl y part of t i m e -

list , or time- later part. For some pairs , time two categories ummay be- f irst or

- , e c o n d . The-re r imay be th ree  ca tegor ies , such as earl y ,  m i d d l e , l a t e , b u t

whate ver t h e~ categories to which  an i t em is assigned , at l ea s t  one word f r i

a t e s t  pa i r  is learned as b e longing to a ca tegory  t i m a t  ca r r i e - s  d i r e c t  t e m m e p o r m i

i m m i o r m a t i o m i . This  theory was post hoc , and no tests of it were- made. The-

tiee -or~-~~~immmp l v msse -rts that We will undersLand bow within-list receumcy jud~-

i:s imt s are- mad e by understandi n g how two-category classification learning

occurs. Experiments IV and V are -  concerned w i t i e  t h e i s  t i m e - o r y .

of t i m e  obvious  imp l i c a t i o um s  of t ime- t imeory  is t i m a t  t im e -re  s imou l d  be-

- l i i  m p ; m r e  e. i a b l t - c o r r - i a t  ion b e - t w e e r m  t w o - c a t e g o r y  e lassil icat ion learnim ig aumd

r -  c eccey j m md g m i ce- um ts  . As d i s c u s s e d  in de -ta i I e l s e w h e r e  (Underwood , 1 9 7 5 ) ,

Icc find ~i s t rong  c o r r e l a t i o n  in a case ’ l i k e  t h i s  canuio t  h e- use-el to s u p p o r t

t i m e -  t i c co ry , but  such a correlation justifies ftrrthmer work involvi n g more

e l m  r et t e s t s  of t i me  timeory . If , however , the correlat ion is about ‘is-ri’, 
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t i m e  t h eo r y  should be d i s c a r d e d  at once- .  Our i n i t ia l  s t e p  was to  d e - i c r u m m e u m e ’

t i m e -  r i ’ l a t i o u s h m i p  across s u b je c t s  be tween  t w o - c a t e g o r y  c l a s si f i c a t i o n  l e 1 e r u m -

i rm g arid r a t e  of a c q e m i s  i t  ion of re -cency  j u d g n i e e n t s .  W c ’ u se - d a t w o -c a t e g o r y

c l a s s i  I i cat  ion task and also one - t ha t  um t i g i mt  be - d e s c r i b e d  as in v o l v i n g  t h e r e

c a t e -gO r i u ~~. For re - c e -n e -y  judg enen t s , we used t h e e  l i s t  lea rned  by t h e  ~u b j c e t 5

1 mm I..~ ~ r i m m m e m m t  1 , g iv ing  I i ye s t u d y — t e s t  Ir  i a is , j u s t  as was d o m m e -  in (‘amid i -

tm u ul Rl( of L x p e r i n m e r m i I .

M~- t . I ad

Lists. Iwo lists (Lists 1 and 2) of 60 iteu uis eac h w e -r e -  c o m m s t r e m e - t c - i t

for two-category classification learning . The 120 words all lmi ,m d b o u r  let-

t e r s , amid th e- words were  ass igned randoml y to one- ol two l i s t s .  Each l i s t

W I t S  g m v e - l m  a sing le s tud y and tes t  t r i a l .  ()~ th e -  st u d y  t r i m l , 30 of t i e c -

we re ls  wi - r e  u m md i - r l  i nied , 30 were - r i ot .  Tl i~- su b j  ects  were  r e qemes t ed  t o  l e ’im r u m

W IC 1. Ii  I L  ce l l S  wi -re emnd crl juied amid whicim we --re - not . (in t i m e ’  i m n p a c e -d t e s t  t r ia I

L i c e  60 word s were -  a l l  slmown w i  th mout  u r m d e r l  i r m i u m g ,  and time- subj c - u  I s  we-re re--

qiu t r e e 1  t o ne -ek e- a YES-NO d e e -  is ion  for cache word to I n d i c a t e  w k m e - t i e e - r  i t  lead

e r  h eel r u t  bee-r i  u n d e r l i n e d  on the  stud y t r i a l .

1.1 - [s 3 .imm d 4 were  a lso  m cma d e up of f o u r — l e t t e r  words  . For the- s tud y

1 i ~t , I w emrt ls w er e -  p r e sen t ed , 20 of Li re - eec  u n i d e r l i n m e d , 20 rm o t  . A f t  Cr  a

m c i i I s t c e e I ~ t r i a l , t i ke  s u b j e c t s  were give-li an umipaced te -st cor e s i s t i m m g  ol

, e , w e l d - , r oe ’ L i t  s t u d y l i s t  p lus  20 neW words , l ime-  s u bj - e t s  were-  a sked  1 )

cit e m l -  ti e - e ~-p r a p r i a t - - classification b r  each tie-rim: ‘t ’ i - S , i m m d i c~e t i m e g  t i m e -

i t  m - w~~ , in  t ’ - st u d y l ist and was u n d e - r l i u m e - d ; NO , t i m a l  t i m e ’ f t c - m e  w :m s in t i e e

- I  dy m ~- t but Was not under 1 fumed , and N i  SL , t i -mat  t i m e ’  i t t cc was not  i mm L i c e

t i d , I c t  . We w m  I I  speak ot  th is as r e - p r e sen t i n g  t h e e  e l a s s i l  i c m t i u n  01

1 4~ 
_ 
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word s into one of three categories .

Procedure and sub jects. The 30 subjects served in two sessions , the-se-

two sessions occurring on two consecut ive  days . On the f i r s t  day , time stu b -

jects were given the four classification lists , all subjects receiving these

lists in the order 1, 2, 3, and 4. On the study trial , each word was shown

for 2 seconds. As alread y noted , there was a single study trial followed

by arm unpaced test trial. On the test sheet for each list , time order of

t he’ test words differed from the order used on the study trial. The rece- ce cy

tearmi ing was given on the second day . All procedures for recency l e - a r n i u m g

were  e xac t l y the same as for Condition RR in Experiment 1.

Results and Discussion

‘the two-category classificat ion tests were scored to indicate the total

errors . For Lists 1 arid 2, the total consisted of the misses plus time- false-

alarms on those words that were not underlined on the study trial. Time means

and standard deviations were 12.97 (5.44) for List 1 , 9.50 (6.47) for List

2. The difference between the two means ind icates learning-to-learn and

was reliable (t 3.30). The totals for List 3 and List 4 consisted of the

m i s s e s  on items which were underlined , false alarms on old items that were

not und~-r l ined , and false alarms on new items . The means were 23.56 (7 67)

arid 21.63 (7.85) for Lists 3 and 4 in order. Because the total number of

errors possible was equivalent for all four lists , i t  is ev iden t  t ha t  c l a s s i -

tvi rm g words i n t o  on. of three categories (Lists 3 arid 4) was more dif ficult

timan classify ing them into two categories (Lists I and 2).

The co r re l a t ion  between the scores on L i s t s  I and 2 was .56 ; t h a t  be-

t w e e n  L i s t s  3 and 4 was .~~0. Fur thermore , the  two types  of L i s t s  d id  not 
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correlate highly; the combined scores for Lists 1 and 2 and those for Lists

3 and 4 produced a co r re l a t ion  of .48 . The r e l i a b i l i t y  of t ime r e c e n c y  score - -s

was determined by the correlation between trials 1 , 3, and 5 combined , w i t h

theat for trials 2 and 4 combined . The value was .85.

The c r i ti c a l  co r r e l a t i ons  are those be tween  time scores on time c la s s i t i -

c a t i o u m  tasks  and those on the recency task, rime correlation b e t w e e - m ’e t im e -

e om m mbim i ed  scores on Lis t s  1 and 2 and t im e num ber of cor rec t  r e - c e - h ey jud g u c c e m c t s

was . 6 9 ,  The value r e l a t i n g  L i s t s  3 and 4 and r ecency scores was .35 . ‘l ’le e~s ,

t i m e -  d a ta  i n d i c a t e  a strong relat ionship between t ime  t w o - c a t e g o r y  t a s k  (l. i~~t s

I and 2) and recency judgments (~~ < .01 ) .  For t h r e e  c a t e g o r i e s, the- corre--

I a t i o n m  wou ld riot be jud ged to be s i g n i f i c a n t ly d i f f e r e n t  fr or m e zero , a l t l e o e m g ie

t he  two cor re la t ions  (.69 and .35) were not reliab l y diff e--reemt,

W~- w i l l  conc lude tha t  i t  is not u n r e a s o n a b l e  to suppose ’ that Li m e - two—

c a teg o r y  c l a s s i f i c a t i o n  task represents a parad igm t h a t  ni ght  a l so  he’ in-

vo l ved in acquiring recency jud gmen t s .  C l e a r l y ,  the score-s on the two-

e 4 e t e g Or y  c l a s s i f i c a t i o n  tasks cor re la ted  h i g iml y wj t i e  the  scores  on t ime

r e c e - m m c y -  l e a r n i n g  t a sk .  lus t  wimy the c l a s s i f i c a t i on  in to  l i t re-c  ca tegor ic - s

ehltc r .-d i r o m m u  t hee  c l a s l i f i ca t i on  i n t o  t ime two ca tegor ies  is not known , and

w i  1 I lo t  be-ion ic- a m a t t e r  for  f u r t h e r  in v e st  i ga t  ion Imer e -

Experiment V

t’i’~e’ mnajor purpose of this expe-rinme-nt was to t e s t  t ime  ide-a t i e a t  r e c e -u mcy

j uel g m n e - n m L - - a re  based on a iorm of t w o - c a t e g o r y  c l a ss i f i ca t i o r m  I c - ar n i n g . 1 m m

t i m e s  e -xp c ’ r imer . t , t ime subjects first 1e-armm cd to make r e c e nt  y jud gmen t s  - Time -n ,

on .m t r a r m s f e --r t es t , the r~ cency lists were- ch angc- d In t o  a t w o - c a t e g o r y  c l 1 es s i -

I i - at m om i list in which time correct items on the r e - c e mmcy  t e s t  be -came t i r e  under-

_ _ _ _ _ _ _ _  
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lined items on the classification task , and time incorrect iteu ems on t im e  re’ce -n c y

test became nonunderlined items on the classific ation task. If time theory es

correct , transfer between the two tasks should be heavy and p o s i t i v e . A

control baseline was established by groups having an irrele-~’arm t recency t .sk

prior to learning the two-category classification task.

We have seen tha t  in three  expe r imen t s  ( 1.  II , I I I )  lag l e n g t h  was

directl y related to rece-ricy learning . In an earlier stud y (Underwood , 1977 ,

Exper imen t  11) we found no e f f e c t  of lag on recency jud g m e n t s .  We- have -  b ee - m m

unable to offer a reason able hypothesis for the contradictions across cx-

p e -r i m m i c - n t s .  One qu i te  remote poss ib i l i t y  was d i f f e r en c e s  in word f r e q u en e -y

b et w e e n  the  ear l ier  experiment  and the present  ones . N ev e r t h e le ss , because

we wanted to study the influence of word frequency anyhow , we Imave included

t h is jim the present study . There is evidence (Zininmerman , Slmaug hnessy, &

Underwood , 1972)  that associations among word s in a two-category classifica-

Lion task does not influence the rate of a c q u i s i t i o n .  A v a r i a t i o n  in  word

frequency is an indirect way of manipulating the number of interitem associa-

tions among words within a list. Insofar as a word-frequency effect is dc-

pend e-nt upon interitem assoc iations , and insofar as recency judgments are-

based on two-category classification learning , we would not expect word I re - -

q n l t -ncy  to have an influence on eicher the recency learning or the two-cate-

gory c l a s s i f i c a t i o n  t a s k .

t’k t l eod

L i s t s .  There were four f requency levels , each represen ted  b y 60 word s

In order to keep the lists as homogeneous as possible on factors other tham i

t r e q u e ’n c y ,  we p laced f u r t h e r  r e s t r i c t i o n s  on the words . F i r s t , a l l  words

_  _ _ _  
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lead four  l e t t e r s . Second , a l l  word s wer e- nouns , a l t hou g h t h i s  did not m mme- a em

th a t they could not function as verbs. Timird , the nouns were as concrete-

as was possible (according to our judgment). Time four lrcquenmcy leve-is we-re-

d e f i n & d by Thornd ike-Lorge (1944) as follows : FL-I was mad e up of word s

le aving Irequencies of fronm 1 throug h 5 (C c o u n t ) ;  in FL-2 t i m e -  word s had

frequenc ies of from 10 timrough 15; for FL-3 , time irequencies ranged from 20

t h r o ug h 49 , and for FL-4 , a l l  word s were- Alt .

The words were plac ed randomly in the- lists , and thee  p a i r s  were -  c i m o s e m m

for tiee recency tests so that three lag levels we-re defined , w iti m 10 pairs

r e p r e s e n t i n g  each lag . The lag levels were - short  (2 , 3 , or 4 ) ,  m e d i u m m m  i h 0 ,

11) , or lung (30).  Al l  60 words in th e - -  l i s t s  were t e s t e d , I.e. , t i m e - r e  we -re -

no pr imacy or recency buffers .

‘I’he two-category classification lists were cons t ruc ted  fro m the  saene

words  used to form FL-I and FL-4. Thus , the  c l a s s i f i c a t i o n  t a s k s  were  rep-

r e s e n t e d  on l y by the two extremes of f r e q u e n c y . For these-  l i s ts , t i m e  30

words wiei ch were correct in the recency pairings were underlined on time

s t u d y t r i a l s , and those that  were  incorreci  we-r e not u n d e r l i n e d .

P r o c e d u r e -  and s u b j e c t s .  There were four  groups of 20 s u b j e c t s  ca ch e ,

-e ~~- m g e e .  .1 Ii c o n d i t i o n s  by a b l o c k - r a n d o m i z e d  s ch e - du l e - . Time -  i n i t i a l  coni d i t  I o m m ~

c w ~-, I ~- t e - d of  t i m e -  r e e c-n e y l ear n i n g  as a f un c t i o n  of f o u r  f r e - q u e n m c y  l e v e l s , one-

group  b e i n g  . ess i gn ed to c-a cim l e v e l .  ‘r i m e - r e - wer e ’  four  s tud y - t e s t  c y c l e ’s , w i t h

t i m e -  word s b e - i m e g  pr c - sent e -d  a t  ii 3-second rate 0mm time - stud y trm als . ‘l ime t e st s

t O E  r e  u -n cy  d i s c r i m n i n a t  ion were unpaced . Time order of thee p a i r s  on t ime-  t u  t

t - , d i l t e r e - d  f o r  e - a ch m of  the- four It -St trials.

W~ w m I I  t d t - n m t  t h y  e- .icie group m m  t e rms  of t i m e  f r e q u e n c y  l e v e l  of t i m e -
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f i r s t  l i s t  ( r e c e n c y — j u d gm nem mt l i s t ) .  Groups FL- i  and FL-2 were-  b o t h  g i v e - n

t ime t w o - c a t e g o r y  c l a s s i f i c a t i o n  task u s i n g  the -  FL-i  word s used lot rce ency

judgments; Groups FL-3 and FL-4 were both given the two-category class if ic~e-

tion task using the FL-4 words. Thus , Groups FL-i and FL-4 should show

positive- transfer to the- c l a s s i f i c a t i o n  tasks  from t im e rece -n cy  l i s t s  if

r e c e - u m c y  d i s c r i m i n a t i o n  is a case  of two-ca tegory  l e a r n i n g .  Group FL-2

served as a con t ro l  b a s e l i n e  for  Group FL-i  on the t w o - c a t e g o r y  t a s k , and

Group F’L-3 served as th~ con t ro l  for Group FL-4 . F i n a l l y ,  a d i r e c t  compar i-

son b e t w e e n  Groups FL-3 and FL-2 on the two-category  c l a s s i f i c a t i o n  t a s k

would  t e - l i  us if ex t reme d i f f e r e n c e s  in word f r e q u e n c y  i n f l u e n c ed l e a rn i n g .

All subjects were given two study- test cycles on the two-category

c l a s s i f ic a t i o n  l i s t s .  The s tud y t r i a l s  were conduc ted  at a 3-second r a t e ,

and t i m e -  t e s t  trials were- paced , using the same- rate. The s u b je c t s  r e s p o n d e d

YES or NO to each item to indicate whether it Imad or had not be -en under-

l i n ed oem t ime -  t e s t  t r i a l s .  i t  seemed n e ces s a r y  to use t ime paced t c st  to

preve’mmt t ij e -  sub jec t s  from reconstructing the recency list and time -n dc-r ic ing

c I e s s i 1 i ~ :m tion informat ion from the re-constructed list. Time subjects were-

f u l l y imm formed concerning the nature of the two-category classification test

pri or to the - first study trial and again be-fore- the- first test trial . The

~.mm b jc-ct -~ in Groups FL-i and FL-4 were not told that the- underlined words in

t i m e -  c l a s s i f i c a t i o n  task  were ’  the’ correct word s for  t ime  r e - ce -ncy  pa i r s . A

d ifferent order of the words was used on each of the four trials (two stud y

and two test) for the two-category c l a s s i f i c a t i o n  t a sk .

Results

R e c e n c y  ~udgments. Word frequency did not hm av e a r e - l i a b l e- i n f l u c nc ~ ’
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on time - recency judgments . The mean correct  recency jud gmen t s  per t r i a l

( w i t i m  s tandard devia t ions) for Groups FL-i  through FL-4 were - 6 .98 ( 7 5 ) ,

6 .89 ( . 8 1 ) ,  6 .90 ( . 9 9 ) ,  and 6 . 2 7  ( 1 . 0 6 ) .  Because  the means ar e ba sed on 10

recency  t e s t s , the values can be cimang e-d to p e r c e n t a g e s  b y n eoving time -  d e c i n i a l

p o i n t  one p lace to the -  r ight . Both lag (F ’  = 75.~~2)  and t r i a l s  (F ’ = 3~~. 5 l )

produced r e l i a b l e  e f f e c t s , and the  i n t e r a c t i o n  be tween  t h e  two can  be - con-

s i d t - r e d  r e l i a b l e , F (6 ,456) 2 .50 , ~ K .05. The r e - s u i t s  for  t i m e - s e  two

var iabl e - s are plotted in Figure 8. As may be- see-n , the- statis tical inter-

ac t ion between time two variables does not appear to be - one w i t h  s y s t e m a t ic

lneportance.

‘l’wo-category classification. It will be renmemnbered that on the two -

category classification task , Group FL-2 serv ed as time control for Group

F L - i , jn -md Group FL- i served as the  c o n t r ol  for  Group F L -4 .  l’ ime mean p e r l e i r-

ee m anc e m’ee-asure-s are- shown in Figure 9 , w i t h  the  scores for  t i m e  two groups

L e - s t e d  o em l o w - f r e q u e n c y  word s being in time ’ left pane ] , t i m e -  scores for  th e

Iwo g roups  L es ted  oem hi gh - f r e q u e n c y  words be ing  in t ime -  r i ght  p d n e l .  S i m m c & -

1L r e - w e - r e  60 ite nms  on t ime -  c l a s s i f i c a t i o n  task , t ime score-s r an g e  roug i e l y

ro;~m 67/ correct to 88/, correct . A correct response was identified as

I c  s p o n d i m m g  YES when a word had been underlined and NO when i t  had not bc- c- n

i e e d e - r l i m m e d  one  t i m e  s t u d y t r i a l .  Time s u r p r i s i n g  f ac t  sh own b y t h e - s e  d a t a  i s

that tiec transfer was n e g a t i v e ; p er fo rmance -  on the- c l a s s i f i c a t i o n  t a s k  was

r e - L a r d e d  b y im a v i n g  i t  made up of words w h i c h  imad p r ev i o u s l y appeared in  tite -

r e - r m c y - d  i s c r i ne i n a t i o n  t a s k .  Th is was t rue -  in sp i t e  of t h e -  f a c t  t ima t  m 1 1

-~~~~~~ — -—  — ~~~~~~~~~ - ~~~~~~~~~~ -—--~~~~ 
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underlined words on the classificat ion task imad been correct words for the

rece ncy discriminations . The negative transfer effect was re-liabl e- , F (1 ,76)

5.72 , ~ < .02 , and although the amount of negative- transfer appears less for

t hee  l ow- f requency  words ( l e f t  panel )  t ima n fo r  t ime hi g im - f r e q u e m i c y  word s ( r i gh t

panel), t ime  i n t e r a c t i o n  was not reliable , F (1 ,76) 2.08 , ~ > .05 . In any

abso lu t e  sense-, the negative transfer was not great , but that no positive

t r a n s f e r  was observed is obviously very t roublesome for  the  t im e-ory w i m i c i m

presumes that recency discriminations represent a form of two-category classi-

f i c a t i o n  learning .

One other fact given in Figure 9 mus t be mentioned . The differenc e

b e t w e e n  Groups FL-2 and FL-3 is small and nonsig n i f i c a n t  s t a t i s t i c a l ly .

The- two-category classification task given Group FL-2 was mnad e- up of low-

fre-que mm ey words , the task given Group FL-3 was mad e up of high-frequency

words. Tim e implication is that word frequency does not influence two-cate - --

gory classification learning .

Correlations. The theory that recency discr imination fits the- para-

d i g e i m  of the - two-c~~tegory c l a s s i f i c a t i o n  task  lead s to the  ex p e c t a t i o n  that

t i m e  c o r r e l a t i o n  be tween r e cer mcy scores and c l a s s i f i c a t i o n  score-s  s im o u l d  be

ve ry  h1~ ’h .  The c o r rel a t i o n  for Group FL-i  was .29 , that for Group FL-4 ,

. 55 .  Time th eory could probab ly tolerate- t ime second c o r r e l a t i o n , but  cer-

t m i n i y no t  the- first. Experiment IV showed that time skills involve-d i n

l e m m ing recency judgments were rather highl y corre-lated witim time- skills

involved in classification learning . Groups FL-2 and FL-3 p rov ide  f u r t h e r  

_ _ _
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t e s t S  of t h i s  r e l a t i o n s h i p .  For FL-2 , t im e -  c o r r e l a t i o e m  was .63 , for  F L - I , 51 .

D i s c u s s i o n

Two f i n d i n g s  se r ious ly ques t ion  the - idea tha t  the - l e -am ni n i g  of re - ceemcy

d i s c r i m m m i n a t i o n s  is to be understood by stud y ing  time -  le-araing unde r l y i n g  time -

two-ca tegory  c l a s s i f i c a t i o n  t a sk .  The f i r s t  f i n d i n g  is t ime -  f a i l u r e  to f i nd

pos i t i ve  t r an s f e r  from recency learning to two-category le~~ mming . Eve- n i i

s ev e r a l  d i f f e r e n t  ca tegor ies  were  used to c l a s s i f y i Le -m i ms in lea r n i n g  r e e e ’ m m c ’ ~

d i s c r im i n a t i o n s , it seems to us t ieat  t ime ca tegory  labe l r cp r e s e e it i n g  t im e -

mimo st r~ c e -n t  i te m e m in a pair  could be t r a n s l a t e d  re-ad i l y i n t o  t ime appr opr  t a t e -

cat egory  ( u n d e r l i n i n g )  on the two-ca tegory  c l a s s i f ic a t i o n  t a s k .  S t r a m m g e l v

um io ugim , th ee- f a c t  tha t  there was nega t ive  t r a n s f e r  neig ht be- view ed as b e i n g

more- lavorable toward the theory timan would be true- imad t h e re  been  no t rj i e s -

I er o il any  k ind . The nega t ive-  t r a n s f e r  i n d i c a t e- s  t i m a t  t h e  two t a s k s  mjde-

c o n t a c t  i m m  some way ; the associa t ions  involved  in bo th  t a s k s  lead somee e -  cr’. e U-

- ~~ v e - r ti m e less , t he  na tu re  of t ime  ove r l ap  does nm ot  f o l l o w  t i e a t  expe ct 1-d

by our t h i i m k i n g .

Time second finding which is d i f f i c u l t  for our theory  i s  t i m e - r e - l a I  i vei v

t e -w  c e-rIe- ha t ion be -tw e - en  t ime scores for  t u e  two types  of 1 e-armm i m~ i cr  G r o u p

I L - !  . it ei ~u s t  n e c e s s a r i ly fo l low from i e t ime t i ee-ory  that a subject wheo ie.eri ~-

r~~ ene y d i : c r i m e e i n a t i o n s  rap idl y nmust  a l so  l e a r n  t h e  t w e , - c a t e~’or ~ c i a s s i i e ’ . . i -

i ask based on t ime -  same i tems r a p i d l y ,  and t i m i s  was imot  t ound

had L i m e  b a s i c  ev idenc e- been  i n  suppor t  ol our t h e o r y ,  w~- could po imm t

- e [so t o  t i m e  f a c t  t i m a t  word f r e q u e n c y  had no influ ence- ore  e I t h e r  r e - i  - - h ey

d m ~;c r i m u t na t  ions or on two-ca tegory  c lass i  f i c a t  ion le-arni n~ as suppor t  i ng t i m e

i de-a h e e l  the- two tasks have higim comnsemia l fLy . But , w i l im o u t d i r e - c t  suppor t

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -~~ TT .:~~~ ___  ___
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or t i t e -  t im e - c r y , t i m e  lack of ai m i i  cc t of word fr e q u e m e c y  on th e -  two t a s k s

car r i e s  l i t t l e’  t h e o r e t i c a l  we i gh t .

Exper iment Vi

We - have - seen t ima t the acqu is i t ion of re cency discriminations be -twee mm

t s c  aur iL  w i t h i n  a r e l a t i v ely long l i s t  is probab l y not a speci al  ca se-  of

ie- m rr miL lg a two-category classification. In the present experimnent , we- w t h l

ike - -m t e s t  of a second t i m e o r e -t i c a l  no t ion  p roposed  in an earl icr re-port

himiel e r w ood , 1 9 7 7 ) .  i t  was assumed tha t te -mpor~~l d i : e r i m e e i n a t m o n s  b e t w € - e - m m

mm md w ithin lists are primarily derived fromme associ ative- learning . Time- i d - i

t i m a t  w i t ie i n - l i s t  recency d i s c rtminat i ons  r e s u l t  p r imm i a r i l y f r o m  t w o - c a t e g o r y

c I ~m s s i t i c a t i o n  learn ing  was an a t t empt  to be- more s p e c i f i c  aboemi t i m e -  m m a t u m e

c i  tim ’. essociative learning involved . To say that temporal cod e~ are- pri-

- cm rilv mne-d iuted by assoc iative learning indicates that a se-cond factor Is

I m~~e - l  ve-d . We have called this second factor time recency princip le- . 1 le i s

p r I n c i p le s imp ly s t a t e s  t h a t  inun e d ia t e l y a f t e r  t ime presenta tion of :e hl ft c -mi ,

t i m e  L - u p u r . i l  d i s c r i m i n a t i o n  be tween it and a l l  i t t -ms p r e c e d in g  i t  i s  p er-

t e ’ .  t . b i m i  that is time passes , t ime t empora l  d i s c r i r em i n a t i o n  b ecuems- ~ I e S~~ ned

I e ~~s r e I i a b ~~e .

i i  reL etl ey p r i n c i pl e presume-s  t h a t  i n f o r m i e a t i o u  icr  1. eim p e r a l  d ise-r m u  1 1 1  - -

i f li I s  give me d i r e c t l y imm t h e e  memory aemd is  not based on ms so c  j a h i v e  I c a r t e -

I - im tim i s  sense- i t  is a prim itive tim e-ch ani smi m which establ ishes some- d e -—

C F  - c i t  - , L J i : F l  m ess I n  ~-umo ry f u n c t i o n in g . F o r  the lI l i i i  ip i . to  be- reea~~i—

i i  y u s e f u l  , t i e  r a t  e- at u~hmi ch fr equ e -ne  y I n i o m i m m a t  t o l l  i s  l o s t  s imou ld be-

: h m t - c i l i e - d . W - b e l i e v e  t h a t  very shor t i n t e r v a l s  .er i -  i n v o l v e d in t h a t  the-

~- ve-nt w h ich is neost r e - c e - n t  ( i n  f ac t , and m r m t  mr m o r \ - ) wi 11 eRerl- -al l y be- i -

p I e c e !  1/  a r l o t i t r c - V e n t  w i t i m i n  e f e w  ~~& -e -~ ed s  . ‘~~~~~ e ue n , t ieis Iou ;i. m m I mr h e t m i \ -

-
-
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i m m i lu e - emced by t ime n a t u r e  of t ime a c t i v i t y  w i m i c i m  occurs  t i L e r  t ime r  app eaL- a I e c e~

of t ime  c r i t i c a l  event . Thus , the  loss ot  r e c e n c y  may occur  w m l i e i m m  a i e-w

sec ond s , arid may be due -  to  a f ad ing  w i t h  t ime- , to a fad  I mg . produ e. e-d b y

other ‘.-ve- nts , or to  b o t i m .

We - do not th ink time-re is a perfectl y appropriate way to p r o duce  t - n m e p i m  i -

a t  c v  i d e - e m c u  f o r  I m e -  g r a d i e n t  de s c r i b i n g  t h e -  loss in r’. he y  ov e -r I m ine - .

l i e  b .es ic j d ej  w o u l d  b e -  to  t r y  to sieow that i i  t i m e  s u b j  e ct  i~ s t m o w m m  ~e r , e r m  s

of i t  ellis e n d in g  w L L l m  X , t i m e  r ecency  d i s c r i n m e i n a t i o n m  be tween  X ace d L i m e - pre~ 1 ’. e c r ,

i ti-u s would be p e r f e c t  at a z er o - re -t e n t  ioem in t e r v a l , bu t  would  f a l  1 or -  t i m e

i m e t e r v a l  in c r e a s e s . l i m e  p rob lem a r i s e s  in  d e c i d i n g  wha t  t h e -  s ub j e c  I sL m i d

b~ t e qu  i red  to do dur  j u g the  r e t e n t ion i n t e r v a l , and we - cou ld  find ceo ~ci 1 i -

t E o n  wielde appeared cut i r e l y s a t i s f a cto ry  to u s .  In the end , we eho~ e h o t

I ’ .  f t  I I Lim e -  i n te r v a l  w i t h  ex t raneous  a c t i v i t y,  bu t  a t  t i m e - sw eme - t ie i e wi .arraug ~-d

t h ee L e S t ~ so t i m a t  t ime  s u b j e c t  tould not a n t i c  i p a L e  t e s t s  o h m i c i r t  i c e m l e r  L i  ; - ~ -

M’.- t i mod

B a s i c  dc-sign. fime - l i s t s  a l l  c o n s i s t e d  of 10 word s , m u d  t i m e  e - e t m t r~m I

i ct ’.  me ~ t was d i r e c ted  at tl~e r e cency  j u d g m e n t s  i c e  w h m i c i m  t i m e  l O t l e  word w m s

it  V U !  ved . l i c e -  memory dru n me  was set for  a 3 — s e c o n d  r a t e S . 1-ol low i le g t i m e

m m e c e -  of t u e 10th  word , t ime drumn cont  inued tei L e mrm m am id t imt- e v e n t s we -re

is  f o l l o w s  for  the - s u c c e s s i v e-  p o s i t i o n s: 11th , rece-ncy t e s t ;  l2i lm , b laem k ;

I I , i e i f l e  y h e  - t ; 16 t I m  mi mm el 15th , b l a n k ; 1 b i l e , r e - c e e m c y  t e S t  ; 1 / t i m , I ~ t h e , I ‘) t i m ,

b l~~r e~ ; .~OtJe , t e - c e e R  y L ’ - s L  ; 21 s t , blank; 22nd , th e- word S l L l V appe -are-d , .imm d ccc

t i r e  n e x t  e x p o s u r e  t ime  f i r s t  word from anot imer  l i s t  of U) wor d s was s im o w e e .

A- - c mi i  be cc , f o u r  re- ce’ncy tests were g iven for e.icim li s t , l e e - n e - c  - 8 oi

I i~~ 10 word , I I I  e oh m l i st Were- tested . Time four  re- c e - i m e y t e s t S  o c e u r r e - d  0 ,

i i  end .~7 se -e - e,nds a ft e r L i me app e ar ic e ece -- of ti m e 10th w r d  . U l h e -  ci t h e e - r e

L ~~~~~~~~~~~~~~~~~~~ — — ——- - -~~~ —~~~ 
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Ler is always involved time 10th word , and across list s the- 10th word was

t e - st e d equally often after each of the four retention intervals . Our mna~ or

i e e t e r e - s t , of cours e , was iem t h e  change in the number of correct  r e cen c y

jud g n m e - e m t s  as the  r e t e n t i o n  i n t e rva l  bee -a c me longer and longer .  The re ce im ey

p r in c i p le assumes t h a t  with the zero interval per formance will be essential l y

perfect. The critical question concerns the rate of fall in the number ot

corre c t  r c - c e cm cy  jud gm e n t s  over t ime .

L i s t s .  Each subject was given 64 lists , and 51flce~ the  10th item was

always tested for each list , there were 16 tests at each of the four re-i c-em-

t ion intervals . On the recency tests the 10th item was paire-d w i t h  t i m e  9 11e ,

8th , btim , and 3rd items , each for an equal number of times . Titus , t h e lag

amid time retnetion interval were orthogonal , and produce -d 16 d i f f e r e n t  cond i-

t ions  However , there  were only four different itemms in each of the lb

c o n d i t i o n s  and our in t en t  was not to be concerned w i t h  t h e -  i n f lu en c e -  of lag

var iable.

All of the words contained four letters and we-re assigned to lists and

to p o s i t i o n s  w i t h i n  the l i s ts  on a random basis . Af te r  t h e  two items for

time - c r i t i c a l  t e s t  had been selected for each l is t , t h r e e  add i t iona l  r e - e - e- -u cy

t e s t s  were -  de -vised by drawing three add itiona l p a i r s  r a n d om l y  f r o m  an e om ig

the- e i ght  remaining . These- pa irs were in t u r n  ass igned rando mi ml y to  t I m e -  t h e r e - c

r i -rio t i c i n g  retent ion intervals .

Procedure and subjects. The experiment invo lved a sing l e- group of 20

s u bj e c t s , and all were tested by a s ing le e-xperimenter. We had anticipaie-d

th at subjects might have difficulty responding on the recency tests wii hmi mm

h e -  i ; t  coimd ra te  P eriod . Therefore , sub j ec t s  we r e g i v e n  p r a c t i c e-  0mm t h r e e -

- - -  ~~~~~~~~ - - -~~~~~~~~~ -- -~~~~~~~ - — - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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l i s t s .  We were prepared to g i v e  a d di t i o n a l  p r a c t i c e  l i s t s  i i  n e e d e d  but

this was found to be unnecessary . The subjects were give- n 32 e x p e - r i e m n e n t o l

l ists on the- first day and then returned time following day for commip let ion

of time rem aining lists. A short rest period was given after e-ac lm block of

f o u r  l i s t s .  Time order  in which the lists was given was t i m e -  same for .m tI 20

~ u b j e - e - L s .

Res uEt.~

fL1 re -cee lcy  jud gments  invo lv ing  the -  10th i tem at  cache r e t e n t i o n  interval

- c r c - showem in Figure 10, expressed as percent correct. Nine of time 20 sub-

j e - e t s  f a i l e d  to p e r f o r m  p e r f e c t l y  on a l l  16 t es t s  w i t h  the . -  z e r o - r c t e n t i o m m

i m m t e - r v a l , b u t  pe r fo rmance was ne-ar perfect for the group ( 9 6 i) .  After a u-

se cond r e t e n t i o n  interval , there was a drop of approximatel y 3O~~, but emo

fu r t h e r dro p of consequence occurred as the interval leceg thm ened beyond b

seconds. Overall , the differences among time four intervals was reliab l e- ,

~,57) = !n .2 3 , ~ c 01. We i n t e r p r e t  t i m e - s c  d a t a  to support the basic

tde m e ) i  t i m e -  r e c en c y  p r i n c i p le .  Fur the r e em or e - , the -  d a t a  sugges t  t h a t  when

r1-spondiug based on the- r e-cency p r i n c i p le - is los t , i i  is lo s t  co eee p l c t e l y ;

~ e ri -~ ri - 0 C C - c doe- s not c h m u m m g e  over t u e  longer retention tri te r v a l s  . We - do cl ot

know , c i i  c o u r s e , w i m e - t i m e r  the loss was en t i r e l y t i m e- d ep e -n d~ - e m t  or w h e t h e r  i t

w e s  p r o d u c ed  by t i e . - r e - c e - h e y  t e s t  g ive -tm a t  ti m e - zer o—reLe nt i om m interva l , ic r

b y sue m e- c o m b i n a t i o n  of the two .

It was suggested e lsewhere (Underwood , 1977)  that time re-cency prin ci p le

w i  p r ob a b l y not a l l  or nomme , meaning that d e e  I t e - e c i  thma t was uext  o t i m e -  l a s t

~~lI’lIh._ I —- -— --—~- ~~ — — ~~ — .--—- _~~-_-_ ~~~~_- -- -
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it 1 in the- 1i.~c might show a recency eff ect. Titus , in the- present expe-ri-

ecu e n t , th is would  nee-an that rece-ncy tests a t  t i m e  z er o - r e t e n t i o n  i n t e r v a l

wou ld be uciore frequently correct when the 9th i t em and an earlier one- con-

stituted the- test pair than when the 8th item plus aim earlier one constituted

the test. pair. We have made a test of this . We examined all re-cency te-sts

j im  which time 9th item was paired with one from positions 1 t hroug h 8 ( t h e - r e

were- 11 sucim cases), those in which the 8th i tem was paired with one frotce

p o s i t  wees I t h rough  7 (9 cases ) ,  and those in wl mic h m t ime 7 t i m  i t em was  p a i r e d

w itim one-- from positions 1 through 6 (12 cases), and for which , in all cases ,

t i m e  ~e r o-r e t en t ion in terval was involved , i . e . , the  recency t e s t  was g i v e - c m

immediatel y after tim e presentation of the 10th word . The percent correct

re-cency judgments for these three cases , plus those  for  the words in pos i-

tion 10 , are-i shown in Figure 11. The base-line shows time - study position of

Lime correct word . There is certainly no evidence that a recency- like- e f f e c t

i ce-Id for items that occurred prior to the 10th item in time stud y lists .

App~mr mremLl y, the occurrence of the 10th item in the stud y list destroys

re- ee-l mc y inforneation for the 9t1m item.

i t  s lm o u l d  be ment ioned  tha t  the  above represen t s  a s t rong  t e s t  of t i m e

rule- ot re-cency for other than the  last item . The nme-an lags between time two

ite:eur ; i c e tii~ - test pairs necessarily decreased a little a~ the position of

he- e c e r r e - c  t item moved further and further back in the list (from ~~~, to 8,

Lu 7). Th is could imave- dec rea s e d  p e r f o r m im a n c e  c o r r e s p o n d i n gly ,  r e s u l t i n g  1 m m

a gradient extending across all four points in Figur e 11. This obviously
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F i gure -  10. R e c e n c y  j u d g m e n t s  as c f u n c t  ion of t h e- r t i - n t  ion i n t e r v a l
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d id not h appen.

We have- examined time - recency judgments on all of time- noncritical it en em s ,

but time only fact that nmig lmt see-en some-what s u r p r i s i n g  was t i m e  comp l e t e -  Uu k

of any effe -e-t of time 1e-ngtim of the retent ion interval. There- was simp ly no

re~ laL ioim sieip. For exanmp Ic , we may give- time - value-s wim eem the  it c-eec in ~~OS it ion

7 of time - stud y lis t was the correct (most re-ce -nt) i t e m me . l ime corre~ct  re- c & -ncy

jud gnmc-nts were 80, 73, 73, and 78~/. for the four retention int~ rvals in ord~-r .

I) iscus S ion

We conclude timat this experiment shows the presence - of a short-ten

conmpo cm enmt involved in recency judgments , a component wimicim is con siste nt

with the basic idea of the- re-cency princip le. We- e-nm p h m a s i ~~e that our re-suit s

do not de t e r i m m i f l e  whether the- loss of recency of tile - short tern kind is d u e

Ic) b e i n g  t e s t ed , ‘jr whether it is entirel y time dependent . 11 it is c - le t ir e1~

C im ik-  d e p e n d e n t , t h e  time span over whicim it ope-rate-s is sieorler than we had

o r i g i m m a l l y c o n t e m p la ted . There  was s imp ly no i i m f l u e - n c e -  produced by L i m e

r e n i u n  i n t e r v a l  beyond 6 seconds regardle-ss of time - posit ion in t h e e  s t t m d ~ ’

to Id  by the correct item . It may be noted that Brown (1973), using

~~~c i ‘ m r , -s as time stimuli , found performance orm r e e - e n c y  j ue l gecee - m m t s  t o  di crc .esc

- e s t ime  retention interva l incre ased , but this was witim a procedure- in whi ch

t h e  intervals were- tilled with new items which thee subj ects were to t i-mi m e - cu ber.

Ihe - vidence - imas suggested that time r e c e m m c y  p ri rme - ip le- as it was m e c a u m  -

i e s L e - d  in our data was some-thing of an a1i—or -non e~ al fa ir . All loss ot

re - c c f l L ~ uccurred within 6 second s, and there- was no further loss beyom md t i m ~mt

puir et. Unless the- item was last in time- stud y list , no loss could be altri-

bu m - c i  t o - e re-cency effect. Titus , an item in pos it ion nine- i ce tim e - stud y l i st

— - - ------ - - -
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showe d no evidenc 1- of a loss over t ime . ~~e- rithe-r su s p e c t  t h i et  t h ~e m l  l - or

none i ike characteristics will not always be found .

General Disc ussi on

l i ce data  have shown that  lag judgments are very poor response emeeasure s

for ind e-xicig te-emepora l coding . Although our subjects did show a sm all amm eouimt

u t  l e a r n i n g  r e f l e ct i n g  d i f f e r e n c e s  in lag l eng ths , onl y t he  m i m a g n i t u d e  of t h ee-

j ud gmm ee i e t s  f o r  long lags increased appropriate- l y ;  the -  eee ~m g u i t u d e -  of time - j ud t~-

c e m en t s  b r  t u e -  simort  lags d id  not decrease as t im ey  s h o u l d  im a ve-  i t  t i c  s u bj ~~cts

recogni:ed t h a t  their earlier judgments had been too long . In  s p i t e  of t h e e

poor performanc e shown by the subjects when making lag judgments , they

acquired a great deal of knowledge about the temporal relationsimi p of thee

items it-c time list. This was shown by the heavy positive transfer when su b-

jectS were switched from lag judgments to either recency or position judg-

ments. In some cases the transfer was essentially complete , i.e., wh il e- time-

subjects were struggling with lag judgments they learned as much abou t t i m e -

order of t ime i tems in the- lists (as measured by recency jud gments) as did

the s u b j ct s  w h o  mad e recency judgments  at a l l  t imes . ~~ a per forma nce

‘ue asimre - , the Lag judgment s immmp l.y does no t r e f l e c t  t ime i n f o r mat i o n  w i m i c i m  t i m e -

ub j e - c  Is i m a v e  acquired abou t t ime tempora l r e l a t i o n s h i p s  of t ime  i t e m s  w i t h m m  n

t im e l i s t .

We lead assunee -d t h a t  r ecency  jud gments  are med iated by two f a c t o r s .  One-

~-f Lice-se- factors consists of assoc iative learning , in soimec cases this is

seri al learning , al thoug h we- did not study this matter directl y in the

lere -se - imi t-xp -r imne mm ts. In other cas es , which ar e- probab ly more typical , we-

e s s l e e c e  d l I m . m t  r e c e -ncy  j u d g m e n t s  result from a learning to categorize c ac h e

i Le - i~ i n t o  One- of - m I Omm u t e d  number  o t  c a teg o r i e s  spec el ~ rm~ a t e-mnporal d 1 11cc cc — 

~~~~- - - — —-- - - -- -~~~~~- - - - - -~~ -~~~~~~~~~~~~~~~
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sion d i r e c t l y  or indirectly . Usually the -  d i n e e m m s i o n  is r e - p r e s e n t e d  by onl y

Iwo categories , such as c-an _I and ~~~~~ We- imad be e-em le-d to this idea in

part be-cause of an earlier study (U nd erwood , 1977) in wimicim it was found

timat lag lengthm did not relate to the- number of correct recenc~ judgmeimts.

Four of time present expenienetits showed that lag length was related to t im e -

mm u e rem ber  o f  correct  re -cency  jud gments , and we leave  not d i scove- red  w imy time-

~a r l i er  expe- r i n m e n t  should  have d i f f e r e d  on t h i s  m a t t e r . In any c-vent , ot mr

not iue m was t i .at  the  a s soc i a t i ve  l earn ing  iu m v o l v e d  in a c q u i r i n g  Le m eepo r ~m l

cod e--s lor items within a list was a forne of two-category classifie atiotm

learning . Timis p o s s i b i l i t y  was heightened b y ti - ce f a c t  that per for elm amm cu - 1m m

Le-ar cu eig recency judgments correlated with performance in learning a two-

c a t e g o r y  c la s s i f i c a t i o n  t a sk .  I-however , when (Exp e - r i em men t  V) we mad e a d i r e - c t

te St of the- theory , i t  was found to be w an t in g . We - must  conc l ude t h - c t  t i m e -

cv iderm ce doe-s not allow us to maintain the- ide-a thiat t i m e  a s s o c i a t i v e -  le-~m r t m-

1 1mg in w i t h i n - l i s t  t empora l  coding can be d e s c r i b e d  in thee - saene- way we- wou ld

d.-se rib e- time learning which occurs when the subjects learn to classif y e v e - m e t s

iemt o 4)1cc of two categories .

T u e  se comid f a c t o r  wimich we be l ieve  m i mus t  be cons ide red  1 m m  t r y i n g  to

ee i m e h - r s t a m m e i  t e-i ’eporal coding is a very simort  tern f a c t o r  w i e t e - h m  W e -  have-  s c ~ d

repr e -~~e im i s a re-c e-ncy pri em cip le . The evidence froeme Expe-rie im e -mm t V i  eeca ke-s it

r e  e s o n - e b l e -  to conclude this . Nevertheless , i t  w i l l  be ne-e- - ssary ice t i e  ltit eg

run to -~sse-ss the- dc-gre-c- to whicim tim e grad ie -e mt  r e - s u i t  ing [roe s t i m e  r e - c e -n c ) ’

or inc ip l e  is purel y time dependent and the- dc-gre -c to wimi c ie i t  can  be c ie a r mg u e l

b y o t t e - e - r  a c t i v i t e - s .

As e x p l a ined  e l sewhere  (Underwood , 1 9 7 7 ) ,  ou~ ori g i n a l  i m m t erest  in

-~~~~ --- -- -- - - - - -~~~~------- -—- ----~~~~~--~~~~~~~- -
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temporal coding arose be-cause of the role- we found it p’ay ing in pr oactiv e

inhibi tion between lists. As frequently happ ens , the interest in the issues

involved in tenmporal coding per Se has come to be self-sustaining without

referring them to proactive inhibition . 
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