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METHODS OF PRESENTATION IN PAIRED ASSOCIATE LEARNING:

A TEST INTERFERENCE AND RETENTION INTERVAL HYPOTHESES

INTRODUCTION

The a n tic ip a t io n  (ANT) method of p resenta tion  has been generally  

used in in v es tig a tio n s  o f paired assoc ia te  (PA) learn ing  (B a tt ig ,  1965). 

In th is  technique the  stimulus member o f a p a ir  i s  presented alone in 

the an tic ip a t io n  period during which the sub jec t i s  expected to  respond 

with the corresponding response member. The sequence i s  then followed 

by the p resenta tion  o f  the stimulus-response p a i r  during the feedback 

period. I t  could be assumed th a t  the "innediate  knowledge of r e s u l t s , "  

analogous to  "reinforcem ent," associated  with the  ANT method should re 

s u l t  in a more e f f i c i e n t  r a te  o f  PA learn ing . However, B attig  and Brack

e t t  (1961, 1963) demonstrated th a t  PA performance under the  ANT method 

was in fe r io r  to  performance under the s tu d y - te s t  (ST), o r  r e c a l l ,  pro

cedure in which a l l  stimulus terms are presented one a f t e r  the o ther  on 

a t e s t  t r i a l ,  followed by individual p resen ta tions  o f  a l l  the stimulus- 

response p a irs  on a study t r i a l .  Subsequent research has revealed th a t  

su p e r io r i ty  o f  the ST method is  not a un iversa lly  obtained phenomenon. 

Lockhead (1962) found no d iffe rence  in PA performance under the two me

thods o f  p resen ta tion  and the r e s u l t s  o f  seven experiments in ves tiga ting  

the e f fe c ts  o f  number o f  re la te d  variab les  on methods o f  p resen ta tion  of 

PA learning prompted Cofer, Diamond, Olson, S te in  and Walker (1967) to 

conclude th a t  the f a c u l t a t i v e  e f f e c t  o f  the ST method i s  not robust and 

may be l i s t - s p e c i f i c .  However, o f  37 s tud ies  reviewed by the au thor, 24
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have reported  the ST method to  be s i g n i f i c a n t l y  s u p e r i o r  to  t h e
Ü

ANT method, 10 have reported  null e f f e c t s ,  and only 3 have found s i g n i f i 

cant su p e r io r i ty  favoring the ANT method. The p o s i t io n ,  th e re fo re ,  taken 

here i s  t h a t  the ST method i s  generally  superio r  when d if fe ren ces  are 

found.

Three major th e o re t ic a l  views have been expressed in  an attempt to  

explain the  method o f  p resen ta tion  e f f e c t .  B attig  and Brackett (1961) 

assumed th e  complete tempral separation  between the  p resen ta tion  o f  stim- 

ulus-response p a irs  and the p resen ta tion  of stimulus terms alone to  be the 

major source o f  f a c i l i t a t i o n  in PA learn ing  under the  ST method. They 

argued th a t  th i s  temporal separation  in e f f e c t  f a c i l i t a t e s  the  d iv is io n  

o f  the two behavioral processes o f  producing a previously  learned c o r re c t  

response, o r  "performance," and the learn ing  o f  a new stim ulus-response 

a s so c ia t io n ,  o r " lea rn in g ."  In the ANT method both o f these  processes 

occur in c lose  temporal con tig u ity  leading to mutual in te rfe re n c e  and a 

consequent reduction in learn ing  e f f ic ie n c y .

Kanak and h is  a sso c ia te s  (Kanak & Neuner, 1970; Kanak, Cole & Ec

k e r t ,  1972; Duffy & Kanak, in press) have extended B attig  and B ra c k e tt 's  

theory to  include the  confidence threshold  o f sub jec ts  as a major fac to r  

con tr ibu ting  to  the outcome o f  the r e s u l t s .  In ad d it io n ,  these authors 

have s u b s t i tu te d  the more contemporary terminology of "storage" and "re 

t r i e v a l"  fo r  the  terms "learning" and "performance." The assumption is  

made th a t  in the  ANT procedure sub jec ts  tend to  avoid responding with an 

"availab le"  item more than under the  ST method u n t i l  the  sub jec t  is  r e l a 

t iv e ly  more confident o f  the correc tness  of h is  response. The s e t t in g  of 

a higher confidence th reshold  i s  assumed to  be a by-product o f  the con

fusion o f  "competition" stemming from the  rapid  a l te rn a t io n  between storage
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and r e t r ie v a l  processes in the ANT method. This hypothesis was supported 

by r e s u l t s  reported by Kanak and Neuner (1970) in th a t  the ANT method pro

duced a h igher ra te  o f  omission e r ro rs  even though the two methods did not 

d i f f e r  in the response learn ing  s tage  (Underwood and Schulz, 1960) measures. 

The "temporal separation" concept o f  B attig  and h is  asso c ia tes  and i t s  com

b ina tion  with the "competition between storage and r e t r ie v a l  processes" 

conception o f  Kanak and h is  a sso c ia tes  w ill h e re a f te r  be re fe rred  to  as the 

" in te rfe ren ce  hypotheses."

The th i rd  hypothesis i s  the " re ten tio n  in te rv a l  hypothesis" proposed 

by Izawa (1972). The re ten tio n  in te rv a l  hypothesis i s  concerned with the 

number o f  in tervening items between the  feedback p resen ta tion  of a given 

p a i r  (B^) and i t s  subsequent a n t ic ip a t io n  p resen ta tion  (A^). This i n t e r 

val has a range of 0 to  2n-2 in the ST method and 0 to  4n-4 in the  ANT 

method, where n is  the  number o f  p a irs  in  the l i s t .  Thus the  mean re ten 

t io n  in te rv a l  fo r  a given p a i r  i s  twice as long in the ANT method (2n-2) 

as i t  i s  in the ST procedure (n -1 ) ,  assuming random item presen ta tion  on 

both methods.

Izawa assumes th a t  the longer re te n tio n  in te rv a l  in the ANT method 

produces g re a te r  lo sses  in short-tem  memory and subsequently r e s u l t s  in 

i n f e r io r  acq u is i t io n  of a given p a i r .  The d i s t r ib u t io n  curves o f re ten tio n  

in te rv a ls  o f  ST and ANT methods as a function o f  the number o f in tervening 

events under random item presen ta tion  reveals  a la rge  overlapping area 

under the two curves (Izawa, 1972; see Figure 1). Izawa claims th a t  the 

overlapping area o f the  two curves can explain the in c o n s is te n t  r e s u l t s  

in the l i t e r a t u r e .  However, B attig  (1973) has j u s t l y  ca lled  th i s  claim 

" fa l la c io u s ."  As B attig  has argued, individual ANT p a irs  with overlapping 

length o f  re ten tio n  in te rv a ls  with individual ST p a ir s  have to  be compen-
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sated fo r  by o ther  a n t ic ip a t io n  p a irs  with longer re ten tio n  in te rv a ls  

than any ST p a ir s .

Support fo r  the re te n t io n  in te rv a l  hypothesis i s  reported  by Izawa 

(1972, 1974). Izawa (1972) found th a t  p a irs  with longer re ten tio n  i n te r 

vals produced in f e r io r  paired asso c ia te  performance than p a irs  with sh o r t

e r  in te rv a ls .  In a d d i t io n ,  a predicted  in te ra c t io n  of l i s t  length and 

method of p resen ta tion  has been reported (Izawa, 1974). No d ifference  

between the two methods o f  p resen ta tion  was obtained with sh o rt  l i s t s  

where the length of the  re ten t io n  in te rv a ls  in both methods were short 

enough to f a l l  in the  realm o f  short- te rm  memory o r  with very long l i s t s  

in which the re ten t io n  in te rv a ls  are beyond the short- te rm  memory scope. 

But su p e r io r i ty  o f  the  ST over the ANT method was observed with l i s t s  of 

medium lengths as expected by the re ten t io n  in te rva l hypothesis.

The p resen t study was designed to  t e s t  the re ten tio n  in te rv a l  and 

in te rfe ren ce  hypotheses by reducing the length of the re ten tio n  in te rv a ls  

gradually  from the ANT to  the ST method, while keeping the l i s t  length 

constan t. This manipulation was achieved by variab le  groupings of a n t i 

c ipa tion  and feedback p resen ta tions  in e ig h t d i f f e r e n t  conditions with a 

l i s t  o f  24 p a i r s .  At one extreme, the t ra d i t io n a l  ANT method, h e rea fte r  

designated as condition 1, a s in g le  a n tic ip a t io n  presen ta tion  was followed 

by i t s  corresponding s in g le  feedback p resen ta tion . At the o ther  extreme, 

the ST procedure, designated as condition 24, 24 successive an tic ip a t io n  or 

t e s t  p resen ta tions  were followed by 24 successive feedback or study pre- 

sen a ta t io n s .  In the  o th e r  s ix  cond itions, the groupings o f  feedback and 

a n t ic ip a t io n  p resen ta tions  consis ted  o f  2 , 3 , 4, 6 ,  8 , and 12, in condi

t io n s  designated by the  same numbers. For example, in condition 4, four 

a n tic ip a t io n  p resen ta tions  were followed by four corresponding feedback



5

presen ta tions , which preceded presenta tion  o f  another four stimulus terms 

in the l i s t ,  followed by four corresponding feedback p resen ta tions .

As Izawa has pointed ou t,  the range o f re ten tio n  in te rv a l  length in 

condition 1 i s  from 0 to  4n-4. In the present extension of Izawa's formu

la t io n ,  as the s iz e  o f groupings increases from 1 to  24, the upper range 

of the number o f  intervening events between the feedback presenta tion  of a 

given p a ir  and i t s  subsequent an tic ip a tio n  p resen ta tion , o r  the length of 

the re ten tion  in te rv a ls ,  decreases by 2 A » where A i s  equal to  the d i f 

ference between the number o f  an t ic ip a tio n  or feedback presen ta tion  group

ings of the respective  conditions and th a t  o f  condition 1. The lower value 

of the range in a l l  conditions remains a constant zero. Assuming a sym

metrical d is t r ib u t io n  of re ten tio n  in te rv a ls  fo r  a l l  conditions as a func

tion  o f  the number o f  intervening events under random item p resen ta tion , 

the mean o f  the re ten tio n  in te rva l fo r  each condition can be determined 

by dividing the  upper l im i t  o f  the range o f  each condition by two. Thus 

the mean re ten tio n  in te rva l length o f  each condition can be expressed by 

the general formula o f  (2 n -2 )-A .

The re ten tio n  in te rv a l  hypothesis p red ic ts  increasing ly  b e t te r  per

formance as the s ize  o f groupings increases from 1 to  24. However, the 

same p red ic tion  is  made by the B attig  and Brackett and/or Kanak and Neuner 

hypotheses. As the s ize  o f the grouping in c reases ,  the separation of 

storage and re t r ie v a l  processes also  in c reases ,  re su l t in g  in a decrease 

o f in te rfe rence  po ten tia l  and consequently superio r performance.

The g ro u p in g  m a n i p u l a t i o n  p ro d u c e s  a s e p a r a t i o n  o f  s t o r 

age and r e t r i e v a l ,  but i t  a lso introduces the  confounding variab le  of de

lay o f feedback p re sen ta t io n ,  o r  reinforcement. Accordingly, another s e t  

of e igh t conditions were included to  serve as a control fo r  delay of re -
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inforcement and provide d i f f e r e n t ia l  p red ic tions  fo r  the in te rfe rence  and 

the  re te n t io n  in terva l hypotheses. This s e t  of e ig h t  cond itions, delayed 

feedback (DF), had exactly  the same p resen ta tional orders and groupings 

o f  a n t ic ip a t io n  items as the previously described s e t  o f  cond itions , termed 

immediate feedback ( IF ) . However, in the  DF conditions the  feedback pre

sen ta tion  o f  the f i r s t  12 pa irs  o f  the respective  IF conditions were r e 

placed by the  l a s t  12 feedback pa irs  in each presen ta tion  o f  the l i s t  and 

vice versa. This procedure re su lted  in two types o f pa irs  depending on 

whether the an tic ip a tio n  p resen ta tion  occurred in  the f i r s t  o r  the second 

h a l f  of the l i s t .  For h a lf  o f  the p a irs  (type I)  an t ic ip a t io n  p resen ta tion  

was placed in the second h a l f  o f  the l i s t  and thus feedback presenta tion  

preceded an tic ip a t io n  p resen ta tion . For the o ther  h a l f  (type I I ) ,  with 

a n t ic ip a t io n  presenta tion  in the f i r s t  hald o f  the l i s t ,  feedback presen ta

t ion  followed a n t ic ip a t io n  p resen ta tion . The groupings o f  p a r t ic u la r  p a irs  

in the DF conditions corresponded exactly  to  th a t  o f  th e i r  respective  IF 

conditions.

Conditions DF-24 and IF-24 do not d i f f e r  in t h e i r  length of re ten tion  

in te rv a ls  and delays of feedback, the number o f  in tervening items between 

a n tic ip a t io n  p resen ta tion  o f  an item and i t s  corresponding feedback pre

sen ta tio n . However, the lengths o f  re ten tio n  in te rv a ls  and delay o f feed

back vary considerably in a l l  o ther  conditions o f  IF and DF. The length 

o f delay of feedback in the IF-1 conditions i s  always equal to  zero. As 

the s iz e  o f groupings o r  items increases in the IF conditions the upper 

l im i t  of the range o f  feedback delay length increases  by 2A while the 

lower l im i t  of the range remains ze ro , re su l t in g  in a mean increase o f  A .  

Thus the mean delay o f  feedback in the IF-24 condition equals to 23 or 

n -1 , a f igure  presented by Izawa (1972). In the DF cond itions, however.
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the length o f feedback delay depends upon th e  type of paurs. In the DF-1

condition the length o f feedback delay fo r  type II  p a irs  has a constant

value of n. For type I pa irs  the length o f  feedback delay varies  from 2,

when An is  a t  the end o f t h e l i s t  in  one p resen ta tion  and Bp i s  the f i r s t

item on the following presen ta tion  of the l i s t ,  to  3n-2. The upper l im i t

occurs when Ap i s  presented as the  f i r s t  item in the  second h a l f  of the

l i s t  in one p resen ta tion  and i s  presented as the l a s t  item in the f o l -
1

lowing presen ta tion  o f  the l i s t .  The mean length o f  delay o f  feedback, 

th e re fo re ,  i s  equal to  5n/-4 in  the  DF-1 condition . Thus the  delay i n t e r 

val o f  DF-1 condition i s  longer than th a t  on the IF-24 condition which i t 

s e l f  has the longest delay in te rv a l  among the  IF conditions.

The length  o f  the delay in te rv a l  increases  with the s iz e  of group

ings from 1 in  DF-1 to  12 in DF-12. The increase  fo r  type I I  pa irs  ranges 

from zero to  2 ^ ,  with a mean o f  A .  For type I p a ir s  the lower l im i t  o f  

the range of the delay in te rv a l  increases by 2 ^ ,  while the  upper l im i t  

of the range remains constant across a l l  cond itions. The mean increase in

the length o f  delay i n te rv a ls ,  th u s ,  equals to  While increases in de

lay in te rv a ls  in corresponding IF and DF conditions are equal,  i t  should 

be remembered th a t  the  absolute delay in te rv a l  in each DF condition ex

ceeds th a t  o f  i t s  respec tive  IF condition by 5n/4 events .

An opposite trend  is  operative  in the  re te n t io n  in te rv a l  lengths of 

the IF and DF cond itions. In the  DF-1 condition the  lengths o f  the r e 

ten tion  in te rv a ls  o f  type I p a irs  have a constant value of n-2 , s ince feed

back presen ta tion  precedes the a n t ic ip a t io n  p resen ta tion  fo r  these p a ir s .

In cases where two ApS followed each o th e r  without an in tervening 
Bp p resen ta tio n , the sh o r te r  delay in te rv a l  was considered in these calcu
la t io n s .  The same procedure was used in ca lc u la t io n s  of re te n t io n  i n t e r 
val lengths.
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For type I I  p a irs  the length of the  re tn e tio n  in te rva l has a range of zero , 

when Bp is  the  l a s t  item in one p resen ta tion  and An i s  the  f i r s t  item on 

the next p resen ta tion  of the l i s t ,  to  3n-4, when Bp i s  the  f i r s t  feedback 

p resen ta tion  in one l i s t  p resen ta tion  and Ap i s  the l a s t  a n t ic ip a t io n  item 

in the f i r s t  h a l f  o f  the l i s t  in the  next p resen ta t io n .  The r e su l ta n t  mean 

re ten t io n  in te rv a l  length i s  equal to  (5n-8)/4 . This value i s  much lower 

than the  mean re ten tio n  in te rv a l  length o f  the  IF-1 condition and only 

s l ig h t ly  h igher than th a t  f o r  IF-24. As the  s iz e  o f groupings increases 

from 1 in DF-1 to  12 in DF-12 the length o f the  re ten tio n  in te rv a l  de

c reases .  The decrease fo r  both types of p a ir s  ranges from zero to  2b>. 

with a mean decrease of A .  Thus the  decrease of re te n tio n  in te rv a l  

length with increases in grouping s iz e  i s  id e n tic a l  in  the IF and DF con

d i t io n s  while the  base line  mean re ten t io n  in te rv a l  length ( fo r  IF-1 or DF-1) 

has a much sm aller value in the DF conditions.

Table 1 presents  the  mean re te n t io n  and delay in te rv a l  lengths fo r  

each o f  the 16 conditions in terms o f  n and A as well as the actual num

ber o f  in tervening  events fo r  the  l i s t  length  and the  s iz e  o f groupings 

employed in the  present experiment. The re te n t io n  in te rv a l  lengths in 

the DF conditions are s u b s ta n t ia l ly  sh o r te r  than those in IF conditions.

Thus the  re te n tio n  in te rva l  hypothesis p red ic ts  superio r  paired  assoc i

a te  performance under the DF cond itions . Moreover, as the s iz e  o f groupings 

in c re a se s ,  the re ten tio n  in te rv a l  length decreases throughout a l l  IF con

d i t io n s  and up to  condition 12 in  the  DF conditions. The re te n tio n  i n t e r 

val hypothesis , th e re fo re ,  fu r th e r  p red ic ts  a gradual improvement in per

formance as the  s iz e  o f groupings increases . As Table 1 shows, the lengths 

of th e  re ten tio n  in te rv a l  fo r  conditions DF-8 and DF-12 are  sh o r te r  than 

those of condition IF-24 and DF-24. Paired a sso c ia te  performance i s  thus
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expected to  be b es t  in those two conditions.

Somewhat d i f f e r e n t  p red ic tions  are made by the in te rfe ren ce  hy

potheses. The in te rfe ren ce  hypotheses share with the re ten t io n  in te rva l  

hypothesis the  p red ic tion  th a t  increases in s ize  of grouping r e s u l t s  in 

superio r  performance. However, the  p red ic tion  o f  the in te rfe ren ce  hy

potheses with regard to  comparisons o f DF and IF conditions is  opposite 

th a t  of the re tn e t io n  in te rv a l  hypothesis. This p red ic tion  stems from 

the in te rfe ren ce  e f f e c t  of re t r ie v in g  a given item and s to r in g  another 

item. This e f f e c t  added to  the competition or in te rfe ren ce  casued by the 

rapid a l te rn a t io n  o f  storage and re t r ie v a l  processes i s  expected to  pro

duce the poorest performance in condition DF-1. As the s iz e  o f  groupings 

in c reases ,  however, the i n f e r io r i ty  o f  DF to  IF conditions i s  expected to  

decrease s ince  the  two conditions become more uniform.

Method

Design. The design o f  the  experiment c o n s t i tu te s  a 2 x 8 f a c to r ia l  

with two lev e ls  o f  delay of feedback (IF & DF) and e ig h t  methods o f  pre

sen ta tio n  based on the  s ize  o f grouping o f  an t ic ip a t io n  o r  feedback pre

sen ta tio n s  (1 , 2 , 3, 4 , 6 ,  8 ,  12 & 24), r e su l t in g  in s ix teen  independent 

conditions.

S ub jec ts . One hundred-sixty undergraduate s tudents  en ro lled  in in

troductory  psychology c la sses  a t  the  University  o f  Oklahoma p a r t ic ip a te d  

in the experiment as a p a r t  of an option among requirements o f  the course. 

All sub jec ts  were naive to  PA learn ing . Each su b jec t  was randomly assigned 

to  one of the 16 treatm ent conditions (n = 10) upon appearance a t  a labora

tory  within  the r e s t r i c t io n  of achieving equal ce l l  n 's .

M ateria ls .  The m ateria ls  se lec ted  fo r  l i s t  construction  were simi-
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Tar to  those employed by Izawa (1972). Two l i s t s  o f 24 p a irs  each were 

constructed fo r  the purpose o f  g en era l i ty .  The stimulus terms were CVCs 

with asso c ia tiv e  values ranging from 1.50 to  1.69 with means o f  1.56 and 

1.57, based on the Noble (1961) norms, fo r  the two l i s t s .  The stimulus 

terms within each l i s t  never shared more than one l e t t e r .  The responses 

consisted o f  tw o-d ig it  numbers from 23 to  96. The following r e s t r i c t io n s  

were placed on se le c t io n  o f  response terms fo r  each l i s t .  No number end

ing with zero was included. Numbers with repeating  d ig i t s  ( e . g . , 33) were 

excluded. No two numbers involving a simple reversal o f  d ig i t s  were used 

in the same l i s t .  For example, i f  35 was included as a response term in 

one l i s t ,  53 was not se lec ted  fo r  the same l i s t .  The numbers had a sso c ia 

t iv e  values ranging from 0.70 to  2.07 with means o f  1.32 and 1.33, based 

on the B attig  and Spera (1962) norms, fo r  the two l i s t s .  Each stimulus 

was randomly paired with a response. Half of the sub jec ts  in  each condi

tion  learned one l i s t  and the o ther  h a l f  learned the o ther l i s t .

Four random s e r ia l  orders o f  presen ta tion  o f  the l i s t  were employed 

in each condition . The s e r ia l  order o f an t ic ip a t io n  presen ta tions  in a l l  

the conditions were exactly  the same fo r  each order of p resen ta tion . In 

the IF conditions the groupsings of a n t ic ip a t io n  and feedback presen ta tions  

was varied in e igh t d i f f e r e n t  conditions. The feedback p a irs  with each 

grouping corresponded to  the s tim uli presented in the immediately preceding 

group of an t ic ip a t io n  p re sen ta tio n s ,  but the order of feedback presenta

t ion  within each grouping was randomly se le c te d ;  i l l u s t r a t i v e l y  fo r  IF-4:

^1* ^2* ^3* ^4* ^3* ^2 ^4* ^1* ^5* ^6* • • • ^24* ^23* the DF condi

t ions  the feedback fo r  the f i r s t  12 an tic ip a t io n  p resen ta tions  of the re 

spective  IF conditions were replaced with the feedback fo r  stimulus terms 

of the  l a s t  12 p resen ta tio n , and vice versa , in each presen ta tion  o f  the
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l i s t ;  i . e . ,  in DF-1 condition: Aj, Ag, Bj^, A^, B^g. . . A^g, Bj,

^14* ®2* ' • ’ ^24’ ®12* e ig h t o f  the 24 pa irs  the  a n tic ip a t io n  p re

senta tion  was placed in the  f i r s t  h a lf  o f  the  l i s t  in th ree  randomized 

orders of the l i s t  and in the  l a s t  h a lf  in one randomized order. For an

o ther s e t  of e ig h t pairs  the a n tic ip a t io n  p resen ta tion  was in the f i r s t  

h a lf  of the l i s t  in two and in the l a s t  h a lf  o f  the l i s t  in the  o ther  two 

randomized orders o f p re sen ta t io n ,  while fo r  the remaining e ig h t pa irs  

an tic ip a t io n  presenta tion  was placed in the l a s t  h a lf  o f  the l i s t  in th ree  

orders and in the f i r s t  hald in one presenta tional order of the l i s t .

Procedures. The l i s t s  were presented on a Lafayette  memory drum a t  

the ra te  of 2:2 sec. The i n t e r t r i a l  in te rv a l  fo r  a l l  conditions except 

IF-24 and DF-24 was 4 sec. In DF-24 and IF-24 conditions two 2 sec i n t e r 

t r i a l  in te rv a ls  separated the  study and t e s t  t r i a l s .  Subjects were given 

standard paired assoc ia te  task  in s tru c t io n s  and were fu r th e r  informed about 

the nature of the groupings o f  the items and of im e d ia te  or delayed feed

back. In a d d it io n ,  an example o f  the p resen ta tional method involved was 

shown to  the sub jec t who was e x p l i c i t ly  informed th a t  those items would 

not appear in the l i s t .  All sub jec ts  were presented one study t r i a l  in 

which a l l  24 pa irs  appeared a t  a 2 sec r a t e ,  p r io r  to  onset of the prac

t i c e  t r a i l s .  The in terva l between the i n i t i a l  study t r i a l  and the  f i r s t  

p rac tice  t r i a l  corresponded with the i n t e r t r i a l  in te rv a l .  Subjects had 

24 p rac tice  t r i a l s  unless they reached the c r i te r io n  of one p e r fe c t  t r i a l  

in which case p rac t ice  was term inated. Subjects who did not reach the a 

pr io r i  determined c r i te r io n  of e ig h t  co rrec t responses in a s in g le  t r i a l  

within the 24 p rac t ice  t r i a l s  were not included in the ana lys is  o f  the 

data and were replaced by the sub jec t appearing next in the labora to ry . A 

to ta l  o f  18 sub jec ts  did not reach the c r i te r io n .  Of th e se ,  3 were as-
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signed to  DF-8 condition; 2 each in cond itions, DF-4, DF-3, IF-3 , IF-2,

IF-1, DF-1, and one in each condition of DF-6, IF-6 and IF-8.

Results

Analysis of to ta l  e r ro rs  on the two types of l i s t s  employed f a i le d  

to  produce any s ig n i f ic a n t  main e f f e c ts  o r  in te ra c t io n s  due to  l i s t  d i f 

ferences (a l l  g s > .1 0 ) .  Accordingly fo r  fu r th e r  analyses the l i s t  f a c to r  

was omitted.

T r ia ls  to  c r i t e r i o n . Analysis o f  the number of t r i a l s  to  reach the 

c r i te r io n  o f  8 c o rrec t  responses in a s ing le  t r i a l  produced a s ig n i f ic a n t  

main e f f e c t  o f  method of p re se n ta t io n ,  £  (7 , 144) = 3 .01, £ < .0 1 ,  and a 

nons ign if ican t main e f f e c t  o f  delay o f  feedback and in te ra c t io n  with meth

ods o f  p resen ta tion  (both £ s < l ) .  The mean number o f t r i a l s  to  c r i te r io n  

fo r  conditions 1, 2 , 3, 4 , 6 , 8 ,  12 and 24 were, re sp e c t iv e ly ,  13.55, 13.40, 

14.65, 13.55, 13.25, 12.85, 10.80, and 8.15. Tukey's m ultip le  comparisons 

among the means revealed s ig n i f ic a n t  su p e r io r i ty  o f  performance in the  con

d it io n s  24 to  conditions 1 , 2 ,  3 , and 4 (a l l  gs < .0 5 ) .  The d if fe ren ce  be

tween conditions 6 and 24 only approached a s ig n i f ic a n t  level ( £ < .1 0 ) ,  

while no s ig n i f ic a n t  d iffe rences  were obtained among any o ther  conditions. 

The analysis  of t r i a l s  to c r i te r io n  o f  4 co r re c t  responses produced simi

l a r ,  though le ss  p o ten t ,  r e s u l t s .  The su p e r io r i ty  o f condition 24 was 

s ig n if ic a n t  only in comparison with condition 3.

Error measures. Analysis o f  to ta l  number o f e r ro rs  corresponded 

with the re s u l t s  o f  the analyses o f  t r i a l s  to  the c r i te r io n  o f  8 c o rrec t  

responses. Only the  main e f f e c t  o f  method o f  p resen ta tion  reached s ig 

n if ic a n c e ,  £  (7, 144) = 3 .37 , £ < .0 0 5 .  Although delay of feedback pro

duced more e r ro r s ,  the  main e f f e c t  o f  feedback f e l l  sho rt  o f  s ig n if ican ce  

(£ > .1 0 )  as did the in te ra c t io n  of the  two variab les  (£<  1). The mean
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to ta l  e r ro r s  fo r  conditions 1, 2 , 3 , 4 ,  6 , 8 ,  12, and 24 were, respec

t iv e ly ,  398.00, 367.50, 406.05, 400.30, 494.40, 368.80, 351.70, and 297.00. 

Tucky's m ultip le  comparisons re su lted  in s ig n i f ic a n t  su p e r io r i ty  o f  con

d i t io n s  24 to  conditions 1, 3 , 4 and 6 (a l l  g s < .05) with a l l  o ther com

parisons non s ig n if ican t.  The r e l a t iv e ly  superio r  performance o f condition 

2 was unexpected. The e f f e c t  may be due to two sub jec ts  in condition IF-2 

who learned the l i s t  a t  a very f a s t  r a te  and reached the c r i te r io n  o f one 

p e rfec t  t r i a l  within 12 t r i a l s .  This r a te  o f  learn ing  is  unusually f a s t  

considering th a t  only 13 o ther  sub jec t in a l l  conditions reached th i s  c r i 

te r io n  w ithin  twenty-four t r i a l s  and o f  those only one o ther  was in a l l  of 

conditions 1 , 2 , 3 ,  and 4 o f  IF o r DF combined. When the  data o f  those two sub

je c t s  were excluded, the mean number o f e rro rs  fo r  condition 2 was 392.77, 

more in l in e  with the mean o f  ad jacent conditions 1 or 3. I t  seems, th e re 

fo re ,  th a t  the su p e r io r i ty  o f condition 2 can be accounted fo r  by sampling 

e r ro r .

Error measures were a lso  analyzed in terms o f to ta l  e r ro rs  over blocks 

of four t r i a l s  and proportions o f e r ro rs  in blocks o f four t r i a l s .  The pro

portions of e r ro rs  were ca lcu la ted  by divid ing  the to ta l  number of e rro rs  

in each four t r i a l s  by 96, a m u lt ip i ica to ry  product of four t r i a l s  and the 

number o f items per t r i a l .  Since both dependent variab les  produced iden

t i c a l  r e s u l t s ,  only the e r ro rs  per blocks o f t r i a l s  ana lys is  w ill be r e 

ported here. A 2 (feedback delay) by 8 (methods o f presenation) by 6 

(blocks of t r i a l s )  an a ly s is  o f  variance produced s ig n i f ic a n t  main e f fe c ts  

of methods o f p re sen ta t io n ,  £  (7 ,  144) = 3 .33 , £ < .0 0 5  and blocks of t r i a l s ,  

£  (5, 720) = 914.65, £ < .0 0 1 .  More im portantly , the  in te ra c t io n s  of blocks 

of t r i a l s  with delay o f  feedback, £  (5 , 720) = 4 .61 , £ < .0 0 0 5 ,  and with 

methods of p resenation , £  (35, 720) = 2 .45 , £ < .0 0 0 1 ,  were both highly s ig -
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ni f i can t.  The in te ra c t io n  of blocks o f  t r i a l s  and delay of feedback r e 

vealed an increasing  su p e r io r i ty  o f  the IF conditions over DF conditions 

as p ra c t ic e  progressed. The d iffe ren ces  between the two conditions were 

not r e l i a b le  in the f i r s t  four blocks but reached the usually  accepted 

level o f  s ig n if ican ce  in the l a s t  two blocks (Tukey's comparison; both 

£ S < . 0 5 ) .

Table 2 presents the  means and standard deviations of e r ro rs  fo r  

each o f  method of p resen ta tion  conditions a t  each o f  the s ix  blocks of 

t r i a l s .  I t  i s  evident from the  ta b le  th a t  the d i f f e r e n t ia t io n  among the 

methods increased with p ra c t ic e .  Tukey's m ultiple comparisons v e r ify  th i s  

impression. No r e l ia b le  d iffe rences  in the conditions were obtained in 

the f i r s t  two blocks o f  t r i a l s .  Condition 24 produced s ig n i f ic a n t ly  fewer 

e r ro rs  than conditions 1, 3 , 4 ,  and 6 in the next two blocks and was s ig 

n i f i c a n t ly  superio r  to  a l l  conditions except 12 in the l a s t  two blocks of 

t r i a l s  ( a l l  £ < .0 5 ) .  Although condition 12 c o n s is ten t ly  produced fewer 

e r ro rs  across a l l  blocks than a l l  o ther  conditions with groupings o f  smaller 

s iz e ,  the d iffe ren ces  between condition 12 and these o ther conditions were 

r e la t iv e ly  small and n o n re l ia b le .

The e r ro r  measures were fu r th e r  divided in to  response in tru s io n  

( in t r a -  and e x t r a l i s t  combined) and response omission e r ro rs  to  examine 

the  possib le  d i f f e r e n t i a l  in te ra c t io n  o f  these measures with the indepen

dent v a r iab le s .  Analysis o f  variance on in tru s io n s  per block of t r i a l s  

produced a s ig n i f ic a n t  main e f f e c t  o f  blocks £  (5 , 720) = 11.51, £< .0001  

and i t s  in te ra c t io n  with methods o f  p resen ta tion , F (35, 720) = 1.89, 

£ < .0 0 2 .  The main e f f e c t  o f  method o f p resen ta tion  and the in te ra c t io n  of 

feedback delay with b locks, s ig n i f ic a n t  in  to ta l  e r ro rs  a n a ly s is ,  were not 

r e l ia b le  in th i s  ana lys is  (both gs > .1 5 ) .  S ig n if ican tly  fewer in tru s io n
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e rro rs  were made in the l a s t  block o f t r i a l s  than in a l l  o ther  blocks 

except the f i f t h  (a l l  jg s< .05 ).  Moreover, in tru s io n  ra te s  in the second, 

th i r d ,  and fourth  blocks were h igher, though not s ig n i f ic a n t ly  so, than 

a l l  the remaining th ree  blocks. More in te re s t in g  re s u l t s  are involved 

in the in te ra c t io n  of blocks with methods o f p resen ta tion . Tukey's mul

t i p l e  comparisons between the f i r s t  and the l a s t  block fo r  each method 

revealed no r e l ia b le  d iffe rence  in conditions 1, 2 , 3 ,  4 and 6. However, 

in tru s ion  e r ro rs  were s ig n if ic a n t ly  lower in the l a s t  block than in the 

f i r s t  block fo r  conditions 8 ,  12 and 24.

In trusion  e r r o r s , however, may not be a very s e n s i t iv e  measure, as 

the number o f in tru s ion  e r ro rs  i s  necessarily  lim ited  by the to ta l  number 

o f  e r ro r s .  The proportion o f  in trus ion  erro rs  to to ta l  e r ro rs  may provide 

a more s e n s i t iv e  dependent v ar iab le .  The proportions o f  in trus ion  erro rs  

were obtained by dividing the number o f  in trus ion  e r ro rs  by the to ta l  num

ber o f  e r ro rs  ( in tru s io n s  plus omissions) in each block fo r  each sub jec t.  

Analysis o f variance on th i s  measure resu lted  in s ig n i f ic a n t  main e f fe c ts  

of feedback de lay , £  (1 , 144) = 3 .92, £ < .0 5 ,  and blocks, £  (5 , 720) =

40.46, £ <  .0001, as well as an in te ra c t io n  of blocks with methods o f pre

sen ta tio n ,  £  (35, 720) = 1 .50, £ < .0 2 .  The proportion o f  in tru s ion  e r ro rs  

was g rea te r  in IF conditions than in DF conditions and increased with prac

t i c e .  Table 3 presents the  means and standard deviations of each method 

a t  each of the s ix  blocks o f  t r i a l s .  As can be seen from Table 3 , the pro

portion of in tru s ion  e r ro rs  increased in a l l  conditions as p rac t ice  pro

gressed. However, the degree of increase was much la rg e r  in conditions with 

small groupings than those with la rg e r  groupings as was confirmed in the 

post hoc analyses. Comparisons o f the f i r s t  and l a s t  blocks revealed s ig 

n i f ic a n t  increases in in tru s ion  e r ro rs  in conditions 1, 2 ,  3 , 4 , and 6 (a l l
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£ s < .0 1 )  while the d iffe rence  between the  f i r s t  and l a s t  blocks in the  r e 

maining th re e  conditions (8 , 12 & 24) were not r e l i a b le  ( a l l  £ S > . 0 5 ) .

These r e s u l t s ,  combined with those obtained in the analysis  o f  number of 

in trus ion  e r ro rs  per block of t r i a l s ,  in d ica te  th a t  while in trus ion  e r ro rs  

decreased with decreases in to ta l  e r ro rs  in conditions 8 ,  12 and 24, the 

ra te  o r  proportion of in tru s io n  e r ro rs  remained more or le s s  constant 

throughout p ra c t ic e  in the remaining conditions.

Moreover, the lack of in te ra c t io n  o f  feedback delay and blocks of 

t r i a l s  in the  ana lys is  o f  in trus ion  e r ro rs  suggests th a t  such an in te ra c 

tion  on the proportion measure i s  mainly due to  omission e r ro r s .  The an

a ly s is  o f  omission e r ro rs  provided d i r e c t  evidence fo r  th i s  notion. The 

number o f  omission e r ro rs  per block and the proportion of omission e r ro rs  

produced s im ila r  r e s u l t s .  For the sake of b rev ity  only the ana lysis  o f  the 

l a t t e r  measure i s  reported here. Analysis o f  the  proportion of omission 

e r ro rs  per block of t r i a l s  produced s ig n i f ic a n t  main e f fe c ts  of delay of 

feedback, £  (1 ,  144) = 5.70, £ < .0 2 ,  and blocks £  (5,720) = 61.48, £ <  .0001, 

and a s ig n i f ic a n t  in te ra c t io n  of the two variab les  £  (5 , 720) = 2 .47,

£ < .0 5 .  In a d d it io n ,  the main e f fe c t  o f  method o f  p resenta tion  approached 

the accepted level o f  s ig n if ican ce  ( . 0 5 < £ < .1 0 ) .  The proportions of 

omission e r ro rs  were g rea te r  in the DF conditions than in the IF conditions 

and decreased as p rac tice  t r i a l s  increased. Moreover, the d iffe rences  be

tween the DF and IF conditions increased with p ra c t ic e  t r i a l s .  Differences 

between the two conditions were not s ig n i f ic a n t  in  the f i r s t  th ree  blocks 

of t r i a l s ,  but reached a r e l ia b le  level in  the l a s t  three blocks ( a l l  £s<  

.05). The in te ra c t io n  o f  methods of p resen ta tions  with b locks, s ig n i f ic a n t  

in the ana lys is  o f  to ta l  e r ro r s ,  was not r e l ia b le  in the proportion o f  

omission e r ro rs  ana lys is  (£<  1). This Ind ica tes  a reduction in omission
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e rro rs  as p ra c t ic e  progressed in a l l  conditions o f methods o f p resen ta tio n . 

The s ig n i f ic a n t  in te ra c t io n  of methods of p resen ta tion  with blocks observed 

in to ta l  e r ro rs  by blocks analys is  apparently  was caused by in tru s io n  

e r ro rs .

Number o f  c o rrec t  responses. Analysis of data on to ta l  number of 

co rrec t  responses and the  number of c o rrec t  responses per block of t r i a l s  

produced r e s u l t s  id en tica l  to  t h e i r  corresponding to ta l  e r ro r  measures as 

might be expected. An analys is  was a lso  performed on the number o f cor

r e c t  responses on the l a s t  p rac t ice  t r i a l  fo r  each sub jec t.  The IF con

d i t io n s  produced more c o rrec t  responses on the l a s t  p ra c t ic e  t r i a l  than 

the DF conditions as indicated  by s ig n i f ic a n t  main e f f e c t  o f  feedback, £

(1 , 144) = 3 .85 , 2  .05. In ad d it io n ,  the main e f f e c t  o f  methods o f  pre

sen ta tion  was highly s ig n i f i c a n t ,  £  (7, 144) = 3 .48, £  .005, in d ica tin g  

the su p e r io r i ty  of condition 24 to  a l l  o ther conditions except 12 ( a l l  

£s <.05).

Discussion

Manipulations o f methods o f  p resen ta tion  produced a s ig n i f ic a n t  main 

e f f e c t  and/or in te ra c te d  with blocks o f t r i a l s  in the ana lysis  o f  a l l  mea

sures except omission e r ro r s .  The e f f e c t  was mainly due to  the su p e r io r i ty  

of condition 24 to  a l l  o ther  conditions except condition 12. The super

io r i t y  o f condition 24 over condition 1 rep l ic a ted  the  f inding of previous 

in v es tig a tio n s  in which s im ila r  m ateria ls  were employed (B attig  & B rackett ,  

1961; Izawa, 1972, 1974). Increases in  the s ize  o f  the grouping of a n t i c i 

pation and feedback p resen ta tions  did not produce a potent f a c i l i t a t i v e  

e f f e c t  as predicted  from a l l  th ree  major hypotheses concerning method of 

p resen ta tion  e f f e c t s .  The lack o f  d iffe rences  in performance under condi
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t io n s  1, 2, 3, 4 ,  and 6 can be re a d i ly  explained by both the in te rfe re n c e  

and re ten tio n  in te rv a l  hypotheses. The small s ize  o f groupings employed in 

these conditions required rapid a l te rn a t io n  o f  r e t r ie v a l  and s torage me

chanisms. Even in condition 6 the  a l te rn a t io n  of processes occurred every 

12 sec and thus may not have allowed enough time fo r  e f fe c t iv e  separation 

of storage and re t r ie v a l  mechanisms. Moreover, the reduction o f  the num

ber o f  intervening events in these  groups, s p e c i f ic a l ly  under the IF con

d i t io n ,  were r e la t iv e ly  small and the  re ten t io n  in te rv a l  may have been 

long enough to  produce su b s tan tia l  short- te rm  memory lo sses .  More puzzling 

is  the  performance under conditions 8 and 12. These conditions did not 

produce re l ia b ly  b e t te r  performance than conditions with smaller s ize  group

ings. Nonetheless, as Table 2 re v e a ls ,  condition 12 produced fewer e r ro rs  

in each block o f  t r a i l s  than a l l  conditions except 24, and performance under 

condition 8 surpassed a l l  o ther  conditions except 2 , 12 and 24. As mentioned 

e a r l i e r ,  the unexpected su p e r io r i ty  o f  condition IF-2 to  i t s  ad jacent con

d i t io n s  may well be an a r t i f a c t  o f  sampling e r ro r .  This notion i s  s tren g th 

ened by the r e s u l t s  o f  in tru s io n  e r ro r s  an a ly s is .  The proportion o f in t r u 

sion e r ro rs  increased s ig n i f ic a n t ly  as p ra c t ic e  progressed in condition 2 

as i t  did in conditions 1, 3, 4 ,  and 6 ,  but unlike conditions 8 , 12 and 24 

in which l i t t l e  increase  in  in tru s io n  e r ro rs  across t r i a l s  was observed.

This r e s u l t  suggests a q u a l i ta t iv e  d iffe ren ce  between the two s e ts  of con

d i t io n s .  The f a c t  remains t h a t  condition 24 was never found to  be s i g n i f i 

can tly  superio r to  condition 12 and only in the l a s t  two blocks of t r i a l s  

did condition 24 show r e l ia b ly  b e t t e r  performance than condition 8 ,  in d i

ca ting  a t  l e a s t  some f a c i l i t a t i o n  e f f e c t  in conditions 8 and 12. Three 

reasons may be proposed fo r  the lack  o f  r e l i a b le  su p e r io r i ty  o f  conditions 

8 and 12 over conditions with sm aller s iz e  groupings. F i r s t ,  the  s iz e  o f
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groupings may not have been la rge  enough to  prevent in te rfe ren ce  between 

storage and re t r ie v a l  processes. This seems un like ly  s ince  B attig  and 

Brackett (1961) reported su p e r io r i ty  o f  ST over ANT method employing a 

12-pair l i s t  and Wright (1967) found the  same r e s u l t  with an 8 -p a ir  l i s t .

In both in v es t ig a t io n s  CVC-two-digit p a irs  were used as on the present 

study. Second, in condition 24 the separation  of a n t ic ip a t io n  and feed

back p resen ta tions  were accentuated by an i n t e r t r i a l  in te rv a l  o f  2 sec , 

while no such in te rv a l  was provided in the o ther cond itions. Although a l l  

conditions had a 4 sec i n t e r t r i a l  in te rv a l ,  the i n t e r t r i a l  in te rv a l  was 

presented as a means to  separate  p resen ta tion  o f t r i a l s  and not feedback 

and a n tic ip a t io n  groupings. I t  i s  reasonable to  assume th a t  the additional 

i n t e r t r i a l  in te rv a l  in condition 24 provided an add itional cue to  prepare 

the su b jec t  to  r e t r ie v e  or s to re  the m a te r ia ls ,  thus improving the e f f i 

ciency o f  these processes. Third , the  lack of r e l ia b le  supremacy of con

d it io n s  8 and 12 to  conditions with sm aller s iz e  groupings may have been 

caused by the,low degree of learn ing  achieves in the p resen t experiment. 

Only 15 sub jec ts  ( le s s  than 10% of a l l  sub jec ts )  reached a c r i te r io n  of 

one e r ro r le s s  t r i a l  w ithin the a l lo t t e d  24 p ra c t ic e  t r i a l s .  The e r ro r  

measures ind ica ted  th a t  the separation  among conditions increased with 

p rac tice  t r i a l s .  I t  seems l ik e ly  th a t  had p rac t ice  been carr ied  out to 

the c r i te r io n  of one e r ro r le s s  t r i a l  fo r  a l l  s u b je c ts ,  more r e l ia b le  d i f 

fe re n t ia t io n  of performance under the  d i f f e r e n t  conditions of method of 

p resen ta tion  would have been obtained.

The r e l a t iv e  improvement o f  performance in conditions 8 , 12 and 24 

supports a l l  th re e  major hypotheses. The su p e r io r i ty  o f  DF conditions 

over IF cond it ion , however, predicted  by the re te n tio n  in te rv a l  hypothesis , 

was not obtained. As can be seen in Table 1, the length  o f re ten t io n  in 



20

te rv a ls  in the DF conditions are  s u b s ta n t ia l ly  sh o r te r  than those in IF 

conditions. The number o f  in tervening events in condition DF-6 i s  equal 

to  those in the condition 24 and conditions DF-8 and DF-12 have sh o rte r  

re ten tio n  in te rv a ls  than both DF-24 and IF-24. Thus the r e s u l t s  obtained 

in the present study are  indeed opposite the expectations o f the re ten tion  

in terva l hypothesis. The DF conditions produced more to ta l  e rro rs  and 

omissions e r ro r s  and le s s  co rrec t  responses in the l a s t  th ree  blocks of 

t r i a l s  and a lso  re su l ted  in le s s  co rrec t  responses on the l a s t  p rac t ice  

t r i a l  than the IF conditions. These f in d in g s ,  in p a r t ,  confirm Lockhead's 

(1962) find ing  th a t  a condition s im ila r  to  DF-1 was s ig n i f ic a n t ly  in fe r io r  

to  ANT procedure. However, unlike the p resen t s tudy, no d iffe rence  between 

the ST and ANT procedures was obtained by Lockheed. The in f e r io r  perform

ance o f  sub jec ts  under the DF conditions c le a r ly  demonstrates th a t  the 

length of re ten tion  in te rv a l  cannot be responsib le  fo r  the su p e r io r i ty  of 

conditions 12 and 24 to  a l l  o ther  conditions and cannot explain the d i f f e r 

e n t ia l  e f f e c t  o f  methods o f  p resen ta tion .

The analysis  o f  in tru s io n  e rro rs  revealed th a t  the e f f e c t  o f  methods 

o f presen ta tion  was caused mainly by a r e la t iv e  increase  of in tru s ion  e rro rs  

in conditions 1, 2 , 3 , 4 ,  and 6 with p ra c t ic e  t r i a l s .  This finding i s  in 

co n tra s t  with those reported  by Kanak and Neuner (1970) th a t  the ANT method 

d iffe red  from ST mainly in the omission e r ro r  r a t e .  The con tras ting  re 

s u l t  may stem from d iffe rences  in m ate ria ls  employed in the  two in v e s t i 

gations. Kanak and Neuner used highly fa m il ia r  words. I t  i s  possib le  th a t  

the lim ited nature o f  the pool o f tw o-d ig it  numbers employed in the pre

sen t  experiment encouraged sub jec ts  to  "guess" r e la t iv e ly  more frequen tly ,  

re su l t in g  in more in tru s ion  e r ro rs .  Moreover, the length o f  l i s t  used in 

the present study n ecess ita ted  each th ree  responses to  have the same f i r s t
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d ig i t  thus increasing response competition. The in te rfe ren ce  produced 

by response competition added to  the in te r fe r in g  e f fe c t  o f  s torage and r e 

t r ie v a l  mechanism may be responsib le  fo r  the g rea te r  number o f in trusion  

e r ro rs  emitted by sub jec ts  in conditions with smaller s iz e  grouping. Al

though the DF condition produced lower proportions o f in tru s io n  erro rs  

than the IF cond it ions ,  no r e l ia b le  d iffe rence  between the two conditions 

was found in the absolute number o f in trusion  e r ro rs .  The lower proportion 

of in trus ion  e r ro rs  in the DF condition apparently was caused by the  g rea te r  

number o f to ta l  e r ro rs  in those conditions.

The in f e r io r  performance of sub jec ts  in DF conditions cannot be ex

plained by delay of feedback. I f  delay of feedback p resen ta tion  was re 

sponsible fo r  the in f e r io r  performance of DF cond itions, one would expect 

poorer performance in conditions with la rg e r  grouping s iz e .  Exactly the 

opposite r e s u l t  was obtained. The in f e r io r i ty  o f  DF conditions seems to 

be caused by increased in te rfe ren ce  of s torage and re t r ie v a l  of d i f f e re n t  

items as predic ted  by the  in te rfe ren ce  hypotheses.

I t  can be concluded th a t  the re s u l t s  o f  the presen t experiment pro

vide substan tia l  support for the in te rfe rence  hypothesis and present 

strong evidence ag a in s t  the re ten tio n  in terva l hypothesis o f  Izawa.



REFERENCES

B a tt ig ,  W. F. Procedural problems in p a ired -asso c ia te  learn ing  research. 

Psychonomic Monograph Supplement, 1965, No. L

B a tt ig ,  W. F. Evidence th a t  r e c a l l -a n t ic ip a t io n  d iffe rences  increase with 

increasing time in te rv a l .  Journal o f  Experimental Psychology, 1973, 

100, 399-402.

B a tt ig ,  W. F. And B rackett,  H. R. Comparisons of an tic ip a t io n  and reca ll  

methods of p a ired -asso c ia te  learn ing . Psychological Reports, 1961,

9, 59-65.

B a tt ig ,  W. F. and B rackett,  H. R. Transfer from verbal d iscrim ination  to  

pa ired -assoc ia te  learn ing : II  e f f e c ts  o f  i n t r a l i s t  s im i l a r i ty ,  meth

od and percent occurrence o f response members. Journal o f Experi

mental Psychology. 1963, 65, 507-514.

B a t t ig ,  W. F. and Spera, A. J .  Rated associa tion  values o f  numbers from 

0-100. Journal o f  Verbal Learning and Verbal Behavior, 1962, I, 

200- 202 .

Cofer, N. C., Diamond, F . , Olsen, R.A., S te in ,  J . S . ,  and Walker, H. Com

parison of an t ic ip a t io n  and r e c a l l  methods in paired a sso c ia te  lea rn 

ing. Journal of Experimental Psychology, 1967, 75 ,̂ 545-558.

Duffy, J .  C. and Kanak, N. J .  Confidence thresholds in two methods o f 

paired assoc ia te  learn ing  as a function o f  ego s tre n g th .  American 

Journal o f  Psyhchology, in press .

Izawa, C. Retention in te rv a l  hypothesis and evidence fo r  i t s  bas ic  assump

t io n s .  Journal of Experimental Psychology. 1972, 96, 17-24.

Izawa, C. Retention in te rv a l  hypothesis and l i s t  leng ths: Comparison of 

an tic ip a tio n  and s tu d y - te s t  procedures. Canadian Journal o f Psy

chology, 1974, 28, 214-224.

22



23

Kanak, N. J . ,  Cole, L.E. and Eckert, E. Im p lic i t  a sso c ia t iv e  responses 

in verbal d iscrim ination  acq u is i t io n .  Journal o f  Experimental 

Psychology, 1972, 93, 309-319.

Kanak, N. J .  and Neuner, S. D. Associative symmetry and item a v a i la b i l i ty  

as a function of f iv e  methods o f paired asso c ia te  acq u is i t io n .  

Journal o f  Experimental Psychology, 1970, 86, 288-295.

Lockhead, G. R. Method of presenting  paired  asso c ia te s .  Journal of 

Verbal Learning and Verbal Behavior, 1962, L, 62-65.

Noble, C. E. Measurements of a ssoc ia tion  value ( a ) ,  ra ted  assoc ia tions  

( a ' )  and Scaled meaningfulness (m‘) fo r  the 2100 CVC combinations 

of English alphabet. Psychological Reports, 1961, 8 ,  487-521.

Underwood, B. J .  and Schulz, R. W. Meaningful ness and verbal le a rn in g . 

Philadelphia : L ipp inco tt ,  1960.

Wright, J .  H. E ffec t o f  stimulus meaningful ness , method o f  p resen ta tion  

and l i s t  design on the learn ing  of paired a sso c ia te s .  Journal of 

Experimental Psychology, 1967, 73, 72-75.



TABLE 1

Mean retention and delay interval lengths for each of the 16 conditions in terms of n and A and actual 
number o f intervening events.

Condition
Size

of
A

IF
Means in terms o f  

n and A
Retention
In te rval

Delay
In te rva l

Means actual number of 
in te rven ing  events

Retention
In te rval

Delay
In te rva l

DF
Means in terms of 

n and A
Means actual number 
o f in terven ing  events

Retention
In te rval

Delay
In te rva l

Retention
In te rva l

Delay
In te rva l

2n-2 46 0
(5n-8) 5n

28 30

(2n-2)-A 45
(5n-8)/4-

A 27 31 ro

(2n-2)-A 44
(5n-8)

4 ■
5n + A 26 32

(2n-2)-A 43
(5n-8) -A 5n +A 25 33

(2n-2)-A 41
5n +A 23 35

8 (2n-2)-A 39
5n +A 21 37

12 11 (2n-2)-A 35 11
gn-8) 5n +A 17 41

24 23 (2n-2)-A  
or n-1

A 
or n-1 23 23

(2h-2)~A 
or n-1

A
o r  n-1 23 23
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TABLE 2

Mean and standard d iv is io n  o f  e r ro rs  under each method o f  p resenta tion  a t  
each o f  6 blocks o f  t r i a l s .

Condition 1 2 3 4 5 6

91.90
4.15

82.05
8.14

69.90
10.45

60.50
12.76

50.35
16.13

42.90
19.64

2 SD
90.45

5.25
77.55
14.61

63.85
21.19

53.70
24.60

44.80
22.23

35.15
20.62

3 S*D
92.40

2.57
83.05

6.68
71.85
10.56

62.20
14.66

52.55
17.21

43.85
17.58

"  SD
90.85
4.17

81.50
9.43

70.80
12.55

61.00
15.64

51.25
17.46

42.70
21.63

6 X 
° SD

89.75
4.66

78.60
10.70

69.85
16.30

59.70
16.94

52.10
20.20

44.40
19.77

8 X® SD
89.50

4.17
77.05
13.08

65.20
18.99

54.65
21.68

46.70
23.82

39.50
23.45

19  ^  
SD

86.80
6.41

73.15
12.47

61.55
18.14

52.45
20.15

42.00
20.58

35.45
21.57

M SD
88.55

4.94
68.80
15.37

52.20
18.11

39.00
18.96

28.10
16.84

20.35
15.75
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TABLE 3

Mean and standard d iv is ion  o f  proportion of in trus ion  under each method 
of presentation  a t  each block of t r i a l s .

Blocks
Condition 1 2 3 4 5 6

.17 .24 .31 .31 .37 .42

.19 .23 .26 .22 .26 .25

2 X .21 .28 .32 .30 .34 .37
 ̂ SD .29 .29 .31 .31 .30 .30

3 X .09 .14 .19 .22 .25 .25
 ̂ SD .09 .08 .11 .12 .17 .18

.11 .14 .16 .19 .25 .29
^ SD .16 .14 .12 .16 .18 .19

6 ^ .09 .12 .18 .22 .21 .25
° SD .12 .13 .18 .20 .20 .22

8 ^ .17 .20 .22 .24 .23 .22
® SD .22 .22 .20 .22 .23 .23

12 X .16 .20 .23 .23 .25 .24
SD .16 .19 .18 .21 .21 .21

24 X .14 .20 .24 .24 .23 .22
SD .11 .12 .16 .20 .25 .23
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PROSPECTUS

The a n tic ip a t io n  method o f  p resen ta tion  (MP) has been generally  used 

in in v es t ig a t io n s  o f  verbal lea rn in g ,  s p e c i f ic a l ly  in s tu d ie s  dealing with 

p a ired -a sso c ia te  (PAL), s e r ia l  (SL) and verbal d isc r im ina tion  (VDL) le a rn 

ing. B a tt ig  (1965) reported the number o f  a r t i c l e s  published in th ree  ma

j o r  psychological jou rna ls  during 1959-1963 in which th e  a n t ic ip a t io n  (ANT) 

method was employed in PAL to  be th re e  times as frequent as those using a 

non-an tic ipa tion  procedure. H is to r ic a l ly ,  however, another method was 

more commonly used than the  ANT procedure up to  the  y ea r  1938. In f a c t ,  

Pennington and Waters (1938), in a study which compared a n tic ip a t io n  with 

a procedure which i s  now labeled  the  s tu d y - te s t  (ST) o r  re c a l l  method, r e 

fe rred  to the  l a t t e r  procedure as the  " t ra d i t io n a l  method" fo r  PAL and in 

troduced th e  ANT method as a new method o f  p resen ta tion  previously  used 

only with SL.

The reason fo r  the  recen t popu la r ity  of the ANT procedure i s  not im

mediately c le a r .  One possib le  reason may be the  c lose  correspondence be

tween the  ANT method and typ ica l  animal learn ing  paradigms. As in animal 

learn ing  procedures, the  a n t ic ip a t io n  MP in p a ired -asso c ia te  learn ing  con

s i s t s  o f  p resen ta tion  o f  a stimulus alone fo r  a period o f  time during which 

^  emits a response followed by p resen ta tion  o f  the  stimulus and response 

paired  toge ther  analogous to  reinforcement in the  animal learn ing  methods. 

Unlike the animal learn ing  model, however, the reinforcement is  presented 

regard less  o f  the co rrec tness  o f  the  response in ANT procedure. The ST 

procedure d i f f e r s  from the  ANT method in  th a t  i t  co n s is ts  o f a l te rn a t in g

28
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t r i a l s  of p resen ta tion  o f a l l  the p a ir s  in the l i s t  (reinforcement or 

study in te rv a l)  and a l l  the stim uli ( t e s t  in te rv a l)  in the l i s t .  Besides 

th is  obvious discrepancy of the ST method with a typ ica l animal learning 

t r i a l ,  the ST procedure r e s u l t s  in a delay o f  reinforcement between t e s t  

and study t r i a l s ,  which may have con tribu ted  to  i t s  r e l a t iv e  lack of use 

in verbal learn ing  research s ince  the delay var iab le  has been so important 

h i s to r ic a l ly  in animal conditioning procedures.

Although the comparison of the two methods o f  p resen ta tion  was r e 

ported as ea r ly  as 1938 by Pennington and W alter, and su p e r io r i ty  of per

formance with the ST procedure over the ANT method was demonstrated by 

them, in te r e s t  in system atic comparison o f  the ANT method with o ther pro

cedures was not s tim ulated u n ti l  the  more recen t re - in tro d u c tio n  of the ST 

method by B attig  and Brackett (1961) and the in troduction  o f  the prompting 

(PRO) procedure by Cook and %end)er (1956).

In the prompting method a stim ulus-response p a i r  i s  presented f i r s t  

followed by presen ta tion  o f  a stimulus alone fo r  a period of time during 

which the sub jec t i s  required to  pronounce e i th e r  o v er tly  or covertly  the 

response term they had seen. The t e s t  o f  learn ing  is  made on separate  

t r i a l s  in which a l l  stimulus members in the  l i s t  are  presented alone and 

the sub jec t  i s  in s tru c ted  to  respond to  each o f  the  s t im u li .  Both s tud ies  

found the ANT performance to  be in f e r io r  to  the o ther  methods. These two 

repo rts  s tim ulated a la rge  number of in v e s t ig a t io n s  examining the  e f f e c t  

o f  MP on performance on verbal learn ing  ta sk s .  Although a review o f  s tud ies  

concerning the PRO procedure has been previously reported (Aiken and Lau, 

1967), no such review o f  in v es t ig a t io n s  involving comparisons o f  the ANT 

and ST methods o f p resen ta tion  has been attempted. The presen t paper su r 

veys such in v e s t ig a t io n s .  In ad d it io n , s tud ies  examining the prompting
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method are included fo r  two major reasons. The f i r s t  i s  to  give the 

reader a b e t te r  perspective  o f the l i t e r a t u r e  perta in ing  to  methods of 

p resen ta tion . The second, and more im portant, reason i s  the s im i la r i ty  

between the ST and PRO methods o f  p resen ta tion . For a l l  p rac tica l  pur

poses, in both methods learn ing  and performance are temporally separated 

while, in comparison, learn ing  and performance are in te r r e la te d  in the ANT 

procedure.

B attig  (1965, 1969} has pointed out a number o f  disadvantages of 

the ANT method, the  most important being in se p a ra b i l i ty  o f  measures of 

learn ing  and performance. B attig  argues th a t  the e s se n t ia l  property o f the 

ANT procedure with a PA task  i s  th a t  each attempted a n t ic ip a to ry  (perform

ance) response is  followed by presen ta tion  o f  the c o r re c t  response and an 

attempted learning response. Thus, the experim enter's  measure o f perform

ance in any given t r i a l  i s  contaminated by the immediate occurrence of 

add itional lea rn ing , which i t s e l f  cannot be r e f le c te d  in the s u b je c t 's  

performance u n ti l  the next t r i a l .  B attig  fu r th e r  suggests th a t  th i s  s i 

multaneous occurrence of learn ing  and performance i s  a source o f confusion 

to  sub jec ts  and c i t e s  the reported  f a s te r  r a te  of learn ing  under the ST 

method as evidence of such a confusion. The inherent problem o f  insepara

b i l i t y  o f  learning and performance in the ANT method i s  only in te n s if ie d  

with a SL ta sk ,  where the  sub jec t  i s  required to  both r e t r ie v e  an item from 

memory (perform) and s to re  another item in the memory ( lea rn )  with every 

presen ta tion  of an item. B a tt ig  a lso  argues th a t  individual p a irs  in the 

l i s t  are almost invar iab ly  learned a t  d i f f e r e n t  ra te s  and to  d i f f e re n t  

terminal lev e ls  with the  commonly used l i s t  based c r i t e r i a .  Experimenters 

have no control over individual p a i r  learn ing  and no e f fe c t iv e  method fo r  

measurement o f  degrees of learn ing  fo r  each individual p a i r .  Moreover,
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the ANT method o f  PAL does not allow measurement o f  the  assoc ia tive  r e l a 

tion  o f  in te rp a i r  items. B attig  claims th a t  the assumption th a t  the p r i 

mary in t e r e s t  in PAL is  examination of in t r a p a i r  assoc ia tions  i s  erroneous 

and fee ls  the  influence of the context o f  o ther  pa irs  on assoc ia tive  con

nection o f  stim ulus-response terms i s  an important aspect of PAL which is  

usually ignored.

Clearly the f i r s t  advantage of ANT method, th a t  of learning and per

formance undetachment can be removed by employment o f the ST procedure.

As B attig  (1969) has reasoned in his defense of the  ST method, the separa

tion  of study and t e s t  t r i a l s  frees  s u b je c t 's  performance from contamina

tion  by new learn ing  and allows more accurate measurement of performance 

than is  possib le  with the ANT method. Such a separation  also reduces the 

s u b je c t 's  confusion. However, B a t t ig 's  o ther  c r i t ic ism s  of the ANT method 

can a lso  be applied to  the ST method o f  p resen ta tion . The ST method is  

equally  as vulnerable to  the problem of unequal learn ing  o f  individual 

items and in s e n s i t iv i ty  to in te r i tem  re la t io n sh ip  measurements. Although 

B attig  proposed procedural modifications to  c o r re c t  these disadvantages, 

the d iscussion  of such procedures i s  well beyond the scope and purpose of 

the p resen t paper and thus i s  ommitted here.

Another advantage in employment of ST method l i e s  in i t s  c lose cor

respondence with extra-experimental learn ing  s i tu a t io n s  in adu lt  humans.

I t  i s  un like ly  th a t  anyone try in g  to  s to re  new information in to  h is  mem

ory would do so by s to r in g  a small chunk of information and then te s t in g  

himself on th a t  chunk before endeavoring memorization o f  a new chunk. No 

student preparing fo r  an upcoming exam o rd in a r i ly  would t ry  reading on a 

s ingle  concept and te s t in g  himself on th a t  concept before going on to  the 

next paragraph. He is  more l ik e ly  inc lined  to  read a l l  the material re -
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qui red before te s t in g  h is  memory and then focusing on re-reading  of the 

unlearned m ater ia l .  This a l te rn a t io n  of learning and te s t in g  procedures 

more c lose ly  resembles the ST method o f  p resen ta tion  than ANT. In le a rn 

ing experiences a t  e a r l i e r  s tages o f development, however, parents  and 

teachers usually  requ ire  a s ing le  response from children and provide im

mediate feedback. Such a learn ing  experience more c lo se ly  approximates 

the  an tic ip a t io n  learn ing  s i tu a t io n .  The laboratory  examination o f  the 

comparative e f f ic ie n c y  o f  the two methods in learning with adu lts  and 

ch ild ren , th e re fo re ,  has p ra c t ic a l  as well as th eo re t ic a l  im plica tions.

An obvious disadvantage of the  ST procedure i s  the delay of feed

back, reinforcement, o r  knowledge o f r e s u l t s .  The duration o f  the feed

back presenta tion  fo r  a given p a i r  in the  ST procedure depends on the 

s e r ia l  position  of stimulus in the  t e s t  t r i a l  and the s e r ia l  position  of 

stimulus-response p a i r  on the subsequent study t r i a l ,  as well as the  length 

o f  the l i s t .  However, regard less  o f  the position  o f  the item and l i s t  

leng th , delay of feedback p resen ta tion  i s  longer in ST procedure than in 

the  ANT method. Since feedback in a verbal learn ing  task  i s  analogous to 

reinforcement in animal learn ing  models, i t  could be assumed th a t  delay 

of feedback in a verbal learn ing  task  has an adverse e f f e c t  on performance. 

Empirical d a ta ,  however, have not subs tan tia ted  th i s  assumption, as the 

review o f  s tud ies  on examining delay o f  feedback in  the next sec tion  dem

o n s tra te s .

Delay of Feedback

Numerous experiments have examined the e f f e c t  of delay o f  feedback 

and have reported inconclusive r e s u l t s .  Champion and McBride (1962) a t 

tacked the problem by employment o f  two leve ls  o f duration of delay feed

back (2 and 5 sec) and two in te rp o la ted  a c t i v i t i e s  in a PA task  with ANT
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method of p resen ta tio n . Subjects e i th e r  did nothing during the delay (N) 

o r read words th a t  were assoc ia tes  (A) o f  the  stimulus presented immedi

a te ly  p r io r  to  the  delay in te rv a l .  The A groups were employed to  examine 

an extension o f  Spence's (1956) hypothesis which assumes th a t  a delay period 

allows the stimulus components to  become attached to  a v a r ie ty  o f  responses 

which compete with the response being lea rned , thus r e su l t in g  in in f e r io r  

performance. Analysis o f  speed (1 /la tency ) o f  c o r re c t  responses re su lted  

in s ig n i f ic a n t  main e f fe c ts  o f  delay of feedback, p ra c t ic e ,  and a c t iv i ty .

In ad d it io n , two-way in te ra c t io n s  o f  p ra c t ic e  with a c t iv i ty  during the de

lay in te rv a l  and p rac t ice  with delay reached s ig n i f ic a n t  le v e ls .  As ex

pected, delay of feedback and the reading o f  competitive response during 

delay decreased the speed of response and these  e f f e c t s  became more pro

nounced as p ra c t ic e  increased. The in te ra c t io n  o f  delay and a c t iv i ty  was 

not s ig n i f ic a n t  in d ica tin g  th a t  the 5 second delay had adverse e f fe c ts  for 

both N and A groups.

Sampson (1971) extended the  Champion and McBride design by including 

a th i rd  in te rp o la ted  a c t iv i ty  group in which the sub jec ts  read words d i s 

s im ila r  to  the stimulus members and by reversing  the delay duration  a f te r  

14 p rac t ice  t r i a l s  fo r  h a lf  o f  the su b jec ts .  In a l l  o ther respec ts  the 

two s tud ies  were s im ila r .  The r e s u l t s  in terms o f  ana lysis  o f  speed mea

sures before the  reversa l o f  delay duration were comparable to  those ob

ta ined  by Champion and McBride. Performance was superio r  with the no 

a c t iv i ty  group compared to  the  o th e r  two a c t iv i ty  groups, which did not 

d i f f e r  from each o th e r .  Superior performance was a lso  found with the 2 

sec delay when compared with the  5 sec delay. Moreover, these  d iffe rences  

increased as p ra c t ic e  increased . More evidence in support o f  delay e f fe c ts  

was obtained in the  ana lys is  o f  po s t- rev ersa l  d a ta .  The change from 2 sec
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to 5 sec produces a s ig n i f ic a n t  decrement in performance and the  change 

from 5 sec to  2 sec produced s ig n i f ic a n t  improvement in performance fo r  

the two groups with a c t i v i ty .  However, fo r  the no a c t iv i ty  groups a s ig 

n i f ic a n t  decrement o f  performance was observed only following the  change 

from 2 to  5 sec , with no improvement following shortening of delay dura tion .

Although these s tu d ies  p resen t strong support fo r  the  in h ib i to ry  e f 

fe c ts  o f delay of feedback on PA performance, o ther in v e s t ig a to rs  have r e 

ported no change or even superio r  performance with delay. L intz and Brack- 

b i l l  (1966) reported a s e r ie s  o f  four  experiments involving delay of feed

back in PA and VDL. In the  f i r s t  two experiments, which d if fe re d  only in 

terms of the  task  performed, delay of monetary reward fo r  co r re c t  response 

was incorporated as well as delay o f  feedback. In the l a s t  two experiments, 

agains d if fe r in g  only in terms o f  the  two verbal ta sk s ,  only delay of feed

back was varied . In a l l  experiments two lev e ls  o f  delay o f  feedback or 

monetary reward were included. These were 0 and 10 sec . Analysis o f  the 

number of e r ro rs  to  the  c r i te r io n  o f th ree  successive c o r re c t  responses per 

item revealed a s ig n i f ic a n t  e f f e c t  o f  delay in only one o f  the four exper i

ments. The delay e f f e c t  was only ev iden t with the  PA task  and th a t  only 

fo r  feedback dealy in one o f  the  two experiments. The immediate feedback 

group made s ig n i f ic a n t ly  fewer e r ro r s  than the  10 sec delay group. No 

delay e f fe c t  was found in the experiments in which the  VD task  was employed.

Three in v e s t ig a to rs  have reported  improvement o f  performance with 

delay of feedback. Jones and Bourne (1964) employed a 3 x 3 fa c to r ia l  de

sign consis ting  o f th re e  lev e ls  o f  delay o f  feedback and th ree  leve ls  o f  

in te rv a l  between the p resen ta tion  o f  stimulus-response p a irs  and the pre- 

sena ta tion  of the following stimulus terms (designated as in te ru n i t  i n t e r 

v a l ,  lU I). The durations o f in te rv a ls  fo r  both va r iab les  were 0 ,  3 and 6
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sec. The mean number o f e r ro rs  to the c r i te r io n  of one p e rfec t  t r i a l  a t  

0 lUI level were 80 .0 ,  60.9 and 53.4 fo r  0 ,  3 and 6 sec delay of feedback 

respec tive ly .  Analysis o f  th i s  measure confirmed the s ig n if ic a n t  super

io r i ty  o f  performance with longer delays of feedback. In add ition , a s ig 

n i f ic a n t  e f f e c t  o f  lUI was reported , again in d ica tin g  a decrement in e r ro r s ,  

with longer in te rv a ls .

S im ilar r e s u l t s  were reported  by Nodine and Nodine (1966). In addi

t ion  to  delay of feedback and lUI v a r ia b le s ,  Nodine and Nodine varied the 

r a te  of a n t ic ip a t io n  and feedback exposures. Three durations (0 , 1 & 2 sec) 

o f  feedback delay and lUI and two ra te s  {h'h & 2:2 sec) o f  a n t ic ip a t io n  and 

feedback exposure were employed. Unlike Jones and Bourne, however, a t e s t  

t r i a l s  was in te rsp e rsed  between each o f  the four acq u is it io n  t r i a l s  to mea

sure performance. Their r e s u l t s ,  based on an ana ly s is  o f  the number of 

co r re c t  responses on s ix  t e s t  t r i a l s ,  revealed a l l  th ree  main e f fe c ts  to 

be s ig n i f ic a n t .  Number o f co rrec t  responses increased d i r e c t ly  with the 

increase of each o f  the th ree  temporal v a r iab le s .  In add it ion , the data 

ind icated  th a t  when duration o f feedback and an t ic ip a t io n  exposures were 

h'M. sec increase o f  lUI from 0 to  2 sec produced s ig n i f ic a n t ly  la rg e r  in 

crements in c o r re c t  responses than increase of delay of feedback in te rv a l .  

The reverse was t ru e  when duration o f  exposures was 2 :2 .

Jones (1968) a lso  examined the e f fe c t  o f  delay of feedback and lUI 

with the add itional va r iab les  of modes of feedback presen ta tion  and types 

o f  in te rpo la ted  a c t i v i t y  during feedback delay. Feedback p resen ta tion  

consis ted  o f  e i t h e r  stimulus and response p a irs  o r  response terms pre

sented alone, and the  a c t iv i ty  va r iab le  included no a c t iv i ty  or counting 

numbers backward. The duration of in te rv a l  fo r  both delay o f  feedback 

and lUI were 0 and 6 sec. The e f fe c ts  of delay of feedback were g rea t ly
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influenced by both the p resen ta tion  mode and the nature  o f  in te rp o la ted  

a c t iv i ty  during delay. With immediate feedback performance was iden tica l  

under both modes of p resen ta tion  while the stimulus-response mode was con

s iderab ly  e a s ie r  under conditions of delay of feedback. More im portantly , 

the u n f il le d  in te rva l  o f  delay o f  feedback with stim ulus-response presen ta

tion  f a c i l i t a t e d  performance, but no s ig n if ic a n t  d iffe rence  was obtained 

when response terms alone were presented. Counting during feedback delay 

decreased the level o f  performance to  the point th a t  no d iffe ren ce  was 

found between counting delay and the no delay conditions.

The e f f e c t  of type o f feedback p resen ta tion  on delay of feedback has 

a lso  been studied in the  VD task  (Ward & Maisto, 1973). These in v es t ig a to rs  

employed two durations o f  feedback delay (1 and 5 s e c ) ,  two durations of 

feedback exposure (1 and 5 s e c ) ,  and two types o f feedback presen ta tion  

( e i th e r  the c o rrec t  item was presented or i t s  pos it ion  was in d ic a te d ) .  As 

in Jones' study, ana lys is  o f  number o f co rrec t  responses re su lted  in s ig 

n i f ic a n t  main e f fe c ts  o f a l l  th ree  v a r ia b le s ,  but the  trends were opposite 

to  those reported by Jones. Superior performance was shown with the  lower 

level of delay and with the longer duration  of feedback exposure. Presenta

t io n  of the co rrec t  response a lso  increased the number of c o r re c t  responses. 

The e f f e c t  o f  delay o f  feedback, however, was only evident when the posi

t io n  of c o rrec t  item was ind ica ted  during the feedback exposure. No d i f 

ference between 1 and 5 sec delay was found when the  c o rrec t  item was pre

sented.

The s tud ies  reviewed above ind ica te  th a t  the e f fe c ts  o f  delay o f  feed

back are not co n s is te n t .  Only two in v es tig a to rs  (Champion & McBride, 1962; 

Sampson, 1971) reported in f e r io r  performance with delay of feedback in PAL. 

I t  should be noted th a t  these in v es t ig a to rs  used speed as t h e i r  dependent



37

variab le  and the speed measure was based on la tency o f  response only when 

sub jec t has responded co rrec t ly .  I t  cannot be determined i f  s u p e r io r i ty  

of low delay groups also would be evident i f  more conventional measures 

such as e r ro rs  o r  numbers o f  t r i a l s  were employed.

A more puzzling r e s u l t  i s  the su p e r io r i ty  of delay groups to  no

delay groups reported by o ther  in v e s t ig a to rs .  Although the r e s u l t s  can 

be perceived as a support fo r  e ff ic ien cy  of learn ing  with d is t r ib u te d  

p ra c t ic e ,  Underwood (1961) concluded th a t  the  l i t e r a t u r e  p r io r  to th a t  

time had shown l i t t l e  support fo r  the su p e r io r i ty  o f d is t r ib u te d  p ra c t ic e  

in verbal learn ing  when the  i n t e r t r i a l  in te rv a l  was manipulated as an in 

dependent v a r iab le .  Moreover, Izawa (1971) reported no e f fe c ts  o f  d is 

t r ib u te d  p ra c t ic e  in PAL with the ANT procedure when the  lUI was varied .

One source of the superio r performance with delay of feedback may be the 

rehearsal o f  items. The sub jec t may rehearse the p a i r  i f  h is response dur

ing the an t ic ip a t io n  period was c o rrec t  or he could rehearse the p a ir  pre

sented to  him during the previous feedback period by ignoring the  p resen ta

t io n  of the immediate stimulus when he is  not able to re t r ie v e  the co r re c t  

response. Some support fo r  such a notion can be c i te d  from r e s u l t s  r e 

ported by Jones (1968). Jones obtained superior performance fo r  delayed 

groups when no in te rpo la ted  a c t iv i ty  was employed but no f a c i l i t a t i o n  was 

observed when sub jec ts  counted numbers backward during the delay period. 

Apparently the  incompatible in te rpo la ted  a c t iv i ty  prevented rehearsal o f  

i tems.

I t  can be concluded, th e re fo re ,  th a t  delay o f  feedback cannot explain 

the d iffe rences  in performance re su l t in g  from MP fo r  several reasons. F i r s t ,  

the r e s u l t  o f  experiments ind ica ting  in f e r io r  performance with delay of 

feedback are  contrary  to  the  general f inding th a t  the ST method produces
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e i th e r  superio r  ( e .g . ,  B attig  & B rackett ,  1961; 1963) o r  equal performance 

when compared to  ANT method. S uperio rity  of the  ANT method over the  ST 

method i s  r a re ly  reported ( e .g . ,  Elmes & Lovelace, 1967) and can be r e 

garded as the exception r a th e r  than the  ru le .  Secondly, the su p e r io r i ty  

o f  ST cannot be explained by the  r e s u l t s  of s tu d ie s  reporting  b e t t e r  per

formance with delay o f  feedback since the  e f fe c t  has been evident only 

when no in te rp o la ted  a c t iv i t y  i s  employed. In the ST procedure the  feed

back delay in te rv a l  i s  f i l l e d  with presen ta tion  of o ther  stim uli o r  stim 

ulus-response terms, prompting the sub jec t  to  engage in s torage o r  r e 

t r ie v a l  a c t i v i t i e s .  The feedback delay period in  the ST method, th e r fo re ,  

more c lo se ly  resembles the  conditions in which in te rp o la ted  a c t i v i ty  was 

employed. I t  should be remembered th a t  superio r  performance was not ob

served in such cond itions. Other th e o re t ic a l  views have been forwarded 

to  account fo r  the reported  d iffe ren ces  between the ANT and ST methods of 

p resen ta tio n .

Theoretical Views

Three major th e o re t ic a l  views have been proposed to  explain  the  r e 

s u l ta n t  performance d if fe ren ces  with the ST and ANT procedures. In an 

attempt to  explain the su p e r io r i ty  o f ST procedure in t h e i r  e a r ly  study, 

B attig  and Brackett (1961) assumed the  complete temporal separa tion  of 

the p resen ta tions  o f  stim ulus-response pa irs  from the p resen ta tion  of 

stimulus terms alone to  be the  major source of f a c i l i t a t i o n .  They f e l t  

t h a t  each ST t r i a l  "co n s is ts  o f  two separa te  p resen ta tio n s  o f the e n t i r e  

l i s t  o f  S- terms, which might be expected to  enhance the id e n t i f ic a t io n  

of the s e t  o f  m ateria l to  be learned , as well as to  f a c i l i t a t e  the d i f f e r 

en t ia t io n  o f  the items from each o th e r  and from m ateria l ex ternal to  the 

l i s t "  (p. 63). I t  i s  assumed th a t  t h i s  temporal separa tion  in e f f e c t
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f a c i l i t a t e s  the d iv is io n  o f the two behavioral processes o f producing a 

previously learned co r re c t  response and learn ing  o f new stim ulus-response 

asso c ia t io n s .  In the ANT method both these  processes occur concurren tly , 

leading to  mutual in te rfe ren ce  and a consequent reduction of performance.

B attig  and Brackett (1963) reported  fu r th e r  support fo r  t h e i r  hy

po thesis .  In an experiment co n s is t in g  o f  th ree  le v e ls  o f  i n t r a l i s t  simi

l a r i t y ,  two MP, and two le v e ls  o f  percentage o f occurrence of response 

members (%ORM), they found s ig n i f ic a n t ly  superio r  performance with the ST 

method under 100% ORM, but in f e r io r  performance of ST group under 50% ORM, 

though not s ig n i f ic a n t .  They argued th a t  when the separa tion  of stim ulus- 

response terms and stim ulus-term s presented alone i s  not c le a r ly  d i s t i n 

guished, as i s  the case under 50% ORM, the  advantage o f ST w ill diminish. 

The in f e r io r  performance of su b jec ts  in  the ST conditions to those in the 

ANT under 50% ORM was due to  performance in only one group o f sub jec ts  and 

was a t t r ib u te d  to  possib le  d iffe ren ces  in samples of the population. In 

all o ther 50% ORM groups no d if fe ren ce  was found between the two methods.

B att ig  and Brackett (1961, 1963) do not id e n t i fy  the  mechanisms in 

volved in the in te r fe re n c e  o f  re c a l l  and learn ing  processes in the ANT 

method. Nor are they s p e c i f ic  in terms o f the  e f fe c ts  caused by the tem

poral separa tion  o f learn ing  and performance. In t h e i r  e a r l i e r  rep o rt  

they dismissed an ex tra  30 sec i n t e r t r i a l  in te rv a l  with the  ST method as a 

possib le  v a r iab le  a f fe c t in g  the  outcome o f t h e i r  r e s u l t s .  In a l a t e r  r e 

p o r t ,  however, B a tt ig  (1973) c i t e s  the i n t e r t r i a l  in te rv a l  as an important 

fa c to r  to  account fo r  the discrepancy between these experiments and those 

in which su p e r io r i ty  o f  ST was not observed ( e . g . ,  Lockhead, 1962). This 

change o f pos it ion  was caused by Izawa's (1971) demonstrations of marked 

f a c i l i t a t i o n  o f  paired asso c ia te  ST performance produced by increases in
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e i th e r  in t r a -  o r  i n t e r t r i a l  in te rv a ls .  Izawa made no d i r e c t  comparisons 

between the ST and ANT methods, nonetheless, her data  c le a r ly  ind ica tes  

the ST method to  become increasing ly  superior to  the  ANT procedure with 

increases o f e i th e r  i n t r a -  o r  i n t e r t r i a l  in te rv a ls .  B attig  (1973) argued 

th a t  those s tud ies  f ind ing  superior performance with ST ( e .g . ,  B attig  & 

Brackett,  1961, 1963; Cofer, Diamond, Olsen, S te in ,  & Walker, 1967, Ex

periment I) genera lly  used r e la t iv e ly  long i n t e r t r i a l  in te rv a ls ,  while 

experiments f inding no d iffe ren ce  between the methods ( e . g . ,  Lockhead,

1962; Cofer e t  1967, Experiments I I I  & V) employed sh o rte r  in te rv a ls .

I t  thus appears th a t  B a tt ig  has sh if te d  h is  emphasis on an " in terference"  

hypothesis to  a temporal one s tre s s in g  the  elapse o f  time between study 

and t e s t  t r i a l s  as a s trong fa c o tr  in f a c i l i t a t i o n  o f  learn ing  with the 

ST procedure.

Kanak and his  a sso c ia tes  (Kanak & Neuner, 1970; Kanak, Cole & Eck

e r t ,  1972; Duffy & Kanak, in press) have extended B attig  and B racke tt 's  

o r ig in a l  theory to include the confidence th resho ld  o f  sub jec ts  as an im- • 

portan t f a c to r  con tr ib u tin g  to  d iffe rences  obtained with the two methods. 

The assumption i s  made th a t  in the ANT procedure the sub jec t  withholds re 

sponding with an "ava ilab le"  item u n ti l  he is  r e l a t iv e ly  more confident of 

the correctness  o f  h is  response. The s e t t in g  o f  a higher confidence 

threshold  is  hypothesized to  be a r e s u l t  of competition between the cogni

t iv e  processing operation  o f  s torage and re t r ie v a l  stemming from the  rapid 

a l te rn a t io n  between s to rage and r e t r ie v a l  in the  ANT method. These assump

tio n s  were i n i t i a l l y  derived from the r e s u l t s  of an experiment reported by 

Kanak and Neuner (1970). These in v es t ig a to rs  employed th ree  va r ia tio n s  of 

the  ST procedure, depending on the item (s) th a t  sub jec ts  were in s tru c ted  to  

reca l l  during the t e s t  t r i a l s .  The sub jec ts  were e i th e r  in s tru c ted  to  re -
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spond with the response terms (B) when the stimulus terms (A) were pre

sented, ST-B; to  respond with the "stimulus" terms when the "response" terms 

were presented, ST-A, o r to  respond with stimulus-response p a irs  (A-B) when 

a blank s l id e  was presented to  them during the t e s t  t r i a l s ,  ST-AB. In 

comparing the ANT method with the ST-A and/or ST-B procedures, i t  was 

found th a t  the former re su lted  in a s ig n if ic a n t ly  higher ra te  o f  omission 

e r ro rs  even though i t  did not d i f f e r  from the l a t t e r  groups in response 

learning stage measures. The re s u l t s  thus suggest th a t  although the re 

sponses were equally  ava ilab le  to  the sub jec ts  in the ANT condition , the 

g rea te r  degree of withholding o f  responses may be co rre la ted  with a more 

s tr in g e n t  confidence th reshold .

Further support fo r  th i s  hypothesis was reported by Duffy and Kanak 

(in  p ress) .  Duffy and Kanak used two groups o f sub jec ts  d if fe r in g  in t h e i r  

ego-strength as determined by the Sixteen P ersonality  Factor Questionnaire 

(C a tte l l  & Eber, 1962). One h a l f  o f  the sub jec ts  in each ego-strength 

group ( i . e . ,  high or low) learned a PA l i s t  by the ANT and the o ther h a lf  

by the ST method. Of p a r t ic u la r  in t e r e s t  was the performance of subjects  

as measured by the number of t r i a l s  u n t i l  a response i s  f i r s t  given (FG). 

Ekstrand (1966) suggested th a t  FG measures the s u b je c t 's  readiness or w i l l 

ingness to emit a response and proposed th a t  FG be termed a measure of the 

"confidence th re sh o ld ."  Duffy and Kanak predicted t h a t  high ego-strength 

su b jec ts ,  who are assumed to be more capable of in h ib i t in g  overt response 

tendencies, should produce la rg e r  FG scores , r e f le c t in g  a higher confidence 

threshold , under the ANT method. Low ego-strength sub jec ts  are less  cap

able of in h ib i t in g  responding and, on the o ther  hand, were predicted to 

show e i th e r  no d iffe rence  in FG scores between the two methods or produce 

smaller FG scores in the ANT method. The r e s u l t s  o f  t h e i r  experiment con-
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firmed the p red ic tio n . High ego-strength  sub jec ts  had s ig n i f ic a n t ly  higher 

FG scores under the ANT procedure than under the ST method, while the low 

ego-strength sub jec ts  had sm aller FG sco res ,  though not s ig n i f ic a n t ly  so , 

under the ANT procedure.

Although th i s  hypothesis i s  s im ila r  to  th a t  advanced o r ig in a l ly  by 

B attig  and h is  a sso c ia tes  in th a t  i t  a l lo t s  a s ig n i f ic a n t  ro le  to  the com

p e t i t iv e  and in te r fe r in g  nature  o f the ANT procedure, i t  d i f f e r s  from the 

more recent temporal hypothesis of B attig  (1973) in i t s  lack of emphasis 

on the ro le  o f the i n t e r t r i a l  in te rva l and, more im portantly , by i t s  in t ro 

duction of the confidence threshold  concept. The confidence threshold 

concept s tre s se s  performance, as opposed to  lea rn in g ,  processes in the two 

methods o f p resen ta tio n . The in troduction  o f  the  confidence threshold  con

cept has the  additional advantage of enlarging the p red ic t iv e  power of the 

theory by assuming th a t  a l l  va riab les  th a t  may be instrumental in a ffec tin g  

confidence th resho lds  ( e . g . ,  in t r a -  and i n t e r l i s t  s im i la r i ty ,  r a te  of pre- 

senata tion)  would a lso  e f fe c t  performance in various MP.

The most recen t th e o re t ic a l  view i s  the " re ten tion  in te rva l hypo

th e s is "  proposed by Izawa (1972). The re ten tio n  in te rv a l  hypothesis i s  

concerned with the in te rv a l  between the p resen ta tion  of stimulus-response 

p a i r  (reinforcement, R) and the p resen ta tion  of stimulus alone ( t e s t ,  T). 

Since items are presented as e i th e r  a R or a T on each t r i a l ,  Izawa d i s 

tinguishes  four exhaustive parameters: R-R ( i n t e r - R - t r i a l ) , T-T ( in te r -T -  

t r i a l ) ,  T-R (feedback), and R-T ( re ten tio n )  in te rv a ls .  The length of each 

o f the in te rv a ls  can be determined by the number o f  i t s  intervening events 

o f  Rs and Ts in an i i-p a ir  l i s t ,  assuming the r a te s  o f  p resen ta tion  are held 

constant under both the ANT and ST methods. Table 1 presents the  means 

and ranges fo r  length o f  each o f  the in te rv a ls  under each MP as derived by 

Izawa (1972).
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The R-R and T-T in te rv a ls ,  though having d i f f e r e n t  ranges in the 

two methods, a re  id e n t ic a l  in t h e i r  mean under both methods and cannot be 

the major fa c to rs  responsib le  fo r  performance d if fe re n c e s .  The R-T in 

te rva l (feedback delay) i s  always zero in the ANT method but has a mean o f 

n-1 under the ST procedure. I f  feedback delay was de tr im en ta l ,  the ST 

method should be in f e r io r .  As was already  pointed o u t ,  th is  has not been 

borne out em pirica lly .

Izawa sees a c r i t i c a l  d iffe rence  between the  methods in the re te n 

tion  (R-T) in te rv a ls .  Under ANT the  sh o res t  R-T in te rv a l  occurs when a 

given item is  presented l a s t  on t r i a l  n_ and f i r s t  on t r i a l  n+1, having 0 

intervening even ts ;  and the  longest one, when an item is  f i r s t  on t r i a l  ii 

and l a s t  on t r i a l  n+1 has 4n-4 in terven ing  even ts . The o ther  cases vary 

somewhere between the  two boundaries with a mean o f  2n-2. In c o n t r a s t ,  

under ST the  range v a r ie s  from 0 to  2n-2 with the mean o f  iv-l events. The 

mean absolute  R-T in te rv a ls  fo r  ANT and ST methods are  expressed, respec

t i v e ly ,  as 2 (n^ l)d  + ( i n t e r t r i a l  in te rv a l)  and (in-l)d + ( i n t e r t r i a l  i n t e r 

v a l ) ;  where ^  represented the r a te  of exposure and i s  assumed in both 

methods. Izawa suggests th a t  the  longer R-T in te rv a l  f i l l e d  with i n t e r 

ference producing events c o n s t i tu te s  a c r i t i c a l  disadvantage fo r  the ANT 

method by producing more short- te rm  memory lo s se s .  The re ten tio n  i n t e r 

val hypothesis thus s t a t e s :  "Other th ings  equal,  the  RT [ST] method with

the sh o r te r  mean re te n t io n  in te rva l  with fewer in terven ing  events should 

produce r e l a t iv e ly  b e t t e r  performance in  a c q u is i t io n  than the a n t ic ip a t io n  

method with longer in te rv a l  having more in terven ing  events" (Izawa, 1972; 

p. 18, o r ig in a l  i t a l i c s ) .

The d i s t r ib u t io n  curves o f  n_ R-T in te rv a ls  as a function of i n t e r 

vening events under a random item p resen ta tion  are  shown in f igure  1. The
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d o s e r  an item i s  to  the  zero po in t o f  in tervening events the  le s s  the s h o r t 

term fo rg e t t in g  and the b e t t e r  the  performance. The r e l a t iv e  advantage of 

the ST method is  obvious. More important i s  the la rg e  overlapping area 

under both curves, providing a p o ten tia l  explanation fo r  the r e s u l t s  of 

these s tud ies  in  which no d iffe ren ce  between the two methods were obtained.

A t e s t  of the re te n t io n  in te rv a l  hypothesis i s  provided by an experi

ment conducted by Izawa (1972) in  which the R-T in te rv a l  was manipulated 

under both ST and ANT procedures. A l i s t  o f  20 CVC-two d i g i t  number p a irs  

was divided in to  two s u b l i s t s  (X and Y) o f  10 p a i r s .  In one condition 

under the ST method, the  R-T in te rv a l  fo r  items in the X s u b l i s t  was sh o r t

ened by placing the  X items a t  the l a s t  h a l f  of each Study t r i a l  and the 

f i r s t  h a lf  o f  each t e s t  t r i a l .  The items in the  s u b l i s t  Y obviously had 

a r e l a t iv e ly  longer R-T in te rv a l .  A s im ila r  procedure was employed under 

the ANT method so th a t  in some t r i a l s  the  X item s, and in o thers  the Y 

item s, had sho rt  R-T in te rv a ls .  Two control groups, one fo r  each o f the 

two methods, were constructed  in which the  r e la t iv e  length o f the R-T in 

te rv a l  fo r  both s u b l i s t s  was equal. I t  was pred ic ted  t h a t  in the  experi

mental condition under the  ST method the X s u b l i s t  would r e s u l t  in le s s  

in co rrec t  responses than the  Y s u b l i s t .  S im ilar  p red ic tio n s  were made fo r  

the sh o rt  and long R-T in te rv a l  items in the  ANT procedure. As expected, 

s ig n i f ic a n t ly  more in c o r re c t  responses were produced fo r  the  Y s u b l i s t  than 

the X s u b l i s t  in the  experimental condition o f ST procedure, while no d i f 

ference among the  two s u b l i s t s  were found in the control condition . When 

the Y and X s u b l i s t s  were combined the experimental and control conditions 

under the  ST method re su l te d  in equal performance. S im ila rly  the  perform

ance was found to  be a function o f  the  R-T in te rv a l  in the  ANT method. 

Furthermore, the performance under the combined ST conditions was s i g n i f i 
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can tly  b e t te r  than under the combined ANT conditions. These r e s u l t s  pro

vide strong support fo r  the re ten tio n  in te rv a l  hypothesis.

I t  is  important to note th a t  Izawa s tre s se s  short-term  memory as 

a functional variab le  con tr ibu ting  to  the d i f f e r e n t ia l  e f fe c ts  o f  the two 

methods. I t  is  p red ic ted , th e re fo re ,  th a t  the reca l l  o f  items a f t e r  a r e l a 

t iv e ly  long re ten tio n  in te rva l would be equal under ST and ANT method. This 

p red ic tion  was confirmed in a second experiment (Izawa, 1972; Experiment 

I I )  in which an additional t r i a l  (a t e s t  t r i a l  in ST condition) was pre

sented a f t e r  15 minutes o f unrelated  in te rp o la ted  a c t iv i ty .  The su p e r io r i ty  

of the ST method evident during acq u is it io n  diminished in the re ca l l  mea

sures.

Although Izawa a l lo t s  some importance to  the in te r fe r in g  e f f e c t s ,  the 

in te rfe ren ce  is  not a t t r ib u te d  to  the a l te rn a t in g  s torage and r e t r ie v a l  pro

cesses as suggested by the B attig  and Kanak research groups, but ra th e r  to 

the number o f  in tervening events regard less  o f the processes involved dur

ing these events. Izawa's hypothesis also  lacks the emphasis on the tern- . 

poral separation  ( i . e . ,  i n t e r t r i a l  in te rv a l)  and s tre s se s  the function of 

intervening events (Izawa's personal communication to  B a t t ig ,  see B a tt ig ,  

1973).

Izawa does not specify  the mechanisms underlying short-term  memory 

lo sses .  Tulving and Arbuckle (1963) id e n t i f ie d  two sources of i n t e r f e r 

ence in short-term  r e c a l l .  One source, re fe rred  to as output in te r fe re n c e ,  

is  produced by re t r ie v a l  o f  new m ateria l from memory; and the o th e r ,  input 

in te rfe ren ce , i s  caused by the input o f  additional items in memory. Both 

types o f  in te rfe ren ces  could be operative  during the re ten tion  in te rv a l .  

Inclusion o f  these concepts in the re ten tion  in te rva l hypothesis could 

enhance the theory in terms o f  both i t s  explanatory and p red ic tive  powers.
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Battig  (1973) has attacked the re ten tio n  in te rva l  hypothesis on a 

number of p o s it io n s .  B attigs  argues th a t  Izawa's contention th a t  the 

overlapping areas in the d is t r ib u t io n  curves of the R-T in te rva l  under 

the two methods o f p resen ta tion  can account fo r  in co n sis ten t r e s u l t s  is  

fa lac ious . Individual ANT p a irs  which overlap the length of the re ten tio n  

in terva l with individual ST p a irs  have to  be compensated fo r  by o ther  ANT 

pairs  with longer re ten tio n  in te rv a ls  than any ST p a ir s .  Since Izawa 

assumes the re ten t io n  in te rv a l  length to  be the only fa c to r  con tribu ting  

to the d i f f e r e n t ia l  performance between the methods and since the mean 

re ten tion  in terva l depends only on the number o f  items in the l i s t ,  there  

seems to be no way th a t  the re ten tio n  in te rva l hypothesis can account fo r  

the discrepancies in the l i t e r a t u r e .  B attig  a los argues aga inst Izawa's 

disregard fo r  the  e f f e c t  o f  the i n t e r t r i a l  in te rv a l .  Using Izawa's own 

form ulations, 2 (n - l)d  + ( i n t e r t r i a l  in te rv a l)  fo r  ANT, and (n - l)d  + 

( i n t e r t r i a l  in te rv a l)  fo r  ST, B attig  demonstrated th a t  a large i n t e r t r i a l  

in terva l would increase  the  absolu te  re ten tio n  in te rv a l  d iffe rences  in 

the two methods and suggests the d i f f e r e n t  i n t e r t r i a l  in te rv a ls  employed 

in d i f f e r e n t  experiments as the  main fa c to r  con tr ibu ting  to the incon

s i s t e n t  r e s u l t s  in previous s tu d ie s .

Although the PRO method o f p resen ta tion  i s  t re a te d  as a v a r ia tio n  o f 

St procedure and i s  reviewed as such throughout the present paper, i t  is  

of in te r e s t  to  examine some th e o re t ic a l  explanations fo r  the su p e r io r i ty  

of the PRO method over ANT advanced by Cook and Kendler (1956) and Peterson 

and Brewer (1963). Cook and Kendler conducted an experiment consis ting  of 

two methods o f p resen ta tion  (ANT & PRO) and two lev e ls  o f t ra in in g .  Sub

je c t s  in the high level o f t ra in in g  received four p re - tra in in g  t r i a l s  dur

ing which the stimulus and response terms were presented but sub jec ts  were
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not te s ted  fo r  learn ing . Subjects in the low tra in in g  condition had no 

p re - tra in in g  t r i a l s .  In both conditions sub jec ts  received th ree  experi

mental p rac t ice  t r i a l s .  In the PRO procedure,the stimulus term was pre

sented f i r s t  followed by the p resen ta tion  o f  response term, a f t e r  which 

sub jec t wrote the response term. The a n tic ip a t io n  method d iffe red  from 

the t ra d i t io n a l  method in th a t  the  response term was presented alone during 

the feedback period. The dependent variab le  was the number of co rrec t  re 

sponses on a t e s t  t r i a l  presented following the termination of p rac tice  

t r i a l s .  The PRO procedure was found to produce s ig n i f ic a n t ly  more co rrec t  

responses than ANT regard less  o f  the level o f  t ra in in g .  To account fo r  

th i s  f ind ing . Cook and Kendler proposed a two-stage hypothesis o f PAL. They 

argued th a t  in order to  e s ta b lish  an assoc ia tion  between a stimulus and r e 

sponse term, sub jec ts  f i r s t  produce an im p lic i t  cue-producing response to  

each of the two items. These im p lic i t  responses are assumed to  be pre- 

experimentally learned. After these im p lic i t  responses are e s ta b lish ed ,  

an assoc ia tion  between the im p lic i t  response to  the  stimulus term and the 

im p lic i t  response to  the response term is  formed to  complete the learning 

of the nominal p a ir .  The f i r s t  s tage o f PA learning thus cons is ts  o f  forma

tion  of an im p lic i t  response to the two items and the second stage involves 

the formation of an associa tion  between the  two im p lic i t  responses. Cook 

and Kendler argued th a t  the PRO method r e s u l t s  in superio r performance be

cause i t  f a c i l i t a t e s  the accomplishment o f  the second stage of PAL. This 

f a c i l i t a t i v e  e f f e c t  is  a t t r ib u te d ,  a t  l e a s t  in p a r t ,  to  the sho rt  delay be

tween the presen ta tion  o f  stimulus and response term, omission of overt 

response, o r  both, in the PRO method. Cook and Kendler, thus, assume th a t  

overt p rac tice  or "performance" in te r fe re s  with asso c ia t iv e  formation.

Peterson and Brewer (1963) a lso  a t t r ib u te  su p e r io r i ty  o f the PRO
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method p a r t ly  to  omission of overt responses. However, t h e i r  formulation 

d i f f e r s  from th a t  o f  Cook and Kendler in th a t  they a l l o t  an important ro le  

to the in te r fe r in g  e f fe c ts  o f  in co rrec t  responses in the  ANT procedure as 

the major f a c to r  in hindering learn ing  by th a t  method. In ad d it io n ,  Pet

erson and Brewer have proposed the number o f  stimulus and response pa ir ings  

per t r i a l  as another fa c to r  a f fe c t in g  learn ing  under the  two methods. In 

the PRO procedure, two such "pairings" occur in each t r i a l  (one due to  pre

sen ta tion  of items and one due to  the  pronunciation , as sub jec t always r e 

sponds c o r re c t ly ) ,  while in the ANT method the  "pairing" is  lim ited  to  one 

per t r i a l  ( ju s t  p re se n ta t io n a l) .  Accordingly Peterson and Brewer (1963, 

Experiment II)  employed th ree  v a r ia t io n s  of the  PRO procedure to  examine 

t h e i r  hypothesis. In the f i r s t  condition only one p a ir in g  o f  stimulus 

and response terms was presented in each t r i a l ;  in the  second condition 

two pairings and in the  th i rd  condition in te rfe re n c e  was introduced by 

pairing  of each stimulus with two d i f f e r e n t  responses and in s tru c t in g  the 

sub jec t to  respond with the l a s t  response paired  with a given stim ulus. 

Learning was found to  be le ss  e f f i c i e n t  in th e  in te rfe ren ce  condition than 

the o ther two conditions which did not d i f f e r  from each o ther .  Peterson 

and Brewer concluded th a t  the  i n f e r io r i ty  o f  the  ANT method i s  caused by 

in te r fe r in g  in co rrec t  responses. The comparison o f  in te rfe ren ce  produced 

by a double function l i s t  in the  PRO method, however, to  the in te rfe ren ce  

caused by an in co rrec t  response in the  more commonly used s ing le  function 

l i s t  in the ANT method i s  hardly j u s t i f i a b l e .  What the  r e s u l t s  of Pe ter

son and Brewer show i s  merely th a t  in te rfe ren ce  hinders lea rn in g , a f in d 

ing which had been es tab lish ed  long before. The conclusion th a t  the in 

f e r io r i t y  of the  ANT method is  due to  in te rfe ren ce  o f  in c o rre c t  responses 

i s  well beyond the scope o f  th e i r  experimental design and data .
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The s tud ies  reviewed in the present paper are evaluated in terms 

of the evidences they provide in support o f ,  o r  a g a in s t ,  the th eo re t ic a l  

positions  described. I t  should be noted, however, th a t  many of the in 

v es tig a tio n s  reviewed were not designed to  t e s t  these th eo r ie s  and th e i r  

evaluation in such terms i s  adm ittedly ad hoc. As w ill become c le a r  

l a t e r  in th is  paper, a f t e r  a more thorough review of the  l i t e r a t u r e ,  none 

of the th ree  th eo re t ic a l  formulations discussed above can explain a l l  the 

empirical r e su l ts  reported .

Task Variables

The main verbal tasks  used in the  examination o f  the e f fe c ts  of 

method o f  p resen ta tion  are PAL, SL and VOL. Of th ese ,  by f a r  the most 

common task  employed is  paired  asso c ia te  learn ing  followed by verbal d i s 

crimination and s e r ia l  learn ing  in th a t  order. U nfortunately, no s ing le  

in ves tiga tion  o f  the e f f e c t  o f  methods across d i f f e r e n t  tasks  with common 

m ateria ls  i s  a v a ilab le .  To avoid r e p e t i t io n ,  t h i s  sec tion  i s  devoted 

so le ly  to  those s tud ies  in which no secondary variab le  i s  manipulated. 

Detailed discussion o f the e f fe c ts  o f  secondary variab les  is  reserved fo r  

a l a t e r  p a r t  o f  th i s  paper.

Paired Associate Learning

Soon a f t e r  B attig  and Brackett (1961) reported su p e r io r i ty  o f the ST 

procedure to  the ANT method in PAL, Lockheed (1962) presented r e s u l t s  in 

c o n tra s t  to  those o f  B attig  and B rackett.  Lockheed expanded B attig  and 

B rack e tt 's  design to  include a th i rd  method of p resen ta tion  and a separate  

variab le  of p a r t ia l  knowledge of r e s u l t s .  In add ition  to  the ST and ANT 

methods, a v a r ia tio n  o f  a n tic ip a t io n  (random, RAN) procedure was used in 

which the stimulus-response p a irs  presented during the  feedback period did 

not correspond with the stimulus terms immediately preceding them but were
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randomly placed in th a t  p o s it io n .  The RAN cond ition , th e re fo re ,  incorpor

ated both the a l te rn a t io n  o f  s torage and r e t r ie v a l  processes, a charac te r

i s t i c  of the ANT method, and the delay of feedback inherent in the nature 

o f  the ST method. In ad d it io n ,  h a l f  o f  the sub jec ts  in each presentation 

condition were given oral knowledge of r e s u l t  ( " r ig h t"  o r  "wrong") immedi

a te ly  a f t e r  t h e i r  response and the o ther h a lf  had no feedback. Based on 

the re su l ts  o f  animal s tu d ie s ,  Lockheed predicted  su p e r io r i ty  of ANT to 

the o ther p resen ta tional conditions and a g rea te r  e f f e c t  o f  knowledge of 

r e su l ts  in the ST and RAN conditions than in the ANT. The mean number of 

t r i a l s  to  the c r i t e r io n  of one e r ro r le s s  t r i a l  fo r  ANT, ST and RAN condi

tions  were resp ec tiv e ly  24 .2 , 23.6, 28.3 fo r  the groups with knowledge of 

re su l t s  and 25.3 , 27.7 and 28.0 fo r  groups without knowledge of r e s u l t s .

As the means show, n e i th e r  o f  the two main e f fe c ts  nor th e i r  in te ra c t io n  

produced s ig n i f ic a n t  d iffe ren ces .

Although th e re  were numerous methodological d iffe rences  between the 

two experiments ( e . g . ,  r a te  of p re sen ta t io n ,  m a te r ia l ,  l i s t  leng th , to  c i te  

a few); Lockheed a t t r ib u te d  the discrepancy in the  r e s u l t s  only to the d i f 

ferences in the m aterial used. B attig  and Brackett employed nonsense 

shapes as s tim uli while Lockheed employed CVCs. Lockheed referred  to  re 

s u l t s  presented by Gagne (1950),who found th a t  assoc ia tions  are learned 

f a s t e r  when members o f the same nonverbal stimulus c la ss  are presented 

seq u en tia lly ,  in support of h is  argument and suggested th a t  the ST method 

can f a c i l i t a t e  stim ulus d iscrim ination  when such m ateria ls  are used. Whether 

or  not material s e le c t io n  has a s ig n if ic a n t  e f f e c t  on the outcome o f  method 

of presentation  e f fe c t s  w ill  be examined in d e ta i l  l a t e r  in th is  paper. The 

importance o f  Lockheed's r e s u l t s ,  however, l i e s  in  the finding th a t  the 

su p e r io r i ty  o f  ST over ANT method i s  not un iversa l.
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Results s im ila r  to  th a t  of Lockhead were reported by Cofer e t  al 

(1967; Experiment VI). In addition to  the three methods employed by Lock- 

head, Cofer e t  ^  included a fourth  ca lled  "doublet,"  s im ila r  to  the RAN 

method in a l l  respects  except th a t  in the doublet method a s e t  of two 

stimulus terms and stimulus-response pa irs  a l te rn a te d .  Again no s ig n if ic a n t  

d iffe rence  in learn ing  ra te  was found among the four methods. Cofer e t  al 

found these r e s u l t s  ra th e r  puzzling s ince in an e a r l i e r  experiment (Cofer 

e t  al^, 1967; Experiment I )  using the same material but a sh o r te r  l i s t  and 

only the ST and ANT methods, s ig n if ic a n t  su p e r io r i ty  o f  ST method was ob

ta ined . Moreover, in another experiment o f  th is  s e r ie s  (Experiment IV), 

in which a very short l i s t  was employed, the ANT method produced superio r  

performance in comparison to  the ST method. These findings prompted the 

authors to  conclude th a t  "the advantage o f f a s te r  learning under reca ll[ST ] 

than under an t ic ip a t io n  is  inconsis ten t"  (p. 556), and th a t  the r e su l ts  

obtained by B attig  and Brackett (1961) are not robust.

Although th e i r  f i r s t  and s ix th  experiments d if fe red  in th a t  the ST 

condition in Experiment I had an ex tra  30 sec s tu d y - te s t  t r i a l  in te rv a l ,

Cofer e t  ^  disregarded th i s  variance as a source o f  explanation o f the 

discrepancy in r e s u l t s  on the base of the general lack of any e f fe c t  of 

i n t e r t r i a l  in te rva l on PA learning (Underwood, 1961). As mentioned e a r l 

i e r ,  Battig  (1973) has argued th a t  the d iffe rence  in i n t e r t r i a l  in te rva l 

is  indeed the main source o f discrepancy, not only in these two experi

ments, but perhaps throughout the reported l i t e r a t u r e .

Discrepant r e s u l t s  between methods of presenta tion  have been the ru le  

ra th e r  than the exception when the ST and ANT procedures of PAL are compared. 

Of the 37 reports  o f  such comparisons ava ilab le  to  th i s  reviewer, 24 have 

reported s ig n if ic a n t  su p e r io r i ty  of the ST method e i th e r  as a main e f f e c t
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or through in te ra c t io n  with o ther  v a r ia b le s ,  while 13 have been unable to 

find any d iffe ren ces .  Only a few in v es t ig a to rs  (Cofer e t  ^ , 1 9 6 7 ;  Elmes 

arid Lovelace, 1967, Goss and Nodine, 1965) have ever reported su p e r io r i ty  

of ANT over the ST method.

The in co n s is ten t  e f f e c t  o f  MP i s  re f le c te d  in the s tud ies  reviewed 

in the present section  as well as throughout the paper. For example, when 

Rothkopf and Coke (1963) compared a v ar ian t  of ST and two ANT methods in 

a w ith in -sub jec t design on a mixed l i s t  o f  connected d iscourse , no d i f f e r 

ence in learn ing  due to  method o f  presentation  was found. B attig  and Wu 

(1965) a t t r ib u te d  the  lack o f  an e f f e c t  in Rothkopf and Coke's study to  

th e i r  use of an unpaced r a te  o f p resenta tion  and suggested th a t  with such 

a procedure the separation  of learning and performance may become meaning

le s s .  Accordingly, B attig  and Wu employed a paced PA task  in which the 

two methods o f  p resen ta tion  were mixed in a s ing le  l i s t ,  a procedure simi

l a r  to  th a t  used by Rothkopf and Coke. A 12 p a ir  l i s t  was divided in to  

s ix  ST and s ix  ANT p a irs .  For one group, separate  p a irs  (P ) ,  stimulus 

terms of the ST p a irs  were intermixed with the  ANT stimulus terms and stim

ulus-response p a i r s ,  a l l  o f  which were followed by the s ix  ST stim ulus- 

response p a ir s .  In the  o ther group, separate  t e s t  (T) l i s t s  each s ta r te d  

with the p resen ta tion  of s ix  ST stimulus-response p a irs  intermixed with 

ANT pa irs  and stimulus terms and proceeded to  the p resen ta tion  o f  ST stim

ulus terms. In both groups the p resenta tion  o f  stimulus terms of ANT 

pairs  were immediatley followed by th e i r  corresponding stimulus-response 

pa irs .  I t  should be noted th a t  the P sequence involved temporal separation 

of ST stimulus-response p a irs  but not ST stimulus terms, while the reverse 

was accomplished by the  T sequence. Further temporal separation of ST 

stimulus-response p a i r  o r  stimulus terms was provided under the in terva l
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(INT) conditions with an u n f i l le d  15 sec blank in te rva l  both preceding 

and following these p re sen ta tio n s ,  whereas in the continuous (CON) con

d it io n s  an uninterupted 4 sec r a te  was employed both within and between 

each of the 12 successive t r i a l s .

In con tras t  to  the r e s u l t s  o f  Rothkopf and Coke, overall su p e r io r i ty  

o f ST p a irs  to ANT p a irs  was highly s ig n i f ic a n t .  Moreover, a marked over

a l l  su p e r io r i ty  o f the P conditions over the T conditions and a marginal 

f a c i l i t a t i v e  e f fe c t  of INT condition was obtained. These r e s u l t s  in d ica te  

th a t  not only separation  of learn ing  and performance is  an important fac 

to r  in learn ing  e f f ic ie n c y ,  but a lso  the separation of the stim ulus-response 

p a irs  produces more e f fe c t iv e  learn ing  than separation  of stimulus terms, 

o r using another terminology, s torage mechanisms are  more s e n s i t iv e  to  

in te rfe ren ce  than are the re t r ie v a l  mechancisms. Such r e s u l t s  obviously 

provide strong evidence in support o f  the hypotheses proposed by the  B attig  

o r  Kanak research groups, but f a i l  to  id e n t i fy  the source o f  discrepancy 

in the r e s u l t s  o f  the  two experiments. Since B attig  and Wu did not include 

pacing ( i . e . ,  pace versus unpaced) as a v a r iab le ,  the study f a i l s  in i t s  

purpose to demonstrate the cause o f the con trad ic tory  r e s u l t s  in view o f  

the numerous o ther  d iffe rences  in the  methodology of the two experiments 

( e . g . , m a te r ia l) .

Support fo r  the supremacy o f  the ST method is  a lso  reported by 

Moursund and Chape (1966). Their study consisted  of th ree  MP. One was 

the t ra d it io n a l  ANT procedure, the second was a var ian t o f ANT in which 

sub jec ts  had a l i s t  o f  a l l  the ten responses av a ilab le  througout the ta sk .

In both these methods a 10-pair PA l i s t  was presented a t  a 3:3 sec r a t e .

The th i rd  method d if fe re d  s l ig h t ly  from the t ra d i t io n a l  ST procedure in 

th a t  subjects  were given a l i s t  o f  a l l  the ten p a irs  fo r  a period o f  30
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sec which c o n s ti tu te d  a study t r i a l .  No d iffe ren ce  was found between 

the  two ANT methods but s ig n i f ic a n t  su p e r io r i ty  o f  ST to the  o ther  two 

methods was confirmed. In ad d it io n ,  an in te ra c t io n  of MP with t r i a l s  

ind ica ted  th a t  the d iffe ren ce  between the ST and ANT methods increased 

with the number o f  p rac t ice  t r i a l s .  These f indings confirm the r e s u l t s  

reported by Kanak and Neuner (1970) in which the  d iffe rence  among the ST 

and ANT methods was a t t r ib u te d  to  omissions of responses during the as

so c ia t iv e  learn ing  s tag e . The equal a v a i l a b i l i t y  of response terms (no 

d iffe ren ce  in response learn ing  stage) did not produce equal a sso c ia t iv e  

lea rn in g , as the ANT method continued to  produce a higher r a te  o f  omis

s io n s ,  suggesting th a t  a higher confidence th resho ld  i s  developed by th is  

procedure.

Although the s u p e r io r i ty  of PRO over ANT method in PAL has been 

shown to  be more c o n s is te n t ,  d iscrepancies  between the r e s u l t s  s t i l l  

e x i s t s .  Of the 18 experiments a v a i la b le ,  14 have confirmed the r e s u l t s  o f  

Cook and Kendler (1956), while 4 have found no d iffe ren ce  between the two 

procedures. Furthermore, the su p e r io r i ty  o f  PRO over ANT seems to  be 

lim ited  to  the  e a r ly  learn ing  t r i a l s ,  s p e c i f i c a l ly  when m ultip le  choice 

PAL is  employed as a task  (Hawker, 1964, 1965a, 1965b).

Cook re p l ic a te d  the Cook and Kendler (1956) study employing a g re a t

e r  number o f  p ra c t ic e  and t e s t  t r i a l s .  I t  w ill  be remembered th a t  only 

th re e  p ra c t ic e  and one t e s t  t r i a l s  were presented in the e a r l i e r  study. 

Under such a procedure the h ighest degree o f  co r re c t  responding achieved 

was about 58%. Cook (1958) questioned the  conclusion of su p e r io r i ty  of 

PRO over the ANT method with such a low level o f  learn ing  and argued th a t  

had the t ra in in g  been continued fu r th e r  the  ANT method might have proved 

superio r  in the l a t e r  stages o f lea rn ing . Accordingly, 36 p rac t ice  and



55

12 t e s t  t r i a l s  were administered to  sub jec ts .  In a l l  o ther  respects  the 

two experiments were id e n t ic a l .  S ig n if ican t  su p e r io r i ty  o f  PRO method 

was confirmed in the f i r s t  nine but no d iffe rence  was present in the l a s t  

th ree  t e s t in g  t r i a l s .  The lack o f  d iffe rence  in the l a te  t e s t  t r i a l s  so le ly  

r e f l e c t s  p e r fe c t  performance o f sub jec ts  in both conditions during these 

t r i a l s .

Peterson and Brewer (1963, Experiment I) a lso  reported superior PRO 

performance in  a w ith in -su b jec t  design. Their procedures d if fe red  with 

those employed by Cook and h is  assoc ia tes  in th a t  Peterson and Brewer em-
I

ployed a l te rn a t in g  t e s t  and p ra c t ic e  t r i a l s  (compared to  3 p rac t ice  and 

one t e s t  r i a l s )  in PRO method. P rac tice  was ca r r ied  out to  15 t r i a l s .  The 

PRO method produced superio r  learn ing  in the f i r s t  f ive  t r i a l s  bu t,  in 

agreement with Cook (1958), no d iffe rence  in performance was observed in 

the l a t e r  t r i a l s .

More evidence fo r  su p e r io r i ty  of PRO over ANT is  reported by Kopstein 

and Roshal (1955). In t h e i r  version o f  the PRO procedure stimulus and re 

sponse terms were presented simultaneously fo r  a period of 3.5 sec each, 

while ANT method consis ted  o f t r a d i t io n a l  a n t ic ip a t io n  and feedback period 

with a to ta l  time span equal to  th a t  in the PRO method. Their r e s u l t  in 

d icated  th a t  the PRO procedure was s ig n if ic a n t ly  superio r  in the ea r ly  

t r i a l s  but the  advantage o f  PRO became d i s t in c t ly  le ss  apparent when higher 

leve ls  o f learn ing  were reached.

These r e s u l t s  prompted Sidowski, Kopstein and S h i l le s ta d  (1961) to  

suggest th a t  more e f f i c i e n t  learn ing  may take place when the  sub jec t 

merely observes the p resen ta tion  o f  stimulus and response terms than when 

he responds. Such an argument i s  s im i la r ,  but more general in i t s  scope, 

to  Peterson and Brewer's hypothesis th a t  inco rrec t  responses in te r f e r e  with
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learn ing . To t e s t  t h e i r  hypothesis , Sidowski e t  ^  included s ix  d i f f e r e n t  

p resen ta tional procedures. These conditions d if fe red  from each o ther  in 

p rac tice  t r i a l s  only, having id en tica l  t e s t  t r i a l s .  In th e i r  PRO method 

the stimulus was presented fo r  one sec followed by the p resenta tion  of 

the response term fo r  4 sec which preceeded a 6 sec in te rv a l  during which 

the sub jec t wrote down the response term. The PRO-SR procedure was iden

t i c a l  to  the PRO method with the exception th a t  both stimulus and response 

terms were presented simultaneously, instead  of the response term alone, 

maintaining the same ra te  o f  p resen ta tion . The ANT method consisted of 

the p resen ta tion  o f  stimulus term fo r  one sec , a 6 sec in terva l during 

which sub jec t an tic ip a ted  and wrote the response term followed by a 4 sec 

presentation  of the response term alone. The ANT-SR procedure was iden

t i c a l  to the ANT condition with the  exception o f  simultaneous p resen ta tion  

of stimulus-response terms in place o f  the response term alone. In the 

ANT-PRO procedure, standard ANT procedures were used, however, the sub jec t 

was required to  w rite  down the response term during the  feedback period as 

well as in the a n t ic ip a t io n  period. F in a lly ,  in the Simultaneous observa

tion  (SIM) condition stimulus and response terms were presented fo r  5 secs 

with a 6 sec in te rv a l  during which sub jec t made no overt  o r  w ritten  re 

sponse. All sub jec ts  were given th ree  t e s t  t r i a l s ,  on a f t e r  the s ix th  

study t r i a l  and two a f t e r  the ten th .  In the f i r s t  two t e s t  t r i a l s  stim 

ulus terms were presented fo r  one sec each and sub jec t was provided 4 sec 

to  w rite  the response terms. In the th i rd  t e s t  t r i a l  response terms were 

read to the sub jec t and he was in s tru c ted  to  provide the stimulus term. 

Table 2 presents the mean number o f  in co rrec t  responses (out o f  a possib le  

15) on each of the th ree  t e s t  t r i a l s .  Analysis o f  t h i s  measure produced 

the following r e s u l t s .  On the f i r s t  t e s t  t r i a l  the PRO-SR condition was



57

superior to  a l l  o ther  conditions except the SIM which i t s e l f  was superior 

to a l l  groups but PRO-SR and PRO. On the second t e s t  t r i a l  again PRO-SR 

procedure resu lted  in s ig n if ic a n t ly  fewer e rro rs  than a l l  o ther groups 

but SIM and PRO; SIM was superio r to  a l l  the ANT conditions and PRO was 

superior to  ANT. In the th i rd  t e s t  t r i a l ,  r e f le c t in g  a backward reca l l  

t e s t ,  the only s ig n if ic a n t  d iffe rence  was due to  b e t te r  performance of 

subjects  in the SIM condition than those in the ANT conditions. These r e 

s u l ts  only p a r t i a l ly  support the in v e s t ig a to rs '  hypothesis th a t  observa

tion  o f stimulus and response terms alone r e su l ts  in most e f f i c i e n t  lea rn 

ing. Fewer e r ro rs  were produced in the PRO-SR condition than in the  SIM 

condition , though the d iffe rence  was not s ig n if ic a n t .  The re s u l t s  can be 

explained best in terms of the rehearsal time provided. In conditions PRO, 

PRO-SR and SIME subjec ts  have a period o f 10 (or 11 in SIM) sec to  rehearse 

each p a i r ,  while in the th ree  remaining conditions only 4 sec i s  a l lo t t e d  

to  rehearsa l .  The r e s u l t s  also  show th a t  simultaneous p resen ta tion  of 

stimulus-response terms r e s u l t s  in b e t te r  learn ing . I t  i s  not c le a r  whether 

simultaneous presen ta tion  aids the assoc ia tive  learn ing  or stimulus d i s 

crimination component of PA learn ing . I t  should be noticed th a t  the  SIM 

procedure is  s im ila r  to  the ST procedure in th a t  during tra in in g  t r i a l s  

stimulus-response terms are  presented together and su p e r io r i ty  of th i s  

condition over the PRO condition can be conceived o f as comparable to  more 

e f f i c i e n t  learning with the ST procedure.

Comparison of PRO, ANT and SIM procedures i s  also reported by Reyn

olds (1967; Experiment I ) .  In addition to  MP, Reynolds a lso  examined the 

e f fe c ts  o f  number of t e s t  t r i a l s  on PAL. In one cond ition , t e s t  (T) t r i a l s  

were administered a f t e r  the th ird  and the s ix th  t r i a l s .  In the o ther  con

d i t io n s ,  no t e s t  (NT) t r i a l  was presented before termination of t ra in in g
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t r i a l s .  Subjects in both conditions received f iv e  t e s t  t r i a l s  following 

termination of p ra c t ic e  t r i a l s .  Two dependent va r iab les  were used in the 

ana lysis  o f  the da ta . These were the to ta l  number o f  c o rrec t  responses 

over (a) 5 te s t in g  t r i a l s  and (b) on the f i r s t  t e s t  t r i a l  a f t e r  the term

ination  o f  t r a in in g .  No s ig n i f ic a n t  e f f e c t  was obtained with the ana lys is  

o f the former measure. However, the main e f f e c t  o f  number o f t e s t  t r i a l s  

was s ig n i f ic a n t  and i t s  in te ra c t io n  with MP approached s ign if icance  when 

the re su l t s  o f  the f i r s t  te s t in g  t r i a l  was considered. Subjects in the  T 

groups performed b e t te r  than those in the NT groups. The in te ra c t io n  of 

MP and number o f t e s t  t r i a l s  ind icated  the  lower performance level o f sub

j e c t s  in the SIM-NT condition . This f inding  is  c le a r ly  in con trad ic tion  

of th a t  reported by Sidowski e t  ^  in th a t  the SIM condition was not super

io r  to  PRO o r  ANT conditions and indeed showed in f e r io r  performance in one 

te s t in g  condition . Moreover, the  su p e r io r i ty  o f  PRO over the  ANT procedure 

ty p ic a l ly  found in o th e r  s tud ies  was not observed.

The lack o f  an MP e f fe c t  in a comparison of PRO and ANT procedure o f
O

PA learn ing  is  a lso  reported  by Hawker (1967). Hawker employed a 2 fac 

to r ia l  design with two MP (PRO & ANT), two forms o f  PA ( t r a d i t io n a l  and 

m ultip le  choice) p re sen ta t io n ,  two locus o f  forms of PA presen ta tion  

(during t e s t  o r  t ra in in g  t r i a l s ) .  The m ultip le  choice presen ta tion  con

s is te d  o f  presenting a stimulus with four responses, a l l  o f  which were 

included in the l i s t  but only one of which was paired co n s is te n tly  with 

a given stimulus term. Multiple choice presen ta tion  produced b e t te r  

performance than the t r a d i t io n a l  PA ta sk ;  however, no d iffe rences  in the  

MP (PRO vs ANT) were obtained.

As in the in v es t ig a t io n s  o f  the ST procedure, the numerous method- 

o lgoical d iffe rences  does not allow d i re c t  comparison of these s tud ies
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and makes i t  impossible to  p inpoint the major po ten tia l  sources o f d i s 

crepant r e s u l t s .

Verbal Discrimination and Seria l Learning

Comparisons of MP in tasks o th e r  than PAL are  scarce. This review 

could find  only s ix  rep o rts  of in v es t ig a t io n  of ANT and ST and one repo rt  

of examination o f  ANT and PRO in VDL and a to ta l  o f  four in v es tig a tio n s  

( th ree  concerning ST and one PRO) in SL. In general the r e s u l t s  o f  these 

in v es tig a tio n s  o f  VDL and SL are more c o n s is ten t  than those reported with 

PA learn ing . This i s  s p e c i f ic a l ly  the case with the ANT and ST methods of 

p resen ta tion  comparison. The su p e r io r i ty  o f  ST and the  PRO procedure 

over the ANT method is  demonstrated in every study ( i . e . ,  B attig  & Swit- 

a l s k i ,  1966; Fulkerson & Johnson, 1971, in VDL; B attig  & Lawrence, 1967, 

in SL) with the exception of one fo r  each task  (Posnansky, 1972, in SL;

Rowe & Paivio , 1972, in VDL). B e tte r  verbal d iscrim ination  performance 

with ST o r  PRO has been found in a v a r ie ty  o f  m a te r ia l ,  including con

nected discourse (Silberman, Melaragno & Coulson, 1961); d i f f e r e n t  ra te s  

of p resen ta tion  and across a number of o ther  v a r iab le s .

The reason fo r  the more c o n s is te n t  r e s u l t s  with VD learn ing  in con

t r a s t  to the in co n s is ten t r e s u l t s  obtained with PA learn ing  cannot be e a s i ly  

explained. One would expect th a t  separation  of storage and re t r ie v a l  pro

cesses would be more benefic ia l in PA learn ing  since re c a l l  mechanisms 

are genera lly  considered more complex than those o f recognition . Further

more, the threshold  fo r  recognition responses is  ty p ic a l ly  assumed to  be 

lower than th a t  o f  re c a l l  responses. I f  su p e r io r i ty  o f  ST over the ANT 

method is  caused by r e la t iv e  increase  of the confidence th resho lds with 

the ANT procedure, as Kanak and Neuner s ta te d ,  the e f f e c t  of MP should 

be more evident in PA than in VD learn ing . One fa c to r  in the  two tasks
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th a t  may be responsible  i s  the higher su sc e p ta b i l i ty  o f recognition re 

sponses to  g rea te r  in te rfe ren ce  from the  number o f  intervening events. 

Since in the ST method the number o f  in terven ing  events between feedback 

and an t ic ip a t io n  o f  any item i s ,  on the  average, one h a l f  as much as i t  

i s  under the ANT procedure, as Izawa (1972) pointed o u t ,  i t  is  conceivable 

th a t  the f a c i l i t a t i v e  e f fe c ts  o f ST may be g re a te r  in VD than in PA lea rn 

ing fo r  t h i s  reason. I t  should be noted, however, th a t  the e f fe c ts  o f  

d i f f e r e n t ia l  numbers of in tervening events on VD learn ing  has not been 

examined and the gen era liza tio n  o f the e f fe c ts  o f  th i s  variab le  on s in g le 

item recognition learn ing  (Martin & Melton, 1970) to  VDL may prove to  be 

premature.

The su p e r io r i ty  o f  ST over the  ANT procedure in SL is  more e a s i ly  

explainable . In the  ST procedure separation  o f  study and t e s t  t r i a l s  pro

vided sub jec ts  with twice as much time to  r e t r ie v e  o r s to re  the material 

as in t r a d i t io n a l  SL by the ANT method. This additional time undoubtedly 

i s  instrumental in producing b e t te r  performance under the ST method. In 

none of the in v es t ig a t io n s  has th i s  time f a c to r  been co n tro lled ,  as is  

e s sen tia l  fo r  any meaningful comparison o f  the  two methods in se r ia l  

learning.

Method of p resen ta tion  has been reported  to  have o ther  e f fe c ts  on 

SL. B attig  (1969) reported  a marked reduction of c la s s ic a l  s e r ia l  posi

tion  curve e f fe c t  when the  ST procedure was employed and suggested th a t  

the well-known and c a re fu l ly  s tudied s e r ia l  pos ition  e f f e c t  may be j u s t  

an a r t i f a c t  o f  the ANT method o f p resen ta tio n . In ad d i t io n ,  Posnansky 

(1972) reported th a t  sub jec ts  under the  ANT method o f SL were more prone 

to  use a m ultiple cue o f  th ree -p r io r- i te rns  while sub jec t  under ST made 

more e f fe c t iv e  use o f a s in g le  p r io r- i te m  cue. Such r e s u l t s  may in d i-
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cate  the more complex nature o f learning under ANT, perhaps as a r e s u l t  

o f  in te rfe ren ce  between re tr ie v a l  and storage processes.

The only valid  conclusions th a t  can be made in regard to  the e f fe c ts  

of MP on d i f f e r e n t  verbal tasks i s  t h a t ,  for whatever reason, the superio r

i t y  of ST over the ANT method in PA learning is  not un iversa lly  found, but 

i s  more often than no t,  and the su p e r io r i ty  i s  more con s is ten t with VDL 

and SL ta sk s .  Other variab les  may be instrum entally  e f fe c t iv e  in a f fec tin g  

the outcome of the r e s u l t s .  The next section o f  the present paper i s  de

voted to  review of the e f fe c ts  o f  these secondary variab les .

SECONDARY VARIABLES 

Material

The e f fe c ts  o f the nature of material used in  l i s t  construction  on 

MP has been investiga ted  more extensive ly  than any o ther  v ar iab le .  The 

reason fo r  such high in te r e s t  in th i s  variab le  is  not c le a r ,  as only one 

of the major th eo re t ic a l  views, th a t  advanced by Kanak and his a sso c ia te s ,  

p red ic ts  d i f f e r e n t ia l  performances in the three MP with d i f f e r e n t  mater

i a l s .  However, the bulk o f the research conducted predates the th eo re t ic a l  

controversy and c o r re la te s  with the emphasis on a t t r ib u te s  o f  m ateria ls  as 

they d i f f e r e n t i a l ly  a f fe c t  learn ing  as predicted by stage analysis  concepts 

(Underwood & Schulz, 1960). As noted e a r l i e r ,  Kanak and Neuner (1970) a t 

t r ib u te d  the advantage of ST procedure to  the omission of responses in 

the asso c ia t iv e  learning stage o f  PA learn ing . I t  might be expected then 

th a t  response term meaningful ness should not d i f f e r e n t i a l ly  a f fe c t  lea rn 

ing under d i f f e r e n t  MP. However, s ince the use of low meaningful responses 

requires  a g rea te r  proportion of learning time to be invested in response 

learning s ta g e ,  the f a c i l i t a t i v e  e f fe c t  o f  ST method may be over-shadowed 

when such response terms are employed, thus a t tenuating  the d iffe rence  in the
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two methods. I t  should be noted, n ever the less ,  t h a t  Kanak and Neuner 

employed highly frequent words as response terms. The use of such ma

t e r i a l  may be responsib le  fo r  the lack of d iffe rence  in the response 

learning stage under the two methods. Low meaningful, unintegrated re 

sponse terms may have an even g re a te r  e f f e c t  on confidence thresholds 

under the ANT method and extend the d ifferences  between the ANT and ST 

methods to  the response learning s tage . Thus, the i n f e r io r i ty  of the ANT 

method could be evidenced in both the response and a sso c ia tiv e  learning 

stages when low meaningful responses are used, r e su l t in g  in accentuation 

of MP d iffe rences .  Since stimulus meaningfulness has been shown to  have 

l i t t l e  e f f e c t  on PAL, i t s  e f f e c t  on MP is  expected to  be minimal.

The e f f e c t  o f  varying leve ls  o f  stimulus and/or response s im i la r i ty ,  

may also  in te r a c t  with methods. Underwood, Runquist and Schulz (1959) 

demonstrated th a t  response s im i la r i ty  has a f a c i l i t a t i v e  e f f e c t  on the r e 

sponse learn ing  stage and an adverse e f f e c t  on the asso c ia tiv e  learning 

stage of PAL. Likewise the  hindering e f fe c t  o f  stimulus s im i la r i ty  has 

been generally  a t t r ib u te d  to  i t s  in te rfe rence  with asso c ia tiv e  learning 

processes (see Kausler, 1974). The focus of e f fe c ts  is  thus sh if ted  from 

response learn ing  with meaningfulness to  the  a sso c ia t iv e  learning stage 

with s im ila r  stimulus and/or response terms. In a d d it io n ,  Ekstrand (1966) 

reported th a t  the confidence th resho ld ,  as measured by F6, increases with 

in t ra ta s k  competition. Accepting the assumptions forwarded by Kanak and 

Neuner, one can p re d ic t  th a t  an increase in stimulus o r response s im i la r i ty  

would have a g re a te r  e f f e c t  on ANT than on the ST method of presentation 

and re su l t s  in g re a te r  su p e r io r i ty  o f ST over ANT. Moreover, manipulation 

of conceptual response s im i la r i ty  would be expected to  f a c i l i t a t e  the r e 

sponse learn ing  s tage under both methods, but the r e la t iv e  degree of f a c i l i 
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ta t io n  under the ANT method may be somewhat reduced by the i n t r i n s i c  

source of competition within the method. Hence, only a sub tle  e f f e c t  

might be observed in the response learn ing  s ta g e ,  but a more potent d i f 

ference between methods in the asso c ia tiv e  learn ing  s tag e . On the other 

hand, manipulation o f formal response s im i la r i ty  would increase the  r e la 

t iv e  in f e r io r i ty  of the ANT method not only in a s so c ia t iv e  learn ing  s tag e ,  

but also  extend i t s  e f f e c t  to  response learning s tage .

The same l in e  of reasoning can be presented fo r  the e f fe c ts  of 

imagery on MP. Paivio (1969) explained the p o s it iv e  e f f e c t s  o f imagery on 

PAL in terms of an encoding of the stimulus and response u n its  o f  a p a ir  

in to  a compound image. That i s  to  say imagery f a c i l i t a t e s  the a sso c ia tiv e  

connection of the stimulus and response terms. Moreover, the  e f f e c t  of 

stimulus imagery has been shown to  be g re a te r  than th a t  o f  response imagery 

(Paiv io , 1965). Low stimulus imagery, th e re fo re ,  i s  expected to  e leva te  

the performance d ifferences  between ST and ANT procedures.

The expected e f fe c t s  o f verbal a t t r ib u te s  on MP in VDL i s  le ss  

c le a r .  The frequency theory o f  verbal d iscrim ination (Ekstrand, Wallace & 

Underwood, 1966) explains VDL in terms of the d i f f e r e n t i a l  frequency build 

up between the r ig h t  and the wrong items of a p a ir .  The frequency theory 

pred ic ts  an increase in the learning ra te  with an increase  in the  frequency 

o f occurrence of r ig h t  items and a decrease in the frequency o f occurrence 

of the wrong items. The theory , with the incorporation o f  the  Weber's Law 

analogy, also  p red ic ts  b e t te r  performance when both items o f a p a ir  are 

low in frequency ra th e r  than when they are high in frequency. However, 

the frequency theory makes no sp e c if ic  p red ic tions  concerning the e f fe c ts  

of meaningfulness and imagery on VDL. Although the empirical r e s u l t s  of 

experiments varying meaningfulness on VD learning are inconclusive , the
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general e f f e c t  of the imagery a t t r ib u te  has been th a t  o f  f a c i l i t a t i o n  

(Eckert and Kanak, 1974).

Insofar as the PRO procedure i s  s im ila r  to  the ST method and in view 

of the f a c t  th a t  Peterson and Brewer (1963), as well as Cook and Kendler, 

have a t t r ib u te d  the  i n f e r i o r i t y  of ANT method r e la t iv e  to  the; PRO method 

to  a sso c ia t iv e  in te r f e re n c e ,  the  same th eo re t ic a l  p red ic tions  regarding 

the e f fe c ts  o f  verbal a t t r ib u te s  o f the m ateria ls  made fo r  the  ST procedure 

can be extended to  the  PRO method.

Meaningful n ess . Inv es tig a tio n s  concerning meaningful ness, frequency of 

occurrence and p ronounc iab ili ty  are a l l  presented in th i s  section  because 

of the s im i la r i ty  of the  e f fe c t s  o f  these variab les  on verbal learn ing  

tasks .  Although an in te ra c t io n  o f MP and meaningful ness in PAL is  r e 

ported in a number o f  in v es tig a tio n s  (Elmes & Lovelace, 1967; Goss &

Nodine, 1965; Wright, 1967), the  e f f e c t  i s  by no means f ree  from incon

s is te n c ie s .  B a t t ig ,  Brown and Nelson (1963; Experiment IV) found no such 

in te ra c t io n  when they varied stimulus and response meaningfulness fa c r -  

o r ia l ly .  Low (L) meaningful items consisted  o f  CVCs with midrange d i f f i 

cu lty  and high (H) meaningful items were CVC words with an a sso c ia tiv e  

value o f  100% (Archer, 1960). In addition  to  the H-H, H-L, L-H and L-L 

groups, a mixed l i s t  group was included in which sub jec ts  learned a ten- 

p a ir  l i s t  with h a l f  o f  the  p a i r  comparable to  those used in the H-H con

d i t io n  and the  o ther  h a l f  s im ila r  to  those employed in the L-L condition. 

Although the r e l i a b le  advantage of ST over the ANT procedure and the  ex- 

pected main e f f e c ts  o f  meaningfulness were obtained, the in te ra c t io n  of 

the variab les  did  not reach accepted lev e ls  o f  s ig n if ican ce  with any of 

the dependent va r iab les  employed.

S im ilar r e s u l t s  were reported by Goss and Nodine (1965; Experiment
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7). Their study was id en tica l  in design to  th a t  o f  B attig  e t  aQ. (1963) 

with the exception o f  the lack of the mixed l i s t  group. Goss and Nodine 

used CVCs with a meaningfulness value o f  1.43 o r  le s s  (Noble, 1961) fo r  

the L meaningful items and trogram words with values o f  4.01 or higher as 

the H items. Although performance under the ST procedure was co n s is ten tly  

b e t te r  than under the ANT method, the ana lysis  o f  the data produced no 

s ig n if ic a n t  MP e f f e c t .  The only r e l ia b le  e f fe c ts  obtained in term of 

t r i a l  to c r i te r io n  were those o f  stimulus and response meaningfulness.

A re p l ic a t io n  o f  th i s  study (Goss & Nodine, 1965; Experiment 11) 

produced s im ila r  r e s u l t s .  However, an in te ra c t io n  o f  meaningfulness and 

MP was revealed when a mixed l i s t  design was employed (Goss & Nodine, 1965; 

Experiment 9). Using the  same m ateria ls  as in t h e i r  o ther two experiments 

and a 12-pair l i s t  contain ing  th ree  p a irs  from each of the four L and H 

cond itions, Goss and Nodine not only found a s ig n i f ic a n t  su p e r io r i ty  o f 

ST but also an in te ra c t io n  o f  MP with meaningfulness ind ica ting  a greater super

io r i t y  in performance of H-H over L-L p a irs  under ANT than under ST method. 

Such re su l ts  are in accord with the p red ic tion  o f  the  competition hypothe

s i s  o f  Kanak and Neuner. I t  should be noted, however, th a t  the advantage 

of ST over ANT method was ev ident over a l l  lev e ls  o f  stimulus and response 

meaningfulness, a r e s u l t  in c n t r a s t  with the competition theory of MP 

which p red ic ts  th a t  low meaningful ma e r i a l s  produce a more potent MP 

e f fe c t .

The source o f  the  discrepancy of r e s u l t s  between mixed and unmixed 

l i s t  design is  not c le a r .  The discrepancy cannot be a t t r ib u te d  to an a r t i 

f a c t  of experimental procedures since i t  has been obtained by other in 

v e s t ig a to rs .  Wright (1967), f o r  example, also found a d i f f e r e n t ia l  e f f e c t  

fo r  MP in a mixed l i s t  design. Stimulus meaningful ness was varied in th is
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study with L meaningful stim uli having an average assoc ia tive  value of 

10% and H meaningful stim uli 90% on Archer's  sca le .  Both mixed and un

mixed l i s t  designs with respect to  MP were employed and fo r  the unmixed 

groups meaningfulness was a w ith in -sub jec t  v a r iab le .  As in the Goss and 

Nodine study, s u b s ta n t ia l ly  b e t te r  performance under the ST method was 

obtained in the mixed l i s t  design, but no d iffe rence  in MP was observed 

with the unmixed l i s t  design. However, in co n tra s t  with the e a r l i e r  ex

periment, in te ra c t io n  of meaningfulness with MP was obtained only under 

the unmixed design. The in te ra c t io n  re f le c te d  the g rea te r  su p e r io r i ty  

of ST over ANT procedure under low stimulus meaningfulness.

D iffe ren tia l  e f fe c ts  of meaningfulness on MP was a lso  reported  by 

Elmes and Lovelace (1967). These in v es t ig a to rs  only used H-H and L-L 

groups in an unmixed l i s t  design. The se le c t io n  o f  items was very sim i

l a r  to  th a t  reported by Goss and Nodine. Elmes and Lovelace found the 

performance under the ANT method to  be co n s is ten tly  b e t te r  than th a t  under 

the ST procedure with the higher level o f  meaningfulness. The d iffe ren ce ,  

however, only approached a s ig n i f ic a n t  le v e l .  On the other hand, perform

ance was b e t te r  under ST than the  ANT method with the lower level o f  mean

ingfu lness , although th i s  d iffe rence  c le a r ly  was not s ig n if ic a n t .  Elmes 

and Lovelace a t t r ib u te d  the discrepancy of t h e i r  r e su l t s  with those of 

B attig  e t  ^ (1963) to  the wider range of meaningfulness employed in t h e i r  

study. However, t h i s  argument cannot explain the d ifferences  in the  r e 

s u l t s  of t h e i r  experiment with those of Goss and Nodine's. Although the 

su p e r io r i ty  o f  the ST method under the low level o f  meaningful ness i s  in 

agreement with the predic tion  o f  the  competition theory of Kanak and Neuner, 

the s ig n i f ic a n t  su p e r io r i ty  of ANT over ST under the H-H condition cannot 

be explained e i th e r  by the  in te rfe ren ce  or any other th eo re t ic a l  p o s it io n .
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The d isc repan t r e s u l t s  o f  these experiments are e sp ec ia l ly  puzzling in 

view o f  the s im i la r i ty  o f  methodological procedures among them. All ex

periments used l i s t s  o f  medium lengths (ranging from 8 to l2  p a i r s ) ,  com

parable ra te s  of p resenta tion  (2:2 to  4:4 s e c ) ,  and s im ila r  i n t e r t r i a l  

in te rv a ls  (5 to  10 sec).

Of the th ree  s tud ies  (Reynolds, 1964; Levine, 1965; Hawker, 1965a)

in v es t ig a t in g  the comparative e f f e c t  of meaningful ness on the PRO and ANT 

procedures in  PA learn ing , none have found an in te ra c t io n  of the two v a r i 

ab les . Reynolds reported two experiments in which response pronounci a b i l 

i t y  was varied . The two experiments d if fe re d  only with respec t to  l i s t  

design. The f i r s t  employed an unmixed and the second a mixed l i s t  design 

with regard to  pronounci a b i l i t y .  The H pronounciability  items had a mean 

of 2.46 and the L items a mean of 5.56 on the Underwood and Schulz (1960) 

norms. Only the e f f e c t  o f  pronounciability  was found r e l ia b le  in the

f i r s t  experiment. Neither the expected su p e r io r i ty  , derived from Cook

and Kendler or Peterson and Brewer's hypotheses, o f  the PRO method nor 

the in te ra c t io n  o f  the two variab les  was observed. In f a c t ,  the small 

d iffe rence  obtained between the  two methods was in favor o f  the ANT method. 

However, a r e l ia b le  advantage o f  the PRO method was obtained when a mixed 

l i s t  was used. These r e s u l t s  are s im ila r  to  those reported  by Goss and 

Nodine and Wright with the ST method and ind ica te  th a t  the assumed higher 

level o f  in te rfe ren ce  e f fe c ts  in a mixed l i s t  generalizes  to PRO-ANT com

parisons.

Levine (1965) varied stimulus and response meaningful ness fa c to r 

ia l  ly . For the L meaningful items CVCs with a mean a sso c ia tiv e  value of 

74% (Glaze, 1928) and fo r  H meaningful items two d ig i t  numbers were used 

in an unmixed l i s t  design. Although the main e f f e c t  o f  MP and response
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meaningfu iness were s ig n i f ic a n t ,  the e f f e c t  o f  stimulus meaningfulness 

and in te ra c t io n  o f  variab les  were lacking. Performance was more e f f i c i e n t  

under PRO procedure and with H meaningful responses. Hawker (1965a) re 

ported s im ila r  r e s u l t s  with a m ultip le  response choice PAL task . In addi

tion  to response meaningfulness. Hawker manipulated a v a i la b i l i ty  of the 

response term. In the L meaningful response l i s t ,  stimulus terms consisted 

o f ad jec tives  and response terms of nonsense f ig u re s .  For the H meaningful 

response l i s t  the stimulus and response terms were interchanged. The a l 

te rn a t iv e  choices were lim ited  to  8 responses within the l i s t  in the L 

response a v a i l a b i l i t y  conditions and to  16 responses, including 8 e x tra 

l i s t  items, in the H response a v a i l a b i l i ty  conditions. Hawker reported a 

s ig n if ic a n t  advantage of PRO over ANT method only in the  e a r ly  learning 

t r i a l s ,  and although the e f fe c ts  o f  response meaningfulness and a v a i l a b i l i ty  

were both highly r e l i a b le ,  t h e i r  in te ra c t io n s  with MP were not.

I t  seems apparent th a t  the su p e r io r i ty  o f PRO is  not dependent on the 

meaningful ness of stimulus and response terms. I t  is  highly conceivable, 

however, th a t  the advantage o f  a longer rehearsal time in the PRO procedure 

overshadows any possib le  d i f f e r e n t ia l  e f f e c t  o f  meaningful ness on the two MP.

The in v es tig a tio n s  of the  e f fe c ts  o f  meaningful ness on MP in a VD 

task are scarce . Only one such in v es tig a tio n  has been reported . Ingison 

and Ekstrand (1970) manipulated frequency and imagery of the items in a 

comparison of the ANT and ST methods o f VDL. Four se ts  of 5 pa irs  each 

were used representing  each of the four conditions re su l t in g  from fa c to r-  

a i l  manipulation o f imagery and frequency in a mixed 20-pair  l i s t .  Low 

frequency items had a frequency of 15 per m illion or le ss  and H frequency 

items were ra ted  45 per m illion or more on the Thorndike and Lorge sca le .  

Imagery measures were drawn from Gorman's (1961) compiled l i s t s .  The
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e f f e c t  o f  MP in favor o f  the ST procedure was found to  be r e l i a b le ,  how

ever, n e i th e r  o f  the word a t t r ib u te s  had any e f f e c t  on the r a te  o f VD 

learn ing .

In conclusion, the  e f f e c t  o f  meaningfulness on MP o f  verbal tasks 

can b es t  be charac terized  as in c o n s is ten t .  In the s in g le  study reported 

on VDL, manipulations o f  frequency produced no d i f f e r e n t ia l  e f f e c t  on 

learn ing  e f f ic ien cy  under the two MP. In comparisons o f  the ST and ANT 

procedures on PAL the r e s u l t s ,  when the  d i f f e r e n t ia l  e f f e c t  o f  meaning

fu lness is  ob ta ined , are in support o f  the competition th e o re t ic a l  posi

t io n .  The ea r ly  conclusion of B a tt ig  and B rackett (1963) th a t  the super

i o r i t y  o f  ST method i s  c o n s is ten t  over a wide range of stimulus and re 

sponse meaningful ness i s  no longer va lid  in view o f  r e s u l t s  reported  by 

Elmes and Lovelace (1967) and seems to  have been premature.

In te ri tem  S im ila r i ty . The r e s u l t s  o f  experiments in v es t ig a t in g  the e f fe c ts  

of stimulus and response s im i la r i ty  are a lso  inconclusive. Of the seven 

s tu d ies  reported  in PAL, four have demonstrated some in te ra c t io n  o f  i n t e r 

item s im i la r i ty  and MP while th ree  have found no in te ra c t io n .  In a study 

reviewed in an e a r l i e r  sec t io n ,  B attig  and Brackett (1963) covaried stimu

lus  and response s im i la r i ty  in a VD to  PA t r a n s f e r  task  design. Three 

lev e ls  o f  s im i la r i ty  were employed. A 12-pairs  CVC l i s t  was used fo r  a l l  

groups. Subjects in the H s im i la r i ty  conditions learned a PA l i s t  con

s i s t in g  of stimulus and response terms constructed from four consonants 

and th ree  vowels. In the l i s t  fo r  medium s im i la r i ty  conditions the stim 

ulus and response terms were composed of 8 consonants and th ree  vowels 

while the l i s t  fo r  the low s im i la r i ty  conditions contained a l l  consonants 

and vowels in the alphabet. In addition to  s im i la r i ty ,  %ORM of the PA 

l i s t  and t r a n s f e r  paradigms were system atica lly  manipulated. The VD task
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was presented under the ANT procedure while the PAL was administered by 

both the  ANT and ST methods. In the  ana lys is  o f PAL no main e f f e c t  o f  

MP was revealed, however, a two-way in te ra c t io n  of MP with %ORM and th re e -  

way in te ra c t io n  of MP X %ORM X s im i la r i ty  was obtained. As mentioned be

fo re ,  the two-way in te ra c t io n  re f le c te d  the su p e r io r i ty  o f  ST over ANT 

method with 100% ORM and the reversed r e la t io n  under 50% ORM. The th ree -  

way in te ra c t io n  indicated  depressed performance of a s ing le  group (medium- 

ST-50% ORM). B attig  arid Brackett a t t r ib u te d  the three-way in te ra c t io n  to 

e r ro rs  in the sampling o f  the population and warned against i t s  g en e ra l i

za tion . However, in te ra c t io n s  of s im i la r i ty  and MP has been reported by 

o ther in v es tig a to rs  (Behring and Zaffy, 1965; Goss and Nodine, 1965; Ex

periment 10).

Behring and Zaffy (1965) varied  only response s im i la r i ty ,  employing 

s im ila r  or nonsimilar ad jec tives  as response terms and CVCs with 53% as

so c ia tiv e  value (Glaze, 1928) as stimulus terms. Subjects learned two 

l i s t s ,  one with s im ila r  responses and the o th e r  with nonsimilar responses 

and each e i th e r  under the ANT or ST methods. This procedure resu lted  in 

four conditions o f (1) s im ila r  ST, nonsim ilar ANT; (2) nonsim ilar ANT, 

nonsim ilar ST; (3) nonsimilar ST, s im ila r  ANT; and (4) s im ila r  ANT, non

s im ila r  ST. The main e f f e c t  o f  MP re f le c t in g  su p e r io r i ty  o f  ST method was 

found s ig n if ic a n t .  Although the in te ra c t io n  o f  MP and s im i la r i ty  was not 

r e l ia b le  in an overall ana lys is  o f  variance, separa te  analysis  o f  each MP 

revealed s ig n if ic a n t  su p e r io r i ty  o f  nonsim ilar to  s im ila r  conditions with 

the ST procedure but no d iffe rence  due to  s im i la r i ty  with the ANT method. 

These re su l t s  ind ica te  th a t  the ST method i s  more suscep tib le  to  s im i la r i ty  

va r ia t io n s  than the ANT procedure and are opposite the p red ic tion  of the 

competition hypothesis.
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The re s u l t s  are a lso  in co n tra s t  with the findings o f  Goss and No

dine (1965; Experiment 10). Goss and Nodine employed a mixed l i s t  con

ta in ing  a l l  four subsets re su l t in g  from fa c to r ia l  manipulations o f two 

levels  o f  stimulus and two lev e ls  o f  response s im i la r i ty .  The H s im i la r i ty  

items were constructed of CVCs with two l e t t e r s  in common while the L 

s im i la r i ty  items shared only a vowel. Although no s ig n i f ic a n t  main e f fe c t  

of MP was obtained, i t s  in te ra c t io n  with s im i la r i ty  was r e l ia b le  and re 

f le c ted  a more pronounced e f f e c t  of response s im i la r i ty  under ANT than the 

ST method. Moreover, the number o f t r i a l s  to  c r i te r io n  o f  one p e rfec t  t r i a l  

fo r  the L-L pa irs  was le ss  fo r  sub jec ts  under ANT procedure while the same 

measure fo r  H-H p a irs  ind ica ted  superior performance o f sub jec ts  under ST 

method. These f indings are c le a r ly  in support of the in te rfe ren ce  hypothesis.

Several fa c to rs  may be responsible fo r  the co n tra s t  in the re su l ts  of 

Behring and Zaffy and those o f Goss and Nodine. F i r s t ,  i s  the d ifference  

in the type of s im i la r i ty  used in the two experiments. Behring and Zaffy 

employed asso c ia tiv e  or semantic s im i la r i ty  while Goss and Nodine manipu

la ted  formal s im i la r i ty .  I t  is  p o ss ib le ,  though perhaps un like ly ,  th a t  

the d i f f e r e n t  types of s im i la r i ty  have opposite e f fe c ts  on MP. I t  i s  more 

l ik e ly  th a t  the co n tra s t  in the re su l t s  stems from d iffe rences  in the l i s t  

design in the  two experiments. Behring and Zaffy employed an unmixed l i s t  

design while Goss and Nodine used a mixed l i s t  design. I t  may be remem

bered th a t  l i s t  design produced d i f f e re n t ia l  e f fe c ts  o f  meaningful ness on 

MP. Demonstrations of d i f f e r e n t ia l  e f fe c ts  o f  s im i la r i ty  on MP with mixed 

and unmixed l i s t  designs are also ava ilab le . Goss and Nodine (1965; 

Experiment 9) reported an experiment iden tica l to th e i r  ten th  experiment 

in a l l  respects  except the employment of an unmixed l i s t .  The only s ig n i f i 

cant e f f e c ts  obtained were produced by stimulus and response s im i la r i ty .
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Neither the main e f fe c t  of MP nor i t s  in te ra c t io n s  with s im i la r i ty  were 

r e l ia b le .  Although these r e su l ts  d i f f e r  from those obtained by Behring 

and Zaffy in th a t  su p e r io r i ty  o f  L s im i la r i ty  to  H s im ila r i ty  conditions 

were observed in both MP, i t  w ill be remembered th a t  the in te ra c t io n  of 

response s im i la r i ty  and MP did not reach an accepted level o f  s ign if icance  

in the Behring and Zaffy study and the d ifference  was obtained by separate  

analyses fo r  each MP. No such analysis  i s  reported by Goss and Nodine, 

but the mean number o f  t r i a l s  to c r i te r io n  measures ind ica te  a la rg e r  d i f 

ference between the L and H response s im i la r i ty  groups under ST ( d i f f e r 

ences of Xs = 7.9 t r i a l s )  than under the ANT method (d ifferences  o f Xs =

2.6 t r i a l s ) .  These re su l t s  are s im ila r  to  those reported by Behring and 

Zaffy and in co n tra s t  to  the competition hypothesis expectations.

The lack of a s im i la r i ty  e f f e c t  on MP o f  PAL i s  also reported by 

Cofer e t  ^  (1967; Experiment I I I ) .  They employed two e igh t-item  l i s t s  

composed o f  CVCs. L is t  1 items were constructed from only four consonants 

and thus were high in in te ri tem  s im i la r i ty .  In l i s t  2, 15 consonants were 

used in construction o f the item. When H in ter-s tim ulus  s im i la r i ty  was 

involved l i s t  1 items were used fo r  the stimulus terms and l i s t  2 items as 

response terms. The reverse was employed f o r H in t e r  response s im i la r i ty .  

Cofer e t  ^  found only the main e f f e c t  o f  sex and i t s  in te ra c t io n  with 

stimulus and response s im i la r i ty  to  be s ig n if ic a n t .  The main e f fe c ts  of 

s im i la r i ty  and MP produced null r e s u l t s .  The lack o f  a s im i la r i ty  e f f e c t  

obviously stems from confounding of stimulus and response s im i la r i ty .  Since 

the high in t e r  response s im i la r i ty  l i s t  contained low s im i la r i ty  stimulus 

items, and highly s im ila r  stimulus were paired with response terms of low 

s im i la r i ty ,  any benefic ia l e f f e c t  o f  low s im i la r i ty  o f  one functional item 

(stimulus o r  response term) was cancelled by the adverse e f f e c t  o f  H simi
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l a r i t y  on the o ther. The lack of an e f f e c t  o f  s im i la r i ty  and i t s  i n t e r 

action with MP, th e re fo re ,  i s  expected in l ie u  of the  procedures employed.

Two s tud ies  in v es tig a tin g  l i s t  competition on ST and ANT methods o f 

PAL are reported. Although these s tud ies  employed variab les  d i f f e r e n t  from 

the t ra d i t io n a l  concept o f  in te r i tem  s im i la r i ty ,  the s im ila r  e f f e c t  o f  l i s t  

competition and in te r i tem  s im i la r i ty  makes the placement of these s tud ies  

in th i s  section  f i t t i n g .  Gasparikova (1972) used the Spence, Farber and 

McFann (1956) competitive l i s t  in th ree  methods o f p resen ta tion  (ANT, ST & 

ST-AB). The Spence, Farber and McFann l i s t  i s  a mixed l i s t  cons is ting  of 

e ig h t competitional and four non-competitional p a ir s .  Gasparikova, based 

on the in te rre fe ren ce  hypothesis associa ted  with the ANT method, predicted  

an in te ra c t io n  of MP with type o f  p a i r ,  suggesting a g rea te r  su p e r io r i ty  

of the ST method with competitional pa irs  than with non-competitional p a i r s .  

Analysis o f number o f in tru s io n s  confirmed the p red ic tio n . The ST method 

produced s ig n if ic a n t ly  fewer in tru s ions  than the o ther two methods and ST

AB resu lted  in fewer in tru s ions  than ANT method when the competitional 

pa irs  were considered. However, no d iffe rence  among the th ree  MP were ob

ta ined  with an analys is  o f  non-competitional p a ir s .  These r e s u l t s  provide 

strong support fo r  compeition hypothesis o f  MP.

Voss (1969) examined the ANT and ST methods in p ro b a b i l i s t ic  a ssoc i

a t iv e  learn ing . In the task  each stimulus was paired with two d i f f e r e n t  

responses in d i f f e r e n t  p a ir s .  The proportion of number o f items th a t  each 

of the two response terms was paired with a given stimulus was manipulated 

as a variab le .  In the ANT method the sub jec t was required to  respond with 

the response term he believed most l ik e ly  to  be paired with the stimulus 

term on a given t r i a l .  While in the ST procedure the sub jec t was required 

to  give the response th a t  was paired with the stimulus on the immediately
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previous study t r i a l .  Voss used s ix  d i f f e r e n t  proportions of occurrence 

of the two responses under each MP. These were 1 .00-0.0  (always the same 

response); 0 .90-0 .10 ; 0 .80-0 .20 ; 0 .70-0 .30; 0 .60-0 .40 ; and 0.50-0.50. I t  

should be noted th a t  response competition increases  as the  proportion of 

occurrence decreases from 1.00-0.00 to 0 .50-0.50. I t  can be expected then 

th a t  the su p e r io r i ty  of the  ST method would increase  with decreases in the 

proportion o f occurrences o f  response terms. Analysis o f  the number of 

co rrec t  responses confirmed the  expecta tion . The s u p e r io r i ty  o f  ST in 

creased as the p ro b a b i l i ty  o f  occurrence o f one o f  the  responses decreased.

But th is  in te ra c t io n  was l im ited  to  the e a r ly  t r i a l s .  The e f f e c t  many also 

be due to  the procedural d iffe rences  in the methods. While the sub jec t 

was l e f t  to the mercy o f  h is  own guesses in the ANT method, in the ST pro

cedure the pa ir ing  o f  response term in the immediately previous study 

t r i a l  was provided to  the  su b jec t.  This previous knowledge of the sp e c if ic  

p a ir in g ,  undoubtedly, i s  o f  special b en e f i t  when the  proportion o f  occur

rence of the two response terms are id en tica l  o r  very close ( e .g . ,  0.50- 

0 .50; 0 .60-0 .40).

Inves tiga tions  of in te r i tem  s im i la r i ty  with PRO and ANT methods are 

lim ited  to  two. In both s tu d ies  a m ultip le  choice PA task  was administered. 

Hawker's (1964) design consis ted  0 f a 2 x 2 x 2 x 2  fa c to r ia l  with two MP, 

two lev e ls  o f  response s im i la r i ty ,  two lev e ls  o f  stimulus s im i la r i ty  and 

two forms of p a ir  ( e i th e r  f igu res  fo r  stim uli and ad jec tiv es  fo r  response 

terms or the rev e rse ) .  S im ila r i ty  o f the f ig u re  items was ra ted  by ten 

judges and te s te d  in a p i l o t  study. The H and L s im i la r i ty  ad jec tives  were 

obtained from the Underwood and Goad (1951) and the  Melton and Saifie r(H ilgard , 

1951) l i s t s ,  re sp ec tiv e ly .  The sub jec ts  were presented with seven cycles 

each consis ting  of two t ra in in g  and one t e s t  t r i a l s .  The r a te  o f p resen ta

t io n  was unpaced. No main e f fe c ts  o f  MP o r  i t s  in te ra c t io n  with stimulus
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or response s im i la r i ty  were obtained with an analys is  o f  the to ta l  number 

of co rrec t  responses on the seven t e s t  t r i a l s .  A s ig n i f ic a n t  in te ra c t io n  

of MP and t r i a l s ,  however, indicated  the su p e r io r i ty  o f  PRO method in  the 

ea r ly  t r i a l s .  The lack of an overall e f f e c t  o f  MP and i t s  in te ra c t io n  

with s im i la r i ty  seems to  be caused by the  unpaces r a te  o f  p resen ta tion  as 

an analysis  o f  amount o f  time consumed in each t e s t  t r i a l s  ind ica ted . An

a ly s is  o f  th i s  measure produced s ig n i f ic a n t  su p e r io r i ty  o f  PRO over ANT 

and a three-way in te ra c t io n  of stimulus s im i la r i ty ,  response s im i la r i ty  

and MP. The in te ra c t io n  ind ica ted  th a t  with low stimulus s im i la r i ty ,  in 

creasing response s im i la r i ty  accentuated the d iffe rence  between PRO and 

ANT procedures, while with high stimulus s im i la r i ty  increasing  response 

s im i la r i ty  produced n e g lig ib le  d iffe rences  between the two MP.

However, a l a t e r  experiment (Hawker, 1965b) f a i le d  to  y ie ld  an in 

te rac tio n  of response s im i la r i ty  with MP. In add ition  to  MP and response 

s im i la r i ty ,  number o f  response a l te rn a t iv e s  (two and four) was manipu

la ted  in a fa c to r ia l  design. Only nonsense f ig u re -a d je c t iv e  p a irs  were 

used in th is  experiment. In a l l  o ther  respects  the two experiments were 

s im ila r .  The only e f f e c t  involving MP obtained in the  ana lys is  o f  the num

ber of co r re c t  responses or the  amount o f  time taken on each t e s t  t r i a l  was 

i t s  in te ra c t io n  with blocks of t r i a l s .  The in te ra c t io n  once again re f le c te d  

the s u p e r io r i ty  o f  PRO method in the e a r ly  t r i a l s  o f  learn ing . The lack of 

in te ra c t io n  o f  MP and response s im i la r i ty  i s  puzzling e sp ec ia l ly  s ince the 

stimulus s im i la r i ty  was kept low in a l l  groups and again r e f l e c t s  the in 

co n s is ten t e f f e c t  of in te r i tem  s im i la r i ty  on MP of PAL.

Only one study (Kanak, Cole & Eckert, 1972; Experiment I )  has ex

amined the possib le  e f fe c ts  o f  in te r i te m  s im i la r i ty  on methods of pre

sen ta tions  o f VOL. Variation o f  s im i la r i ty  was based on a s so c ia t iv e  simi
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l a r i t y .  Kanak e t  al. employed th ree  groups under each o f  the two methods 

of ST and ANT. In one group, in te r i tem  assoc ia te  r ig h t ,  each of the two 

r ig h t  items in the l i s t  were a sso c ia t iv e ly  re la te d  while the wrong items 

were unrela ted . In the second group, in te r i tem  assoc ia te  wrong, the wrong 

items were a s so c ia t iv e ly  re la te d  and the r ig h t  items unrela ted . In the 

control group no asso c ia tio n s  ex is ted  between the items. The frequency 

theory of verbal d iscrim ination  p red ic ts  su p e r io r i ty  o f  assoc ia te  r ig h t  

and the i n f e r io r i ty  o f  a sso c ia te  wrong to  the control group through the 

mechanisms o f im p lic i t  a s so c ia t iv e  responses. Kanak e t  argued th a t  ST 

presentation  may f a c i l i t a t e  evocation o f  im p lic i t  asso c ia tiv e  responses 

and may aid demonstration o f  the  ra re ly  obtained e f fe c t  of in te r i tem  

associa tions  in VOL. In ad d it io n ,  i n t i t i a l  t r i a l  guessing o r no guessing 

was used as a v a r ia b le .  The ST method o f p resen ta tion  produced s ig n i f i 

can tly  le ss  e r ro rs  than ANT in a l l  th ree  groups. Neither the  main e f f e c t  

o f  in te r i tem  re la t io n  nor i t s  in te ra c t io n  with MP were r e l ia b le .

As was the case in meaningfulness in v e s t ig a t io n s ,  the in co n sis ten t 

r e s u l t s  o f s tud ies  o f  in te r i te m  s im i la r i ty  does not permit any meaningful 

conclusion in regard to  i t s  e f f e c t  on MP.

In tra p a i r  S im i la r i ty . Cofer e t  a l , (1967; Experiment I I )  are  the only in 

ves tig a to rs  examining the ro le  of in t r a p a i r  s im i la r i ty  on the  MP o f  PAL. 

They employed th ree  lev e ls  o f  s im i la r i ty .  All l i s t s  were comprised o f  

CVCs and the stimulus terms were the same in a l l  conditions while the re 

sponse term d if fe re d  fo r  each level of s im i la r i ty ,  t-or the high s im i la r i ty  

group, the response terms shared two l e t t e r s  with the stimulus terms. For 

the  medium groups only one l e t t e r  was shared and fo r  the low groups no 

l e t t e r  was shared between stimulus and response terms. I t  should be re 

membered th a t  the in te rfe ren ce  hypothesis p red ic ts  an increase in the d i f 
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ference between the methods of p resen ta tion  in favor of ST with low i n t r a 

p a ir  s im ila r i ty  and subsequently g rea te r  d i f f i c u l ty  in  the assoc ia tive  

learning stage. This p red ic tion  was not confirmed. S uperio rity  o f  the 

ST method was demonstrated across a l l  leve ls  o f  s im i la r i ty  as re f le c te d  in 

the s ig n if ic a n t  main e f fe c t  of methods. Although the advantage of ST 

presentation was g rea te r  under the medium s im ila r i ty  condition than the 

o ther two conditions, the d iffe ren ce  did not reach a r e l ia b le  le v e l .

Whether these r e su l ts  are  r e l ia b le  o r not remains to be te s te d  by fu r th e r  

investiga tions .

Imagery. The comparative e f fe c t  o f  imagery on the ST and ANT methods of 

PAL has not been system atica lly  inves tig a ted . Kopstein and Roshal (1961), 

however, reported an experiment in which verbal o r  p ic to r ia l  stimulus terms 

were f a c to r ia l ly  manipulated with a v a r ia t io n  of the PRO and ANT methods. 

Insofar as p ic tu re s  can e l i c i t  b e t te r  images than words, th i s  study can 

be considered as a rudimentary in v es tig a tio n  of imagery with MP of PAL.

The Kopstein and Roshal design consisted  o f  a 2^ f a c to r ia l  with two types 

o f  stimuli during t ra in in g  t r i a l s ,  two types of stim uli during t e s t  t r i a l s ,  

two verbal contexts (words and connected discourse) and two MP. The 

methods were id en tica l  to  those used in the Kopstein and Roshal (1955) 

study described e a r l i e r .  The verbal s tim uli were highly frequent English 

words and the p ic tu re  s tim uli were drawings of the verbal s tim u li .  Re

sponse terms were the Russian language equivalent o f  the  stimulus terms. 

Performance was b e t te r  with p ic to r ia l  stimulus terms and with the PRO 

method, but the two variab les  did not in te ra c t .

The lack of in te ra c t io n  of imagery and MP i s  a lso  reported with 

ST and ANT in VDL (Ingison & Ekstrand, 1970; Rowe & Paivio , 1972). In 

the e a r l i e r  of the two in v e s t ig a t io n s ,  as reviewed before , imagery and
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MP were f a c to r ia l ly  manipulated with a number o f  o ther  variab les  such as 

frequency and feedback p resen ta tions . A mixed l i s t  containing p a irs  o f  

high and low frequency and imagery was employed. Concreteness and a b s t r a c t 

ness measures were se lec ted  from Gorman's (1961) compiled l i s t  s c a le s .  

Neither imagery or frequency affec ted  performance o f  VD learn ing  in any way.

Rowe and Paivio (1972) also  used a mixed l i s t  to  in v es t ig a te  the 

e f fe c ts  of imagery on the ANT and ST methods o f VDL. The H imagery items 

had an average value o f  6.38 versus an average of 3.28 fo r  L imagery items, 

based on the Paivio , Y uille and Madigan (1968) norms. In co n tra s t  to  the 

re s u l t s  of Ingison and Ekstrand, the main e f f e c t  o f  imagery was s i g n i f i 

cant re f le c t in g  a f a c i l i t a t i v e  e f fe c t  o f  high imagery on VDL, while the 

main e f fe c t  o f  MP was not r e l ia b le .  However, as in  the former study, no 

in te rac tio n  o f  imagery with method was observed. Although Rowe and Paivio 

could not id e n t i fy  the course o f discrepancy between the two experiments, 

a number o f procedural d iffe rences  ( i . e . ,  l i s t  leng th , r a te  o f  p re sen ta t io n ) ,  

could be responsible fo r  the d i f f e r e n t ia l  outcome, but i t  i s  more l ik e ly  

th a t  the source of c o n f l ic t in g  re s u l t s  l i e s  in the  d iffe rence  normative 

sca les  o f  imagery used in the two s tud ies  and perhaps the extremes of 

imagery values sampled.

Investiga tions  o f the e f fe c ts  o f  a t t r ib u te s  o f m ateria ls  on methods 

have provided l i t t l e  in s ig h t  in to  the sources o f  in co n s is ten t  r e s u l t s .  

Manipulations of stimulus and/or response term meaningful ness and i n t e r 

item s im i la r i ty  produced inconclusive r e s u l t s .  However, two main trends 

are apparent in the e f fe c ts  th a t  these variab les  produced. F i r s t ,  the 

su p e r io r i ty  o f  the ST method and in te ra c t io n  o f  methods with meaningful

ness and s im i la r i ty  are  more potent when a mixed l i s t  design is  used for 

manipulation of these a t t r ib u te s .  Secondly, the  in te ra c t io n  of methods 

and material a t t r i b u t e s ,  when obtained, supports the  in te rfe rence  hypothe-
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s i s .  The e f f e c t  o f  in t r a p a i r  s im i la r i ty  on methods o f p resen ta tion  is  

l im ited  to  the r e s u l t s  o f one study and any conclusions in th i s  regard 

may prove to  be premature. Inso far  as the r e s u l t s  o f  the th ree  s tu d ies  

involving imagery can be generalized , th i s  va r iab le  seems to  have no spe

c i f i c  in te ra c t io n  with methods of p resen ta tion .

Rate of Presentation

The r a te  o f p resen ta tion  can be manipulated in two bas ic  manners.

One method cons is ts  o f  varying the time a l lo t te d  fo r  a n t ic ip a t io n  (or 

t e s t )  and/or feedback (o r  study) periods. In the o ther  methods, used p r i 

marily in the in v es t ig a t io n  of massed versus d is t r ib u te d  p ra c t ic e ,  e i th e r  

the i n t e r t r i a l  in te rv a l  or the in te rv a l  between the p resen ta tions  o f items 

is  manipulated. I t  i s  genera lly  demonstrated th a t  slower ra te s  o f a n t i 

c ipation  or feedback p resen ta tion  r e s u l t s  in superio r  performance in terms 

of number o f  t r i a l s  to  c r i te r io n  o r  to ta l  e r ro r s .  On the o th e r  hand, in 

a review of in v es t ig a t io n s  of massed and d is t r ib u te d  p rac t ice  using the 

ANT method o f  PAL, Underwood and Ekstrand (1967) found no c o n s is ten t  e f f e c t  

o f  the i n t e r t r i a l  in te rv a l  manipulations on performance. The e f f e c t  of 

ra te  o r  a n t ic ip a t io n  o r  feedback p resen ta tion  is  undoubtedly due to  the 

time a l lo t te d  fo r  processes o f storage and r e t r i e v a l .  A longer feedback 

period r e s u l t s  in superior s torage and a longer a n tic ip a t io n  period pro

duces b e t te r  r e t r ie v a l  o f  the m ate r ia l .  I t  can be reasonably assumed th a t  

the e f f e c t  o f  r a te  o f p resen ta tion  of feedback and an t ic ip a t io n  periods 

i s  accentuated in task  involving in te r fe re n c e ,  s ince such task  requ ires  

more complex storage and re t r ie v a l  mechanisms. Based on th i s  assumption, 

the  competition hypothesis o f  Kanak and Neuner p red ic ts  a g re a te r  d i f f e r 

ence between the ST and ANT methods with f a s te r  ra te s  o f p resen ta tion  than 

with slower r a te s .  Based on the  same argument i t  i s  expected th a t  the r a te
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of p resen ta tion  would have a g re a te r  Influence on the ANT method. As 

Izawa (1970; 1971) has pointed o u t ,  t h i s  reasoning can be extended to  

the e f fe c ts  of the i n t e r t r i a l  in te rv a l .  In the ANT method the i n te r 

t r i a l  in te rva l has no e f fe c t  s ince th i s  procedure involves an inherent 

massed p rac tice  of storage and r e t r ie v a l  in  each t r i a l .  However, in the 

ST method, where the two processes are  separa ted , an increase in the in 

t e r t r i a l  in te rva l  i s  expected to  f a c i l i t a t e  learn ing .

A nticipation and Feedback Rate o f P resen ta t io n . The th ree  in v es tig a tio n s  

of r a te  of p resen ta tion  in ST and ANT procedures reveal no d i f f e r e n t ia l  

e f f e c t  o f  the r a te  variab le  on performance under the  two MP. Cofer e t  a l ,  

(1967; Experiment I) covaried ra te s  o f p resen ta tion  of feedback and a n t i 

c ipa tion  periods in a PA ta sk .  The ra te  o f  p resen ta tion  were 5 :5 ,  3:3 

and 1:1 sec with a 30 sec i n t e r t r i a l  in te rv a l  constant in a l l  conditions. 

The mean number of t r i a l s  to  c r i te r io n  fo r  the 1 :1 , 3:3 and 5:5 ra te s  

were, re sp ec t iv e ly ,  32.75, 15.00 and 9.18 under ANT method and 23.6, 8.06 

and 5.69 under ST procedure. The overall su p e r io r i ty  o f  ST was r e l ia b le  

over a l l  the ra te  conditions. The expected increase  in su p e r io r i ty  o f 

ST with f a s t e r  ra te  was not obtained as r e f le c te d  in the nonsign if ican t 

in te ra c t io n  of the two v a r iab les .

S im ilar r e s u l t s  were obtained in now-familiar Ingison and Ekstrand 

(1970) study where the  feedback r a te  was manipulated in a VDL task . The 

frequency theory p red ic ts  an increase  in learn ing  proficiency  with a 

longer feedback period. This p red ic tion  i s  based on the assumption th a t  

the s u b je c t 's  rehearsal o f  the r ig h t  items increases with longer feedback 

period , re su l t in g  in g re a te r  frequency accrual to the r ig h t  item. Three 

r a te s  of feedback presen ta tion  (2 , 3 & 6 sec) were employed. Although 

the ra te  o f  p resen ta tion  a ffec ted  VD performance as predicted  by the  f r e -
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quency theory, and su p e r io r i ty  o f ST over ANT method r e a c h e d  s ig n i f i 

cant le v e l ,  the in te ra c t io n  o f the two variab les  was not r e l i a b le ,  thus, 

extending the Cofer e t  afK findings to  VDL.

Battig  e t  £[, (1963) manipulated the ra te  of t e s t  t r i a l  p resentation 

in the ST method of SL. The two d i f f e re n t  ra te s  o f  t e s t  t r i a l s  (4 and 8 

sec) had no e f f e c t  on learning e f f ic ien cy .  This finding i s  in l in e  with 

the expectation o f  the in te rfe rence  hypothesis th a t  the e f f e c t  of r a te  of 

presentation  on ST is  le s s  pronounced than i t s  e f f e c t  on ANT method, but 

the lack of comparable an tic ip a tio n  conditions prevents any meaningful con

clusion. Based on the r e s u l t s  o f the former two s tu d ie s ,  however, i t  

seems c le a r  th a t  the ra te  o f p resenta tion  does not play a major ro le  on 

the outcome of comparisons o f the ST and ANT methods and inconsis ten t r e 

s u l t s  in the l i t e r a t u r e  cannot be explained by r a te  o f  presentation of 

feedback and a n t ic ip a t io n  periods alone.

Massed and D is tr ibu ted  P ra c t ic e . The e f f e c t  of manipulations of both the 

in t e r t r i a l  in te rv a l  (ITT) and in te ri tem  in terva l ( I - i te m -I )  on ANT and ST 

methods has been ex tensive ly  investiga ted  by Izawa (1970, 1971). Izawa 

(1970) reported two experiments in which e i th e r  ITI (Experiment I) or 

I-item -I (Experiment I I )  were manipulated in a ST procedure of PAL. The 

four conditions o f  ITI employed included 0 , 24, 48 and 72 sec in te rv a ls  

between s tu r y - te s t  as well as te s t - s tu d y  t r i a l s .  Likewise, four I-item -I 

conditions (0, 2 ,  4 & 6 sec) were included in  the second experiment. Since 

the l i s t  consis ted  of 12 p a i r s ,  the to ta l  time of each ITI condition cor

responded with th a t  in the appropriate  I-i tem -I condition. The in te rv a ls  

were f i l l e d  with a neutral task of naming colored geometrical f ig u res .

The re su l ts  demonstrated a pronounced e f f e c t  of d is t r ib u te d  p rac tice  as 

increases in ITI o r  I- item -I  reduced the proportions o f  e r ro r .
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A more extensive examination was reported in the 1971 paper. In a 

se r ie s  o f  nine experiments Izawa namipulated ITI and I- i tem -I  in ANT or ST 

method (though not f a c to r ia l ly )  and in  study or t e s t  t r i a l s  o f  ST using a 

neutral ta sk ,  naming of colored geometrial f igu res  (N), o r  blank t r i a l s  (B)

to  f i l l  the in te rv a ls .  Table 3 presents the design of the nine experiments.

The f i r s t  two experiments, in both of which the ANT procedure was em

ployed, d if fe red  from each o th e r  only in terms of the locus o f the in terva l 

(ITI or I - i te m -I) .  The I- i tem -I  was always given a f t e r  the  feedback period. 

The remaining seven experiments were devoted to  in v es tig a tio n  of masses and 

d is t r ib u te d  p rac tice  in the ST procedure and d iffe red  in terms of locus of 

in te rv a l ,  whether the I-item -I was given during study, t e s t ,  o r  both study 

and t e s t  t r i a l s .  The in te rva l  in a l l  experiments was f i l l e d  with the neu

t r a l  task  with the exception o f  the l a s t  experiment in which blank t r i a l s  

were used as in terva l f i l l e r s .  Six ITI conditions (o, 24, 48, 72, 96, &

144 sec) and s ix  corresponding I-i tem -I  conditions (o, 2 ,  4 ,  6 ,  8, & 12 sec)

were employed in the  f i r s t  two experiments, while the number of in te rva l  

conditions were reduced to  the f i r s t  four in a l l  o ther experiments.

In n e i th e r  o f the f i r s t  two experiments were any s ig n if ic a n t  d i f f e r 

ences between the conditions observed. In f a c t ,  in the second experiment, 

in which e f fe c t  o f  I- i tem -I  was s tu d ied ,  best performance was obtained in 

the massed p rac tice  (o sec I - i tem -I)  condition. These r e s u l t s  confirm the 

previous findings o f lack of an ITI e f f e c t  on the ANT procedure of PA 

learn ing .

The f a c i l i t a t i v e  e f f e c t  o f  d is t r ib u te d  p ra c t ic e ,  however, was ob ta in 

ed in Experiments I I I  and IV which involved ITI or I - i te m -I ,  resp ec tiv e ly ,  

a f t e r  or during study t r i a l s  o f  the ST method. The massed p rac t ice  condi

tions  in both experiments were s ig n i f ic a n t ly  in f e r io r  to  th e i r  correspond-
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ing d is t r ib u te d  p rac t ice  conditions which did not d i f f e r  from each o ther.

In comparisons o f the two experiments no d ifference  between I-i tem -I  and 

ITI conditions was observed in the ea r ly  t r i a l s ,  but su p e r io r i ty  o f  I -  

item-I over ITI conditions was evident in l a t e r  t r i a l s .

The e f fe c ts  of d is t r ib u te d  p rac t ice  was not pronounced in the ex

periment in v es tig a tin g  i t s  e f fe c ts  on t e s t  t r i a l s  of ST procedure (Experi

ments V & VI). Although Izawa tends to  present the r e su l ts  in favor of 

su p e rio r i ty  o f  d is t r ib u te d  over the  massed conditions by the use of mul

t i p l e  t - t e s t s ,  £  values fo r  the overall analysis  o f  variance on both ex

periments were never le s s  than .10 and indeed, according to  her own graphs, 

one d is t r ib u te d  condition (24 sec ITT) in Experiment V produced in f e r io r  

learning when compared to  the massed p rac t ice  condition.

In c o n tra s t ,  the r e s u l t s  o f  the  l a s t  th ree  experiments, in a l l  of 

which in te rv a ls  were placed a f t e r  o r  during both study and t e s t  t r i a l s ,  

revealed a pronounced f a c i l i t a t i v e  e f f e c t  of d is t r ib u t io n  of p ra c t ic e .  

Differences in performance under the  d i f f e r e n t  conditions o f Experiments 

VII and VIII were su b s tan tia l  and much g rea te r  than was observed in Ex

periments I I I  and IV or V and VI. Best separation among the conditions 

was obtained in the l a s t  experiment in which blank t r i a l s  were employed 

during the in te rva l periods. Comparisons o f  Experiments VII, VIII and IX 

revealed s ig n i f ic a n t ly  more potent e f fe c ts  in the l a s t  experiment.

Several conclusions can be drawn from the r e s u l t s  o f  the nine experi

ments. F i r s t ,  d i s t r ib u te d  p rac t ice  does f a c i l i t a t e  PA learn ing  under ST 

method but i t  has no such e f fe c t  under ANT procedure. Secondly, the d i s 

tr ib u te d  p rac t ice  e f f e c t  i s  more potent when in te rv a ls  are placed a f t e r  

o r  during study t r i a l s  than when they are placed in  t e s t  t r i a l s .  Third ly , 

although the e f f e c t  o f  in troduction  o f in te rv a ls  during or a f t e r  t e s t  t r i a l s  

are neg lig ib le  when combined with in te rv a ls  during o r  a f t e r  s tu d y
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t r i a l s  i t  enhances the  f a c i l i t a t i v e  e f f e c t  o f  d is t r ib u te d  p ra c t ic e .  Fin

a l l y ,  the e f f e c t  o f  d is t r ib u te d  p ra c t ic e  i s  more potent when blank t r i a l s  

are employed during the in te rv a ls  than when a neu tra l task  i s  presented, 

ind ica ting  rehearsal o f  items occurs during the in te rv a l  when no o ther  

task is  presented. These r e s u l t s  may be expected to  renew research in 

t e r e s t  in the c la s s ic a l  problem o f  massed versus d is t r ib u te d  p ra c t ic e  on 

verbal learning ta sk s ,  an issue  a l l  but buried a f t e r  pub lica tion  of Un

derwood's (1961) exhaustive examination of the to p ic .

As mentioned e a r l i e r ,  these  r e s u l t s  prompted B attig  (1973) to  a t 

t r ib u te  inconsis tenc ies  in su p e r io r i ty  of ST method to  v a r ia t io n s  in ITI 

employed in d i f f e r e n t  experiments. B attig  pointed out th a t  B attig  and 

Brackett (1961) and Cofer e t  a l; (1967; Experiment I)  s tu d ie s ,  in both of 

which a c le a r  advantage of the ST method was observed, were unique in th a t  

they employed a r e la t iv e ly  long ITI o f  30 sec. Although v a r ia t io n s  in 

ITI may con tr ibu te  to  d iscrepancies  in the r e s u l t s ,  a c lo se r  examination 

of the experiments involving comparison o f  ANT and ST procedures reveals 

th a t  ITI v a r ia t io n  i s  not the  so le  determinant to  the in c o n s is te n t  e f f e c ts .  

For example, B attig  e t  H  (1963; Experiment I) and Cofer e t  ^ (1967; Ex

periment VI) used ITIs of 30 and 18 sec ,  re sp e c t iv e ly ,  and found no d i f f e r 

ence in PAL under the two methods. On the o ther  hand, numerous exper i

ments across d i f f e r e n t  tasks  (B attig  & Uu, 1965; Cofer e t  1967, Ex

periment I I ;  Izawa, 1972, 1974; Kanak & Neuner, 1970; Voss, 1969; Battig  

& S w ita lsk i ,  1963; Fulkerson & Johnson, 1971; Posnansky, 1967; to  l i s t  a 

few) have a l l  employed ITIs o f  6 sec o r  le s s  and a l l  reported  s ig n if ic a n t  

s u p e r io r i ty  of ST over the ANT method.

L is t  Length

I t  will be remembered th a t  Izawa's re ten tio n  in te rv a l  hypothesis 

p red ic ts  a g re a te r  su p e r io r i ty  o f  the ST method with longer l i s t s .  This
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pred ic tion  is  based on the assumption th a t  the  g re a te r  lengths o f l i s t  

produces increasing  d iffe rences  between the re ten tio n  in te rv a ls  o f  given 

p a irs  fo r  the.ANT and ST procedures. Izawa (1974) pointed out th a t  since 

g rea te r  re ten tio n  in te rv a ls  are assumed to produce poorer performance by 

losses  in short- te rm  memory, the su p e r io r i ty  o f  ST method is  expected to 

diminish with very long l i s t s  as the re te n t io n  in te rv a l  fo r  the ST pro

cedure, as well as fo r  the ANT method, w ill exceed the boudnaries o f  the 

short- te rm  memory span.

Accordingly, Izawa (1974) examined the e f f e c ts  o f  l i s t  length on 

performance of PA learn ing  with ANT and ST procedures in two separate  ex

periments. In the f i r s t  experiment four l i s t  lengths (5 , 10, 15 & 20 

pa irs )  were employed while in the second experiment only two l i s t  lengths 

(30 & 40 p a irs )  were used. In a l l  o ther  respec ts  the two experiments were 

id e n t ic a l .  Izawa predicted  no d iffe ren ce  among the two methods with l i s t  

lengths on the two extremes of the v a r ia b le ,  but s u p e r io r i ty  o f  ST method 

with medium l i s t  leng ths. The re s u l t s  o f  the  two experiments confirmed 

her p red ic tio n s .  Both main e f fe c ts  o f  MP and l i s t  length were s ig n i f ic a n t .  

In ad d it io n ,  the in te ra c t io n  of the two va r iab les  approached a r e l ia b le  

le v e l .  S uperio rity  of ST over the ANT procedure was r e l ia b le  with the 

15 and 20 pa irs  l i s t s ,  approached s ig n if ican ce  with the 30 p a ir  l i s t s ,  

but was not obtained with the 5, 10 and 40 p a ir  l i s t s .

S im ilar r e s u l t s  were obtained with a VD task . Underwood, Shaugh-

nessy and Zimmerman (1972) in vestiga ted  the e f fe c ts  of l i s t  leng th , MP 

and degrees of in te rp o la ted  learn ing  on VD performance. The inclusion of

l i s t  length as a variab le  prim arily  served the function o f  te s t in g  the

frequency theory o f  VD which assumes no d iffe ren ce  in performance with 

d i f f e r e n t  l i s t  leng ths. In ad d it io n ,  i t  was argued th a t  the  l i s t  length
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manipulation can aid in determining some o f  the  mechanisms involved in 

MP. I f  delay of feedback has any influence on VDL by ST method, the 

e f fe c t  should be accentuated with a long l i s t .  They s ta ted  th a t  i t  i s  

possible  fo r  the ANT method to  y ie ld  b e t t e r  performance with a long l i s t .

On the o ther  hand, i f  the separation  of learn ing  and performance i s  the 

c r i t i c a l  f a c to r ,  length o f  l i s t  should be i r r e le v a n t .  Two l i s t  lengths 

(15 & 45 p a i r s ) ,  two methods (ST & ANT) and two degrees o f  in te rpo la ted  

learning (3 & 9 t r i a l s )  co n s ti tu ted  the f a c to r ia l  design o f  the experi

ment. Contrary to  the Underwood e t  a l . expecta tions , but in support of 

the re ten tio n  in te rv a l  hypothesis , the g rea te r  length of l i s t  re su lted  

in g rea te r  s u p e r io r i ty  o f ST over the ANT method. The performance on the 

15 p a ir  l i s t  under the  two MP was v i r tu a l ly  id e n t ic a l ,  while performance 

under ST was c o n s is te n t ly ,  and s ig n i f ic a n t ly ,  superior to  th a t  under the 

ANT method with the 45 p a ir  l i s t .

Goss and Nodine (1965; Experiments 9 & 10) employed length of l i s t  

manipulations to  in v es t ig a te  whole versus p a r t  l i s t  learning under the ST 

and ANT methods of PAL. Subjects learned a 12-pair mixed l i s t  e i th e r  as 

a whole o r in p a r ts  o f  4 p a i r s .  The l i s t s  were mixed in terms o f  stimulus 

o r response meaningfulness (Experiment 9) o r  s im i la r i ty  (Experiment 10).

No d iffe rence  with respec t to  l i s t  length was observed in performance 

under the two MP. Under both leng ths , su p e r io r i ty  o f  the ST method was 

obtained.

Cofer e t  a]_. (1967), in examining the r e su l ts  of Goss and Nodine, 

found th a t  an advantage of ST was observed with a mixed l i s t  but not with 

an unmixed l i s t ,  argued the e f f e c t  may be due to  the p o s s ib i l i ty  th a t  in 

the 12-paired l i s t  sub jec ts  could learn  the l i s t  as though i t  were composed 

of several sho rte r  l i s t s .  Cofer e t  aH.thus concluded l i s t  length may be a
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fa c to r  influencing the outcome of MP comparisons and predic ted  a g rea te r  

su p e rio r i ty  o f  the ST method with sho rte r  l i s t s .  However, t e s t s  of th e i r  

hypothesis in two experiments (Experiments IV & V), which were iden tica l  

with the exception o f  length o f  l i s t s  (10 and 4 p a i r ,  re sp e c t iv e ly ) ,  pro

duced r e su l ts  opposite th e i r  expectations. Although the ST method was 

s l ig h t ly  su p e r io r ,  y e t  nonsignificant!;/ so ,  with the  10 p a ir  l i s t s ,  the 

ANT method produced b e t te r  performance, and s ig n i f ic a n t ly  so with one de

pendent v a r iab le ,  with the the 4 p a ir  l i s t .  Such r e s u l t s  obviously sup

port the re ten tion  in te rva l hypothesis.

Izawa (1974) suggested l i s t  length to  be the major source of incon

s is tency  in r e s u l t s  o f comparisons of MP. Although the  few s tud ies  th a t  

have varied l i s t  length under both ST and ANT have genera lly  produced re 

su l ts  in support o f  th i s  notion, l i s t  length alone cannot explain the 

inconclusive r e s u l t s .  Goss and Nodine did find  su p e r io r i ty  of the ST 

method with a very sh o rt  mixed l i s t .  Moreover, Cofer e t  ^  (1967; Experi

ment VI) in a rep l ic a t io n  o f th e i r  f i r s t  study in the  se r ie s  in which 

su p e r io r i ty  o f  the ST procedure was demonstrated over a l l  th ree ra te s  of 

p resen ta tion , employed a longer l i s t  and found no d iffe ren ce  in perform

ance between the  two MP. I t  should be noted, however, th a t  the two s tud ies  

d iffe red  also  in ITI with the f i r s t  study having a longer ITI than the 

s ix th ,  a variab le  which may have contributed to  the d iffe rences  in the 

outcome of the  two experiments. In add it io n , a c lo se r  examination of the 

l i t e r a tu r e  reveals  a number of experiments which have employed l i s t s  with 

8 p a i r s ,  or le s s  and have reported su p e r io r i ty  o f  ST over the ANT method 

(Behring & Zaffy, 1965; Horton & Wiley, 1967; Kanak & Neuner, 1970; Kaus- 

l e r ,  1963; Voss, 1963, Wright, 1967) while o ther in v e s t ig a to rs  used l i s t  

lengths o f 8 to  16 p a ir s  and found null d iffe rences  in  performance under
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the two MP (B attig  e t  aL, 1963; Cofer e t  ai,, 1967, Experiments I I I ,  IV, VI; 

Lockheed, 1962; Reynolds, 1969). I t  i s  thus apparent th a t  l i s t  length may 

be a con tr ibu ting  f a c to r  to the in co n s is ten t  r e s u l t s ,  but i t  cannot be the 

sole  con tr ibu ting  fa c to r .

P ersonality  Variables

The competition hypothesis p red ic ts  an in te rac tio n  of some person

a l i t y  variab les  with MP. One such v a r ia b le ,  ego s tren g th ,  has already 

been discussed in d e ta i l  in an e a r l i e r  section  o f th is  paper. Duffy and 

Kanak (in press) p red ic ted , and demonstrated, th a t  high ego s treng th  sub

je c t s  performed b e t te r  under the ST method while low ego s treng th  subjec ts  

learned somewhat b e t te r  under the ANT method of PA learn ing . Another 

variab le  which is  expected to  in te ra c t  with methods of p re sen ta t io n ,  ac

cording to  the in te rfe ren ce  hypothesis, is  anxiety  le v e l .  The presence of 

an in t r i n s i c  source o f competition in the rapid a l te rn a t io n  of storage and 

re tr ie v a l  mechanisms in the ANT method and lack o f  th is  source of competi- 

t io n t io n  in the ST procedure i s  the basic  assumption on which the p red ic

t ion  o f an even g rea te r  su p e r io r i ty  o f  ST method with high anxiety sub

j e c t s  than with low anxiety su b jec ts ,  i s  based. Unfortunately, the only 

t e s t  o f  in te rfe ren ce  hypothesis in te rp re ta t io n  with regard to  persona li ty  

fac to rs  i s  th a t  reported  by Duffy and Kanak. The expected in te ra c t io n  o f 

anxiety with MP awaits empirical confirmation.

A number o f  in v es tig a tio n s  have extended in v es tig a tio n  of MP compari

sons to populations o ther  than college s tuden ts .  Two s tud ies  have been 

reported with retarded ch ild ren . Blue (1970) compared performance of normal 

and retarded adolescents under ST and ANT methods of PAL. A ten p a ir  l i s t  

was employed with geometric designs as stimulus terms and color names as 

responses. The normal subjec ts  had a mean IQ o f  103 and the retarded  sub
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j e c t s  had a mean IQ of 70. The MP was introduced as a w ith in -su b jec t  

variab le  as sub jec ts  learned two l i s t s ,  one under each procedure. Analy

s is  of t r i a l s  to  c r i te r io n  revealed th a t  re ta rded  sub jec ts  performed 

b e t te r  under the ST method, while the performance of normal sub jec ts  was 

unaffected by MP. I t  should be noted, however, th a t  although Blue does 

not make a note of i t ,  an examination of the  two l i s t s  used in the ex

periments fo r  f i r s t  and second l i s t  le a rn in g ,  reveals  an A-B, A-C para

digmatic re la t io n sh ip  ex is ted  between them and the  r e s u l t s  of the exper i

ment should be considered with caution s ince  th i s  paradigm should a lso  

produce an in te ra c t io n  with the two methods, according to  the in te rfe rence  

hypothesis.

Stolurow and L ippert (1964) in v es tig a ted  PRO and ANT methods o f PA 

learning with re tarded  ch ild ren . Two le v e ls  o f p rac t ice  were used. Sub

j e c t s  reached the lower c r i te r io n  of learn ing  s ig n i f ic a n t ly  f a s t e r  under 

the PRO method, but l i t t l e  d iffe ren ce  between the two MP were obtained 

when the learning c r i te r io n  was increased. These r e su l ts  are s im ila r  to 

those obtained with co llege students  ( e . g . .  Hawker, 1965a) ind ica tin g  the 

su p e r io r i ty  o f PRO method to  be lim ited  to  e a r ly  t r i a l s .

An extension of MP e f fe c ts  to  a g e r i a t r i c  population i s  reported by 

Kausler (1963). Subjects were g e r i a t r i c  non-psych ia tr ic  p a t ie n ts  matched 

in age and level o f  education. They were presented a mixed l i s t  c o n s is t 

ing o f  low and high in t r a p a i r  a s so c ia t iv e  p a irs  und^r the ST or the ANT 

method of PAL. Analysis was performed only on the low a s so c ia t iv e  p a irs  

s ince the high a s so c ia t iv e  p a irs  were learned very f a s t  in both groups. 

Although the main e f f e c t  o f  MP was not found r e l i a b le ;  a s ig n i f ic a n t  in 

te ra c t io n  of blocks o f  t r i a l s  and MP ind ica ted  su p e r io r i ty  o f  the ST 

method in the l a s t  o f  the  two blocks o f  th ree  t r i a l s .  The r e s u l t s  of
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these th ree  in v es tig a tio n s  seem to po in t to  the conclusion th a t  the  super

io r i t y  o f  the ST and PRO methods to  the ANT method is  generalized  to  popu

la t io n s  o ther than co llege s tuden ts .

Pronounci a t i  on of Items

I t  should be remembered th a t  Cook and Kendler (1956) a t t r ib u te d  the 

advantage of the PRO procedure, a t  l e a s t  in p a r t ,  to  sh o r te r  between-terms 

delay, the omission of overt  responses, o r  both. Likewise, Cook and 

S p itze r  (1960) argued th a t  the occurrence of overt p rac t ice  during the 

an tic ip a t io n  in te rv a l  would in te r f e r e  with the  establishm ent of the essen

t i a l  s tim ulus-response connection th a t  must take place over the in te rv a l  

and may a lso  in te r f e r e  with lea rn ing . I t  should be noted th i s  argument 

d i f f e r s  from th a t  advanced by Peterson and Brewer (1963) who a t t r ib u te d  

the in f e r io r i ty  o f the ANT method to  the  in te rfe ren ce  steiraning from wrong 

responses. The covert and overt pronounciations of the item s, th e re fo re ,  

i s  a var iab le  o f  th e o re t ic a l  importance in comparisons o f the PRO and ANT 

methods. However, th i s  variab le  has l i t t l e  th e o re t ic a l  relevance in in 

ves tig a t io n s  of the ST and ANT procedures s .ace  none of the th ree  major 

formulations a l l o t s  any ro le  to  pronounciation in t h e i r  explanation of the 

su p e r io r i ty  of ST over ANT method.

To t e s t  th e i r  hypothesis . Cook and S p itze r  (1960) designed a two by 

two fa c to r ia l  experiment with two MP (PRO & ANT) and two modes of prac

t i c e  (no pronounciation, N and overt pronounciation, 0 ) ,  during a n t i c i 

pation in te rv a ls  o f  t ra in in g  t r i a l s .  They p red ic ted  the PRO-N condition 

to produce the bes t and the ANT-0 to  r e s u l t  in the worst performance, 

sub jec ts  were presented 27 t ra in in g  t r i a l s  with a t e s t  t r i a l  a f t e r  every 

th ree  t ra in in g  t r i a l s .  No fa c to r ia l  ana lys is  was repo rted , but an analy

s i s  by the Mann Whitney jJ t e s t  on the number o f c o r re c t  responses on each
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of the nine t e s t  t r i a l s  produced the following r e s u l t s .  The PRO groups 

(across both lev e ls  of pronounci a tion)  produced s ig n i f ic a n t ly  more c o rrec t  re 

sponses in ' t h e  f i r s t  s ix  t e s t  t r i a l s .  Likewise the N groups (across MP) 

were superio r  to the 0 groups in the  f i r s t  s ix  t e s t  t r i a l s .  These re s u l t s  

ind ica te  th a t  both "delay" and overt pronounciation contributed to  the 

i n f e r io r i ty  o f  ANT procedure. Moreover, while the su p e r io r i ty  o f PRO-N 

condition over the ANT-N condition was evident only in the early  lea rn in g , 

the su p e r io r i ty  o f  the PRO-0 condition over the ANT-0 was co n s is ten tly  

s ig n if ic a n t  up to  the e ig h t  t e s t  t r i a l s  suggesting th a t  overt pronounci- 

ation has a s u b s ta n t ia l ly  g re a te r  adverse e f f e c t  on ANT than i t  has on 

the PRO method. This e f f e c t  may be due to  the lack of in co rrec t  responses 

in the PRO method to  in te r f e r e  with a sso c ia tiv e  learn ing . The e f f e c t  of 

pronounciation on MP was a lso  s tudied by Reynolds (1967) in an a foremen

tioned experiment. In add ition  to  the MP and pronounciation variables,Reynolds 

varied the number o f  t e s t  t r i a l s .  Half of the sub jec ts  received a t e s t  

t r i a l  a f t e r  the th i r d ,  s ix th  and n in th  t ra in in g  t r i a l s  while the  o ther 

h a lf  had nine un in terrup ted  t ra in in g  t r i a l s  followed by a s ing le  t e s t  

t r i a l .  Although the main e f f e c t  of pronounciation mode was found s i g n i f i 

cant in favor o f  covert pronounciation cond itions , i t s  in te ra c t io n  with 

MP was not r e l i a b le ,  f a i l in g  to  r e p l ic a te  Cook and S p i tz e r 's  f ind ings . I t  

seems apparent th a t  overt pronounciation during the a n t ic ip a t io n  in terva l h in

ders performance. Whether th i s  f a c to r  has a major ro le  in producing the 

su p e r io r i ty  of PRO remains to  be answered by fu r th e r  in v es t ig a t io n s .

The in v e s t ig a t io n  o f the e f f e c ts  o f pronounciation of items on ST 

and ANT procedures o f  PAL is  lim ited  to  one study. Schild and Battig  

(1966) examined b id ire c t io n a l  and un id irec tiona l PA learn ing  under both 

methods. Half o f the sub jec ts  pronounced both stimulus and response terms
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once and the o ther h a l f  twice during the feedback, or study, in te rv a l .  

Pronounciation of items did not e f f e c t  the performance in any way. Sub

je c ts  under both pronounciation conditions learned f a s te r  with the  ST 

procedure than with ANT.

The e f fe c ts  o f  pronounciation on ST and ANT methods o f VDL has 

been examined by Fulkerson and Johnson (1971) and Rowe and Paivio (1972).

In the Fulkerson and Johnson study the  i n i t i a l  t r i a l  guessing was also  

varied. Subjects were in s tru c ted  e i th e r  to  guess the r ig h t  items on the 

f i r s t  t r i a l  o r  merely observe the items. In the ST method the f i r s t  t r i a l  

was a t e s t  t r i a l  under the guessing condition. The frequency theory of 

VDL pred ic ts  the no guessing condition to  produce b e t te r  performance as 

the g rea te r  pronounciation of the wrong items under guessing would in 

crease the frequency un its  o f the wrong items. Analysis of e r ro r  mea

sures produced an in te ra c t io n  of MP and the i n i t i a l  t r i a l  p ra c t ic e .  Sub

je c ts  in the ANT guessing condition made more e r ro rs  than sub jec ts  in a l l  

the o ther th ree  cond itions, which did not d i f f e r  from each o ther. However, 

no such in te ra c t io n  was observed when Rowe and Paivio in s truc ted  the sub

je c ts  to e i th e r  pronounce both wrong and r ig h t  items during the feedback 

period or not to  pronounce them, even though pronounciation of the item 

resu lted  in in f e r io r  performance as the frequency theory p red ic ts .

The e f f e c t  of pronounciation on MP is  in c o n s is ten t ,  however, there 

seems to  be a weak tendency fo r  ANT method to  be affected  to  a g rea te r  

degree by pronounciation of items than the ST procedure. This may be 

caused by the accentuating e f fe c t  th a t  the requirement o f  overt pronoun

c ia tion  may have on an already ex is t in g  in t r i n s i c  source of in te rfe rence  

between storage and r e t r ie v a l  mechanisms in the ANT method.
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Seria l Order of Presentation

A number o f  in v es tig a to rs  have te s te d  the e f f e c t s  o f  constant and 

varied order o f  presentation  on MP. This variab le  has no th eo re t ic a l  

importance in terms o f  MP as none of the major hypotheses p red ic ts  i t  

to have a d i f f e r e n t ia l  e f f e c t  on MP. In general s e r ia l  order o f presenta

t ion  is  employed as a variab le  to  in v es t ig a te  th eo r ie s  unrelated to  MP 

and the inclusion of methods of p resen ta tion  as a variab le  serves only 

as a t e s t  of g en era li ty  o f  the s p e c if ic  find ings.

Battig  e t  (1963) investiga ted  the e f f e c t  o f  constant and varied 

s e r ia l  order o f  presentation  of PAL, in a PA to SL t r a n s f e r  ta sk ,  in a 

se r ie s  of f ive  experiments, two of which (Experiments I & IV) also  in 

cluded d i f f e re n t  MP. In the f i r s t  experiment th ree  MP were employed con

s is t in g  of ANT, ST and a va r ia tio n  of ST procedure, ST-5, in which f ive  

study t r i a l s  preceded each t e s t  t r i a l .  In the fourth  experiment only ANT 

and ST methods were used. The items used in the SL l i s t s  were e i th e r  the 

same as the response terms, the same as the  stimulus terms or had no r e 

la t io n s  to the PA l i s t s .  I t  was predicted  th a t  a constant s e r ia l  order 

in PAL would r e s u l t  in g rea te r  p o s it iv e  t r a n s f e r  to  SL than varied order. 

The re su l ts  of Experiment I were ambiguous as the sequence of order of 

varied or constant l i s t  learning (a w ith in -sub jec t  variab le )  in te rac ted  

with methods. Analysis of the f i r s t  PA l i s t  learn ing  resu lted  in an in 

te ra c t io n  of the s e r ia l  order o f  p resen ta tion  and MP, ind ica ting  the con

s ta n t  order o f  p resen ta tion  reduced e r ro rs  only in the ANT conditions. 

However, th is  in te ra c t io n  was not obtained in the fourth  experiment, a 

r e s u l t  which led Battig  e t  to a t t r ib u te  the e f fe c ts  found in the f i r s t  

experiment to the nonequality in a b i l i t y  o f  sub jec ts  in d i f f e re n t  groups.

The lack of in te ra c t io n  of MP and constant versus varied s e r ia l  order
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of p resenta tion  is  a lso  reported by B attig  and Lawrence (1967) in an SL 

to SL t ra n s fe r  task . S im ilarly  constant o r  random se r ia l  order of p re

senta tion  of the items (Fulkerson and Johnson, 19/1) and constant o r  varied 

spa tia l position  of items (Rowe & Paiv io , 1972) produced no sp e c i f ic  e f 

f e c t  of performance under the ANT or ST methods of VDL. F in a l ly ,  Cavanagh 

and Parkman (1971) reported su p e r io r i ty  o f  ST method over ANT in a pro

cedure, ca lled  "steady s ta te "  by the  au thors , in which each item c o r re c t ly  

reca lled  was replaced by a new item. Although t ra d i t io n a l  ST and ANT 

methods were not included to determine possib le  d i f f e r e n t ia l  e f f e c t s  of 

steady s ta te  p resen ta tion  on MP, the r e s u l t s  do demonstrate an extension 

of su p e r io r i ty  o f  the ST method with a d i f f e r e n t  methodology.

I t  seems c le a r  th a t  the s e r ia l  order of p resen ta tion  has l i t t l e ,  i f  

an y ,in te rac tio n  with MP and i t s  exclusion from the  a t te n t io n  of the  major 

th eo re tica l  p os it ions  i s  well j u s t i f i e d .

Transfer o f  Training Tasks

Although t ra n s f e r  mechanisms have been investiga ted  ex tens ive ly ,  

the in te r e s t  in the e f f e c ts  o f MP on t r a n s f e r  o f verbal tasks has been 

lim ited . The th eo re t ic a l  importance o f t r a n s f e r  fo r  comparisons of methods 

of p resen ta tion  stems prim arily  from the asso c ia t iv e  in te rfe ren ce  produced 

in PAL negative t r a n s f e r  paradigms. The in te rfe ren ce  theory o f  Kanak and 

Neuner p red ic ts  th a t  the addition  of i n t r i n s i c  sources o f in te r fe re n c e ,  

such as in negative t r a n s f e r  paradigms w ill combine with the competition 

in t r in s i c  to the  ANT method to  produce even g rea te r  in f e r io r i ty  to  the ST 

method. Thus, i f  both p o s it iv e  and negative t r a n s f e r  paradigms were 

studied in combination with the ANT and ST methods, the ANT method would 

be expected to y ie ld  poorer t r a n s f e r  performance in both types o f  para

digms, with the r e la t iv e  i n f e r io r i ty  to  the  ST method being g re a te r  in
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negative t r a n s fe r  paradigms. Unfortunately, no system atic investiga tion  

of these v ar iab les  has been attempted and the predic ted  in te ra c t io n ,  when 

examined, has been ra re ly  obtained.

Peacock (1971) examined PAL t r a n s f e r  under the ANT and ST-AB methods, 

the l a t t e r  not being the t r a d i t io n a l  ST method; but one requiring  reca ll  

of both A and B terms on t e s t  t r i a l s .  Four t r a n s f e r  paradigms were employed: 

A-B, A-C; A-B, C-B; A-B, A-Br, and the nonspecific  control paradigm of A-B, 

C-D. Since the ST-AB method produces symmetrical b id irec tio n a l  a sso c ia t iv e  

learning and the ANT method produces asymmetrical ( i . e . ,  S-R R-S) b id i 

rectional lean ting  (Kanak & Neuner, 1970), Peacock predic ted  th a t  the ST-AB 

method would produce more negative t r a n s f e r  in the A-B, A-Br and A-B, C-B 

paradigms than the ANT procedure. This p red ic tion  was not confirmed. No 

in te ra c t io n  o f  methods and t r a n s f e r  paradigms was ob ta ined , although the 

overall su p e r io r i ty  of ST-AB over the ANT method and the control over the 

A-B, A-C and A-B, A-Br paradigms was found s ig n i f ic a n t .  The lack of i n t e r 

action between the  two v ar iab les  may be due to  two con tras ting  mechanisms.

On one hand the symmetrical a s so c ia tiv e  learn ing  in l i s t  one under ST-AB 

increases the negative e f f e c t  of backward o r B-A associa tions  in the A-B, 

A-Br and A-B, C-B paradigms. On the o ther  hand, the i n t r i n s i c  i n t e r f e r 

ence between s torage ans r e t r ie v a l  mechanisms in the ANT method makes i t  

more suscep tib le  to  the e f fe c ts  o f  negative t r a n s f e r  paradigms. These 

two mechanisms could produce counteracting functions r e su l t in g  in the lack 

of in te ra c t io n .  I t  should be noted, however, t h a t  in the A-B, A-C paradigm, 

in which only u n id irec tio n a l A-B assoc ia tions  in te r f e r e  and which are as

sumed to  be o f equal s treng th  in the two methods, an increased su p e r io r i ty  

o f  ST-AB over ANT i s  p red ic ted , when compared with the control paradigm, 

by the in te rfe ren ce  hypothesis o f MP. No such e f f e c t  was observed, however.
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the ST-AB method requ ires  more learn ing  qua learn ing  than the ANT method 

by v ir tu e  o f requ iring  r e t r i e v a l  or re c a l l  of two terms ra th e r  than one.

A more se n s i t iv e  t e s t  o f  the proposed in te ra c t io n  would the re fo re  be made 

is  the t ra d i t io n a l  ST method were compared with ANT.

Horton and Wiley (1967) reported  r e su l ts  p a r t i a l l y  supporting the 

in te rfe ren ce  hypothesis. They investiga ted  two th re e -s tag e  mediation para

digms under the ST and ANT methods. The mediation paradigms consisted  of 

a forward chaining paradigm (A-B, B-C, A-C) and i t s  corresponding control 

paradigm (A-B, D-C, A-C). Horton and Wiley reasoned th a t  the employment 

of a mediation design makes i t  possib le  to  evaluate  the r e la t iv e  su p e r io r i ty  

o f  ST method under varying conditions o f  stimulus lea rn ing , response le a rn 

ing, and a s so c ia t iv e  s tre n g th .  Performance on the second stage o f  the 

mediation paradigm provides an evaluation  o f the e f f e c t  of stimulus le a rn 

ing and the th i rd  stage performance provides an opportunity fo r  evaluation 

of response learn ing  and a s so c ia t iv e  s treng th  e f f e c t s .  In terms o f the in 

te rfe ren ce  hypothesis , the  second stage in the experimental condition pro

duces backward a s so c ia t iv e  in te rfe re n c e  and, thus ,  i t  i s  expected th a t  

su p e r io r i ty  of ST over the ANT procedure would be enhanced on th a t  s tage . 

This p red ic tion  was confirmed. The mean number o f  co rrec t  responses in 

the f i r s t  f iv e  t r i a l s  of the f i r s t ,  second and th i rd  stages were, respec

t iv e ly  16.12, 19.29 and 15.50 under the  ANT procedure and 23.42, 26.19 

and 13.42 under the ST method in the experimental condition . The super

i o r i t y  of ST over ANT method in the  f i r s t  two stages was s ig n if ic a n t  while 

the su p e r io r i ty  of ANT method on the l a s t  stage was not. The lack o f d i f 

ference between the two methods a t  the th i rd  stage may be due to  learn ing  

to  learn  e f f e c t s ,  as the sub jec ts  may develop some s tra teg y  to  in h ib i t  

the in te rfe ren ce  e f f e c t  inheren t in the ANT method.
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Inquiries  in to  the e f fe c ts  of MP on SL t ra n s fe r  have been reported 

by Battig  and Lawrence (1967) and Posnansky (1972). B attig  and Lawrence 

examined two t ra n s fe r  paradigms. In one paradigm, reversal (REV), the 

second l i s t  was the exact mirror image order of the f i r s t  l i s t ,  while in 

the other paradigm, scrambled (SCR), the second l i s t  consisted o f an un

systematic rearrangement of the f i r s t .  These paradigms are generally  

employed to examine positional and sequential hypotheses of SL. The se 

quential hypothesis p red ic ts  p o s it iv e  t r a n s f e r  with REV and negative t r a n s 

f e r  with the SCR paradigm, while according to  the positional hypothesis 

both paradigms should produce negative t r a n s f e r .  In add ition , two modes 

o f s e r ia l  ordering were used f a c to r i a l ly  in the f i r s t  and second l i s t s .  In 

the constant mode condition the l i s t  began and ended with the same items 

across a l l  t r i a l s .  In the varied conditions the beginning of the l i s t s  

ro ta ted  across t r i a l s  although the sequential s e r ia l  r e la t io n  of items r e 

mained constant. I t  should be noted th a t  in the varied conditions the 

positional cues of items are changed on each t r i a l ,  thus, according to 

the positional hypothesis, learning would be more d i f f i c u l t  in those con

d i t io n s  than in the constant conditions. Performance on both l i s t s  was 

b e t te r  under ST than the ANT method and with a constant s e r ia l  order. In 

add it ion , analysis  o f  L is t  2 performance resu lted  in su p e r io r i ty  of the  REV 

over the SCR paradigm. More important was the f inding th a t  the ST proce

dure accentuated both t ra n s fe r  and s e r ia l  position  mode e f fe c ts .  The mean 

number of t r i a l s  to  c r i te r io n  o f  the second l i s t  in the REV paradigms were 

8 .0  and 2.6, re sp ec t iv e ly ,  fo r  the  ANT and ST methods. The same measures 

fo r  SCR paradigms were 11.2 and 8 .3 . In co n tras t  to  the predic tion  of the 

in te rfe rence  hypothesis o f MP, the negative t ra n s fe r  paradigm reduced the 

su p e r io r i ty  of ST over ANT method. These f indings also  r e f l e c t  a g rea te r
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s e n s i t iv i ty  o f ST method to  paradigmatic influences. Battig  and Lawrence 

argued th a t  the s e n s i t iv i ty  o f  ST procedure stems from reduced confusion 

of subjects  in th i s  MP perm itting more e f fe c t iv e  operation of more complex 

multiple cue (positional and sequen tia l)  processes as evident in near per

fe c t  performance of sub jec ts  in the ST condition under REV paradigm, when 

both f i r s t  and second l i s t s  were administered under the same se r ia l  mode 

of p resen ta tion .

Posnansky (1972), in p a r t ,  rep l ic a ted  the B attig  and Lawrence experi

ment by the employment o f  the REV and SCR paradigms under the two MP of 

ANT and ST. In add it ion , grouping o f  the items and probing cues were 

varied , the l a t t e r  as a w ith in -sub jec t  v a r iab le .  Items were e i th e r  pre

sented one a f t e r  another o r were separated in groups o f  three by a blank 

space. Three probing methods were employed. These were p resen ta tion  of 

the numerical position  o f the item cue, 3 -prio r-item s cue and p r io r - i te m  

cue. The su p e r io r i ty  o f  ST over the  ANT method was obtained in both l i s t s  

and the REV paradigm produced superio r  performance. Moreover, in te ra c t io n s  

of MP with probing and s e r ia l  pos itions  were found to  be s ig n if ic a n t .  Sub

je c t s  under ANT method used 3-p r io r- i tem  cues e f fe c t iv e ly  fo r  more items 

than did sub jec ts  under the ST procedure. On the o ther hand, ST sub jec ts  

used p rio r- i tem  cues more e f fe c t iv e ly .  In add it ion , in te ra c t io n  o f  MP and 

s e r ia l  order position  with ana lysis  of 3 -p rio r- i tem  cue suggested th a t  the 

3 -p rio r-i tem  cue was l e a s t  e f fe c t iv e  under ANT procedure a t  the very cen ter  

and the extreme positions  while i t  was most e f fe c t iv e  a t  the intermediate 

pos it ions .  In c o n tra s t ,  under ST the 3 -p rio r- i tem  cue usage was g re a te s t  

a t  the beginning s e r ia l  pos itions  with i t s  usage being attenuated across 

subsequent pos it ions .  These r e s u l t s  may ind ica te  substan tia l  d iffe rences  

in the mechanisms of SL under the two MP. I t  seems apparent th a t  the ANT
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procedure requ ires  g rea te r  cues fo r  an e f fe c t iv e  learn ing  of a SL ta sk .  

Although Posnansky rep l ic a ted  the t ra n s f e r  r e s u l t s  o f  B attig  arid Lawrence 

in th a t  REV paradigms produced superio r lea rn in g ,  no in te ra c t io n  o f MP and 

paradigm was observed, in d ic a t in g ,  once again , an in co n s is ten t  e f f e c t  of 

MP.

Battig  and Brackett (1963) have investiga ted  t r a n s f e r  of VD to  PAL.

As mentioned before , B attig  and Brackett employed i n t r a l i s t  s im i la r i ty  

and % ORM as well as t r a n s f e r  paradigm variab les  in t h e i r  examination of 

the ST and ANT methods. Seven d i f f e r e n t  t r a n s fe r  paradigms were presented 

in a m ix ed -lis t  design. In the DISC (S) subsets  the stim uli of the PA l i s t  

consisted of the r ig h t  items and the responses o f the PA l i s t  were the same 

as the wrong items of the VD l i s t .  The DISC (R) subset was j u s t  the  r e 

verse of DISC (S). In the FAM (R-S) subset both stimulus and response terms 

in the PA l i s t  were derived from the r ig h t  items of VD l i s t  whose wrong 

items did not appear in the PA l i s t .  In FAM (0) subset the stimulus and 

response terms of the PA l i s t  were constructed from the  wrong items of the 

VD l i s t .  The FAM (S) subset consisted  o f the r ig h t  item of the VD pairs  

whose wrong item did not appear in the PA l i s t ,  as the stimulus term and 

the wrong items of another VD p a ir  as the response term. The FAM (R) sub

se t  had the revered r e la t io n  of FAM (S). There were two p a irs  from each 

the DISC cond itions , one p a ir  from each o f  the FAM subsets and four pa irs  

constructed from new items in the PA l i s t .  B attig  and Brackett predicted 

su p e rio r i ty  o f  DISC pa irs  over the FAM p a irs .  The p re d ic t io n s ,  based on 

previous r e s u l t s  of s im ila r  experiment (B a t t ig ,  Williams and Williams, 

1962), stem from the f a c t  th a t  the DISC pa irs  are analogous to the A-B,

A-B or A-B, B-A paradigms, while the various FAM p a irs  are analogues of 

the A-B, A-C; A-B, C-A; A-B, B-C; o r A-B, C-B paradigms and the  new p a irs
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form an A-B, C-D paradigmatic r e la t io n sh ip .  As p red ic ted , PA performance 

was s l ig h t ly  b e t t e r  in DISC than new subsets and poorest in  the FAM p a i r s ,  

the d iffe rence  being s ig n i f ic a n t  only in comparisons o f  DISC and FAM sub

s e ts .  A more in te re s t in g  finding  was the in te ra c t io n  o f  MP with types of 

p a ir s .  The d if fe ren ces  between subsets were highly s ig n i f ic a n t  under the 

ANT procedure while no d iffe ren ces  were observed under the ST method. Their 

findings c le a r ly  support the in te rfe ren ce  hypothesis o f MP.

Retention.

The re te n t io n  in te rv a l  hypothesis p red ic ts  th a t  the su p e r io r i ty  of 

ST method during a c q u is i t io n  diminishes in re te n t io n  measures i f  the r e 

ca l l  t e s t  i s  given a f t e r  a r e l a t iv e ly  long re ten t io n  in te rv a l .  This argu

ment is  based on the  assumption th a t  the advantage of ST procedure during 

acq u is it io n  is  caused by the aid o f short- te rm  memory processes with sh o rte r  

in te rv a ls  between feedback and t e s t  periods fo r  a given p a i r  in th a t  pro

cedure. As the re te n t io n  in te rv a l  in c reases ,  i t  exceeds the span o f sh o r t

term memory and, th u s ,  i t  cancels the superio r  acq u is i t io n  e f fe c ts  of the 

ST procedure. In a t e s t  of th i s  hypothesis , Izawa (1972; Experiment II)  

examined the re c a l l  o f  PAL following a 15 minute re ten t io n  in te rva l  in the 

ST and ANT methods. The re c a l l  t r i a l  was id en tica l  to  a cq u is i t io n  t r i a l s .

No d iffe rence  was obtained in the re c a l l  measures o f the two methods, as 

predicted by the re ten t io n  in te rv a l  hypothesis , in s p i te  o f  the s i g n i f i 

cant su p e r io r i ty  o f  ST procedure in acq u is it io n  performance. Unfortunately, 

no o ther s tud ies  have examined re ten tio n  under the  two MP with long re 

ten tion  in te rv a ls .  A number o f  in v e s t ig a to r s ,  however, have reported 

immediate re ten t io n  t e s t s  o f  stimulus o r  response terms with d i f f e r e n t  MP. 

Since the immediacy o f  re c a l l  following acq u is i t io n  makes i t  possib le  fo r  

short-te rm  memory processes to  be s t i l l  function ing , these  s tu d ie s  cannot
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be considered as a t e s t  of the re tn e t io n  in te rv a l  hypothesis. Nonethe

l e s s ,  su p e r io r i ty  o f  the  ST method when manifested during acqu is it ion  has 

seldom been reported to  carry  on in even immediate re ca l l  measures.

Schild and B attig  (1966) reported adm inistra tion  of two re ca l l  t e s t s  

to  sub jec ts .  In one t e s t  a l l  the  items o f  the PA l i s t  (both stimulus and 

response terms) were presented s ingly  to  the su b jec t  who was asked to  re 

ca l l  the paired member of each item. On the second t e s t  sub jec ts  were 

asked to  f ree  re ca l l  as many pa irs  as they could. No d ifference  was 

found in re ca l l  o f  items or p a irs  under the  ST and ANT methods, which 

were also  f a c to r i a l ly  combined with un id irec tio n a l versus b id irec tio n a l  

p ra c t ic e ,  even though the su p e r io r i ty  o f  ST during acq u is it io n  on both 

types of d ire c t io n a l  p rac t ice  was e s ta b lish ed .  This lack of d i f f e r e n t ia l  

e f f e c t ,  however, may be due to  the unpaced nature  o f the re c a l l  t e s t s .

S im ilar r e s u l t s  were reported by Kanak and Neuner (197). I t  will 

be remembered th a t  these in v es t ig a to rs  examined learn ing  of backward and 

forward assoc ia tions  under ANT, ST-B, ST-A, ST-AB and REC conditions and 

found th a t  ANT and ST-AB methods re su lted  in s ig n i f ic a n t ly  slower ra tes  

o f acqusition  than the o ther  th ree  conditions. Following ac q u is i t io n ,  

h a lf  of the sub jec ts  were given an unpaced stim ulus-response reca l l  t e s t  

and the o ther h a l f  an unpaced response-stimulus re c a l l  t e s t .  A second 

reca l l  t e s t ,  counterbalancing the order o f  the d ire c t io n a l  t e s t s  was ad

m inistered a f t e r  completion of the f i r s t  re ca l l  t e s t .  Although reca ll  

under the d i f f e r e n t  method d iffe red  in terms of d i r e c t io n a l i ty ,  no d i f f e r 

ence in backward or forward re ca l l  was observed in comparisons o f  ANT 

and i t s  coun te rpart ,  the ST-B method.

Other in v es t ig a to rs  have reported in te ra c t io n s  o f MP with word a t 

t r ib u te  variab les  in analyses o f backward re ca l l  measures. Wright (1967)
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varied stimulus meaningfulness in mixed and unmixed l i s t s .  S uperiority  

of ST method acq u is it io n  was obtained under the mixed l i s t  but not under 

the unmixed l i s t .  Recall data o f  the paced backward reca ll  t e s t  revealed 

an in te rac tio n  of stimulus meaningfulness and MP. More omissions in reca ll  

resu lted  under ANT than the ST method, furthermore, these d ifferences  were 

g rea te r  under low stimulus than high stimulus meaningful ness. In te rac tion  

o f the meaningful ness of items and MP in reca ll  measures i s  a lso  reported 

by Goss and Nodine (1965; Experiments 7 & 11). Goss and Nodine varied 

stimulus and response terms meaningful ness f a c to r ia l ly  in an unmixed l i s t  

design. In both s tu d ie s ,  which were r e p l ic a t io n s ,  a paced backward reca ll  

t e s t  was given immediately following termination o f  acq u is it io n . Although 

no main e f fe c t  or in te ra c t io n  due to  MP was found s ig n if ic a n t  in the an

a ly s is  o f  acqu is it ion  d a ta ,  analysis  of the reca l l  data revealed th a t  the 

ST method produced b e t te r  reca l l  in the L-H and H-L conditions while the 

ANT procedure re su lted  in superior reca ll  in H-H and L-L conditions.

Goss and Nodine (1965; Experiment 8) a lso  reported an in te ra c t io n  of 

methods and stimulus o r  response s im i la r i ty  in backward r e c a l l .  The de

sign of th is  experiment was iden tica l  to  th e i r  seventh experiment with 

the exception o f the su b s t i tu t io n  of s im i la r i ty  fo r  the meaningfulness 

va r iab le .  No e f f e c t  due to  MP was s ig n if ic a n t  with the acqu is ition  mea

su res ,  but su p e r io r i ty  o f  backward reca ll  under the ANT procedure in a l l  

s im i la r i ty  conditions except L-H was obtained.

A lack of d i f f e r e n t ia l  re t ro a c t iv e  fo rg e tt in g  with d i f f e r e n t  MP was 

reported by Underwood, Shaughnessy and Zimmerman (1972). Subjects learned 

two VD l i s t s .  The second l i s t  was a reversal function of the f i r s t  l i s t  

(the r ig h t  item of the f i r s t  l i s t  became the wrong item of the second and 

the wrong items of the f i r s t  functioned as the r ig h t  items o f  the second).
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In add ition , two l i s t  lengths were used under each condition . Three 

t r i a l s  on the f i r s t  l i s t  and e i th e r  th ree  or nine t r i a l s  on the second 

l i s t  were presented. Following the completion o f  in te rp o la ted  learn ing , 

i f  any, subjects  were given a reca ll  t e s t  s im ila r  to  a t e s t  t r i a l  in the 

ST procedure and 5 re lea rn ing  t r i a l s .  Neither the reca l l  measure nor the 

relearn ing  measures resu lted  in d i f f e re n t ia l  e f f e c ts  of MP, though r e t r o 

action in h ib it io n  was found to  be s tronger with nine in te rp o la ted  t r i a l s  

and with the longer l i s t .  I t  w ill  be remembered th a t  su p e r io r i ty  of the 

ST procedure in acqu is it ion  performance was shown with the longer of the 

two l i s t s .

Reports of comparison of re tne tion  in the PRO versus ANT procedures 

are lim ited  to  two and d i f f e r  too much in methodology to allow a meaning

ful conclusion. Stolurow and Lippert (1964) examined re ten t io n  of a PA 

task a f t e r  24 hours, 7 or 30 days. Acquisition was presented under PRO 

and ANT procedures to  children serving as sub jec ts .  Two leve ls  o f acqu is i

tion were employed. The re ten tio n  data a f t e r  24 hours revealed su p e r io r i ty  

o f the PRO method with the low level of learning but the ANT method was 

superior with the high level o f learn ing . Sim ilar re s u l t s  were obtained 

with the longer re ten tio n  in te rv a ls .  Silberman, Melaragno and Coulson 

(1961) compared immediate re c a l l  between a var ia tion  of the  PRO and ANT 

procedures o f m ultiple choice PAL. The tasks d if fe re d  from the convention

al ANT and PRO procedures only in th a t  questions were used as stimulus 

terms and m ultip le  choice answers as responses. Unlike Stolurow and Lip- 

p e r t ,  these authors found no d ifferences  in reca l l  between the two methods.

The l i t e r a t u r e  on re ten tio n  measures as a function o f  methods of 

presentation  in resolving the sources o f discrepancy in the  acqu is it ion  

l i t e r a tu r e  on methods of p resen ta tion . I t  only adds another areas of con

fusion to  an already puzzling l i t e r a t u r e .
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GENERAL CONCLUSION

The th ree  major hypotheses which have been proposed in an attempt 

to explain the general su p e r io r i ty  of the ST method have a l l  shown sub

s ta n t ia l  de f ic ien c ies  in dealing with the empirical f in d in g s ,  though par

t i a l  support of each theory has been reported . I t  should again be noted, 

however, th a t  most of the s tud ies  reviewed have been evaluated fo r  th e i r  

th eo re t ic a l  im plications via h indsigh t,  or a post hoc a n a ly s is ,  and were 

not s p e c i f ic a l ly  designed as t e s t s  of the th e o re t ic a l  formulations o f more 

recent vintage.

The reported in te ra c t io n  o f l i s t  length with MP and the e f f e c t  of 

an item 's  feedback-antic ipation  position  in the l i s t  on performance leaves 

l i t t l e  doubt th a t  the sh o rte r  re ten tio n  in te rv a l  i s  indeed one c o n tr ib u t

ing fa c to r  in the f a c i l i t a t i v e  e f fe c t  o f  the  ST procedure. However, the 

re ten tio n  in te rva l  hypothesis f a i l s  to explain the in te ra c t io n  of many 

other variab les  ( e .g . ,  l i s t  m a te r ia l ,  t r a n s f e r  paradigms, personality  

fa c to rs )  with MP and i s  c le a r ly  too s im p l is t ic  in nature  to  handle the 

complexity of empirical phenomena associa ted  with methods o f p resen ta tion .

Sim ilarly  the recen t emphasis o f  B attig  (1973) on the temporal se

paration of learning and performance as a major v a r iab le  responsible fo r  

the su p e r io r i ty  of the  ST method seems to  be in s u f f ic ie n t .  Izawa's (1971) 

demonstration th a t  a longer IT! enhances performance in the ST method while 

i t  has no e f f e c t  under the ANT procedure presents a convincing case fo r  

the inclusion of IT! as an in f lu e n t ia l  variab le  in the  outcome of r e s u l t s  

of MP. But method o f  p resen ta tion  phenomena in c o n tra s t  to  the ANT and ST 

methods cannot be regarded as simply a case of a massed versus a d is tru b ted  

p rac tice  e f f e c t .

The most promising hypothesis seems to  be the " in te rfe rence  hypo
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thes is"  forwarded in the e a r l i e r  formulations of B a tt ig  and h is  assoc ia tes  

and extended by the  Kanak research group. The extensive scope of predic

tions  th a t  t h i s  hypothesis i s  able to  formulate makes a thorough t e s t  of 

the hypothesis p o ss ib le .  Unfortunately, the  empirical f indings have f a i le d  

to  present strong support o f  the hypothesis. The in co n s is ten t  r e su l ts  o f 

inves tiga tions  dealing with the e f f e c ts  o f  l i s t  m a te r ia l ,  ra te  of presenta

t io n ,  and t r a n s f e r  paradigms on MP, prevents a conclusive statement of 

support fo r  the hypothesis . However, the source of in co n s is ten t  r e su l ts  

with each of these v a r ia b i le s  may well l i e  in the use of d i f f e r e n t  levels  

of o ther va r iab les  th a t  a f f e c t  MP. For example, the lack of a predicted 

in te ra c t io n  of r a te  o f  p resen ta tion  with ST and ANT MP reported  by Cofer 

e t  ^  (1967) may be due to the la rge  ITI o f 30 sec employed. The substan

t i a l  e f f e c t  of the ITI on the ST method could have minimized a possible 

weaker e f f e c t  o f  r a te  o f  presen ta tion  of an tic ip a t io n  and feedback periods. 

Factoria l in v es t ig a t io n s  o f v a r ia b le s ,  predicted  to  d i f f e r e n t i a l l y  a f fe c t  

MP are few. Such in v e s t ig a t io n s  are much needed and could increase our 

understanding o f  the mechanisms involved in the two MP to a g rea t  degree. 

Nonetheless, the in te rfe ren ce  hypothesis cannot account fo r  the in te ra c t io n  

of l i s t  length and MP and the  inclusion  of Izawa's in te rp re ta t io n  of the 

re ten tio n  in te rv a l  on performance would s trengthen the  hypothesis.

Although the  in te rfe ren ce  hypothesis s tre s se s  th e  ro le  o f  competi

tion  between s to rage and re t r ie v a l  processes as the main fa c to r  producing 

the MP e f f e c t ,  i t  f a i l s  to  c le a r ly  specify  the  mechanisms involved in such 

competition. The lim ited  knowledge of s p e c if ic  mechanisms of storage and 

r e t r ie v a l  processes, a t  t h i s  s tag e ,  makes i t  d i f f i c u l t  to  id e n t i fy  the 

means by which such in te rfe ren ce  takes p lace . Hypotheses or explanations 

cu rren tly  in vogue with respec t to  f ree  r e c a l l  task  phenomena have not
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been successfu lly  extended to  the PA ta sk ,  fo r  example, in s u f f ic ie n t  

depth to  a l l e v ia te  th is  problem but concepts such as "output i n t e r f e r 

ence," encoding v a r i a b i l i t y ,  e tc .  could be f r u i t f u l l y  employed. None

th e le s s ,  many en ligh ten ing  findings in regard to  s to rage and re tr ie v a l  

mechanisms have y e t  to  be included in d iscussions o f  MP.

A number o f  in v e s t ig a to rs  have demonstrated t h a t  fo rg e t t in g  may be 

caused so le ly  by lack of a c c e s s ib i l i ty ,  and not lack of a v a i l a b i l i ty ,  of 

the items to be re c a l le d .  The advantage o f  cued r e c a l l ,  when compared 

with uncued r e c a l l ,  in f ree  reca l l  learn ing  (FRL) has been generally  e s 

tab lished  (see Birnbaum & Eichner, 1971; Tulving & P earls tone , 1966;

Tulving & O sier,  1968). Tulving and Psotka (1971) have reported r e t r o 

action e f fe c ts  in FR learn ing  to be mainly due to  in a c c e s s ib i l i ty  of 

m ateria ls  since cued re ca l l  diminishes the e f fe c ts  o f re t ro a c t iv e  in h i

b i t io n .  The in f e r i o r i ty  o f  the ANT method may very well be caused by 

in a c c e s s ib i l i ty  o f  responses. This notion i s  strengthened in view of 

Kanak and Neuner's r e s u l t s  showing th a t  the two methods of ANT and ST 

did not d i f f e r  in the length o f  the learning stage but did in the a sso c i

a t iv e  s tage . This f inding ind ica tes  th a t  the  " in te rfe rence"  between 

storage and r e t r ie v a l  processes a f fe c ts  the re t r ie v a l  mechanism more po

te n t ly  than i t  does the so trage  mechanism. Although PA learn ing  in the 

ANT and ST methods i s  by nature  a "cued" r e c a l l ,  p resen ta tion  of additional 

cues during the feedback and an tic ip a t io n  periods may decrease the in fe r 

i o r i t y  of performance under the ANT method.

Another overlooked area o f  in v es tig a tio n  is  the e f fe c t  o f  study and 

t e s t  t r i a l s  on re t r ie v a l  mechanisms. Tulving (1967) varied the number of 

t e s t  t r i a l s  per study t r i a l s  in FRL and concluded t h a t ,  though the number 

of items reca lled  on successive t e s t  t r i a l s  did not d i f f e r ,  t e s t  and study
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t r i a l s  seemed to have equal e f fe c ts  on performance. Rosner (1970) reported 

s im ila r  r e s u l t s .  Bergman and Wiener (1970) a lso  varied the number of t e s t  

t r i a l s  per study t r i a l  ( e i th e r  a l te rn a t in g  study and t e s t  t r i a l s  o r one 

study t r i a l  followed by three t e s t  t r i a l s )  in FRL and PAL and found an 

in te ra c t io n  of task  and number o f t e s t  t r i a l s .  Although increasing  the 

number o f  t e s t  t r i a l s  improved performance in FRL, i t  had no e f f e c t  on PA 

performance. However, extensive investiga tion  o f  the e f fe c ts  o f  t e s t  and 

study t r i a l s  on PA performance (Izawa, 1966; 1967; 1968; 1969) ind ica tes  

th a t  t e s t  t r i a l s  do aid  performance in  PAL and cannot be regarded as neu

t r a l  t r i a l s .  For example, Izawa (1968) found performance was b e t te r  when 

each study t r i a l  was followed by two t e s t  t r i a l s  than when study and t e s t  

t r i a l s  a l te rn a te d .  This investiga tion  pointed out th a t  the d ifference  

between t e s t  and study t r i a l s  are q u a l i ta t iv e  ra th e r  than q u a n t i ta t iv e .

That i s ,  although " learn ing , in the sense of a systematic increase in 

co rrec t  response p ro b a b i l i ty ,  does not occur in nonreinforced t e s t  t r i a l s "  

(Izawa, 1966; p. 917), the function o f t e s t  t r i a l s  remains to be th a t  o f  

po ten tia t io n  of subsequent study t r i a l s  (Izawa, 1968), Thus, the e f f i c i 

ency of s torage mechanims seems to increase with the increase in the num

ber o f  in terspersed  t e s t  t r i a l s .  The length of " te s t  t r i a l s "  in the ST 

method i s  s u b s ta n t ia l ly  g rea te r  than th a t  of the ANT method which is  

lim ited  to  one. I t  i s ,  th e re fo re ,  to  be expected th a t  the p o ten tia t ing  

e f fe c t  o f  t e s t  t r i a l s  on s torage processes in the ST method is  to  be 

lacking in the ANT procedure. This lack may be a fac to r  leading to  the 

i n f e r io r i ty  o f  the ANT procedure. I f  so , increasing the number o f  an

t ic ip a t io n  periods in re la t io n  to  feedback periods should lead to  improve

ment in performance in the ANT method and should reduce i t s  in f e r io r i ty  

to  the t ra d i t io n a l  ST procedure.
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Psychologists have t r a d i t io n a l ly  shown a " s ig n if ic a n t"  lack of 

in te r e s t  in methodological variab les  and th e i r  po ten tia l  fo r  in te ra c t io n  

with "processes." Admittedly, investiga tions  o f methodological fac to rs  

per se provide le ss  s a t i s fa c t io n  than examination of more c lo se ly  re 

la ted  behavioral fa c to rs .  Tulving and Madigan (1970) have recen tly  se 

parated "students o f  verbal learning" from "students o f memory" and have 

c r i t i c iz e d  the former fo r  t h e i r  obsession with tasks fo r  ta sk s ' sake. 

Obviously a preoccupation with tasks  per se may r e s u l t  in the neg lect o f  

the true  purpose of verbal learning research. However, the foundation of 

every science i s  based on sound methodology and a knowledge of how method

ology in te ra c ts  with phenomena. Strong methodological foundations are 

s t i l l  lacking in many areas o f psychology, including the psychology of 

learn ing . Investiga tions  of methodological e f f e c t s ,  a lb e i t  not as e x c i t 

ing , are as necessary as in q u ir ie s  in to  behavioral fa c to rs .  Such research 

may provide a step  toward u n if ica tio n  of students o f  "verbal learn ing" and 

"memory" ra th e r  than th e i r  separa tion .
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TABLE 1

Range and mean of each of the  four parameters id e n t i f ie d  by Izawa (1972).

Type of parameter R-R T-T T-T R-T

MP ANT ST ANT ST ANT ST ANT ST

Range l ,3 n -3  n,3n-2 l ,4 n -3  n,3n-2 0 0,2n-2 0,4n-4 0,2n-2

mean 2n-l 2n-l 2 n - l  2n -l 0 n-1 2n-2 n-1

ro
o



121

TABLE 2

Mean number of in c o rre c t  responses on each of the 3 t e s t  

t r i a l s  reported by Sidowski e t  ^  (1961).

Group Tests

1 2 3

PRO 8.65 5.00 5.00

PRO-SR 6.05 2.90 3.85

ANT 10.70 7.70 7.05

ANT-SR 10.15 6.55 5.30

ANT-PRO 9.35 6.35 5.50

SIM 6.90 4.00 3.50



TABLE 3

The designs o f the  experiments reported  by Izawa (1971)

Experiment number
I II I I I IV V VI VII VIII IX

Types of 
in te rv a l ITI I- i tem -I ITI I - i tem -I ITI I- i tem -I ITI I-i tem -I I- i tem -I

Locus o f 
in te rv a l —  —  — —  —  — study study t e s t t e s t both both both

MP ANT ANT ST ST ST ST ST ST ST

Types of 
in te rv a l  
f i l l e r

N N N N N N N N B

roro
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FIGURE 1

D istribu tion  curves o f n̂  R-T in te rv a ls  as a function of i n t e r 

vening events under a random item presen ta tion  (adapted from Izawa, 

1972).
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Two Types of L is ts  Presented to  the  Subject

1 2

BUX 26 BUV 28

CAX 51 CAJ 54

DU 31 DIM 37

FEX 35 FEH 32

GEK 49 GEC 48

HUV 93 HUY 91

JAM 38 JAF 39

KIQ 84 KIB 86

LUY 24 LIY 27

MOJ 56 MOQ 52

NAP 96 NAX 95

NUX 63 NÜH 62

PIB 71 PUG 74

QOR 87 QON 83

QUZ 64 QUR 65

RIH 23 RU 29

SOQ 67 SOJ 61

TEH 92 TEF 94

VAJ 59 VAY 53

VON 43 VOP 41

WEF 47 WEZ 46

YIL 79 YIT 78

YOD 85 YOC 89

ZAS 72 ZAK 76
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INSTRUCTIONS 

Instruc tions  fo r  Subjects in IF-1 Condition.

This experiment deals  with learn ing  of verbal m ate r ia ls .  You will be 

presented a l i s t  containing 24 p a i r s .  Each p a i r  cons is ts  of a t h r e e - l e t t e r  

nonsense sy lla b le  and a tw o-d ig it  number. In general you see the items pre

sented e i th e r  as a sy llab i e-number p a ir  or as a sy l la b le  presented alone.

When a sy lla b le  and i t s  paired number appear to g e th e r ,  you should j u s t  

study them c lose ly  but q u ie t ly .  WHEN A SYLLABLE APPEARS ALONE YOU SHOULD 

TRY TO REMEMBER THE NUMBER WHICH IS PAIRED WITH IT AND SAY THE NUMBER ALOUD.

In the f i r s t  t r i a l  o f  the experiment a l l  the 24 pa irs  will .be presented, 

one a t  a time, fo r  two seconds each p a ir .  Study the pa irs  q u ie t ly .  For the 

remaining t r i a l s  in the experiment, the items are  presented in the following 

manner. F i r s t  a nonsense sy llab le  w ill appear alone fo r  2 seconds. During 

th is  period you should t r y  to  remember the  number which is  paired with the 

nonsense sy l la b le  and say the  number loudly so i can hear i t .  Right a f t e r  

th a t  the same nonsense sy lla b le  will appear along with i t s  paired number, 

again fo r  two seconds. This gives you a chance to study the p a ir  again. 

Following th is  the next nonsense sy l la b le  w ill be presented f i r s t  alone fo r  

2 seconds and then with i t s  paired number fo r  an additional 2 seconds.

This procedure continues un ti l  a l l  24 pa irs  in the l i s t  are presented. 

The l i s t  will be presented again and again. You can make a guess when you 're  

not sure of the  co rrec t  number, but be sure to  give the number in the 2 -sec

ond period when the nonsense sy llab le  i s  presented alone and before the  p a ir  

appears. The l i s t  s t a r t s  with a s e r ie s  of s ta r s  and ends with a blank space.

Remember to respond with a number whenever a nonsense sy lla b le  i s  pre-
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sented alone and make no response whenever a nonsense sy lla b le  and a number 

are  presented together. Below is  an example o f how the items will appear.^ 

Instruc tions  fo r  Subject in DF-1 Condition.

This experiment deals  with learn ing  of verbal m a te r ia ls .  You w ill be 

presented a l i s t  containing 24 p a i r s .  Each p a ir  cons is ts  of a t h r e e - l e t t e r  

nonsense sy lla b le  and a tw o-d ig it  number. In general you see the items pre

sented e i th e r  as a syllabie-number p a ir  or a sy llab le  presented alone.

When a sy lla b le  and i t s  paired number appear toge ther ,  you should j u s t  

study them c lose ly  but q u ie t ly .  WHEN A SYLLABLE APPEARS ALONE YOU SHOULD 

TRY TO REMEMBER THE NUMBER WHICH IS PAIRED WITH IT AND SAY THE NUMBER ALOUD.

In the f i r s t  t r i a l  of the experiment a l l  the 24 pa irs  w ill be presented , 

one a t  a time, fo r  two seconds each p a i r .  Study the pa irs  q u ie t ly .  For the 

remaining t r i a l s  in the experiment, the  items are presented in the  following 

manner. F i r s t  a nonsense s y l la b le  w ill appear alone fo r  2 seconds. During 

th is  period you should t r y  to  remember the  number which is  paired with the 

nonsense sy l la b le  and say the number loudly so I can hear i t .  Right a f t e r  

th a t  a d i f f e re n t  p a ir  consis ting  of a sy lla b le  and a number w ill appear, 

again fo r  two seconds. This gives you a chance to  study th a t  p a ir .  Fol

lowing th i s  f i r s t  the next nonsense s y l la b le  w ill be presented alone fo r  2 

seconds and then another p a ir  w ill  appear fo r  an additional 2 seconds.

This procedure continues u n ti l  a l l  24 pa irs  in the l i s t  a re  presented. 

The l i s t  w ill be presented again and again. You can make a guess when you 're  

not sure o f the c o r re c t  number, but be sure to give the number in the 2-sec- 

ond period when the nonsense sy l la b le  i s  presented alone and before a p a ir  

appears. The l i s t  s t a r t s  with a s e r ie s  of s ta r s  and ends with a blank space.

Remember to  respond with a number whenever a nonsense s y l la b le  i s  pre-



130

sented alone and make no response whenever a nonsense sy l la b le  and a number 

are presented to g e th e r .  Below i s  an example o f how the items w ill appear.^ 

In struc tions  fo r  Subjects in Conditions IF-2 412.

This experiment deals  with learn ing  o f verbal m a te r ia ls .  You w ill be 

presented a l i s t  containing 24 p a i r s .  Each p a i r  c o n s is ts  o f a t h r e e - l e t t e r  

nonsesnse sy l la b le  and a tw o-d ig it  number. In general you see the items pre

sented e i th e r  as a sy lla b i  e-number p a ir  or as a sy l la b le  presented alone.

When a sy llab le  and i t s  paired number appear to g e th e r ,  you should j u s t  

study them c lo se ly  but q u ie t ly .  WHEN A SYLLABLE APPEARS ALONE YOU SHOULD 

TRY TO REMEMBER THE NUMBER WHICH IS PAIRED WITH IT AND SAY THE NUMBER ALOUD.

In the f i r s t  t r i a l  o f  the  experiment a l l  the 24 pa irs  w ill  be presented , 

one a t  a time, fo r  two seconds each p a i r .  Study the  pa irs  q u ie t ly .  For the 

remaining t r i a l s  in the  experiment, the items are presented in the  followig 

manner. F i r s t  * nonsense sy lla b le s  w ill be p resen ted , one a t  a tim e, fo r  

a period of 2 seconds each. During each o f  these  2-second periods you should 

t ry  to  remember the  number which i s  paired with the  p a r i tc u la r  nonsense s y l 

lab le  you see and say the number loudly so I can hear i t .  A fter  the * non

sense sy lla b le s  are  presented , the  same * nonsense sy l la b le s  w ill appear 

along with t h e i r  paired number. The oa irs  w ill  appear one a t  a time fo r  2 

seconds per p a i r ,  but not n ecessa r i ly  in th e  same exact order th a t  th e i r  

corresponding nonsense sy l la b le s  had appeared. Following th i s  the next s e t  

* nonsense sy l la b le s  w ill be presented f i r s t  alone fo r  2 seconds each and 

then with t h e i r  corresponding numbers again fo r  2 seconds per p a i r .

This procedure continues u n t i l  a l l  24 p a irs  in the l i s t  a re  presented. 

The l i s t  w ill be presented again and again. You can make a guess when y o u 're  

unsure of the co r re c t  number, but be sure to  give the number in the  2-second
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period when the nonsense s y l la b le  i s  presented alone and before the next 

item appears. The l i s t  s t a r t s  with a s e r ie s  o f s ta r s  and ends with a 

blank space.

Remember to  respond with a number whenever a nonsense s y l la b le  is  pre

sented alone and make no response whenever a nonsense s y l la b le  and a number 

are presented toge ther .  Below i s  an example of how the  items w ill appear.^ 

In s truc tions  fo r  Subjects in Conditions DF-2 -12.

This experiment deals  with learn ing  of verbal m a te r ia ls .  You w ill be 

presented a l i s t  containing 24 p a i r s .  Each p a ir  co n s is ts  of a t h r e e - l e t t e r  

nonsense sy lla b le  and a tw o-d ig it  number. In general you see the items p re

sented e i th e r  as a syllabie-number p a ir  or as a sy l la b le  presented alone.

When a sy lla b le  and i t s  paired  number appear to g e th e r ,  you should j u s t  

study them c lose ly  but q u ie t ly .  WHEN A SYLLABLE APPEARS ALONE YOU SHOULD 

TRY TO REMEMBER THE NUMBER WHICH IS PAIRED WITH IT AND SAY THE NUMBER ALOUD.

In the f i r s t  t r i a l  o f  the experiment a l l  the 24 p a irs  w ill be p resented , 

one a t  a time, fo r  two seconds each p a ir .  Study the p a irs  q u ie t ly .  For the 

remaining t r i a l s  in the experiment, the  items are presented in the  following 

manner. F i r s t  * nonsense sy l la b le s  w ill be presented, one a t  a time, f o r  a 

period of two seconds each. During each of these  2-second periods you should 

t ry  to  remember the number which i s  paired with the p a r t ic u la r  nonsense s y l 

lab le  you see and say the  number loudly so I can hear i t .  A fter the * non

sense sy lla b le s  are  p resented , * d i f f e r e n t  syllabie-number p a irs  will ap

pear. The pa irs  w ill  appear one a t  a time fo r  2 seconds per p a i r .  This 

gives a chance to  study these  p a i r s .  Following t h i s ,  f i r s t  the next s e t  of 

* nonsense sy lla b le s  w ill be presented alone each fo r  a period o f  2 seconds 

and then * d i f f e r e n t  p a irs  w ill appear a t  the  same r a te .
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This procedure continues u n t i l  a l l  24 p a irs  in the l i s t  are presented.

The l i s t  w ill  be presented again and again . You can make a guess when you 're  

not sure of the  c o rrec t  number, but be sure to  give the number in the 2-second 

period when the  nonsense sy l la b le  i s  presented alone and before the next item 

appears. The l i s t  s t a r t s  with a s e r ie s  of s ta r s  and ends with a blank space.

Remember to  respond with a number whenever a nonsense sy l la b le  i s  pre

sented alone and make no response whenever a nonsense sy l la b le  and a number 

are presented together . Below is  an example of how the item will appear.^ 

In s tru c tio n s  fo r  Subjects in Conditions IF-24 and DF-24.

This experiment deals  with learn ing  of verbal m a te r ia ls .  You will be 

presented a l i s t  containing 24 p a i r s .  Each p a i r  cons its  of a t h r e e - l e t t e r  

nonsense sy l la b le  and a tw o-d ig it  number. In general you see the items pre

sented e i th e r  as a sy llab i  e-number p a i r  or as a sy l la b le  presented alone.

When the sy l la b le  and i t s  paired number appear to g e th e r ,  you should j u s t  

study them q u ie t ly .  WHEN A SYLLABLE APPEARS ALONE, YOU SHOULD TRY TO REMEM

BER THE NUMBER WHICH IS PAIRED WITH IT AND SAY THE NUMBER ALOUD.

The items in the l i s t  w ill be presented in the following manner. F i r s t  

a l l  the  24 p a irs  w ill appear, one a t  a time, fo r  2 seconds per p a i r .  Study 

the p a irs  q u ie t ly .  A fter a l l  the p a ir s  are  p resented , a l l  the  24 sy lla b le s  

will be presented again one a t  a time a t  the  r a te  o f two seconds per item. 

During each o f these 2-second periods you should t r y  to  remember the number 

which is  paired with the p a r t ic u la r  nonsense sy l la b le  you see and say the 

number loudly so I can hear i t .  Following the p resenta tion  of a l l  24 s y l 

lab le  alone, a l l  the  p a irs  w ill be presented again in the  same manner. This 

a l te rn a t in g  sequence w ill  appear again and again. Each sequence s t a r t s  and 

ends with a s e r ie s  o f  s ta r s .
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You can make a guess when you 're  not sure of the c o rrec t  number, but 

be sure to  give the  number in the 2-second period when the nonsense sy llab le  

is  presented alone and before the next item appears.

Remember to  respond with a number whenever a nonsense sy lla b le  i s  pre

sented alone and make no response whenever a nonsense sy l la b le  and a number 

are presented together. Below is  an example of how the items will appear.^

^Appropriate examples fo r  each condition were then shown to the  su je c t .  
*

The number of items per grouping fo r  each condition was w ritten  in the 
blank space.
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Sunmiary of (Feedback x Method o f P resenta tion  x Block) 

Analysis o f  Variance on Total Number of Correct 

Responses Per Block o f  Four T r ia ls

Source MS df F P

Total 613.350 959
Between 1354.799 159
A (Feedback) 3131.891 1 2.5295 .1099
B (Method of P resen ta tion) 4329.574 7 3.4969 .0020
AB 526.163 7 .4250 .8857
%E (e rro r) 1238.131 144
Within 465.987 800
C (Block) 60255.047 5 709.4290 .0000
AC 261.875 5 3.0833 .0094
BC 177.375 35 2.0884 .0005
ABC 81.446 35 .09589 .5381
%E (e rro r) 84.935 720
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Sunmary o f  (Feedback x Method of P resenta tion  x Blcok) 

Analysis o f  Variance on Total Number o f  In trusion  

Errors per Block o f  Four T r ia ls

Source MS d f F P

Total 239.146 959
Between 1265.368 159
A (Feedback) 1865.205 1 1.5217 .2169
B (Method o f  Presenta tion) 1833.893 7 1.4962 .1724
AB 1426.977 7 1.1642 .3265
%E (Error) 1225.709 144
Within 35.184 800
C (Block) 368.822 5 11.5079 .0000
AC 25.492 5 .7954 .5549
BC 60.623 35 1.8915 .0019
ABC 27.961 35 .8724 .6817
%E (Error) 32.049 720
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Summary of (Feedback x Method o f  Presentation x Block) 

Analysis o f  Variance on Total Number 

o f  Ommission Errors per Block o f  Four T r ia ls

Source MS df F P

Total 691.585 959
Between 1962.107 159
A (Feedback) 10018.176 1 5.5968 .0183
B (Method o f  Presentation) 5160.473 7 2.8830 .0077
AB 1153.935 7 .6447 .7202
%E (Error) 1789.971 144
Within 439.069 800
C (Block) 56144.535 5 629.8162 .0000
AC 215.487 5 2.4173 .0341
BC 105.250 35 1.1807 .2209
ABC 45.054 35 .5054 .9925
%E (Error) 89.144 720
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Summary of (Feedback x Method of Presentation x Block) 

Analysis o f  Variance on Total Number of Errors 

per Block o f  Four T r ia ls

Source MS df F P

Total 612.498 959
Between 1410.710 159
A (Feedback) 3139.391 1 2.4146 .1184
B (Method of P resentation) 4328.770 7 3.3293 .0029
AB 519.288 7 .3994 .9014
%E (Error) 1300.188 144
Within 453.854 800
C (Block) 61132.063 5 914.6594 .0000
AC 308.612 5 4.6175 .0006
BC 163.982 35 2.4535 .0000
ABC 56.250 35 .8416 .7299
%E (Error) 66.836 720
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Summary of (Feedback x Method o f  Presentation x Block) 

Analysis o f  Variance on Proportions o f 

Errors per Block o f Four T r ia ls

Source MS df F P

Total .065 959
Between .141 159
A (Feedback) .303 1 2.3554 .1230
B (Method of Presentation) .453 7 3.5233 .0019
AB .049 7 .3831 .9110
%E (Error) .129 144
Within .050 800
C (Block) 6.399 5 669.7290 .0000
AC .024 5 2.5229 .0278
BC .020 35 2.0491 .0006
ABC .008 35 .8395 .7330
%E (Error) .010 720
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Summary o f (Feedback x Method o f P resen ta tion  x Block) 

Analysis of Variance on Proportion o f In trus ion  

per Block o f  Four T r ia ls

Source MS df F P

Total .054 959
Between .251 159
A (Feedback) .960 1 3.9219 .0467
B (Method o f  Presenta tion) .313 7 1.2810 .2629
AB .226 7 .9220 .5076
%E (Error) .245 144
Within .014 800
C (Block) .463 5 40.4624 .0000
AC .014 5 1.2399 .2877
BC .018 35 1.5967 .0167
ABC .007 35 .6242 .9573
%E (Error) .011 720
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Summary o f  (Feedback x Method of P resen ta tion  x Block) 

Analysis o f Variance on Proportion of 

Omissions per Block of Four T r ia ls

Source MS df F P

Total .065 S59
Between .281 159
A (Feedback) 1.533 1 5.7013 .0173
B (Method o f  Presenta tion) .482 7 1.7929 .0924
AB .154 7 .5731 .7784
%E (Error) .269 144
Within .022 800
C (Block) .962 5 61.4786 .0000
AC .039 5 2.4670 .0310
BC .014 35 .9160 .6100
ABC .014 35 .9002 .6364
%E (Error) .016 720
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Summary of (Feedback x Method o f Presentation x L is t  Form) 

Analysis o f Variance on Total Number o f Errors

Source MS df F P

Total 8479.891 139
Between 11738.070 31
A (Feedback) 19145.012 1 2.4893 .1131
B (Method of P resentation) 26286.445 7 3.4179 .0025
C (L is t  Form) 120.000 1 .0156 .8963
AB 3194.991 7 .4154 .8914
AC 110.000 1 .0143 .9008
BC 13965.723 7 1.8159 .1890
ABC 5787.863 7 .7500 .6318
%E (Error) 7690.805 128
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Summary o f (Feedback x Method o f  Presentation) 

Analysis o f Variance on Number of T r ia ls  

to  Reach the C rite rion  o f  8/24 

Correct Responses

Source MS df F P

Total 30.578 159
Between 49.541 15
A (Feedback) 25.601 1 .8950 .6522
B (Method o f P resentation) 86.087 7 3.0097 .0058
AB 16.415 7 .5739 .7778
%E (Error) 28.603 144
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Summary of (Feedback x Method of P resentation) 

Analysis of Variance on Number o f T r ia ls  

to  Reach the C rite rion  of 4/24 

Correct Responses

Source MS df F P

Total 10.921 139
Between 16.920 15
A (Feedback) .305 1 .0296 .8579
B (Method o f  Presentation) 27.735 7 2.6937 .0119
AB 8.477 7 .8233 .5706
%E (Error) 10.297 144
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Summary o f  (Feedback x Method o f Presentation) 

Analysis of Variance on Number 

of Correct Responses on the Last Trial

Source MS df F P

Total 29.263 159
Between 58.510 15
A (Feedback) 100.803 1 3.8451 .0488
B (Method o f  Presenta tion) 91.241 7 3.4804 .0021
AB 19.737 7 .7529 .6294
%E (Error) 26.216 144


