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Abstract

RETROACTIVE INTERFERENCE IN PROSE RECALL 

AS A FUNCTION OF LEARNING DIRECTIONS 

by

V a le r ie  Sasserath Kreitzberg  

Advisor: Dr. Lawrence T. Frase

The purpose o f  th is  study was to explore how in s tru c tio n a l ob jectives  (or 

learning d ire c t io n s )  modify the e f fe c ts  o f  re tro a c t iv e  in terference  in 

prose re ten tion  and to re la te  the find ings to in s tru c t io n a l theory. Both 

a p i lo t  study and a main inves tiga tio n  were conducted in which the f o l ­

lowing va r iab les  were manipulated: 1) type o f learning d ire c t io n — posi­

t i v e ly  or negative ly  s ta ted , 2) po s it ion  o f  learning d ire c t io n s — before  

f i r s t  or second reading passage, 3) re tro a c t iv e  in te r fe ren ce— present or 

absent, and k) type o f delayed p o s tte s t— cued re c a l l  or m u lt ip le -ch o ice .  

Several hypotheses were tested . One hypothesis was tha t information in 

the te x t  th a t  is re levant to learn ing d irec t io n s  w i l l  be recalled  b e t te r  

than inc identa l information. Another hypothesis was that the re c a l l  o f  a 

f i r s t  learned passage w i l l  be suppressed when subjects learn  a second 

s im i la r ,  but c o n f l ic t in g ,  passage ( re tro a c t iv e  in te r fe re n c e ) .  Both of  

these hypotheses were confirmed, perm itting fu r th e r  tes ts  about the 

influence o f  learning d irec t io n s  on in te r fe ren ce . There were two major

i l l



hypotheses about the e f fe c ts  o f  learn ing d ire c t io n s  on in te r fe re n c e .  The 

f i r s t  was that learning d ire c t io n s ,  given w ith  the o r ig in a l  passage, 

would have a s ig n i f ic a n t  influence on a le a rn e r 's  processing a c t i v i t i e s  

such th a t information from a second passage, which is s im i la r  but con­

f l i c t i n g  to the o r ig in a l ,  w i l l  not in te r fe re  w ith  the d ire c t io n -re le v a n t  

information from the f i r s t  passage. The second hypothesis was tha t  

learning d irec t io n s  would have a s ig n i f ic a n t  influence on a le a rn e r 's  

processing a c t i v i t i e s  such that d i re c t io n - re  levant information from the 

second passage in te r fe re s  w ith  corresponding information from the f i r s t ,  

whereas inc identa l information from the second passage does not have an 

in te r fe r in g  e f f e c t .  The passages used produced the in te rfe ren ce  neces­

sary to te s t  these hypotheses, but the two more s p e c if ic  in terferen ce  

hypotheses were not supported by the data . Instead, learning d irec t io n s  

had a general e f f e c t  o f  counteracting in te rfe rence  when the d irec t io n s  

accompanied the f i r s t  passage. Subjects receiv ing p o s it iv e  d irec t io n s  

with the in te r fe r in g  passage experienced no d i f f e r e n t i a l  learning loss. 

Furthermore, subjects receiv ing negative d ire c t io n s  w ith  the in te r fe r in g  

passage had g reater  in c id e n ta l ,  ra th er  than re le v a n t ,  learning loss a f t e r  

in te rfe ren ce . In ad d it io n ,  re levant learning (learn ing  o f information  

re la ted  to  learning d ire c t io n s )  was higher than inc idental learning fo r  

groups receiving d ire c t io n s  w ith  the f i r s t  passage. This f in d ing  is con­

s is te n t  w ith  previous work in the f i e l d .  However, re levant learn ing in 

the experimental groups was lower than in the control groups which were 

instructed to learn the e n t i re  te x t .  This f in d ing  is contrary  to much of  

the work on adjunct a id s , although some compatible research does e x is t ,
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There are several possible explanations fo r  th is  f ind ing  which should be 

explored in fu tu re  research. The research on adjunct a id s , such as 

learning d ire c t io n s ,  has th e o re t ic a l  and p o te n t ia l  p ra c t ic a l  va lu e . In 

terms o f theory, the mechanisms underlying the learning and memory o f  a 

prose passage are being elaborated and c l a r i f i e d  through the manipulation  

of various study a c t i v i t i e s .  In terms o f  in s tru c t io n ,  the more knowledge 

th a t  is gained through research on these adjunct a id s ,  the more control 

the teacher can achieve over the educational process.
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INTRODUCTION

For many years, th e o r is ts  and investigators  in the f i e l d  o f  

verbal learn ing paid l i t t l e  a t te n t io n  to the processes involved in the 

learning and re ten tio n  o f connected discourse. Rather, they concentrated 

on the learning and re ten tio n  o f  nonsense s y l la b le s ,  l i s t s  o f  words, and 

paired associates. One reason fo r  concentrating on simple tasks is that 

they are eas ie r  to control experim enta lly . A re la ted  reason is that  

theories o f  verbal learning and memory can be more c le a r ly  formulated 

w ith  well defined tasks.

In recent years , however, a t te n t io n  has s h if te d  to the study of  

more complex verbal m a te r ia ls .  This new emphasis has forced educational 

psychologists to re-examine the theories o f  verbal learning and memory in 

order to see i f  the ru les applying to simple verbal m ater ia ls  might 

g en era lize  to more complex tasks. An important question is whether the 

underlying processing, storage, and r e t r ie v a l  mechanisms are s im i la r  or 

d i f f e r e n t  fo r  rote  and meaningful verbal tasks.

The educational ra t io n a le  fo r  studying the behaviors involved in 

the learning and remembering o f  connected discourse ts th a t ,  in general,  

the a c q u is it io n  o f  knowledge in a school s e tt in g  depends on the a b i l i t y  

to read, understand, and remember meaningful m a te r ia l .  Discovering the 

underlying processes involved in learning and memory fo r  complex w r it te n  

m ateria l is thus important fo r  the development o f e f fe c t iv e  ins tru c tio na l  

techniques. The memorization o f  a r b i t r a r i l y  associated words, on the
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other hand, appears less common in the classroom.

The purpose o f  the present study is to explore two major phenomena 

from the verbal learning l i t e r a t u r e  and to  in ves tig a te  how they in te ra c t .  

These two phenomena are : 1) re t ro a c t iv e  in te r fe re n c e ,  which, in i t s  most 

general terms, re fers  to  the increase in fo rg e t t in g  tha t  occurs when a 

person learns information which is s im i la r  to previously learned ( to -b e -  

remembered) information (Anderson 6 Myrow, 1971); and 2) mathemagenic 

behaviors, which are the information-processing a c t i v i t i e s  upon which 

learning depends (Rothkopf, 1965)* More s p e c i f ic a l ly ,  the study w i l l  

focus on how in s tru c t io n a l o b jectives  modify the e f fe c ts  o f re t ro a c t iv e  

in terference  in prose re te n t io n .  Before the study is described in 

d e t a i l ,  the l i t e r a t u r e  concerning re t ro a c t iv e  in terference  and mathema­

genic behaviors w i l l  be reviewed.



CHAPTER I

REVIEW OF THE LITERATURE

R etroactive  In terferen ce  and Related Issues 

Psychologists have studied memory from before the time o f  W ill iam  

James whose observations about human behavior have had an impact on many 

aspects o f modern psychology. Concerning memory, James (1892) noted th a t  

in d iv idua ls  d i f f e r  in the amount and kind o f  information they are  capable 

o f re ta in in g ,  th a t  there is not necessarily  a l im i t  on capac ity , and that  

memory capacity and q u a l i ty  can change w ith in  one ind iv idua l over time. 

These basic assertions have been examined over the years , and one centra l  

question which has emerged is th is :  What are  the fac to rs  (both w ith in  the 

ind iv idual and in the environment) th a t  cause fo rg e t t in g  ( i . e . ,  apparent 

loss o f  information over time)?

The most w idely  studied theory o f  fo rg e t t in g  has been in t e r f e r ­

ence theory. One reason fo r  th is  theory 's  p o p u la r i ty  is th a t  the p r in c i ­

ples which are  claimed to  govern verbal in te r fe ren ce  seem log ica l and 

have been demonstrated experim entally  fo r  almost f i f t y  years, In general 

terms, in te r fe ren ce  theory states  th a t  competing responses (such as 

s y l la b le s  or words) learned before the a c q u is it io n  o f  c r i t e r io n  responses 

(proactive  in te r fe ren ce )  or learned a f t e r  the a c q u is it io n  o f c r i te r io n  

responses, but before a re ten tio n  te s t  ( re t ro a c t iv e  in te rfe ren ce) can 

in te r fe re  w ith  re c a l l  o f  the c r i t e r io n  responses, The end re s u lt  is f o r ­

g e t t in g .  The basic experimental paradigms which have been used fo r



studying the e f fe c ts  o f  p roactive  in te r fe ren ce  (P I)  and re tro a c t iv e  

in terference  (R I) are described in Table 1. A few examples might c l a r i f y  

how PI and Rl are experim entally  manipulated. In Table 1, each stimulus 

l e t t e r  might be replaced by a nonsense s y l la b le ,  where A becomes gub, B 

becomes J a r ,  and C becomes pev. For proactive  in te r fe ren ce , the subject 

w i l l  f i r s t  be asked to learn the association gub-pev; then to  learn the 

association g u b - la r . A f te r  a re ten tio n  in te r v a l ,  he w i l l  be tested on 

the second association he was asked to  learn . Because o f  the e a r l i e r  

re la t io n s h ip  established between gub and pev, the subject may have d i f f i ­

c u l ty  remembering ia r  when asked what goes w ith  gub. The f i r s t ,  e a r l i e r  

association in te r fe re s  p ro ac t ive ly  w ith  remembering the new asso cia t ion .  

For re tro a c t iv e  in te rfe rence  to occur, the newly formed association  

in te r fe re s  r e t r o a c t iv e ly  w ith  an e a r l i e r  assoc ia t ion . For re t ro a c t iv e  

in te r fe ren ce , the subject w i l l  f i r s t  be asked to learn the association  

g u b - la r ; then he w i l l  be asked to learn the association gub-pev. When 

the subject is tested on the f i r s t  asso c ia t io n , the second one (where 

stimulus A is s t i l l  the same) w i l l  in te r fe re  re t ro a c t iy e ly  and cause 

fo rg e t t in g .

Although va r ia t io n s  are found and more e laborate  designs e x is t ,  

esp e c ia l ly  in the recent l i t e r a t u r e ,  an understanding o f  the basic PI and 

Rl designs is important fo r  understanding in te rfe rence  theory. In v e s t i ­

gations have concentrated more on Rl than on P I ,  probably because PI was 

not considered when in terferen ce  theory was o r ig in a l ly  developed. The 

importance of PI in memory processes was brought to the a t te n t io n  o f  

psychologists by Underwood in 1957.



T ab le  1

Basic In te r fe ren ce  Paradigms3

For Proactive  In te r fe ren ce For R etroactive  In te rfe ren ce

Retention Retention

Retention
In te rva l

Retention
Test

Learn Learn In te rva l Test
Learn Learn

Experimental
group AC AB AB

Experimental
group AB AC AB

Control
group DE AB AB

Control
group AB DE AB

Note. The same stimulus A is used throughout, and B and C are d i f f e r e n t  response terms which 
in t e r fe r e  w ith  each o th er.

aAdapted from Adams (1967).



In terference  Studies: Nonprose M a ter ia ls

The e a r l ie s t  work which tested the in te rfe rence  hypothesis using 

the Rl paradigm was done by McGeoch (1929, 1936; McGeoch 6 McKinney, 

1933a, 1933b). These e a r ly  studies uncovered a phenomenon ca lled  

response com petition, one o f  the two mechanisms which underlies in te r ­

ference. Referring back to the Rl paradigm, the decrement in the re ten­

t io n  o f  AB is caused by d ire c t  competition between B and C, the two 

response terms. In o ther words, when stimulus A is presented during the 

re ten tio n  te s t ,  the two responses (B and C) which have each a t  one time 

been associated w ith  stimulus A, compete w ith  each o th er .  Whether 

response B or C is given by the subject depends on which response is 

stronger (the fac to rs  which determine response strength w i l l  be discussed 

l a t e r ) .

The second mechanism underlying in te rfe ren ce  is a phenomenon 

c a l le d  un learn ing . In the Rl paradigm, unlearning re fe rs  to the e x t in ­

guishing o f  the c r i t e r io n  response, B, when the learning o f another 

response, C, is in terp o la ted  between o r ig in a l  learning and the re ten tion  

t e s t .  This mechanism was uncovered by the work o f  Melton and Irwin  

(19^0). They found th a t  Rl was a d ire c t  function of the amount o f in te r ­

polated learning but th a t  in trus ion  errors  (su b s t itu t io n  o f responses 

from the second l i s t )  accounted fo r  much less o f  the decrement than did  

omissions. The investigators  concluded th a t although response competi­

t io n  was a t  work, in te rfe ren ce  is a lso  a process o f weakening the bond 

between the o r ig in a l  stimulus-response p a ir  (Adams, 1967).

The degree o f  the e f fe c t  o f  these two mechanisms o f  in terference  

(response competition and unlearning) seems to depend on two fac to rs :
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1) the amount o f  t ra in in g  or  p rac t ice  on the c r i t e r io n  and in te r fe r in g  

responses, and 2) the degree o f  s im i la r i t y  between c r i t e r io n  and in te r ­

fe r in g  s t im u li  and responses (Cunningham, 1972). The experimental e v i ­

dence dealing w ith  each o f  these fac to rs  w i l l  be considered below.

E ffec ts  o f p ra c t ic e . Concerning the e f fe c ts  o f  t ra in in g  or

p rac tice  on R l,  i t  was found in s e r ia l  learning and paired-associate  

learning experiments tha t  Rl increases as a function o f  the number o f  

re p e t i t io n s  o f  the in terpo la ted  l i s t  (McGeoch, 1929, 1936), and Rl 

decreases as a function o f  the number of re p e t i t io n s  o f  the f i r s t  l i s t  

(the to-be-remembered l i s t ) .  These f ind ings have been rep lica ted  

(Briggs, 1957) and a lso demonstrated fo r  PI (Thune 6 Underwood, 19**3). 

Another study found a s im i la r  e f f e c t  using the Rl paradigm, but only up 

to  an intermediate degree o f in te rp o la t io n  (Melton & Irw in , 19**0); Rl 

tended to  decrease s l ig h t ly  w ith  a large amount o f in te rp o la t io n ,  but not

enough to a l t e r  the o r ig in a l  conclusions stated above. This find ing  was

supported by Postman and R iley  (1959) who used s im i la r  m ater ia ls  but a 

more sophisticated design. Thus in terms of the response competition  

mechanism, the response which is b e tte r  tra ined  w i l l  be stronger and w i l l  

be associated with the o r ig in a l  stimulus. In terms o f  unlearning, the 

response which is stronger due to t ra in in g  or reinforcement w i l l  

extinguish the competing response ( i . e . ,  the competing response w i l l  be 

unlearned).

Proactive and re tro a c t iv e  in terference  are not only an increasing  

function o f  p rac tice  on the competing response, but are  also a function  

o f  the number o f  in te r fe r in g  tasks (Underwood, 19^5, 19^9). In short,

PI or Rl increase when e i th e r  the in te r fe r in g  task is re inforced through



t ra in in g  or when there are many d i f f e r e n t  in te r fe r in g  tasks. Analogous­

ly ,  PI or Rl decreases when the c r i t e r io n  task is re in forced  through 

t ra in in g .

E ffec ts  o f  s i m i l a r i t y . The experimental evidence concerning the 

e f fe c ts  o f  stimulus s im i la r i t y  and response s im i la r i t y  on PI and Rl have 

been in teg ra ted , e laborated , and summarized by Osgood (19^9) who orga­

nized these f indings around three basic p r in c ip le s .  Rather than discuss­

ing every study which led to the development o f these p r in c ip le s ,  the 

p r in c ip les  concerning the e f fe c ts  o f s im i la r i t y  w i l l  be d i r e c t ly  c ite d :

1. Where s t im u li  are varied  and responses are  fu n c t io n a l ly  

id e n t ic a l ,  p o s it iv e  tra n s fe r  and re tro a c t iv e  f a c i l i t a t i o n  are obtained,  

the magnitude o f  both increasing as the s im i la r i t y  among the stimulus 

members increases.

2 . Where s t im u li  are fu n c t io n a l ly  id en tica l and responses are  

varied , negative tra n s fe r  and re t ro a c t iv e  in te rfe rence  are obtained, the 

magnitude o f  both decreasing as s im i la r i t y  between the responses 

increases.

3 . When both stimulus and response members are simultaneously  

v aried , negative t ra n s fe r  and re tro a c t iv e  in te rfe ren ce  are  obtained, the 

magnitude o f  both increasing as the stimulus s im i la r i t y  increases.

For fu r th e r  comment on Osgood's p r in c ip le s ,  see Bugelski and 

Cadwallder, 1956; M a rt in ,  1965; and B a t t ig ,  1966.

The theory o f  in terference  described above was developed through 

experimentation which used mainly ro te  m ate r ia ls :  l i s t s  o f  nonsense 

s y l la b le s ,  l i s t s  o f words, and l i s t s  o f  pa lred -associa tes . Thus the 

question asked a t  the s ta r t  (What fac to rs  cause fo rg e tt in g ? ) has been



answered p r im a r i ly  fo r  ro te  tasks. Whether or not the same mechanisms 

and fac tors  are operative  when more meaningful m ater ia ls  are used is a 

complicated issue which w i l l  be considered next.

In terference  Studies: Prose M ater ia ls

i t  has been argued th a t although the p r in c ip le s  o f  in terference  

theory may provide an adequate explanation o f ro te  verbal learning and 

fo rg e t t in g ,  i t  is unreasonable to assume that these same p r in c ip le s  can 

be applied to  learning from meaningful te x t  m ater ia l in school sett ings  

(Ausubel, 1968). Ausubel's theory o f meaningful verbal learning is based 

on d is t in c t io n s  made between ro te  learning and meaningful learning in 

terms o f  the learning and re ten tio n  processes involved. According to  

th is  theory, rote  learn ing , which involves the memorization o f d iscre te  

verbal u n its ,  can be governed by the laws o f in te rfe rence  (where fo rg e t ­

t ing  is conceptualized in stimulus-response term s). Because ro te ly  

learned verbal tasks are never in tegrated into  an in d iv id u a l ’ s store o f  

knowledge in the f i r s t  p lace, they are e a s i ly  in te r fe red  w ith  and f o r ­

gotten. Meaningful learn ing , according to Ausubel, does involve in teg ra ­

t ion o f the new m ateria l in to  an in d iv id u a l 's  co g n it ive  s tru c tu re ,  and 

learning and re ten tio n  in th is  case are  conceptualized in terms o f  the 

d is s o c ia b i1?ty strength o f  the newly learned m ater ia l from the already  

established ideas an ind iv idual possesses. F o rge tt in g , ra ther than 

being an in te rfe ren ce  process, is a process o f  obi i t e r a t iv e  subsumption 

in which less in c lus ive  concepts (d e ta i ls )  become subsumed under the more 

c le a r  and s tab le  general concepts; the less inc lus ive  concepts are con­

sidered forgotten  when they lose a l l  t h e i r  d is s o c ia b i l i t y  s trength , when 

they become completely subsumed under the more general ideas (Ausubel,
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1963, 1968).

A series o f  studies has been conducted which attempted to demon­

s t ra te  th a t  subsumption theory ra ther  than in te r fe ren ce  theory is a more 

accurate explanation o f  fo rg e t t in g  when meaningful learning had taken 

place.

Ausubel, Robbins, and Blake (1957) and Ausubel, Stager, and Gaite  

(1968) conducted experiments whose purpose was to determine whether Rl 

could be demonstrated in a learning s i tu a t io n  th a t involved the substan­

t iv e  re ten tio n  o f p o te n t ia l ly  meaningful m ateria l (connected d iscourse).  

I t  was found that when a " s im i la r  but c o n f l ic t in g "  in terpo la ted  reading 

passage was learned a f t e r  the o r ig in a l  passage, the second passage had a 

f a c i l i t a t i v e  e f f e c t .  This f in d in g  is contrary  to the p r in c ip le s  o f  R l,  

and the investigators  concluded th a t  the f a i lu r e  to  f in d  an in te rfe rence  

e f f e c t  lends support to  the subsumption theory o f  fo rg e t t in g ,  Analogous 

conclusions were drawn concerning PI (Ausubel S Blake, 1958; Ausubel, 

Stager 6 G a ite , 1969).

The c h a ra c te r is t ic s  o f  the prose passages used in the Ausubel 

studies were not described in terms o f  specify ing  s im i la r i t i e s  and d i f ­

ferences in s truc tu re  and content. Rather, the passages were selected on 

the basis o f  experimenter judgments o f  the s im i la r i t i e s  and d if fe rences  

between them and t h e i r  re la t io n s h ip  to  a lready  e x is t in g  ideas in cogni­

t iv e  s tru c tu re  (Ausubel, Robbins 6 Blake, 1957). Although in a la te r  

a r t i c l e  (Ausubel, Stager S G aite , 1968) the in vestig ato rs  s ta te ,  "The 

m ateria l used to in ves tig a te  re t ro a c t iv e  In te r fe ren ce  consisted o f  two 

passages th a t  on the basis o f  content analysis  were thought to be h igh ly  

s im ila r  and c o n f l ic t in g ,"  the ana lys is  Is not described, A carefu l
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descrip tion  o f  th is  analys is  would be use fu l.  I t  would a lso  be useful i f  

the re la t io n s h ip  between the m u lt ip le  choice te s t  and the prose passages 

were made e x p l ic i t  and the nature o f  the d is t ra c to r  items described. I t  

is not c le a r  whether the te s t  items focused on the sentences or the main 

ideas in the prose passages. The d e r iv a t io n  o f  d is t ra c to r  items ( i . e . ,  

whether they are taken from the in terpo la ted  passage or are  designed to  

tap misconceptions) might a lso  be u s e fu l ly  s ta ted . Although in actual 

classroom sett ings  th is  degree o f  s p e c if ic a t io n  may be im p rac tica l,  spe­

c i fy in g  these fac to rs  in research on learning processes would contribu te  

to the r e p l i c a b i l i t y  o f  the resu lts  and to understanding the mechanisms 

underlying re te n t io n .

Furthermore, re je c t io n  o f the in te rfe rence  hypothesis is not 

adequate support fo r  the subsumption hypothesis. Ausubel's studies have 

not necessarily  demonstrated that a subsumption process is operative  

when meaningful m ateria l is used. For instance, Ausubel, Robbins and 

Blake (1957) found th a t  when subjects read a passage in which the s im i­

l a r i t i e s  and d if fe ren ces  between the passage and " i t s  presumed subsuming 

concepts" were d e lin ea ted , re t ro a c t iv e  in h ib i t io n  did not occur and 

re tro a c t iv e  f a c i l i t a t i o n  may be induced. But, since the experimental 

group and a control group, which read the c r i t e r io n  passage tw ice , per­

formed eq ua lly  well on re te n t io n ,  i t  is possible th a t  r e p e t i t io n ,  ra ther  

than enhanced d is c r im in a b i1i t y  resu lt in g  in a reduction o f  the subsump­

tion  process, was the main fa c to r  in re ten t io n .

Ausubel's research, although i t  needs q u a l i f ic a t io n ,  represents 

a s ig n i f ic a n t  co n tr ibu tio n  in Rl and PI because i t  is concerned w ith  the 

learning and fo rg e t t in g  o f  connected discourse which is more re levan t to



school learning than the rote  tasks which had t r a d i t io n a l l y  been studied. 

Ausubel's concern th a t  meaningful learning be studied, th a t  real l i f e  

s itu a t io n s  be considered, and th a t  in te r fe ren ce  theory be reexamined has 

been a stimulus to fu r th e r  Rl and PI studies w ith  prose m a te r ia ls .

A series  o f experiments by Slamecka (1959» 1960a, 1960b, 1962) 

demonstrated th a t  the p r in c ip le s  o f  re t ro a c t iv e  in terferen ce  and proac­

t iv e  in te rfe rence  which applied to rote  tasks may also apply to the 

learning o f  meaningful connected discourse (Slamecka, 1961). To specify  

the s im i la r i t i e s  and d if fe rences  between the c r i t e r io n  passage and the 

in terpo la ted  passage, Slamecka used a scaling  technique to assess the 

perceived s im i la r i t y  o f  responses. This normative analys is  is more 

o b je c t iv e  than the in t u i t i v e  approach used by Ausubel. However, i t  is 

s t i l l  a sub jective  means of determining s im i la r i t i e s  and d if fe ren ces  in 

struc tu re  and content. In the Rl s tud ies , the subjects learned one long, 

abstract sentence which was presented one word a t  a time in a s e r ia l  

a n t ic ip a t io n  procedure. Slamecka varied  the number o f  presentations o f  

the in terp o la ted  sentence, the number o f  in terpo la ted  sentences, and the 

degree o f  s im i la r i t y  between the c r i t e r io n  and in terpo la ted  sentences.

His find ings concerning p rac t ice  and s im i la r i t y  support those o f  e a r l i e r  

studies on Rl and P i .

Although Slamecka used meaningful connected discourse, the d i f f i ­

c u lty  and abstractness o f  the m ater ia l and the s i tu a t io n  in which i t  was 

presented (one word a t  a time, rather than one idea u n it  or sentence a t  a 

time) could cause the subjects to t re a t  the m ateria l as though i t  were 

rote in nature. However, Slamecka's studies set the stage fo r  fu r th e r  

prose learning studies.



An improvement on Slamecka's methodology was made by Jenson and 

Anderson (1970) who produced Rl o f  a lengthy prose passage without rote  

memorization or s e r ia l  presentation . These investigators  point out tha t  

the number o f  experiments using prose m ater ia ls  which produce Rl or PI or 

f a c i l i t a t i o n  should not be a guide to  the pervasiveness o f  these phenom­

ena; ra th e r ,  the studies must be examined in terms of the biases and 

procedures o f  the researcher.

A fu r th e r  improvement in methodology and an increase in the 

o b jec t ive  analys is  o f te x t  is evident in two studies by Crouse (1970,

1971). In the 1970 study, Crouse used the t ra d i t io n a l  Rl paradigm w ith  

connected discourse. This is m ater ia l which has a lo g ic a l ,  grammatical 

stru c tu re  and can be understood (as evidenced by paraphrasing and 

answering questions) by persons w ith  the appropria te  background. Crouse 

spec if ied  the s im i la r i t i e s  and d if fe rences  between the c r i te r io n  and 

in te r fe r in g  m ateria l by constructing the passages in such a way th a t  

th e ir  macrostructures were the same, but there were d iffe rences  and 

s im i la r i t i e s  in d e ta i ls .  For example, one passage described a hypotheti­

cal poet named Fowler, who was born in Hampstead in 1810 whereas the 

second passage described a d i f f e r e n t  hypothetical poet named Payton, who 

was born in Northshire in 1901. There were 22 sentences in each passage. 

Since the structures  o f the passages were p a r a l le l ,  each having the same 

syntax, same number o f  sentences, e t c . ,  a re c a l l  te s t  could be construct­

ed in which the stems o f  the incomplete sentences are the same (except 

fo r  the name o f  the poet) but the answers which complete those sentences 

are d i f f e r e n t  fo r  each o f  the passages. For example:

Payton's fa th e r  was a ______________________  (passage one)



Fowler's fa th e r  was a ______________________  (passage two).

This type o f  te s t  creates a s i tu a t io n  in which the stim uli are  s im i la r  

but the required responses are d i f f e r e n t .  In th is  way, a p o te n t ia l ly  

in te r fe r in g  s i tu a t io n  is established (see Osgood, 19^9). I t  is important 

to note that the te s t  questions were derived from the information in the  

passages and th a t the re la t io n s h ip  between each question and elements in 

the prose passages was c le a r ly  ind icated. This procedure can be repeated  

in fu tu re  studies i f  the same rules fo r  d e fin ing  te s t  items are fo llowed. 

(See Bormuth, 1970, on the construction o f  v a l id  te s t  item s.) The major 

f ind in g  o f the Crouse (1970) study was tha t re tro a c t iv e  in te r fe re n c e ,  but 

not proactive  in te r fe ren ce , was a s ig n i f ic a n t  f a c to r  in fo rg e t t in g  the 

c r i t e r io n  prose passage.

In another study, Crouse (1971) used degree o f s im i la r i t y  as the 

independent v a r ia b le .  The passages and posttests  were constructed in the 

same fashion as the 1970 study. Crouse found that interpassage s im i la r ­

i t y  influenced Rl in prose learning tasks— the most s im i la r  the in te r ­

polated passage, the greater the R l, Concerning the f a i lu r e  o f  previous  

studies to f ind  re tro ac tio n  e f fe c ts  in prose 1/earning (Crouse c i te s  the 

Ausubel s tu d ie s ) ,  Crouse speculates that a s p e c if ic  content analys is  o f  

the passages used in these studies would reveal th a t  the passages were 

not in te r fe r in g  in the f i r s t  p lace, th a t  they were d i f f e r e n t  from each 

o th e r J  In th is  same study, Crouse claims that unlearning, ra th er than 

response competition, is the major source o f  in terference  since fo rg e t ­

t in g  was characterized by omission ra ther than the s u b s titu t io n  o f

^Ausubel, Stager, and Gaite (1968) s ta te  that content analyses 
were performed, but these analyses are not described.



in te r fe r in g  m a te r ia l .

Even w ith  the improvements in procedure, in s p e c if ic a t io n  o f the 

re la t ion sh ip s  among the passages, between each te s t  question and each 

passage, and in the nature o f  the prose passages themselves, i t  can s t i l l  

be said that the subjects were being asked to learn ro te ly  because the 

posttest demanded verbatim (word-for-word) r e c a l l .  Of course, a verbatim  

answer does not necessarily  ind icate  that the subject does not under­

stand what he has read. Verbatim learning means th a t  the subject learns  

m ateria l word fo r  word, exac t ly  as presented; th is  type o f  learning may 

or may not resu lt  in understanding o f the m a te r ia l ,  where "understanding" 

can be tested by asking the subject to paraphrase or answer:quest ions in 

his own words. Rote learn in g , l i k e  verbatim le a rn in g , involves w ord -fo r-  

word memorization o f  the m a te r ia l ;  un like  verbatim lea rn in g , however, 

ro te ly  learned information is not understood by the subject. Rotely  

learned m ateria l does not become associated w ith  information which a 

learner a lready possesses, cannot be paraphrased c o r re c t ly ,  and is 

quick ly  forgotten  (Ausubel, 1968 ).  Thus, exact answers on a posttes t may 

ind icate  memorization w ithout understanding (ro te  le a rn in g ) ,  or they may 

ind icate  meaningful learn ing (as evidenced by paraphrasing, association  

w ith  s im i la r  concepts, pu tt ing  information in o ther words) in ad d it ion  to  

word-for-word r e c a l l .  I t  is important to r e a l iz e  th a t  ro te  and meaning­

fu l are terms a t  opposite ends o f  a continuum. Prose learning is seldom 

completely rote  in charac ter , although I t  may contain ro te  elements. The 

type o f  posttest given to a subject may provide an answer as to the type 

o f learning which occurred as a re s u lt  o f  having read the te x t  m a te r ia l .

A basic d i f f i c u l t y  In prose learning research is th a t  learning can only
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be evaluated in an in d ire c t  way. Thus, the wording and level o f  posttest  

questions would seem to be important var iab les  in eva luating  the type o f  

learning achieved by subjects.

Some methodological co ns id era t ion s . Studies have been conducted 

to explore the e f fe c ts  o f  the type o f  questions given on a p o s tte s t .  In 

a fa c to r  a n a ly t ic  study, King (1960) found that verbatim re c a l l  measures 

(which requ ire  word-for-word r e c a l l ) ,  substance re c a l l  measures (which 

require  re ca ll  o f the general meaning), verbatim recognition measures 

(which require  se lec tion  o f  the word-for-word answer from a set of  

a l t e r n a t iv e s ) ,  and substance recognition  measures (which requ ire  se lec­

t io n  o f the correct general meaning or paraphrase answer from a set of  

a lte rn a t iv e s )  c o r re la te  h igh ly  (about .80) w ith  each o th er .  The im plica­

tio n  is th a t  these measures can be used interchangeably to  some ex ten t .  

Studies on Rl using prose m a te r ia ls  and procedures s im i la r  to those o f  

Crouse except fo r  the nature o f  the po sttes t (m u lt ip le  choice instead o f  

f i l l - i n )  found s im i la r  resu lts  (Anderson & Myrow, 1971; Myrow 6 Anderson, 

1972). Un like Crouse's data, which pointed to un learn ing , ra th er than 

response competition as the mechanism underlying R l ,  the studies using 

m u lt ip le -ch o ice  tes ts  ind icate  th a t response competition is a more 

important fa c to r  than response u n a v a i la b i l i t y  (unlearning) in Rl w ith  

prose. This l a t t e r  conclusion was drawn (Myrow & Anderson, 1972) because 

the subjects most o ften  chose the d is t ra c to r  which was derived from the 

in te r fe r in g  passage, ra ther than the other d is t ra c to rs ,  when they were 

being tested on the c r i t e r io n  passage. This could mean th a t  recognition  

tes ts  are more se n s it iv e  to the mechanisms by which in te r fe ren ce  oper­

a tes . That is ,  the a l te rn a t iv e s  provided on a recognition or m u lt ip le



choice te s t  e l i c i t  p o t e n t ia l ly  competing responses from the subject.

Both the correct response and the in te r fe r in g  response w i l l  be recognized 

as fa m i l ia r  since both o f  these have been experienced by the subject.

The s u b jec t 's  task is to  s e le c t  not ju s t  the f a m i l ia r  response (there  are  

two o f  these, but only one is c o r re c t ) ,  but the response which is appro­

p r ia te  to  the stem o f  the question, which can be thought o f  as the 

stimulus.

I t  may be the case th a t  when the subject is confronted by two 

fa m i l ia r  a l te r n a t iv e s ,  response competition occurs. The response selected  

depends on the strength  o f  the association between each response and the 

stimulus (stem o f  the q uestio n ). The stimulus-response association which 

is the strongest (due to o verlearn in g , recency o f  learn ing , or other  

fac to rs )  w i l l  determine which a l t e r n a t iv e  is chosen. I f  the in te r fe r in g  

association is s trongest, then the in te r fe r in g  response w i l l  be selected .  

In a re ca ll  format, a response competition s i tu a t io n  Is not created by 

the t e s t ,  and may th ere fo re  not be a problem fo r  the subject.

Whether the mechanism o f  unlearning o r  th a t  o f  response competi­

t io n  is the major fa c to r  underlying Rl is s t i l l  debatable. A study by 

VanMondfrans, Hiscox and Gibson (1973) ind icates tha t whether response 

competition or unlearning is observed to be the more ac t iv e  mechanism is 

a function o f  the type o f posttest used. When m u lt ip le -ch o ice  tests  are  

used and the d is tra c to rs  are derived from the in te r fe r in g  passage, i t  

w i l l  seem that response competition causes Rl; when f i l l - i n  tests  are  

used, there  w i l l  be many omissions which implies tha t  an unlearning  

mechanism causes responses to  become u n ava ilab le .  This is one issue 

explored in the present study. I t  is c le a r  th a t  methodology plays a



strong ro le  in determining th e o re t ic a l  in te rp re ta t io n s .

Further evidence o f  the a b i l i t y  to  manipulate Rl through opera­

t io n a l iz in g  passage s im i la r i t y  on the basis o f  te s t  item s t im u li  and 

responses is provided by Bower (1974). Aside from re p l ic a t in g  previous 

f ind ings (Crouse, 1970, 1971; Anderson & Myrow, 1971; Myrow & Anderson,

1972) Bower went a step fu r th e r  and demonstrated that an in terpo la ted  

prose passage can f a c i l i t a t e  re ten tion  o f  some d e ta i ls  o f  a c r i te r io n  

passage w h ile  in te r fe r in g  w ith  the re ten tio n  o f o ther d e t a i ls .  As in 

Crouse's m a te r ia ls ,  the general s truc tu re  o f the c r i t e r io n  and in t e r f e r ­

ing passages was the same. The in te r fe ren ce  and f a c i l i t a t i v e  e f fe c ts  

were embedded in the passages' m icrostructures (d e ta i le d  con ten t) .  Bower 

used two kinds o f posttes ts— fre e  re c a ll  and f i l l - i n — and found the same 

e f fe c ts  w ith  each te s t .  This o f fe rs  fu r th e r  confirmation fo r  King's 

( i960) contention that verbatim re c a l l  and substance re c a l l  measures 

reveal s im i la r  data.

Summary. Studies on re t ro a c t iv e  in te rfe rence  w ith  prose m ate r ia ls  

y ie ld  find ings  s im i la r  to studies using nonprose m ater ia ls  provided that  

the content and s tru c tu re  o f  the prose m a te r ia ls  are o p e ra t io n a l ly  

defined. When o p e ra t io n a l ly  defined , the re la t io n sh ip s  among the passages 

and between each po sttest item and each passage are  made c le a r .  This  

c l a r i t y  o f d e f in i t io n  allows fo r  accurate r e p l ic a t io n ,  fo r  meaningful 

extensions o f previous work, and fo r  ins ights in to  the processes involved 

in the re ten t io n  and fo rg e t t in g  o f connected discourse. The present 

study w i l l  use prose m ater ia ls  whose content and s tru c tu re  are operation ­

a l l y  defined fo r  the above reasons.

A fte r  examining the extensive work done in the past f i f t y  years
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ing that psychologists have defined the concept, and set up s itu a t io n s  in 

which the e f f e c t  w i l l  occur, but have neglected to  address themselves to  

the problem o f  minimizing re t ro a c t iv e  in te r fe re n c e .  I f  re t ro a c t iv e  

in te rfe ren ce  is p o te n t ia l ly  p revalent in in s tru c t io n a l  se tt in gs  and is a 

major cause o f  fo rg e t t in g ,  i t  seems reasonable, then, th a t  methods of  

co n tro l l in g  Rl are needed. Students a re , in f a c t ,  asked to  remember 

large amounts o f  m ateria l which, a t  f i r s t ,  is new and u n fa m il ia r  to them, 

then to learn more m ateria l which is d i f fe r e n t  from but re la te d  to the 

f i r s t  m a te r ia l ,  and then to take a f in a l  examination on the semester's 

work. C le a r ly ,  th is  new m ateria l may c o n f l ic t  w ith  the prev iously  

learned m ater ia l and cause a decrement in re te n t io n .  What is not obvious 

is how to counteract th a t  e f f e c t .  One so lu tion  might be to  provide  

inform ation, or a task , e i th e r  before the o r ig in a l  m ateria l o r before the 

in te r fe r in g  m a te r ia l ,  which w i l l  d i re c t  a s tudent's  a t te n t io n ,  or encod­

ing a c t i v i t i e s ,  in such a way that the e f fe c ts  o f  Rl w i l l  be m odified.  

This supplementary m a te r ia l ,  whose function is to a l t e r  the d ire c t io n  o f  

reading behaviors, is c a lled  an adjunct a id .

Adjunct a id s , in the form o f  o rgan izers , questions, learning  

d ire c t io n s ,  and ob jec t ives  have been shown to sys tem atica lly  a f f e c t  

re ten t io n . The purpose o f the present study is to demonstrate how 

adjunct aids ( in  p a r t ic u la r  learning d ire c t io n s )  can be used to modify 

re tro a c t iv e  in te rfe ren ce  In prose re te n t io n ,  and to  r e la te  these m o d if i ­

cations to in s tru c t io n a l theory. However, before exp la in ing  how learning  

d irec t io n s  may be ab le  to  reduce in te r fe re n c e ,  the f i e l d  o f adjunct aids  

w i l l  be reviewed.
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Effec ts  o f  Adjunct Aids on Prose Learning

Unlike the theory and research perta in in g  to re t ro a c t iv e  in t e r ­

ference which dates back many years, the th e o re t ic a l  basis fo r  the study 

o f adjunct aids and the research which followed is r e la t iv e ly  recent.

Two in f lu e n t ia l  f igures  stand out in prose learning research: Ausubel and 

his model o f  meaningful verbal learn ing , and Rothkopf and his concept o f  

mathemagenic behaviors. The research derived from both Ausubel's and 

Rothkopf's conceptions has investigated the use o f adjunct a ids to  f a c i l i ­

ta te  the learning o f  prose m a te r ia l .  T he ir  approaches d i f f e r ,  however, 

in t h e i r  descrip tion  o f  how an adjunct a id  in te rac ts  w ith  both the 

prose passage to be learned and w ith  the le a rn e r 's  processing a c t i v i t i e s .  

One d if fe ren ce  is th a t  Ausubel believes tha t the key to  understanding 

how newly presented information is learned and reta ined l ie s  in the  

analysis o f  the in te ra c t io n  o f  the new m ateria l w ith  m ateria l a lready  

stored fo r  long-term use, whereas Rothkopf emphasizes the stimulus con­

t ro ls  involved in prose processing. A second d if fe re n c e  in the approaches 

o f these two in vestig ato rs  concerns how the e f fe c ts  o f  adjunct aids  

should be studied, and the types o f  adjunct aids which might be useful 

th e o re t ic a l ly  and p r a c t ic a l ly .  These d i f f e r e n t  approaches stem from the 

d i f fe r e n t  th e o re t ic a l  conceptions concerning the in te rac tio ns  among 

t e x t ,  adjunct a id s , and processing a c t i v i t i e s .

An information processing model suggested by Frase Cl975) helps 

to c l a r i f y  the d iffe rences  and s im i la r i t i e s  between these two approaches 

to prose learn ing . This model w i l l  be discussed a f t e r  reviewing Ausubel's 

work on meaningful verbal learn ing.



Ausubel's Model o f  Meaningful Verbal Learning

The increase in prose learning research which has occurred in the 

past f i f t e e n  years o r  so can be p a r t ly  a t t r ib u te d  to Ausubel's approach 

to meaningful verbal learn ing . His approach s p ec if ies  a th e o re t ic a l  

superstructure w ith in  which to examine the determinants o f  meaningful 

prose learn ing . By meaningful learn ing , Ausubel re fe rs  to learning which 

is not ro te  or a r b i t r a r y  but which involves the substantive in teg ra t io n  

of newly acquired ideas w ith  re le v a n t ,  a lready established ideas in the 

in d iv id u a l 's  cogn it ive  s tru c tu re .  A cogn it ive  s tru c tu re  is defined by 

Ausubel as a le a rn e r 's  id io syn cra t ic  s tru c tu re  o f  knowledge, which is a 

permanent store o f  knowledge analogous to  long-term memory. This s tru c ­

ture  is hypothesized by Ausubel (1963> 1968) to be organized h ie ra rc h ic ­

a l l y  w ith  the most genera l,  ab stract and inc lus ive  ideas serving as 

anchors fo r  the progressively  more s p e c if ic  and concrete ideas which they 

subsume. I f  we th ink  o f  th is  as a class inclusion re la t io n ,  then an 

abstract idea might be the concept o f  c a r , w ith in  which are included 

Fords, Buicks, e t c . ,  which are more concrete than c a r . W ithin the ca te ­

gory o f  Fords, p a r t ic u la r  types o f  Fords might be included, which are  

more concrete than the in c lus ive  concept Ford. This s tru c tu re  o f  knowl­

edge c o n t in u a lly  increases in order to accommodate to  newly acquired, 

meaningfully learned inform ation. In order fo r  meaningful learning to 

take p lace, i t  is necessary that the m ater ia l to  be learned be s t ru c tu r ­

a l l y  compatible w ith  the le a rn e r 's  knowledge s tru c tu re .  That is ,  the 

learner must have a general and inc lus ive  idea a lready in his knowledge 

store  which is re levant to the new to -be-learned  idea so th a t  the new 

idea has an anchor which w i l l  a llow  f t  to be remembered and integrated .
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I f  a new idea does not have an anchor ( th a t  is ,  i f  i t  is not s t ru c tu r a l ly  

compatible) i t  w i l l  be ro te ly  learned and q u ick ly  fo rg o tten . Therefore ,  

optimal learning and long-term re ten tio n  req u ire  tha t the new information  

be re la ta b le  in a substantive (nonverbatim) and nonarb itra ry  fashion to  

information the learner a lready possesses.

Ausubel emphasizes th a t  ro te  and meaningful learning are not 

dichotomous. Rather, they f a l l  on opposite ends o f  a continuum, and the 

type o f  learning which in d iv idua ls  e x h ib i t  is usua lly  somewhere on th is  

continuum, but not a t  e i th e r  extreme. However, there are  aspects o f  

Ausubel's notion o f  meaningful learning which remain to be s p e c if ied .

For example, Ausubel does not e laborate  on how one e m p ir ic a l ly  determines 

whether new and old ideas are  " s t r u c tu r a l ly  com patib le." The theory a lso  

does not c le a r ly  o u t l in e  the processes, such as encoding and rehearsa l,  

which the learner engages in before re la t in g  new m ateria l to a lready  

ex is t in g  ideas.

U nfo rtuna te ly ,  optimal learn ing may not take place because the 

learner may not recognize how, or i f ,  new information is re la ted  to  

information he a lready knows. Hence he may not be able to in teg ra te  th is  

new information e f f e c t iv e ly  in to .h is  co gn it ive  s tru c tu re .  An even more 

serious s i tu a t io n  is the attempt and subsequent f a i lu r e  o f a student to  

meaningfully learn a new idea when he does not have the p re req u is ite  

knowledge to use as an anchor. The student in th is  case may resort to  

rote memorization o f the new m a te r ia l ,  a process which resu lts  in rapid  

fo rg e t t in g .  Ausubel proposes th a t adjunct a id s ,  in the form o f  advance 

organ izers , are useful in bridging the gap between the knowledge the 

learner possesses and the information he is to acquire . By providing
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superordinate concepts, advance organizers assure the presence o f  the 

anchoring ideas needed fo r  meaningful learning o f  the new m a te r ia l .

Organizers as adjunct a id s . The research on advance organizers  

and th e i r  e ffec t iven ess  has been equivocal. One set o f  studies found 

tha t advance organizers f a c i l i t a t e  learn ing fo r  students w ith  low verbal 

a b i l i t y  or low a n a ly t ic  a b i l i t y  (Ausubel, I960; Ausubel & F i tz g e ra ld ,  

1961, 1962; Schultz , 1967), but no genera lly  f a c i l i t a t i v e  e f fe c t  of  

organizers was found. One explanation given (Ausubel, I960) fo r  the 

l im ited  e f f e c t  was tha t  the prose passages used were so well organized  

themselves th a t  the o rgan izers ' e f fe c t  was minimal.

With social studies prose m a te r ia ls ,  A llen  (1970) found that

advance organizers a f f e c t  the learning o f  students o f  d i f f e r in g  a b i1 i t y

in d i f f e r e n t  ways: lo w -a b i l i t y  students w ith  organizers performed b e t te r

on a short-term  re ten tio n  te s t  than did lo w -a b i l i t y  students without

organ izers; above-average-abi1i t y  students w ith  organizers performed

b e tte r  on a long-term re ten t io n  te s t  than did above-average students

without o rgan izers . A more recent study, using anthropology prose

m ater ia ls  (Clawson, 1973) found tha t organizers had no e f f e c t  regardless

o f  a b i l i t y  level or grade le v e l .  Another study (Proger, C arte r ,  Mann,

T ay lor , Bayuk, Morris & Reckless, 1973) using advance organizers and con- 
2

current organizers w ith  elementary school p u p ils ,  found no e f f e c t .  In 

the f i e l d  o f  ab s trac t  mathematics, advance organizers d id  f a c i l i t a t e  

learning (Scandura & W ells , 1967), but the organizers used appeared not 

to  fo l lo w  Ausubel's d e f in i t io n  o f  an organ izer .

2
A concurrent organ izer is used along w ith  a prose passage 

instead o f  being learned in advance o f  the c r i t e r io n  passage.
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When c lo se ly  examining the aforementioned studies te s t in g  the 

effec t iveness  o f  advance o rgan izers , i t  is c le a r  th a t  the re s u lts  have 

v ar ied . The problem may l i e  in the procedures used to construct th is  

adjunct a id .

Investigators  (Clawson, 1973; Scandura £ W ells , 1967) have re l ie d  

on th e i r  own judgments ra th er than on operational d e f in i t io n s  in t h e i r  

construction o f  advance organizers . This lack o f  s tand ard iza t ion  is 

a problem in determining the exact re la t io n s h ip  between the advance 

o rgan izer , the prose passage, and the p o s tte s t .  An a lgorithm  or norma­

t iv e  procedures would be useful in constructing th is  adjunct a id ,

The time needed fo r  learn ing an adjunct a id  should be considered 

(Peeck, 1970). In the Ausubel and F itz g e ra ld  (1962) study, subjects  

spent f i r s t  8 minutes then 6 minutes studying an o rg an ize r .  Immediately 

a f t e r  the 6-minute session, subjects spent 25 minutes studying a f i r s t  

pubescence passage fo r  which a suggestive f a c i l i t a t i v e  e f f e c t  (j^ < .07)  

was reported. At a la te r  session, a second-pubescence passage was s tu ­

died fo r  26 minutes, fo r  which no o v e ra l l  enhancement o f  re ten tio n  

occurred. Perhaps the to ta l  o f  lk minutes spent studying the organizer  

could have been productive ly  spent rereading the content to  be learned,

In a d d it io n ,  Ausubel does not s p ec ify ,  in an e m p ir ic a l ly  te s ta b le  

way, the information processing mechanisms which might be involved in 

transforming the pr in ted  words in the prose passage into the le a rn e r 's  

id io syn cra t ic  language and then in to  concepts which are in tegrated  in to  

the e x is t in g  knowledge s tru c tu re .  In a more s p e c if ic  approach, such 

processes as encoding, rehearsa l,  and the t ra n s fe r  o f information from 

short-term  to  long-term memory would be more f u l l y  e laborated .
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Summary. The theory o f  meaningful verbal learning proposed by 

Ausubel was instrumental in s t im u la t ing  research in the area o f  prose 

learn ing . The theory describes how new information becomes in tegrated  

in to  a le a rn e r 's  a lready e x is t in g  s tru c tu re  o f knowledge to become a 

meaningfully acquired and re ta ined  concept. Although Ausubel describes  

the h ie ra rc h ic a l arrangement o f  ideas in co g n it ive  s tru c tu re  and describes  

ce rta in  c r i t e r i a  fo r  meaningful lea rn ing , the theory does not p inpoint  

the information processing mechanisms (such as sh ort-  and long-term  

memory) involved in processing w r i t te n  m a te r ia ls .  The research on 

advance organizers would be more g en era lizab le  i f  the theory were more 

e x p l i c i t  in analyzing the subprocesses involved in prose learn ing .

One way o f remedying th is  problem is through the o p e ra t io n a l iz a ­

tion  o f  the prose m ater ia ls  themselves by de fin ing  the passages in terms 

of "idea u n i ts ."  Meyer and McConkie (1973) report th is  kind o f  analys is  

in which "each resu lt in g  idea u n it  was f e l t  to be a s in g le ,  meaningful 

piece o f information conveyed by the passage, whether i t  consisted o f  a 

word, a d e f in i t io n ,  or a phrase in the passage." These idea u n its  were 

then given to  judges who arranged them in to  a h ie ra rch ica l s tru c tu re  and 

judged the importance o f each item to the res t o f  the s tru c tu re .  This  

type o f o p e ra t io n a l iz a t io n  o f  m a te r ia ls  allows an in ves tig a to r  to specify  

more c le a r ly ,  through q u a n t i f ic a t io n ,  the semantic s tru c tu re  under 

in v e s t ig a t io n .

Another approach to  the prose learning process is Rothkopf's con­

cept o f  mathemagenic behavior.
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Rothkopf1s Concept o f  Mathemagenic Behavior

While Ausubel's (1963, 1968) model o f  meaningful verbal learning

emphasizes the ro le  o f  the le a rn e r 's  e x is t in g  s truc tu re  o f  knowledge in

acquiring new in form ation , Rothkopf's (1965, 1970) concept o f  mathema- 
3

genic behaviors emphasizes the ro le  o f  the le a rn e r 's  a c t i v i t i e s ,  both 

overt and covert as they are contro lled  by various stimulus events in 

acquiring new inform ation. Rothkopf defines th ree  classes o f  a c t i v i t y  

w ith  mathemagenic s ig n if ic a n c e .  Class I a c t i v i t i e s  involve o r ie n ta t io n , 

that is ,  bringing the learner in contact w ith  the in s tru c tio n a l m ater ia ls  

in a qu ie t s e t t in g  fo r  a su ita b le  time period . Class I I  a c t i v i t i e s  

involve ob ject a c q u is i t io n , th a t  is ,  se lec t in g  and attending to appro­

p r ia te  in s tru c t io n a l  o b jec ts .  Class I I I  involves t ra n s la t io n  and proc­

essing, th a t  is ,  scanning the in s tru c t io n a l  m a te r ia ls ,  t ra n s la t in g  the  

new information into in te rn a l speech, breaking down the s tr in g  o f  vocal 

a r t ic u la t io n s  produced by t ra n s la t io n ,  and other processes associated  

w ith  reading. Class I and I I  a c t i v i t i e s  are  d i r e c t ly  observable and 

r e la t iv e ly  susceptib le  to  empirical measurement. However, Class I I I  

a c t i v i t i e s  are only observable in d i r e c t ly .  I t  is believed (Rothkopf, 

1965) that prose learning outcomes can be co n tro lled  by manipulating  

these covert Class I I I  a c t i v i t i e s .  In other words, i f  the lea rn er 's  

a tte n t io n  can be d irec ted  (by the use o f  adjunct a ids) to  s a l ie n t  aspects 

o f  a prose passage so th a t he concentrates fu r th e r  processing a c t i v i t i e s  

on those aspects, he w i l l  learn more e f f i c i e n t l y .

A conceptual model o f  prose processing developed by Frase (1975)

Rothkopf (1965) defines mathemagenic behaviors as "behaviors 
th a t  g ive b i r th  to  le a rn in g ."
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elaborates more f u l l y  the classes o f  mathemagenic a c t i v i t i e s  ou tl in ed  by 

Rothkopf.

A conceptual model o f  prose processing. Frase (1975) has recent­

ly  suggested a model o f  prose processing which attempts to o u t l in e  

learner behaviors more f u l l y .  This model is based on the resu lts  of  

research in prose learn ing , although Frase (1975) s tates that the charac­

te r iz a t io n  o f  performances a t  the deeper semantic leve ls  o f  the model has 

a less d e f in i t i v e  experimental base.

The model describes four leve ls  o f  processing, the learner be­

haviors a t  each le v e l ,  and t h e i r  in te rac t io n s  w ith  sho rt-  and long-term  

memory. Level I is labeled content and performance set and is analogous 

to the Class I and i l  a c t i v i t i e s  described by Rothkopf (1970), At 

Level I ,  the reader sets goals concerning his learning a c t i v i t i e s  which 

depend upon the te x t  and i ts  accompanying d ire c t io n s ,  The le a rn e r ’ s 

p r io r  experience may have an impact on his performance s e t ,  and th e re fo re ,  

long-term memory influences th is  level o f a c t i v i t y .  In a d d it io n ,  Level I 

a c t i v i t i e s  determine, in p a r t ,  the representation o f  the stimulus (which 

consists o f  l e t t e r s ,  words, phrases) in short-term  memory, and also  

determine the content a v a i la b le  fo r  higher processing.

Level I I  is ca lled  encoding and is analogous to the Class ( I I  

a c t i v i t i e s  ( t ra n s la t io n  and segmentation) described by Rothkopf (1970),  

Encoding involves the t ra n s la t io n  o f  stimulus items (according to th e ir  

goal relevance) in to  an in te rna l representation which is id io syn cra t ic  to  

the lea rn er .  What Is encoded, and the e f f ic ie n c y  and accuracy o f encod­

ing a l l  a f f e c t  short-term  memory and learn ing.

The la s t  two leve ls  o f  the model describe what happens to



stimulus items once they are  encoded. Level I I I  is labeled rehearsal and 

in teg ra t io n  Performance a t  th is  level is dependent upon the encoding 

process which takes place e a r l i e r  in the sequence. Text items are  

rehearsed in conjunction w ith  short-term  memory a c t i v i t i e s .  For example, 

i f  a learner is exposed to a prose passage which contains many fa c ts ,  the 

fac ts  encoded f i r s t  w i l l  be rehearsed in short-term  memory w h ile  subse­

quent items become encoded. I t  is possible th a t  rehearsal o f  e a r l i e r  

items may l im i t  the input o f  subsequent items. I t  should be noted that  

short-term  memory is considered a temporary storage place where newly 

encoded information is rehearsed; short-term  memory in te ra c ts  w ith  long­

term memory where the le a rn e r 's  store o f  prev iously  acquired knowledge 

resides. In teg ra t ion  o f te x t  m ateria l comes next in the sequence a f t e r  

rehearsa l,  but in teg ra t io n  need not always occur and is not necessarily  

an automatic process, according to Frase (1975)..

Level IV is c a l le d  r e t r ie v a l  and r e la t io n , and is analogous to 

the meaningful learning process described by Ausubel, At Level IV, new 

m ateria l is re la ted  to  previously learned m a te r ia l ,  stored in long-term  

memory. This process can occur whether or not the te x t  m ater ia l was 

in tegrated a t  Level I I I .  Frase (1975) considers the r e t r ie v a l  a c t i v i t i e s  

o f  Level IV analogous to the rehearsal a c t i v i t i e s  o f Level I I I  in th a t  

both types o f  a c t i v i t i e s  handle ideas as they are encountered sequen­

t i a l l y .  In teg ra t io n  a t  Level I I I  is analogous to  re la t io n  a t  Level IV,

I t  is possible fo r  a reader to rehearse newly encoded items and to  

re t r ie v e  long-term memory items w ithout in teg ra t in g  te x t  items w ith  each 

other and without re la t in g  the new m ater ia l  to a lready e x is t in g  concepts. 

Although Rothkopf's concept o f  mathemagenic behaviors deals w ith  a c t i v i t i e s
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on Levels I ,  I I ,  and I I I ,  Ausubel's theory o f  meaningful verbal learning  

would consider Level IV a c t i v i t i e s  (e s p e c ia l ly  re la t io n )  essen tia l to  

learning and long-term re te n t io n .

In short,  Frase1s (1975) conceptual model of prose processing 

provides a summary framework fo r  study a c t i v i t i e s .  In reviewing the 

l i t e r a t u r e  on the mathemagenic concept, an attempt w i l l  be made to  r e la te  

the find ings to the model proposed by Frase.

Research s tra te g ie s  and the mathemagenic concept. In order to  

explore the mathemagenic concept experim enta lly , investigators  have pre­

sented adjunct aids along w ith  the prose passage to be learned. I t  is 

believed th a t adjunct aids ( in  the form o f  un d er l in in g , questions, d i re c ­

t io n s ,  and o b jec tives ) serve as "o r ie n t in g  d irec t io ns"  (Frase, 1970a) 

which guide the l e a rn er 's  processing a c t i v i t i e s  p a r t i a l l y  making him 

aware o f  those aspects o f  the m ateria l he should learn best. I t  w i l l  

become c le a r  th a t  d i f f e r e n t  types o f  adjunct a ids a f fe c t  learning  

a c t i v i t i e s  and outcomes d i f f e r e n t ly  depending on such v a r ia b le s  as th e i r  

p o s it io n ,  frequency, level o f d i f f i c u l t y ,  and s p e c i f i c i t y ,  A procedure 

common to  studies in th is  area is to present o r ie n t in g  d ire c t io n s  which 

perta in  to  only part o f  the information in the te x t  to  be studied so 

that part o f the information is re levant ( re fe rred  to by the adjunct 

questions or learning d ire c t io n s )  and part  o f the information is inciden­

ta l  (not re fe rred  to by the adjunct a id s ) .  By adm inistering a posttest  

on a l l  o f the information contained in the passage (both re levant and 

in c id e n ta l)  one can measure the e f fe c t  o f  an adjunct a id ,  w ith in  the 

same learn er ,  passage (or set o f  passages), and time period . The adjunct  

aids most frequ en tly  manipulated in experiments have been questions (also
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4
c a lled  t e s t - l i k e  events) and learning o b jec t ives .

Questions as adjunct a id s . Questions have been used in prose 

learning studies under a v a r ie ty  o f  conditions so that investigators  

could determine which aspects o f  questions influence learning outcomes. 

These conditions include posit ion  o f questions, frequency o f  questions, 

and type o f  questions. The e f fe c t  o f questions, or t e s t - l i k e  events, on 

learning in any o f  these conditions or combinations o f  conditions is 

measured by a posttes t o f  both the ques tion -re levan t and inc identa l  

information covered by the prose passage. The amount and type o f  

information reca lled  gives an ind ication  o f  how the adjunct aid in f lu ­

enced the mathemagenic behaviors o f the learn er.

The e a r l ie s t  work on the pos it ion a l e f f e c t  o f questions suggested 

tha t  under c e r ta in  cond it ions , adjunct prequestions exer t  a s e le c t iv e  

e f fe c t  on learning in th a t  the information in the te x t  which is re fe rred  

to by the questions is learned b e t te r  than information w ith  no reference,  

In fa c t ,  re ten tion  is even more r e s t r ic te d  to  questio n -re levan t informa­

t io n  when the questions exerting  control over learner a c t i v i t i e s  occurred 

in close c o n tig u ity  to  the re la ted  te x t  inform ation. The c o n tig u ity  

e f fe c t  was stronger when adjunct questions preceded a portion o f tex t  

than when questions followed a portion o f  te x t  (Frase, P a t r ic k .& Schumer, 

1970). In short,  the e f fe c ts  of prequestioning can be q u e s t io n -s p e c if ic .

In some cases, prequestions not only enhance the learning of

4
Questions as adjunct aids are  sometimes ca l le d  t e s t - l i k e  events

because in most o f  the studies using te x t - in s e r te d  questions, the sub­
je c ts  must answer the questions— before the posttest is g iven. When 
o b jectives  are used, however, overt responses are not usually  required  
u n t i l  the subject encounters the p o s ttes t .
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q u es t io n -sp ec if ic  in form ation, but they a lso  depress inc identa l learn ing  

s ig n i f ic a n t ly  below control group scores (Frase, P a tr ic k  & Schumer,

1970). This e f fe c t  o f  prequestions a lso  holds in a delayed re ten t io n  

s itu a t io n  (Peeck, 1970). Thus, prequestions have the power to  control  

the le a rn e r 's  a t te n t io n  to such an extent that the range o f  te x t  s t im u li  

to  which e f f e c t iv e  learning responses are made is l im ited  (Frase, 1970a).

Postquestions, however, do not have the 1Jmiting e f f e c t  o f pre­

questions. Rather, postquestions tend to  f a c i l i t a t e  re ten t io n  o f  both 

question -re levan t and inc identa l information (Frase, 1967> 1968a, 1968d; 

Rothkopf, 1966; Rothkopf 6 Bisbicos, 1967). The use o f  postquestions 

may enhance the a lready strong e f fe c t  o f  review statements (Bruning,

1968). The function  of postquestions is twofold: 1) they work in a 

s p e c i f ic  manner to  e l i c i t  review, or rehearsa l,  o f  the m ater ia l a lready  

read, and 2) they work in a general manner as cues fo r  c e r ta in  processing 

s k i l l s  to  be used (Frase, 1968a, 1970a). The spacing o f  postquestions  

w ith  respect to  te x t  m ateria l is another fa c to r  which can a f f e c t  review  

and processing behaviors. Postquestions, in close conjunction with  

re levant t e x t ,  increase the d if fe re n c e  in re c a l l  between re levant and 

inc identa l information (Frase, 1968b) and have a depressing e f f e c t  on 

inc identa l m ateria l s im i la r  to that e l i c i t e d  by prequestions. Thus 

po s it ion  and spacing o f  questions are fac to rs  th a t  in te ra c t  to  determine  

which aspects o f te x t  m ater ia l ( re le v a n t ,  in c id e n ta l ,  or both) w i l l  be 

remembered.

Another question v a r ia b le  which in te rac ts  w ith  p o s it io n a l e f fe c ts  

is the type o f question used as an adjunct a id .  Type re fe rs  to the nature  

of the information the questions ask about, the s p e c i f ic i t y  o f  the
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questions, and the co gn it ive  level o f  the questions. Cognitive level  

re fe rs  to the extent to  which the m ater ia l must be m eaningfully under­

stood and in tegrated w ith  o ther te x t  items and long-term memory items in 

order to answer the questions; questions requ ir ing  a verbatim response 

are on a lower co g n it ive  leve l than questions requ ir ing  the learner to  

give an example o f  a concept. The type o f  question asked can determine 

the behavior a learner w i l l  e x h ib i t  during reading ( e .g . ,  Level I I I  and 

Level IV in the Frase [1975] model) and during te s t  performance. Inves­

t ig a to rs  have compared the e f fe c ts  o f  d i f f e r e n t  types o f  questions on 

the learning o f te x t  and have studied how type in te ra c ts  w ith  the posi­

t io n  o f  questions in te x t .

In one such study (Rothkopf & Bisbicos, 1967) two types o f  ques­

t ions were inserted throughout the t e x t — some re la ted  to  common terms and 

others to technical terms. Recall o f  technical terms (both question­

re levan t and in c id e n ta l)  was higher fo r  the postquestion group which had 

seen technical term questions than fo r  the prequestion group which had 

seen the same questions. This f in d in g  ind icates  th a t inserted questions 

have a s e le c t iv e  f a c i l i t a t i v e  e f f e c t  on mathemagenic behaviors, The 

type o f  information th a t  w i l l  be processed and reca lled  depends both on 

the type and p os it ion  o f the adjunct questions.

The way in which question type w i l l  a f f e c t  what is learned from 

prose is not always p re d ic ta b le .  One such unpredictable  e f f e c t  was found 

in a study by Frase (1968c) in which general and s p e c if ic  questions 

(placed before the te x t  information to which they re fe rre d )  were the 

types compared. I t  was predicted that a general question would require  

tha t learners process more information from a prose passage than would
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general questions. This f ind in g  has im plications fo r  the th e o re t ic a l  

conceptions o f  how prose m ateria l is processed. I t  is possible th a t the  

general questions, instead o f  e l i c i t i n g  grea te r  processing a c t i v i t y ,  made 

the subjects adopt a p a r t ia l  encoding s tra te g y ,  and e f fe c t iv e  control  

over f u l l  sentence processing was lo s t .  A group o f sub jects , who were 

used to obtain ing norms on the content perceived to be re levant to the 

questions, indicated that th is  was, in f a c t ,  what had happened. General 

questions did not constrain  subjects to  rehearse the stimulus, the 

response, and the association between the two. The s p e c i f ic i t y  dimension 

and i t s  consequences has a lso  been studied w ith  regard to  learning  

d ire c t io n s ,  to be discussed in a l a t e r  section.

Recent studies on the e f fe c ts  o f adjunct questions have dea lt  

with  h igher-order questions which ask the learner to make Inferences or  

apply the information he has learned from the prose passage. Since these 

types o f  questions require more than s p e c if ic  fac tua l lea rn in g , they 

force the learner to go beyond the information provided in the passage.

He must process the te x t  information a t 'a  higher cogn it ive  le v e l .

Studies have shown (Frase, 1970b, 1971) tha t  re ten tio n  o f s p e c if ic  

fac tua l information (reproductive memory) and re ten t io n  o f inferences  

based on th a t  information (productive memory) can be influenced by the  

cog n it ive  level o f  the questions inserted in a te x t .  Factual questions 

resulted in poor re c a l l  o f  inc identa l fac tua l information and nearly  no 

re c a l l  o f inc identa l in fe re n t ia l  inform ation. H igher-order questions  

were s ig n i f ic a n t ly  b e t te r  than fa c t  questions fo r  re c a l l  o f  both fac tu a l  

and h igh-order re levant inform ation. I t  was concluded, th e re fo re ,  th a t
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these questions subsume the fac tua l m ater ia l  (Frase, 1970b).

Contrary to  th is  f in d in g ,  another inves tiga tio n  (Denzel, 1971) on 

a s im i la r  issue found no s ig n if ic a n t  d if fe ren ces  in re c a l l  when comparing 

questions defined according to Bloom's (1956) taxonomy o f the leve ls  o f  

cogn it ive  functio n ing . That is ,  there were no d if fe ren ces  in re c a l l  

whether the questions required verbatim answers, paraphrased answers, or 

applying the information in a new s i tu a t io n .  As pointed out by the 

author, the prose passages used in th is  study, consisting o f  economics 

m a te r ia l ,  may have been very d i f f i c u l t .  One problem was tha t the prose 

passages used were not assessed fo r  re a d a b i l i t y  or level o f d i f f i c u l t y .  

The second problem was th a t the h igher-order questions re fe rred  to 

information not tested on a fac tua l le v e l .  Since the a b i l i t y  to answer 

higher-order questions is dependent on knowledge o f  the s p e c if ic  fa c ts  on 

which the h igher-order questions are based (Gagn£, 1970), i t  may be the 

case that passage d i f f i c u l t y  influenced the e f fe c t  o f  h igher-order  

questions. However, since the fac ts  were not tes ted , i t  was not 

possible to determine whether or not the fac ts  were learned,

Other investigato rs  (Anderson, 1972; Richards 6 DiVesta, 197*0, 

in an attempt to uncover the mechanisms underlying semantic encoding,"’ 

investigated the f a c i l i t a t i v e  e f fe c ts  o f  substantive ( in  the subjects '  

own words) questions on memory. I t  was found th a t the su b s t itu t io n  o f

5
Semantic encoding o f verbal information re fe rs  to the sub­

s tan t ive  (nonverbatim) and long-term storage o f  verbal m ater ia l  which 
occurs over the re ten t io n  in te rv a l .  When information is f i r s t  learned, 
i t  is phonologically  ( in  a verbatim fashion) encoded. The nature o f  th is  
t ra n s fe r  from one type o f  encoding and storage to another is not f u l l y  
understood.



sem antically  re la te d  words fo r  the verbatim language o f the o r ig in a l  

sentences increases over the re ten t io n  in te rva l (Anderson, 1972). This 

f ind ing  indicated th a t information may be tran s fe rred  from a phonologi­

cal (short-term ) to  a semantic (meaningful and long-term) store over : 

time. In a d d it io n ,  sentences were almost always reca lled  as a whole, i f  

they were re c a l le d  a t  a l l ,  which indicates th a t  sentences are  learned and 

remembered as complete ideas ra ther than as sets o f  independent associ­

ations among words.

Also concerned w ith  substantive versus verbatim encoding,

Richards 6 DiVesta (1974) compared the re c a l l  scores o f  learners exposed 

to questions requ ir ing  a verbatim response to the scores o f  those exposed 

to h igher-order questions. They found tha t type o f  question in te rac ts  

with  question p o s it io n . Factual questions given a f t e r  the m ateria l  

aided more in the re c a l l  o f  inc identa l information than these same ques­

tions placed before the m ater ia l  (confirming the f ind ings  o f  Rothkopf, 

1966; and Frase, 1968a), but h igher-order questions were more e f fe c t iv e  

in f a c i l i t a t i n g  re c a l l  o f  both re levant and inc identa l information when 

they were placed in a p re - te x t  p o s it io n .  In th is  p o s it io n ,  h igher-order  

questions may serve the c o n tro l l in g  function re fe rre d  to e a r l i e r  by 

Frase (1970b). I t  should be noted th a t  presenting a set o f h igher-order  

questions before te x t  m a te r ia l  is read may be s u p e r f ic ia l ly  s im i la r  to 

Ausubel's presentation o f advance organizers before te x t  m ater ia l (see 

the previous section fo r  a review o f  th is  work). The hypothetical  

mechanisms by which learning is influenced can be, however, q u ite  

d i f f e r e n t .  In Ausubel's v iew , a subsumption process takes place in which 

the higher order (more a b s tra c t ,  genera l,  and inc lu s ive )  Ideas provide
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tion  may be in tegrated in to  the le a rn e r 's  a lready e x is t in g  and w e l l -  

organized s tru c tu re  o f  knowledge. H igher-order questions might fun c tio n ,  

however, to  modify the inspection behaviors o f  the lea rn e r ,  making him 

more a l e r t ,  encoding the te x t  m ater ia l fo r  purposes o f  in teg ra t io n  as 

well as rehearsa l,  e tc .

In a fo llow -up study, Rickards and DiVesta found that c lo se ly  

spaced substantive questions inserted a f t e r  the prose m ateria l produced 

more re c a l l  o f  both re levant and inc identa l information than did ques­

tions requ ir ing  a verbatim response. This f in d in g  might be explained by 

the in te rp re ta t io n s  o ffe red  e a r l i e r  (Frase, 1968a, 1970a) which described 

the s p e c if ic  and general manner in which postquestions influence learner  

behaviors. Thus questions, both fac tu a l and h igh er-o rder, seem to oper­

ate  in both a forward and backward fashion to influence processing a c t i v i ­

t i e s ,  and i t  is believed (Anderson, 1972) th a t  the leve l o f  these proc­

essing a c t i v i t i e s  determines whether information w i l l  be trans ferred  

from temporary, phonological storage to a more long-term, semantic 

storage.

Aside from substantive and in fe re n t ia l  questions, other types o f  

h igher-order questions have been found to have mathemagenic p o s it iv e
g

e f fe c ts .  When asked to apply fac tu a l information from a prose passage 

to a new s i tu a t io n  by g iv ing  an example, high school seniors outperformed 

on a p osttes t (which asked a l l  leve ls  o f  questions) those students who

^A mathemagenic p o s it iv e  e f fe c t  re s u lts  in behaviors which pro­
mote learning from prose. A mathemagenic negative e f fe c t  resu lts  in 
behaviors which in te r fe re  w ith  learning from prose.
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were given s p e c if ic  fac tu a l questions as adjunct aids (Watts 6 Anderson, 

1 970"  A pplica tion  questions as adjunct aids not only enhanced reca ll

o f  te x t  in form ation, but a lso led to superior performance on new a p p lic a ­

t ion  questions. The in ves tiga to rs  hypothesized that the Inserted a p p l i ­

cation questions e l i c i t e d  more thorough processing o f the te x t .  

S p e c i f ic a l ly ,  the inserted questions may have exerted a forward or shap­

ing influence on the subjects ' study a c t i v i t i e s  by providing a guide fo r  

adjusting  study behavior on succeeding passages. I t  is  a lso possib le ,  

however, th a t  the adjunct a p p lic a t io n  questions had a backward or review  

influence on learner a c t i v i t i e s ;  in order to  construct a new example, 

subjects would have to m entally  review the content o f  the passage to  a 

greater degree than subjects who had s p e c if ic  fac tu a l questions which

could be answered w ith  a word or two d i r e c t ly  from the passage. This

l a t t e r  hypothesis is consonant w ith  the f in d ings  concerning postquestions  

and in fe re n t ia l  questions. The d ire c t io n  o f  the Influence (forward or  

backward) o f the a p p lic a t io n  questions could not be determined, however, 

from the Watts and Anderson (1971) study.

A subsequent study (McGaw 6 Grotelueschen, 1972) c l a r i f i e s  the 

issue concerning the d ire c t io n  (forward or backward) o f  the e f f e c t  o f  

inserted questions. These in ves tiga to rs  examined the d ire c t io n  o f  the  

f a c i l i t a t i v e  e f f e c t  o f questions inserted a t  in te rv a ls  in prose m a te r ia l .  

They varied the distance o f information in the passage from the inserted  

questions, and the re la t io n s h ip  between the information tested by the 

inserted questions and the information tested by the c r i t e r io n  tes t  items. 

I t  was found tha t  inserted questions had a forward e f f e c t  which shaped 

appropria te  inspection behaviors. I t  was suggested th a t  th is  forward



e f fe c t  was mediated through increased a tten tiven ess  as evidenced by the  

superior performance on pages immediately a f t e r  adjunct questions. A 

backward review e f fe c t  a lso seemed to operate because subjects performed 

well on those items on the c r i t e r io n  te s t  which re fe rred  to  information  

near to  the information re fe rred  to by the inserted questions (re levant  

m a te r ia l ) .  I t  was concluded th a t the f a c i l i t a t i o n  o f  the adjunct ques­

tions on prose re c a l l  probably resulted from the memory search, or  

prompted review, in i t i a t e d  by these questions.

The forward and backward e f fe c ts  o f  question placement can be 

examined in terms o f  the prose processing model discussed e a r l i e r  (Frase, 

1975). When a t e s t - l i k e  question is  presented a f t e r  reading, i t  is held 

in short-term  memory and ac t iv a te s  associated m ater ia l in long-term  

store (both te x t  m ater ia l and prev iously  learned m a te r ia l ) .  This is then 

tran s ferred  to short-term  memory where the content is rehearsed, and 

general performance is  f a c i l i t a t e d .  In co n tra s t ,  a question presented 

before reading would en ter short-term  memory and a c t iv a te  associated  

m ateria l in long-term memory— but only p r io r ,  narrow associations would 

be a c t iv a te d .  During reading, m ater ia l  en ter ing  short-term  memory is  

enhanced only i f  i t  is associated w ith  th is  i n i t i a l l y  ac t iva ted  m a te r ia l ,  

re s u lt in g  in q u e s t io n -s p e c if ic  f a c i l i t a t i o n  on ly . In conclusion, the 

types o f questions placed in te x t  m a te r ia l ,  and the p os it ion  and f r e ­

quency o f  questions in t e x t ,  a f f e c t  learning s tra te g ie s  and outcomes.

Issues s im i la r  to those investigated  through the use o f  adjunct 

questions have also been explored w ith  learn ing o b je c t iv e s ,  The types o f  

learn ing o b jectives  and t h e i r  po s it ion  in tex tu a l m ater ia l  can be as 

varied  as the dimensions o f  adjunct questions that have been studied,



The in ves t ig a t io n  o f  the ro le  o f o b je c t iv e s ,  or d ire c t io n s ,  in modifying 

learning a c t i v i t i e s  and outcomes is important fo r  both th e o re t ic a l  and 

p ra c t ic a l  reasons. In a th e o re t ic a l  sense, noting how learning d ire c ­

tions a f f e c t  performance can supply clues to  the nature o f  the covert  

processing a c t i v i t i e s  th a t  readers engage in . In a p ra c t ic a l  sense, 

ob jectives  as well as o ther adjunct a id s ,  may prove useful fo r  d ire c t in g  

students' a t te n t io n  to re levant inform ation, fo r  encouraging students  

to concentrate and th in k  about what they read, and fo r  long-term re ten ­

t ion  o f  inform ation. However, before adjunct aids can be used e f f e c t iv e ­

ly  and e f f i c i e n t l y  in in s tru c t io n a l se tt in gs  i t  is necessary th a t  the 

theory on which th e i r  functional p rop ert ies  are  based be fu r th e r  c l a r i ­

f ie d  and e laborated . The fo llow ing  section describes and evaluates  

experiments w ith  o b jec t ives  which address some major th e o re t ic a l  and 

p ra c t ic a l  issues.

Objectives as adjunct a id s . In s tru c tio n a l o b jectives  in a v a r ie ty  

o f  forms have proven to be e f fe c t iv e  in d ire c t in g  the reading behaviors  

of learners . The major consistent f in d in g  in th is  regard is that  

o b jectives  o r  learn ing d ire c t io n s  enhance in ten tio n a l (o b je c t iv e -re le v a n t)  

learning (Kaplan, 1973; Kaplan 6 Rothkopf, 1973; Rothkopf & Kaplan, 1972; 

Frase 6 K re itzb erg , 1975). The use o f  in s tru c tio n a l o b jec tives  as 

o r ie n t in g  d ire c t io n s  which specify  in te n t io n a l ,  or re le v a n t ,  content 

(content to be learned) is analogous to the use o f  d irec t io n s  in Post­

man's (1964) Type I I  inc identa l learning studies (Rothkopf 6 Kaplan,

1972). In the Type I I  design, subjects are  given o r ie n t in g  tasks (a set 

o f  in s tru c tio n s  describ ing what to do w ith  the m a te r ia ls )  in conjunction  

w ith  l i s t s  o f  words o r  nonsense s y l la b le s .  These tasks d ire c t  the
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subjects ' a t te n t io n  to  aspects o f  the tasks which do not involve  

remembering the l i s t  o f words per se. Recall o f  the words involves  

inc identa l lea rn ing . Since much natura l memory is l i k e ly  to  be inciden­

t a l ,  Postman's designs may be viewed as providing important data concern­

ing memory processes. Hyde and Jenkins (1973) have extended the range 

o f  tasks used by Postman to include semantic, graphic, and syn tac t ic  

o r ie n t in g  tasks, and have found th a t  semantic tasks re s u lt  in the highest  

re c a l l  and the greatest amount of c lu s te r in g  o f stimulus words in r e c a l l .

In genera l,  the ob jec tives  used in prose learning studies d ir e c t

the learner to  re levant m ater ia l (as defined by the in v e s t ig a to r ) ;  

ob jec t ives  o f  th is  form serve the same purpose as unanswered questions 

which in fluence the le a rn e r 's  inspection behaviors and subsequent 

performance. I t  is l i k e ly  th a t questions or o b ject ives  used as o r ien t in g  

stim u li  might function  through causing the learner to s e le c t iv e ly  

attend to  the o b je c t iv e -re le v a n t  m ate r ia l  (Frase, 1972), The manner in 

which ob jec t ives  are stated can have an impact on these a t te n t io n a l  

behaviors and u l t im a te ly  on the degree o f  re levant and inc identa l  

learn ing .

One study in th is  area (Rothkopf 6 Kaplan, 1972) examined in ten­

t io n a l  and inc identa l learn ing in terms o f  the density  o f  re levant

information in the te x t  and the s p e c i f i c i t y  w ith  which the o b jectives  

were s ta ted . Density was defined as the proportion o f  sentences in a 

te x t  th a t  were re levant to  a t  leas t one In s tru c t io n a l o b je c t iv e .  The 

investigators  tested the p o s s ib i l i t y  tha t  h igh-density  mapping o f  

ob jec t ives  on te x t  may l im i t  the l ike lih o o d  that any s in g le  o b je c t iv e  is 

achieved. The study a lso explored the ro le  o f  s p e c i f ic i t y  o f  o b ject ives
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in determining both re levant and inc identa l learn ing . Each s p e c if ic  

o b jec t ive  was re levant to only one te x t  sentence, whereas broad or 

general ob jectives  were re levant to  severa l.  An example o f  s p e c if ic  

d irec tio ns  would be, "Learn about the Roman typ e -face . Learn about the 

Gothic ty p e - fa c e ."  An example o f a general d ire c t io n  would be, "Learn 

about ty p e -fa c e ."

I t  was found that more in ten tio n a l learning resulted from 

s p e c if ic  ra th er than broad o b je c t iv e s ,  but inc identa l learn ing was not 

a ffec ted  by th is  fa c to r ,  and th a t  increases in density  o f  in s tru c tio n a l  

ob jectives  resulted  in decreases in the l ike lih o o d  th a t any in ten tion a l  

item was learned, but did not a f f e c t  inc identa l learn ing . In genera l,  

in ten tio na l learning was g rea te r  than inc identa l lea rn ing . Overall per­

formance (both re levant and inc identa l learn ing) was higher when 

in s tru c t io n a l goals were e x p l i c i t l y  described than when " lea rn  everything"  

d irec t io n s  were given.

I t  w i l l  be reca lled  th a t ,  w ith  reference to  the s p e c i f ic i t y  

dimension, Frase (1968c) had found that s p e c if ic  prequestions enhanced 

o v e ra l l  prose re c a l l  more than did general questions, The in ves tig a to r  

suggested th a t  th is  unpredicted f in d in g  resu lted  from the lack o f  c l a r i t y  

of the general questions in terms o f  the te x t  information th a t  they 

mapped on to and from the subsequent loss o f  precise control over the 

learners ' reading behavior. With s p e c if ic  questions there  was an 

increased p ro b a b i l i ty  th a t  the learners would m eaningfully encode a l l  

s t im u l i .

That loss o f  control over the sub jec ts ’ covert a c t i v i t i e s  can 

re s u lt  from the use of general questions as adjunct aids was supported by
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the Rothkopf and Kaplan (1972) study in which general learn ing d ire c ­

tions were less e f fe c t iv e  than s p e c if ic  d ire c t io n s .  I t  should be noted 

th a t  inc identa l learning was not adversely a ffec ted  by s p e c if ic  ins truc­

t io n s . Even though learners s e le c t iv e ly  attended to the o b je c t iv e ­

re levant content o f  the passage, inc identa l learning was s t i l l  higher in 

th is  group than in the control group. Thus i t  seems th a t s p e c if ic  

d irec t io n s  are mathemagenic p o s it iv e  because they a llow  fo r  precise con­

t ro l  over the learners ' a t te n t io n a l  and processing a c t i v i t i e s  without  

s a c r i f ic in g  the a c q u is it io n  o f some inc identa l inform ation. However, 

there was a methodological problem in th a t  s p e c if ic  learning d irec t io n s  

were very s im i la r  to the posttest questions. Thus the superior per­

formance of the s p e c if ic  group might have been p a r t i a l l y  due to the 

p o s it iv e  tra n s fe r  from adjunct a id  to po sttes t items ra th e r  than from the 

o r ie n t in g  power o f  the learning o b je c t iv e s ,  This problem is d e a lt  w ith  

in a l a t e r  study (Frase 6 K re itzberg , 1975). The resu lts  o f the Rothkopf 

and Kaplan (1972) study were useful in generating a number o f  fo llow-up  

studies using ob jectives  in various forms,

The purpose o f  one such fo llow -up  study (Kaplan 6 Rothkopf, 1973) 

was to  re p l ic a te  the previous experiment w ith  an extended range o f  te x t  

lengths and d en s it ies  o f o b je c t iv e -re le v a n t  te x t  components, in order to  

determine whether the number o f  re levant sentences in the te x t  and the 

r a t io  o f  re levant sentences to the to ta l  number o f  sentences in the te x t  

could influence the l ike lih o o d  o f  mastering any given o b je c t iv e .  Another 

goal o f  the study was to determine whether the s p e c i f ic i t y  and number o f  

ob jectives  could a f f e c t  the amount o f  time used fo r  studying the te x t .

The m ater ia ls  and procedures were analogous to  those employed in Rothkopf
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As in the previous study, s p e c if ic  ob jec tives  resulted  in g rea te r  

in ten tio n a l learn ing than gen era lly  stated o b je c t iv e s ,  and the l ike lih o o d  

o f  mastering any given o b jec t ive  ( in te n t io n a l  learn ing) decreased w ith  

density . However, th is  l a t t e r  f in d in g  was not re la ted  to passage length  

although longer passages resu lted  in a decrease in inc idental learn ing .

As expected, study time increased w ith  the number o f  o b jectives  and w ith  

passage length. The in vestigators  concluded th a t  when in s tru c tio n a l  

o b ject ives  are made known to students w ith  reading assignments, learning  

may be optim ized.

The f ind ings  o f  Rothkopf and Kaplan (1972) were rep lica ted  again, 

w ith  another dimension o f  the o b je c t iv e  v a r ia b le  manipulated. In th is  

study (Kaplan, 197^a) the manner o f  presentation o f the o b ject ives  was 

varied  so tha t  one group received the e n t i r e  l i s t  o f  o b jectives  in con­

junction  w ith  the passage whereas another group received a passage that  

was interspersed w ith  o b je c t iv e s .  In th is  l a t t e r  con d it ion , the objec­

t iv e  l i s t s  were d ivided into th ird s  fo r  part presenta tion , and the 

passages were div ided into corresponding segments. Thus inspection o f  

the passage and corresponding o b je c t iv e  segments was perm itted. The 

resu lts  indicated th a t  the part  presentation f a c i l i t a t e d  the learning o f  

in ten tio n a l items more than did the whole presenta tion , and the part  

presentation did not decrease inc identa l lea rn ing . In a d d it io n ,  more 

study time was used fo r  part presentations, longer passages, s p e c if ic  

o b je c t iv e s ,  and la rg er d e n s it ie s .

This in ves tig a t io n  was extended by a fu r th e r  study (Kaplan,

197**b) which added the dimension o f  type o f  response (overt or covert)
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demanded by the adjunct a id .  I t  w i l l  be reca lled  th a t  in the studies on 

adjunct questions, o vert  responses are  o ften  required whereas in the 

studies on o b je c t iv e s ,  the responses are u sua lly  covert.  Kaplan (I97**b) 

found th a t  w ith  respect to  in te n t io n a l ,  or re levan t ,  lea rn ing , there  was 

no d if fe re n c e  between covert and overt  responding; as fo r  inc identa l  

learn ing , overt responding was in f e r io r  to covert responding, e s p e c ia l ly  

when o b jectives  were interspersed. In a d d it io n ,  more time was required  

fo r  overt responding. The lack o f  a s ig n i f ic a n t  d if fe re n c e  between overt  

and covert responding is important because i t  indicates tha t  o r ie n t in g  

in s tructions  are  followed equa lly  when subjects v e rb a l iz e  or simply th ink  

o f  th e i r  answers. The fa c t  tha t overt responses resu lted  in less in c i ­

dental learning than covert responses is an in d ica tion  th a t  the subjects  

in the overt group were more strong ly  constrained to d ire c t  th e i r  inspec­

t io n  behaviors to learning the re levan t m a te r ia l .  This conclusion was 

supported by the g rea te r  amount o f  time the overt  subjects required to  

complete the task. According to the in v e s t ig a to r ,  th is  time was not 

e f f i c i e n t l y  used since inc identa l learn ing was low.

Another study in th is  series  (Kaplan 6 Simmons, 197*0 compared 

the e f f e c t  on prose learning o f in s tru c t io n a l ob jec tives  as o r ie n t in g  

stim u li w ith  t h e i r  e f fe c t  as a summary or review. The in vestigato rs  also  

varied  the amount o f information contained in each set o f  o b je c t iv e s .

For example, an o b je c t iv e  without Information would be, "Learn how many 

years 75% to  100% Rag paper w i l l  l a s t . "  An example o f  an o b je c t iv e  which 

contains the re levan t te x t  information necessary to answer te s t  questions 

about those o b jec tives  would be, "Learn tha t  75% to 100% Rag paper w i l l  

las t  30 to  *»0 years ."



Kaplan and Simmons (197*0 paid p a r t ic u la r  a t te n t io n  to the inspec­

t ion  behaviors th a t  each type and po s it ion  o f  o b je c t iv e  would e l i c i t .

The no o b je c t iv e  control group was expected to read n o n se lec t ive ly ,  g iv ­

ing equal a t te n t io n  to each te x t  sentence, the outcome being equal per­

formance on m ate r ia l  th a t  was used to  measure re levan t and inc identa l  

learning fo r  the treatment groups. Objectives without re levant informa­

t ion  (presented w ith  the te x t )  were expected to  e l i c i t  a search s trategy  

which involved p a r t ia l  r e p e t i t io n  (the o b je c t iv e  is repeated as part  of  

the te x t  sentence), search (searching the te x t  fo r  re levan t sentences), 

and se lec t io n  (focusing a t te n t io n  on o b je c t iv e - re le v a n t  te x t  sentences).

I t  was expected th a t  th is  group's in ten t io n a l learning would exceed that  

of the control w h ile  inc identa l learn ing would be less than that o f  the 

c o n tro l.  The group w ith  the most information in the ob jec t ives  (pre­

sented w ith  the te x t )  was expected to  equal the control group in relevant  

learning but be in fe r io r  to  the control in inc identa l learn ing . The 

reasoning behind th is  hypothesis was that the processes of search and 

r e p e t i t io n  in th is  treatment group would not be o perative  as they were in 

the group whose o b ject ives  did not contain re levant te x t  inform ation.

The subjects would adopt only a se lec t io n  s tra teg y . When ob jec t ives  were 

presented a f t e r  the t e x t ,  they were expected to  function  in much the same 

way as postquestions. The more information contained in the o b je c t iv e s ,  

the higher the learning was expected to  be. The resu lts  o f  th is  study 

confirm the p red ic t io n s . The f ind ing s  o f th is  study imply tha t g iving  

ob jec t ives  before the te x t  which serve as d ire c t io n a l  cues and g iv ing  

ob jec t ives  a f t e r  the te x t  which contain review information would re s u lt  

in more learning than g iv ing  e i th e r  type o f  o b je c t iv e  alone because of



the advantages of the search and se lec t io n  s tra te g ie s  e l i c i t e d  by adjunct  

ob jectives  and review and r e p e t i t io n .  However, these advantages might be 

o f fs e t  by the increased time spent studying the adjunct aids and i n e f f i ­

c ie n t  presentation o f  the te x t  to  be mastered. Again, as Peeck (1970) 

points ou t,  i t  is possible th a t  when adjunct aids require  large amounts 

o f inspection time, th is  time may have been spent equally  well on study­

ing the te x t  alone.

In the series o f  studies ju s t  described which was generated by 

the Rothkopf and Kaplan (1972) study, the problem mentioned e a r l i e r  con­

cerning the s im i la r i t y  between the s p e c i f ic a l ly  stated ob jec tives  and the 

posttest items corresponding to o b je c t iv e -re le v a n t  te x t  information was 

not e l im in a ted . In the re p l ic a t io n s  o f  th is  study (Kaplan, 197^a, 197**b> 

Kaplan 6 Rothkopf, 1973; Kaplan S Simmons, 197*0 there is the p o s s ib i l i t y  

th a t  the s u p e r io r i ty  o f  the s p e c if ic  over general o b jectives  was a re s u lt  

o f a d i re c t  correspondence between the o b jec tives  and p osttes t items.

This problem is d e a lt  w ith ,  however, in an in ves tig a tio n  o f  the e f fe c ts  

o f top ica l and in d ire c t  learning d ire c t io n s  on prose re c a l l  (Frase S 

K re itzberg , 1975)-

This investigation  included a condition in which d ire c t  reference  

to sentences was avoided by phrasing the learn ing d ire c t io n s  in both a 

p o s it iv e  and a negative form. For instance, imagine a two-sentence pas­

sage composed of sentences A and B. A p o s it iv e  learning d ire c t io n  would 

be, "Learn the information in sentence A ."  A negative d ire c t io n  would 

be, "Learn the information in the sentence o ther than sentence B." In 

th is  way, the level o f  re c a l l  fo r  sentences which were never e x p l i c i t l y  

id e n t i f ie d  could be compared w ith  the level o f  re c a l l  when those sentences
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were re fe rred  to d i r e c t ly  and thereby avoid the p o s s ib i l i t y  o f  p o s it iv e  

t ra n s fe r  between ob jec tives  and te s t  items.

A second d if fe re n c e  between the o b jectives  in th is  study and the 

Rothkopf and Kaplan (1972) study concerned how the d irec t io n s  were 

phrased. In the Rothkopf and Kaplan study, there were more s p e c if ic  

learning d irec t io n s  than there were general d ire c t io n s .  However, the  

two sets o f d irec t io n s  re fe rred  to  the same number o f  sentences. In the 

Frase and K reitzberg (1975) study, general learning d irec t io n s  were 

thought o f in a semantic sense where general implies the top ic  o f  the 

sentence, and s p e c if ic  re fe rs  to some p a r t ic u la r  unique nonsemantic cue in 

the same sentence. These general d irec t io n s  were c a lled  to p ica l d ire c -  

t ions and the s p e c if ic  d ire c t io n s  were ca l le d  word d ire c t io n s .  For such 

learn ing d ire c t io n s ,  there would be an equal number o f  d irec t io n s  when 

re fe r r in g  to sentences in a s p e c if ic  or general way. The consequences o f  

these two d i f f e r e n t  types o f references to  information in a te x t  should 

be re a d ily  apparent in r e c a l l .  P o s it iv e ly  stated s p e c if ic  ob jectives  

should re s u lt  in high re levant learn ing because the subjects ' search 

a c t i v i t i e s  are  c le a r ly  d irected  to o b je c t iv e -re le v a n t  inform ation. Topi­

cal re ference , however, does not a llow  fo r  such s e le c t iv e  te x t  inspection  

because the subjects must f ind  the re levant information by searching the 

semantic information in the t e x t .  In doing so, inc identa l learning in 

th is  group might be e levated . Furthermore, te s t  items did not correspond 

to learning d ire c t io n s .  This was esp e c ia l ly  the case fo r  the word 

d irec tio n s  group.

The study c le a r ly  demonstrated th a t f a c i l i t a t i o n  and in h ib i t io n  

o f learning occurred, but only when words in the learning d irec t io ns



matched words in the sentences. Word d ire c t io n s ,  both p o s it iv e  and nega­

t iv e ,  apparently function by s e le c t in g ,  fo r  the reader, c le a r  cues which 

allow the control o f  reading/study a c t i v i t i e s  in s p e c if ic  ways. For 

po s it iv e  d ire c t io n s ,  they signal where to  study, but they do not d i r e c t ly  

signal where not to study. In the case o f negative d ire c t io n s ,  the sen­

tence cues signal where not to study, but they do not s ig n a l ,  d i r e c t ly ,  

where to  study. Some control over the reader's  learning behaviors is  

lost in regard to the sentences that are not d i r e c t ly  re fe rred  to in the 

learning d ire c t io n s .  These resu lts  are  consistent~with the f ind ings of  

Rothkopf and Kaplan (1972), who found th a t s p e c if ic  d irec t io n s  ( th a t  

re fe r  to ind iv idual sentences) led to higher re c a ll  than did general 

d irec tio n s  ( th a t  re fe rred  to  several sentences). In short,  the resu lts  

o f  the Frase & Kreitzberg (1975) study suggest that verbal d irec t io n s  

achieve more e f f e c t iv e  control over learning processes i f  they re fe r  

s p e c i f ic a l ly  to  words occurring in a t e x t .  I t  has been proposed th a t  the 

phenomenon o f in ten tion a l fo rg e t t in g  is re la ted  to e f f i c i e n t  remembering 

(B jork, 1968; 1970).

In ten tio na l fo r g e t t in g . In ten tio na l fo rg e t t in g  was examined in a 

series o f  studies by Bjork (1968, 1970). The experiments demonstrated 

that information no longer needed can be prevented from in te r fe r in g  pro­

a c t iv e ly  w ith  the handling o f  new information. In a series o f  p a ired -  

associate experiments, Bjork (1970) demonstrated th a t  subjects could take 

advantage o f  a signal (a nonsemantic cue) to fo rge t some or a l l  o f  the 

pairs  o f  words presented p r io r  to the s ig n a l.  Not only did they fo rge t  

the items they were cued to fo rg e t ,  but these fo rgotten  items did not 

in te r fe re  a t  a l l  w ith  the re c a ll  of the to-be-remembered p a irs .
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The e f f e c t  was so strong th a t  Bjork (1970) proposed a theory o f  

in ten tio n a l fo rg e t t in g  which postulates th a t learners organize the remem­

ber items into  a grouping th a t  fu n c t io n a l ly  separates them from the 

fo rg et items, and subsequently, devote a l l  rehearsal and review a c t i v i ­

t ie s  fo llow ing  the fo rge t in s tru c tio n  to the remember items.

More re c e n t ly ,  o ther in vestig ato rs  have confirmed that in ten­

t io n a l  fo rg e t t in g  is a memory a id .  in one study (Burwitz, 197*0 in s truc ­

tions to fo rge t p r io r  motor responses s ig n i f ic a n t ly  reduced proactive  

in te r fe ren ce , although the to -b e -fo rg o tten  p r io r  items were not complete­

ly  "discarded"; they were reca lled  as well as to-be-remembered items, In 

another study (Woodward, Park, S Seebohm, 197*0 a l i s t  o f e x p l i c i t  fo rg e t  

items were fa r  less l i k e ly  to intrude into immediate re c a l l  o r  delayed 

re c a l l  due to d i f f e r e n t ia l  rehearsa l.

I t  is possible th a t  such an in ten tio n a l fo rg e t t in g  s tra teg y  was 

operative  in the word-negative d ire c t io n s  group o f  the Frase and K re i tz -  

berg (1975) study. The word-negative d ire c t io n s  served to d ef in e  a tex t  

signal or nonsemantic cue ( l i k e  B jork 's  s ign a l)  to ignore the inc idental  

information o r  to fo rg e t i t .  A nonsemantic cue, in th is  context, is a 

signal which indicates or pinpoints which information to  learn or not to  

learn without providing any information as to the meaningful content of  

the inform ation. A nonsemantic cue in te x t  could be u nd er l in in g , high­

l ig h t in g ,  or reference to the f i r s t  words o f  sentences to be studied.  

Nonsemantic cues and th e i r  e f fe c t  on learners ' inspection behaviors and 

learning outcomes w i l l  be considered in the present study,

In conclusion, the e f fe c ts  o f  learning d ire c t io n s  on learning  

s tra te g ie s  and outcomes are  analogous to those o f  questions placed in
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t e x t .  The s p e c i f ic i t y  dimension is important in both types o f  adjunct 

aids (questions and learn ing d ire c t io n s )  in terms o f  gaining control over 

the information to  be learned. In a d d it io n ,  t e l l i n g  a learner which 

information not to learn  can a f fe c t  s tra te g ie s  and re te n t io n .

Summary o f  Major Theoretica l Issues

The two l in es  o f research reviewed in th is  paper ( r e t ro a c t iv e  

in te r fe ren ce , and the use o f  adjunct aids in in s tru c t io n )  have been 

trea ted  as separate issues in the educational research l i t e r a t u r e .  The 

present study brings these issues together. The purpose o f  th is  study is 

to examine how in s tru c t io n a l  ob jec t ives  modify the e f fe c ts  o f re tro a c t iv e  

in te r fe ren ce  in prose re te n t io n .  In order to  examine th is  in te ra c t io n ,  

the processes o f  in te rfe rence  and prose learning must be understood. 

However, the l i t e r a t u r e  reviewed reveals th a t  the mechanisms underlying  

in te r fe ren ce  and prose learning are  n e ith e r  completely understood nor 

agreed upon.

The phenomenon o f  re tro a c t iv e  in te r fe ren ce  has been studied w ith  

both nonprose and prose m a te r ia ls .  I t  remains unclear whether response 

com petition, un learning, or a combination o f  both is responsible fo r  the  

in terference  e f f e c t .  Comparing the studies on th is  issue is not always 

fe a s ib le  because o f  the varying methodologies and m a te r ia ls  used. 

According to Ausubel (1963), re tro a c t iv e  in te r fe ren ce  is a phenomenon 

that does not e x is t  when information is learned in a meaningful way.

Only unstable information which remains unintegrated w ith  what the 

learner a lready knows is susceptib le  to response competition or unlearn­

ing. Bower (197*0, however, has shown that re t ro a c t iv e  in te r fe ren ce  can 

occur w ith  prose m ate r ia ls  i f  the prose passages and the p osttes t items
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are o p e ra t io n a l ly  defined in terms o f  th e i r  content and s tru c tu re .

Rothkopf's concept o f  mathemagenic behaviors has been cen tra l  to  

the use o f  adjunct a ids in modifying learn ing and re ten t io n  from prose. 

Recently, Frase (1975) has developed a model o f the information proc­

essing sequence involved in learn ing from w r i t te n  m a te r ia ls  which has 

helped to  c l a r i f y  the research on the mathemagenic concept, or more 

broadly speaking, a t te n t io n a l  processes. This model can be used to  

r e la te  the meaningful learn ing process as described by Ausubel (1963) 

as well as the less sem antica lly  o rien ted  mathemagenic behaviors de­

scribed by Rothkopf (1970).

The use of questions, learn ing d ire c t io n s ,  and o b jec t ives  as 

adjunct aids has a lso  contributed  to p inpointing  the processes involved  

in prose learn ing , including the o r ie n t in g  and review behaviors o f  

learners which can be modified by the placement and type o f  adjunct a id .  

The e f fe c ts  o f  s p e c if ic  versus general d ire c t io n s  and d i r e c t  versus 

in d ire c t  reference to  te x t  information have been reviewed and w i l l  be 

fu r th e r  considered in the present study. The phenomenon o f  in ten tio n a l  

fo rg e t t in g  discussed by Bjork (1970) is re levant to  understanding how 

t e l l i n g  a learner what not to  learn w i l l  a f f e c t  h is processing o f  prose 

m a te r ia l .

How these th e o re t ic a l  issues r e la te  to the present study w i l l  

become c le a r  once the hypotheses o f the study are s ta ted . They are  pre­

sented in the next section .



CHAPTER I I

PURPOSE OF THE PRESENT STUDY AND HYPOTHESES

As stated e a r l i e r ,  the two l in es  o f  research reviewed in th is  

paper, although they have t r a d i t io n a l l y  been trea ted  as separate issues, 

w i l l  be brought together in the present study. The purpose o f  th is  study 

is to  examine how learn ing d irec t io n s  modify the e f fe c ts  o f  re tro a c t iv e  

in terference  in prose r e c a l l .

In vestigations  o f  Rl in prose re ten t io n  (Anderson 6 Myrow, 1971; 

Bower, 1974; Crouse, 1971; and Myrow S Anderson, 1972) have demonstrated 

that Rl can be a major cause o f  fo rg e t t in g .  The im p lica t ion  o f th is  

f ind in g  fo r  in s tru c t io n  is c le a r .  Students are c o n s is ten t ly  confronted  

w ith  new, u n fa m il ia r  information in the form o f  te x t  m ater ia l  and are  

frequ en tly  tested fo r  fa c tu a l  re te n t io n .  I t  is probable that before  

students can understand and in te g ra te  new inform ation, these new 

learnings w i l l  be susceptib le  to the e f fe c ts  o f  re t ro a c t iv e  in te r fe re n c e .  

I f  there were a way o f  decreasing the fo rg e t t in g  caused by in te r fe ren ce ,  

students could learn more e f f i c i e n t l y  (without constant re p e t i t io n  and 

cramming) and teachers could devote more class time to  developing new 

topics and less time to rehashing a lready presented inform ation. The 

research on the use of learning d irec t io n s  (or in s tru c t io n a l  o b jec t ives )  

in guiding learners ' inspection behaviors when reading te x t  m ateria l  

seems to o f f e r  a t  least a p a r t ia l  so lu tion  to  th is  problem. I t  has been 

experim enta lly  demonstrated ( e .g . ,  Kaplan 6 Simmons, 1974) that
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in s tru c t io n a l  o b ject ives  have the power to  d i re c t  a le a rn e r 's  a t te n t io n  

and processing a c t i v i t i e s  and thereby determine which information in te x t  

w i l l  be remembered and which w i l l  not. I t  has a lso  been shown (B jork,  

1970) th a t  a nonsemantic cue which signals  a learner to  in te n t io n a l ly  

fo rge t information w i l l  cause the signaled information to be fo rgotten  to  

such an exten t th a t  i t  might not in te r fe r e  w ith  subsequent inform ation.

The hypotheses which w i l l  be tested in the present study a re :

1. The learning o f  re levant m ateria l w i l l  be g rea te r  than the 

learn ing o f inc identa l m ateria l fo r  subjects who receive learning d ire c ­

tions w ith  t h e i r  f i r s t  reading passage. For subjects who do not get 

d ire c t io n s  w ith  passage one, there w i l l  be no d if fe re n c e  between re levan t  

and inc identa l learn ing (as defined by the set o f learning d irec t io n s  

given to  the other su b jec ts ) .  This e f fe c t  is necessary in order to te s t  

the major questions o f  th is  study.

2. A second passage w i l l  in te r fe r e  w ith  the re ten tion  o f a 

previously  learned passage when the second passage contains competing 

inform ation. The second passage w i l l  not in te r fe r e  w ith  the re ten tion  

o f  the f i r s t  passage i f  the second passage is n e u tra l .  This is a r e p l i ­

cation  o f  studies by Bower, 197*»; Anderson and Myrow, 1971, and o thers .  

This e f fe c t  is a lso  necessary to  te s t  other hypotheses o f . t h i s  study,

3* Nonsemantic cues in the forms o f  p o s i t iv e ly  and n eg ative ly  

stated learning d ire c t io n s  (analogous to those developed by Frase and 

Kreitzberg 11975]) w i l l  have a s ig n i f ic a n t  influence on a le a rn e r 's  proc­

essing a c t i v i t i e s  such th a t information from a second passage, which is 

s im ila r  but c o n f l ic t in g  to the o r ig in a l ,  w i l l  not be able to in te r fe re  

w ith  the d ire c t  ion -re  levant information from the f i r s t  passage. An



example o f  a nonsemantic cue is the fo l low ing : Learn the information in 

the sentence which begins, "Payton was . . . The cue signals which 

sentences to  learn without providing any information as to the meaningful 

content o f  the sentence.

Although the e f fe c ts  o f inserted questions on re t ro a c t iv e  in h ib i ­

t ion in meaningful verbal learning has been investigated (Walker, 197^), 

these e f fe c ts  have not been d ea lt  w ith  in terms o f  the concept of  

mathemagenic behaviors. The th ird  hypothesis is a c tu a l ly  an attempt to  

te s t  the strength o f learning d irec t io n s  in the face o f  in te r fe ren ce .  

Whether learning d irec t io n s  a f fe c t  memory and processing in a mathema- 

g e n ic a l ly  p o s it iv e  or negative way on an immediate re c a l l  te s t  is impor­

tant to know. I t  is a lso important to  know i f  learn ing d irec t io n s  

strengthen and control learn ing to the extent th a t  te x t  information  

re fe rred  to by these d irec t io n s  w i l l  be re ta ined  (1) a f t e r  an in te r fe r in g  

passage is s tudied, and (2) one day la t e r .

i». Nonsemantic cues in the forms o f  p o s i t iv e ly  and negative ly  

stated learning d ire c t io n s ,  when used in conjunction w ith  a second in te r ­

fe r in g  reading passage, w i l l  have a s ig n i f ic a n t  influence on a le a rn e r 's  

processing a c t i v i t i e s  such th a t  d i r e c t  io n -re levan t information from the 

second passage in te r fe re s  w ith  corresponding information from the f i r s t  

whereas inc identa l information from the second passage does not have an 

in te r fe r in g  e f f e c t .

This hypothesis provides another way o f  looking a t  the e f f e c t iv e ­

ness o f  learning d ire c t io n s .  According to the e a r ly  work in re tro a c t iv e  

in te r fe re n c e ,  when information is overlearned or emphasized, i t  acquires  

greater  in te r fe r in g  power than i f  i t  is learned to a less str ing en t



c r i t e r io n .  In th is  study, d i re c t io n -re le v a n t  information w i l l  presumably 

be b e t te r  learned than inc identa l information i f  past f ind ings are  

rep l ic a te d  ( e .g . ,  Rothkopf 6 Kaplan, 1972; Frase 6 K re itzberg , 1975). In 

a d d it io n ,  inc identa l learning w i l l  be lower than the control group, and 

re levant learning w i l l  be higher than the c o n tro l .  Thus, the th ird  

hypothesis tes ts  whether d ire c t io n -re le v a n t  inform ation, since i t  is more 

re a d i ly  acquired than inc identa l in form ation, is a lso  more s tab le  and 

w i l l  there fore  endure a f t e r  in te r fe ren ce . Hypothesis four tes ts  whether 

d ire c t  ion -re levan t information, i f  i t  c o n f l ic ts  w ith  what has a lready  

been learned, has the power, through re tro a c t iv e  in te r fe ren ce , to cause 

the previously learned information to be fo rg o tte n ,  e i th e r  through 

response competition or response u n a v a i ia b i1i t y .

5. P o s it iv e ly  s tated  learning d irec t io n s  w i l l  be s ig n i f ic a n t ly  

more e f fe c t iv e  than n eg ative ly  stated d ire c t io n s  (when given in conjunc­

t io n  w ith  the f i r s t  passage) in counteracting the e f fe c ts  o f  re tro a c t iv e  

in te r fe ren ce .

I f  past f ind ings  concerning the e f fe c ts  o f  p o s it iv e  and negative  

learning d irec t io n s  are  rep lica ted  (Frase 6 Kre itzberg , 1975)» then 

negative d irec t io n s  w i l l  suppress inc identa l r e c a l l ,  and p o s it iv e  d ire c ­

tions w i l l  re s u lt  in high re levant r e c a l l .  I t  is th ere fo re  hypothesized 

th a t  before o r ig in a l  learning ( in  po s it ion  one) p o s it iv e  d ire c t io n s  w i l l  

be more e f f e c t iv e  than negative d irec t io n s  in counteracting in terference  

because o f  the magnitude o f re levant learn ing which occurs w ith  th is  

type o f learning d ire c t io n .

6. Retention w i l l  not decrease over a one-day period . I f  no new 

information is learned which might in te r fe r e  w ith  information learned



under experimental condit ions, there is no reason to b e lieve  th a t  there  

w i l l  be a learning loss on the fo llow ing  day. In fa c t  studies w ith  

adjunct aids have shown that re ten t io n  can increase on a delayed tes t  

because the high arousal level caused by the u n fa m il ia r  experience o f  

having adjunct a ids w ith  te x t  decreases over time and resu lts  In higher  

la te r  performance (Natkin & S ta h le r ,  1969).

7. in trus ion  e rro rs  (g iv ing the in te r fe r in g  answer ra ther than 

the correct answer due to response competition) w i l l  increase over time 

due to  response competition fo r  a l l  in te r fe ren ce  groups. However, these 

in trusions may take the place o f omitted responses or wrong answers from 

the immediate re c a l l  te s t  ra th er than taking the place o f  previously  

co rrect answers.

Ausubel (1963, 1968) postu lates th a t newly learned Information, 

i f  i t  does not become integrated w ith  the le a rn e r 's  s tore  o f  knowledge, 

w i l l  be unstable and susceptib le  to confusion w ith  s im i la r  information.  

The in te r fe r in g  passage is designed to  make the Information in the c r i ­

te r io n  passage unstable , and thus response confusion may re s u l t .

I t  is l i k e ly  th a t response competition w i l l  be more c le a r ly  

demonstrated on the m u lt ip le -ch o ice  te s t  than on the f i l l - i n  te s t  since  

one o f  the a l te rn a t iv e s  fo r  each m u lt ip le -ch o ice  item is the in te r fe r in g  

answer. I t  has been demonstrated (VanMondfrans e t  a l . ,  1973) th a t  the 

type o f te s t  given a f fe c ts  the mechanism o f  in te r fe ren ce  operative  a t  a 

given time.

Two experiments were performed to te s t  these hypotheses.



CHAPTER I I I  

EXPERIMENT 1: PILOT STUDY

In order to te s t  the seven hypotheses, the fo llow ing  v a r iab les  

were to be manipulated: 1) type o f  learning d ir e c t io n — p o s it iv e  or nega­

t i v e ,  2) pos it io n  o f  learning d ire c t io n s — before f i r s t  passage or before  

second passage, 3) in te r fe re n c e — present or absent, and type o f  

delayed po s ttes t— cued re c a l l  o r  m u lt ip le -c h o ic e .

A p i lo t  study was conducted before the main in ves tig a tio n  fo r  

three reasons: 1) to  t r y  out the experimental m a te r ia ls  on a r e la t iv e ly  

small sample o f  subjects in order to c l a r i f y  am biguities in the ins tru c ­

tions and to insure th a t the procedures were e f f i c i e n t ,  2) to  determine 

the amount o f time th a t  subjects need to  complete a l l  aspects o f the  

experiment, and 3) to  in ves tig a te  whether underlin ing  re levant te x t  

sentences aids in remembering them.

Method

Subjects

S ix ty  Trenton S ta te  College freshmen were randomly assigned to  

experimental conditions. About h a l f  o f  the subjects were male. The stu­

dents p a r t ic ip a te d  in the study as part  o f t h e i r  c lass a c t i v i t i e s .
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M ater ia ls

Prose passages. Three prose passages adapted from Crouse^ (1971) 

were used. Two o f  these have been demonstrated by Crouse (1971) to  pro­

duce re t ro a c t iv e  in te r fe re n c e .  The th i rd  passage was neutra l ( i . e . ,  d id  

not in te r fe r e  w ith  the re c a l l  o f  information In e i th e r  o f  the o ther two 

passages). The two in te r fe r in g  passages had the same s tru c tu re  and 

format but d i f fe re d  in t h e i r  d e ta i le d  in form ation . The f i r s t  few sen­

tences o f  each passage are i l l u s t r a t i v e .  See Appendix A fo r  the complete 

passages.

From Payton passage:

John Payton was one o f  the f in e s t  poets England has ever known.
Payton was born in N orthshire  a t  the end o f  October, 1810, His 
fa th e r  was a servant who worked in the nearby town of Blackrock.

From Fowler passage;

Robert Fowler was one o f  the f in e s t  poets England has ever known. 
Fowler was born in Hampstead a t  the end o f  October, 1795- His 
fa th e r  was a blacksmith who worked in the nearby town o f  Newland,

The th i r d  passage described the f i c t i t i o u s  island o f  Karisoon and has 

been demonstrated (Crouse, 1971; Bower, 197*0 to be n e u tra l ,  in terms o f  

in te r fe re n c e ,  w ith  regard to  the Payton and Fowler passages. Each pas­

sage was 12 sentences in length.

There were two orders in which the reading passages could be 

presented: Payton f i r s t  or Fowler f i r s t .

Learning d i r e c t io n s . Two types o f  learn ing d ire c t io n s  were con­

s tructed . Subjects who received learn ing d ire c t io n s  received only one

^The author wishes to  thank James Crouse fo r  permission to  use 
his experimental m a te r ia ls  in th is  in v e s t ig a t io n .



set fo r  which h a lf  the sentences in the passage were re le v a n t ,  and fo r  

which the remaining sentences were in c id e n ta l .  In th is  way, the inciden­

ta l  and re levant information to  be reca lled  could be counterbalanced 

w ith in  learning conditions.

The two types o f  learning d irec t io n s  were:

1. P o s it iv e — "Learn the information in a l l  o f  the sentences 

which begin as fo l lo w s . . . . "

2. Negative— "Learn the information in a l l  o f  the sentences 

except those which begin as fo l low s . . . ."

For these d ire c t io n s ,  the f i r s t  three  or four words in the 

re levant sentences were given in the learning d ire c t io n s .  The d irec t io n s  

were given as a l i s t ,  in the order in which the information occurred in 

the te x t .  The reasons fo r  se lec t ing  these two types o f  learn ing d ire c ­

tions were: 1) they have prev iously  been demonstrated to exert  strong  

control over a le a rn e r 's  a ttending and processing a c t i v i t i e s  and thus to  

d iscr im ina te  between re levan t and in c identa l learn ing in t h e i r  fu n c tio n ­

ing as nonsemantic cues (Frase 6 K re itzberg , 1975), and 2) the in ves tig a ­

tion  o f  d ire c t io n s  to fo rget or ignore (negative) has useful th e o re t ic a l  

( in te n t io n a l  fo rg e t t in g  hypothesis) and p ra c t ic a l  (teacher d ire c t io n s )  

value.

There were two sets o f  learning d irec t io n s  constructed fo r  each 

reading passage which was to  be accompanied by learn ing d ire c t io n s — two 

sets o f  p a r a l le l  learning d irec t io n s  so th a t the information which was 

re levant fo r  some subjects was inc identa l fo r  o thers .
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P o s tte s ts . A completion re c a l l  te s t  was constructed fo r  each 

in te r fe r in g  passage in which fac tu a l re c a l l  o f  the te x t  m ater ia l was re­

qu ired . The items on the re c a l l  tes ts  were scrambled so th a t  every sub­

j e c t  received the items in a d i f f e r e n t  o rder . A m u lt ip le -ch o ice  te s t  was 

given to  a l l  the subjects the next day. Each question on th is  te s t  had 

f iv e  a l te r n a t iv e s — the correct answer, the in te r fe r in g  answer, "none o f  

these,"  and two neutra l choices. The te s t  items were designed in such a 

way th a t  although fac ts  from e i th e r  the Payton or Fowler passage would 

seem p la u s ib le ,  only the fac ts  contained in the c r i t e r io n  passage were 

correct responses. See Appendix A fo r  the pos ttes ts .

Procedure and Design

There were seven groups o f  subjects— four experimental groups and 

three c o n tro ls .  The groups were as fo llow s:

1. p o s it iv e  d irec t io n s  before passage one where passage two is 

in te r fe r in g :  P I;

2. p o s it iv e  d irec t io n s  before passage two where passage two is  

in te r fe r in g :  P2;

3. negative d ire c t io n s  before passage one where passage two is  

in te r fe r in g :  N l;

k.  negative d ire c t io n s  before passage two where passage two is 

in te r fe r in g :  N2;

5. no d ire c t io n s  before e i th e r  passage (o), to demonstrate the 

in te r fe r in g  e f f e c t ;

6. p o s it iv e  d ire c t io n s  before passage one where passage two is 

n e u tra l ,  to  examine the e f fe c ts  o f  time on re levant and inc identa l
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learn ing w ithout d e l ib e ra te  in te r fe ren ce :  P I ' ;  and

7* no d ire c t io n s  before e i th e r  passage, where passage two is  

neutra l (O ') to examine the e f f e c t  o f  time on general learn ing without  

d e l ib e ra te  in te rfe ren ce .

Thus, there  were seven d i f f e r e n t  groups o f  subjects: P I ,  P2,

N l ,  N2, 0 , P I ' ,  and O'.

Experimental m ater ia ls  were presented to  the subjects in a w r i t te n ,  

te x t  format. These m ater ia ls  were in envelopes tha t  were marked w ith  

large numerals ind icating  the sequence in which they were to be opened. 

Learning d ire c t io n s  were a v a i la b le  during study o f the passage fo r  those 

Ss who received them. Table 2 summarizes the experimental groups, the 

control groups, and the dependent measures used in the design o f th is  

study.

Groups P I ,  N l, and P I '  were given a set o f  learning d irec t io n s  

w ith  passage one. They were then given a cued re c a l l  te s t  on passage 

one. Then they were given passage two w ithout any learning d ire c t io n s .

For group P I ' ,  passage two was n e u tra l ,  but fo r  groups PI and Nl i t  was 

in te r fe r in g .  Then a second cued re c a l l  te s t  on passage one was given,

A day l a t e r ,  a th ird  (delayed) te s t  on passage one was administered.

This was a m u lt ip le -ch o ice  te s t .

The procedure fo r  groups P2 and N2 was the same except th a t  these 

subjects received learning d ire c t io n s  w ith  passage two, but no learning  

d ire c t io n s  w ith  passage one.

Group 0 was trea ted  in the same way as the other groups in terms 

o f  p resentation  o f  passages and re c a l l  te s ts .  However, th is  group 

received no learn ing d ire c t io n s  fo r  e i th e r  passage. Group O' was trea ted
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Table 2 

Experimental Design

In terference

P la P2b N1C N2d oe P l ' f O'9

Test 1 R1
( learn ing )

' l

Test 2
( learn ing  a f t e r  
treatment)

R2

12

Test 3 
(delayed 
re ten tio n )

R3

*3

No In terference

PI = p o s it iv e  ob jectives  before passage 1.

bP2 = p o s it iv e  ob jectives  before passage 2.

Nl = negative ob jectives  before passage 1.

dN2 = negative ob jectives  before passage 2.

e0 = no o b ject ives  before e i th e r  passage.

^Pl' = p o s it iv e  ob jectives  before passage, where passage 2 is 
non in te r fe r in g  or n e u tra l .

90' = no o b jectives  before e i th e r  passage where passage 2 is 
non in te r fe r in g  or n e u tra l .

Note. Relevant learning (R .,  R£, and R_) is defined as the per­
centage correct o f  those te s t  items which correspond to the learning  
d irec tio n s  developed fo r  the passage they accompany. Inc idental learning  
( I . ,  I „ ,  and I . )  is defined as the percentage correct o f  those te s t  items 
which ao not correspond to the learning d ire c t io n s  developed fo r  the 
passage they accompany.



in the same way as group 0 except tha t  passage two was n e u tra l .  For a l l  

groups except groups P I '  and O ',  passage two was in te r fe r in g .

A l l  subjects were to ld  to  learn  the information in the sentences 

re fe rred  to by the learning d ire c t io n s  fo r  the passages which were 

accompanied by learn ing d ire c t io n s .  For the passages not accompanied by 

learning d ire c t io n s ,  subjects were to ld  to learn as much information as 

they could. When learning d ire c t io n s  were g iven, subjects were permitted  

to look a t  them along w ith  the t e x t .  H a lf  o f  the subjects were to ld  to  

underline ( in  the te x t )  the information to  which the l i s t  o f  d irec t io n s  

re fe rre d ,  and h a l f  were to ld  not to w r i te  on the experimental m a te r ia ls .  

S u f f ic ie n t  time was given fo r  a l l  subjects to  complete a l l  aspects o f the 

experiment.

Analysis

The data in the p i lo t  study were analyzed w ith  a p r io r i  t - t e s t s .  

When comparing the performance o f  subjects w ith in  one group on the v a r i ­

ous p o sttes ts ,  a _ t - ra t io  o f  means fo r  co rre la ted  samples was used. When 

comparing subjects across groups, a £ - r a t l o  o f  means fo r  independent 

samples was used (Ferguson, 1959). Since there  was an unequal number o f  

subjects in each cond it ion , the formulas fo r  the t^ te s ts  were appropri­

a t e ly  adjusted.

Results

The re s u lts  concerning the e f fe c ts  o f learn ing d ire c t io n s  on the 

re ten tion  o f re levant and inc identa l m ateria l support previous f indings  

(Frase 6 K re itzb erg , 1975) in th a t  re levant learning w ith  p o s it iv e  

d ire c t io n s  (70%) was higher than inc identa l learning (30%);
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£  (12) = 2 .8 5 ,  £. < .01 . Relevant learn ing w ith  negative d ire c t io n s  (57%) 

was higher than inc identa l learning (22%); t_ (14) = 2 .2 3 ,  £. < .025. For 

subjects w ith  no d ire c t io n s ,  re levan t (71%) and inc identa l (69%) did not 

d i f f e r  from each o th e r .  Unlike previous f ind ings  (Frase 6 K re itzberg ,

1975), re levant learning in the p o s it iv e  condition  was not higher than 

the control mean. The f in d in g  th a t re levan t learning was higher than 

inc identa l learn ing  fo r  groups which received learning d ire c t io n s  w ith  

t h e i r  f i r s t  reading passage supports the f i r s t  hypothesis.

There was no d i f fe re n c e  between underlin ing  and no underlin ing  

groups when a l l  subjects were compared o v e ra l l  and w ith in  each e x p e r i­

mental con d it ion . The underlin ing  v a r ia b le  was, th e re fo re ,  not manipu­

lated in the main in v e s t ig a t io n .  A l l  subjects were instructed to  underline .

There was a tendency toward in te r fe ren ce  when passage two was 

.designed to contain information which c o n f l ic te d  w ith  passage one, but 

the e f f e c t  was not s ig n i f ic a n t .  Two fac to rs  which may account fo r  the 

absence o f  a strong in te r fe ren ce  e f f e c t  were: the small sample s iz e ,  and 

the fa c t  tha t the subjects were not prevented from rehearsing the in fo r ­

mation from passage one and were thus ab le  to  compare th is  Information to 

the new information contained in passage two. These two fac to rs  were 

co n tro lled  fo r  in the main in v e s t ig a t io n .

The p i lo t  study resu lts  concerning the major hypotheses o f  the 

thesis  were q u ite  te n ta t iv e  due to  the small sample s ize  o f  the groups. 

Therefore , the resu lts  concerning the in te rac t io n s  between learning  

d irec t io n s  and re tro a c t iv e  in te r fe ren ce  w i l l  be reported fo r  the main 

study on ly .

Hypothesis s ix ,  th a t  re ten t io n  w i l l  not decrease over a one-day



period, was confirmed. However, since the te s t  given the next day was 

m u lt ip le -ch o ice  (and the tes ts  on the previous day were cued r e c a l l )  i t  

was not possible to  separate the e f f e c t  o f time from the te s t  e f f e c t .

This fa c to r  was contro lled  fo r  in the main in v e s t ig a t io n .

In trus ion  e rro rs  were not ca lcu la ted  fo r  the p i lo t  study, Thus 

hypothesis seven is d e a lt  w ith  only in the main in v e s t ig a t io n .

The p i lo t  study indicated th a t none o f  the in te rac t ion s  o f  

in te re s t  would be confounded in the design. In other words, the order of  

passage presentation (Payton f i r s t  or Fowler f i r s t )  and the o b je c t iv e  

set used did not a f fe c t  learn ing .

The re s u lts  o f  the p i l o t  w i l l  be discussed more f u l l y  a f t e r  the 

main in ves tig a tio n  is reported.



CHAPTER IV

EXPERIMENT 2: MAIN INVESTIGATION

The main in ves t ig a t io n  was conducted to  te s t  the seven hypotheses 

stated e a r l i e r .

Method

Subjects

Two hundred fo r ty -seven  New York C ity  high school sophomores and 

ju n io rs  were randomly assigned to experimental cond it ions . About one- 

fo urth  o f  the subjects was male. The students p a r t ic ip a te d  in the study 

as part o f  t h e i r  c lass a c t i v i t i e s .

M a ter ia ls

The prose passages and learn ing d ire c t io n s  used in the main 

in ves t ig a t io n  were the same as those used in the p i lo t  study.

P o s tte s ts . The cued re c a l l  te s ts  used in the main in ves tig a tio n  

contained the same items as those used in the p i lo t  study. However, 

instead o f  scrambling the order o f the items o f  the t e s t ,  two forms of  

each te s t  were constructed. The sample in the main in ves tig a tio n  was too 

large to permit everyone to receive  a te s t  in scrambled order each time a 

te s t  was given. Rather than g iv ing  a l l  subjects a m u lt ip le -ch o ice  te s t  

on the fo llow ing  day, h a l f  the subjects took a m u lt ip le -ch o ice  the f o l ­

lowing day w h ile  h a l f  the subjects took another cued re c a l l  t e s t .  In

66
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th is  way, the e f fe c t  o f  time alone on learning could be analyzed 

separate ly  from the e f fe c ts  o f  a m u lt ip le -c h o ic e  t e s t .

Procedure and Design

The procedure and design o f  the main in ves tig a tio n  were the same 

as those fo r  the p i lo t  study w ith  the fo llo w ing  exceptions. F i r s t ,  a l l  

subjects in the main in ves tig a tio n  were instructed to  underline re levant  

t e x t  inform ation. Since underlin ing  d id  not a f f e c t  learning in the p i lo t  

study, i t  was f e l t  th a t  the subjects in the main inves tiga t ion  should be 

allowed the freedom to underline . Second, an i r re le v a n t  a c t i v i t y  was 

interposed between the posttest on passage one and the studying o f  the 

second passage. This was done in order to  insure th a t the subjects could 

not rehearse the information from passage one while  examining the second 

passage. Th ird , time a llo tm ents  were sp ec if ied  fo r  each task of the 

experiment as fo llow s: 7 minutes fo r  studying the f i r s t  passage, 5 minutes 

fo r  te s t  one, 8 minutes fo r  an i r re le v a n t  a c t i v i t y ,  7 minutes fo r  study­

ing the second passage, 5 minutes fo r  te s t  two, and 5 minutes fo r  te s t  

three (the fo llow ing day). The amount o f  time required to complete each 

task was determined in the p i l o t  study. A time co nstra in t  had to be im­

posed in the main in ves tig a tio n  because a high school class period was 

under 40 minutes.

A fourth  d if fe re n c e  between the p i l o t  study and the main in v e s t i - ,  

gation involved the design. A f ra c t io n a l  f a c t o r ia l  design was used in 

the main in ves tig a t io n  (see Cochran & Cox, I9 6 0 ) .  In th is  design, two 

v ar iab les  (the order o f  presentation o f  passages and the use o f  p a r a l le l  

o b je c t iv e  sets) were p a r t i a l l y  counterbalanced instead o f  f u l l y
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counterbalanced. These two va r iab les  may be considered design var iab les  

ra ther  than experimental var iab les  since they were manipulated fo r  the 

purpose o f  control ra ther than to  confirm or d isconfirm  a hypothesis.

Since the p i lo t  study indicated th a t  none o f  the in te rac tio n s  o f  in te re s t  

(between learning d irec t io n s  and in te rfe rence) would be confounded in 

th is  design due to order e f fe c ts ,  the two design v a r ia b le s  mentioned 

above were not completely counterbalanced in the main in v e s t ig a t io n .

This procedure resu lts  in g rea te r  e f f ic ie n c y  because as the number o f  

factors  in a 2n design increases, the number o f  separate groups needed 

fo r  complete counterbalancing becomes q u ite  la rg e . Therefore , since the 

p i lo t  study indicated th a t the two design var iab les  d id not a f f e c t  learn­

ing d i f f e r e n t i a l l y ,  there was no need to  f u l l y  counterbalance these 

variab les  in the design o f the main in v e s t ig a t io n .

Analysis

One-way analyses o f variance were performed which compared the 

performance o f  a l l  groups on the fo llow ing  dependent measures: relevant  

learning on te s t  one, inc identa l learning on te s t  one, re levant learning on 

te s t  two, inc identa l learning on te s t  two, re levant learn ing on te s t  

three, inc identa l learning on te s t  th ree , loss o f  re levan t information  

from te s t  one to te s t  two and from te s t  two to  te s t  th ree , loss o f  in c i ­

dental information from te s t  one to te s t  two and from te s t  two to te s t  

th ree . Repeated measures o f one-way analyses of variance were performed 

on the w ith in-group data in order to determine the d if fe ren ces  in r e le ­

vant and incidental learning w ith in  a group, and the d if fe rences  in 

learning on tes ts  one, two, and three w ith in  a given group. Appendix C
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contains the analysis  o f variance ta b les .

An extensive series o f  Scheffe tes ts  was then performed in order  

to  te s t  s p e c if ic  in te ra c t io n  e f fe c ts  which bear on the experimental 

hypotheses. A s ig n if ican ce  level o f £  < .10 was acceptable as the alpha 

level fo r  the Scheffe te s ts .  Because the Scheff6 procedure is more 

conservative than other procedures, i t  w i l l  lead to fewer s ig n i f ic a n t  

re s u lts .  In order to compensate fo r  the conservative nature o f these 

tes ts  and to  increase th e i r  power, Scheffe (1959) recommends that the .10  

level may be used instead o f  the .05 le v e l .  When using the ScheffS  

procedure, large _F values do not always ind ica te  a high level o f  s i g n i f i ­

cance. The F_ values reported in the Results correspond to the observed £  

in the o v e ra l l  analyses o f  variance , not to the subsequent Scheffe  

analyses, unless otherwise sta ted .

Proportions were converted by an arc sine transformation before  

analyses were performed.

Homogeneity o f  variance tes ts  were performed in order to insure 

that the population variances did not d i f f e r  s ig n i f ic a n t ly  from e q u a l i ty .

Results

Basic Assumptions Concerning the Learning 
o f the C r i te r io n  Passage

Before examining the resu lts  perta in ing  to the e f fe c ts  o f  learn­

ing d ire c t io n s  on re tro a c t iv e  in te r fe ren ce , i t  is important to note the 

resu lts  concerning the basic assumptions underlying the study. That is ,  

any in te ra c t io n  found between learning d irec t io n s  and in te r fe ren ce  can be 

m eaningfully understood only i f  the e f fe c ts  o f  learning d ire c t io n s  alone
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and the e f fe c ts  o f  re t ro a c t iv e  in te r fe ren ce  alone are  o p era t ive .

As shown in Table 3 , fo r  Ss who were given learning d irec t io n s  

(p o s it iv e  or negative) w ith  passage one, re levant learn ing was s i g n i f i ­

can tly  higher than inc idental learning on te s t  one; fo r  p o s it iv e  d ire c ­

t io n s ,  £  (3, 78) = 14.29, £ <  .01; fo r  negative d ire c t io n s ,  £  (3 , 105) = 

6 .22 , £  < .01 . For Ss who did not receive d irec t io n s  w ith  passage one, 

re levant and inc identa l learning ( th a t  is ,  the learning o f  sentences in 

passage one corresponding to re levant and inc identa l sentences o f  groups 

receiv ing d ire c t io n s )  did not d i f f e r  s ig n i f i c a n t ly .  This f in d ing  is  

consistent w ith  the l i t e r a t u r e  (Frase & K re itzb erg , 1975; Rothkopf 6 

Kaplan, 1972) and confirms hypothesis one that predicted th a t  the learn ­

ing o f  re levan t m ateria l w i l l  be g rea te r  than the learning o f  inc identa l  

m ateria l fo r  subjects who receive learning d irec t io n s  w ith  th e i r  f i r s t  

reading passage.

Table 3

Mean Percent Correct on Cued Test One fo r  Subjects w ith  P o s it iv e ,  
Negative, and No Learning D irections  w ith  Passage One 

(C r i te r io n  Passage)

Type o f  Recall Cond i t ion

Pos i t  i ve Negative No D irections

Relevant 48.1 41.6 59.1

Incidental 24.4 31.1 59.7

N = 64 N = 36 N = 147

The level o f  learning o f the control group (No D irections  group



in Table 3) was approximately a t  the level obtained in o ther  experiments  

(Rothkopf & Kaplan, 1972).

U nlike  the Frase and Kreitzberg  (1975) study, the negative  

d irec tio n s  in th is  study d id  not suppress inc identa l learning to a 

g rea ter  degree than did p o s i t iv e  d ire c t io n s ;  in f a c t ,  the in c iden ta l r e t .  

c a l l  o f  the negative Ss was s l ig h t ly  higher than th a t  o f  the p o s it iv e  

Ss, but not s ig n i f ic a n t ly .  The d if fe re n c e  in re levan t learning on te s t  

one fo r  these two conditions was also not s ig n i f ic a n t .

Also, u n like  several previous studies on the e f fe c ts  o f  learning  

ob jectives  in which re levant learning in the experimental groups was equal 

to , and in some cases higher than, learn ing in the control condition  

( e .g . ,  Frase & K re itzb erg , 1975), re levant learning in the groups w ith  

learning d ire c t io n s  w ith  passage one was s ig n i f ic a n t ly  lower than learn ­

ing in the no d irec t io n s  groups; £  (6 , 2*»0) = 27 .01 , £ <  .01 ,

To summarize, the present study showed th a t  the learn ing d ire c ­

tions produced higher re levan t re c a ll  than inc id en ta l r e c a l l ,  but th a t  

learning w ith  d irec t io n s  was a c tu a l ly  lower than learn ing w ith  no 

d ire c t io n s .  This l a t t e r  f in d in g  is e s p e c ia l ly  important and has recen tly  

been found by other in ves tig a to rs  (Shavelson, B e r l in e r ,  Loeding,

Porteus, 6 Stanton, 197*0- Some possible explanations fo r  th is  e f f e c t  

w i l l  be considered in the discussion section.

To c a lc u la te  the re s u lts  bearing on re t ro a c t iv e  in te r fe re n c e ,  the

scores on posttests  were converted in the fo llow ing  way before being con­

verted by an arc sine transform ation:

(Score on te s t  1 -  Score on te s t  2)
Number o f  te s t  items



72

Hypothesis two was confirmed, thereby re p l ic a t in g  the e f fe c ts  o f  

re t ro a c t iv e  in te r fe ren ce  in prose re c a l l  (Crouse, 1971). Table k shows 

th a t  fo r  Ss whose passage two was designated as in te r fe r in g ,  there  was 

more loss o f  re levan t (F (6, 239) = 11 -15» £ <  .01) and inc identa l  

(£  (6, 239) = 13-90, £  < .01) information than fo r  Ss whose passage two 

was designated as n e u tra l .  This re s u lt  supports previous find ings  (Bower, 

197*0- In f a c t ,  the resu lts  in d ica te  no loss fo r  the noninterference  

groups.

Table k

Mean Percent Correct on Cued Test 1 and Cued Test 2 fo r  
Subjects w ith  No Learning D irections

Reca11 Condition

In te rfe rence No In te rfe ren ce

Relevant 60 .0 53,7
Test 1

Inc identa l 62,1 56.2

Relevant 53.5 57.3
Test 2

Inc identa l 51.9 57.0

N = 7** fo r  each mean.

Since the design used fo r  th is  study is a f ra c t io n a l  fa c t o r ia l  

design, there was the p o s s ib i l i t y  o f  confounding the h igher-order in t e r ­

action  e f fe c ts  (as described by Cochran 6 Cox, 1957, and Winer, 1971). 

S p e c i f ic a l ly ,  there  was the p o s s ib i l i t y  o f  confounding the type o f  learn ­

ing d ire c t io n ,  the po s it ion  o f  learning d ire c t io n s ,  the set o f  learning
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d irec t io n s  w ith  the order o f p resentation  o f  the reading passages. How­

ever, there was no evidence th a t  such confounding e x is ted . Comparisons 

of sub jects , in the same experimental con d it ion , who d i f fe re d  only  in 

which set o f  p a r a l le l  learning d irec t io n s  was used, revealed no s i g n i f i ­

cant d if fe ren ces ;  n e ith e r  did comparisons o f  subjects who d i f fe re d  only  

in the order in which the in te r fe r in g  prose passages were read (Payton 

passage f i r s t  or Fowler passage f i r s t ) .  In a d d it io n ,  the p i lo t  study 

(see previous chapter) indicated th a t there  were no in te ra c t io n  e f fe c ts  

which confounded the c r i t i c a l  re s u lts .  Thus, the resu lts  o f th is  study 

can be considered f re e  from confounding.

In a d d it io n ,  tes ts  fo r  homogeneity o f  variance revealed th a t  the

population variances did not d i f f e r  s ig n i f ic a n t ly  from e q u a l i ty ,

Having shown evidence to support the basic underlying assumptions 

o f  th is  study— that the learning d ire c t io n s  do d ire c t  learn ing , tha t  the 

in te r fe r in g  passages do produce learning loss, th a t  the design is not 

confounded, and th a t  there is homogeneity o f  variance— i t  is appropria te  

to  present the resu lts  perta in ing  to  the e f fe c ts  o f  learning d irec t io n s  

on re t ro a c t iv e  in te r fe ren ce .

The Retention o f  the C r i te r io n  Passage
Following a Second Passage

There was no i n i t i a l  d if fe re n c e  between in te rfe rence  and no 

in te rfe ren ce  groups ( th a t is ,  p r io r  to the presentation o f  a second 

reading passage). However, the re ten tio n  scores on te s t  two reveal that  

although in te rfe ren ce  groups w ithout d ire c t io n s  performed more poorly in 

comparison to  noninterference groups w ithout d ire c t io n s ,  In te rfe rence  

groups w ith  learning d irec t io n s  accompanying the c r i t e r io n  passage did not
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d i f f e r  s ig n i f ic a n t ly  from noninterference groups w ith  learning d irec t io n s  

accompanying the c r i t e r io n  passage. This means th a t  learning d irec t io n s  

had a f a c i l i t a t i v e  e f f e c t  in terms o f  counteracting in te rfe ren ce  when 

these d ire c t io n s  accompanied the c r i t e r io n  passage. Table 5 summarizes 

these f in d in g s . In Table 5, note tha t fo r  the in te rfe ren ce  condit ion ,  

scores fo r  both re levant and inc identa l re c a l l  decrease when no d irec t io n s  

were given ( fo r  re levant learning loss, £  (6 , 239) = 10.3**, £  < .001 

(Scheffg, £  < .01) fo r  inc identa l learning loss, JF (6 , 239) “  7 .01 ,

£  < .008 (Scheff6, £ <  .0 1 ) .  When d ire c t io n s  were g iven, however, there  

was no s ig n i f ic a n t  learning loss fo r  e i th e r  re levant or incidental  

m a te r ia l .

Table 5

Mean Percent Correct on Cued Test I and Cued Test 2 fo r  In terference  
and No In te r fe ren ce  Subjects, w ith  and without Learning D irections  

Accompanying the C r i te r io n  Passage (Passage One)

Reca11 Condition

In terference No In terference

Di rections
No

D irections Di rections
No

Directions

Test 1
Relevant

Inc identa l

44 .0

29.0

60.0

62.1

**8.9

22.7

53.8

56.2

Test 2
Relevant

Inc idental

**0.6

26.**

53.5

51.9

*♦8.1

25.8

57.3

57.0

N = 64 N = 37 N = 36 N = 37
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The only s ig n i f ic a n t  learning loss from te s t  one to te s t  two 

occurred in the in terference  groups without d ire c t io n s .  The no in te rfe rence  

groups gained s l ig h t l y ,  but not s ig n i f ic a n t ly ,  from te s t  one to te s t  two. 

Since there were no d if fe rences  in e i th e r  i n i t i a l  learning or in learning  

loss between p o s it iv e  d ire c t io n  and negative d ire c t io n  groups ( i . e . ,  

d irec t io n s  accompanying c r i t e r io n  passage), these groups were combined in 

Table 5-

Although Ss who received d irec t io n s  w ith  the c r i t e r io n  passage 

did not e x h ib i t  in te r fe re n c e ,  there was no d if fe re n c e  between relevant  

and inc identa l loss fo r  these groups. In other words, hypothesis three  

( th a t  the drop in re c a l l  o f  re levan t m ater ia l would be less than the drop 

in re c a l l  o f  inc identa l m ateria l fo r  those groups w ith  d ire c t io n s  w ith  

passage one) was not supported by the data.

As fo r  the groups th a t received learn ing d ire c t io n s  w ith  the 

in te r fe r in g  passage (passage two), there were s ig n i f ic a n t  d if fe ren ces  in 

the e f fe c ts  o f  negative and p o s it iv e  learning d ire c t io n s .  Although there  

was no d i f f e r e n t ia l  loss in re levant and inc identa l re ten tion  from te s t  

one to te s t  two fo r  p o s it iv e  groups, there  was such a loss fo r  negative  

groups. Subjects who received negative learning d irec t io n s  w ith  th e i r  

in te r fe r in g  passage experienced a g reater  loss o f  learning fo r  sentences 

in passage one corresponding to inc identa l m ater ia l  than fo r  re levant  

m a te r ia l ;  £  (3, 108) = 4 .61 , £ <  .01 (ScheffS, £ <  .10) fo r  inc idental 

loss. Consequently, the re la t io n s h ip  between re levant and inc identa l  

re ten tion  changed from tes t  one to  te s t  two fo r  in te r fe re d  Ss w ith  nega­

t iv e  d ire c t io n s .  Table 6 reveals that although there was no d if fe ren ce  

between re levant and inc idental learning on te s t  one fo r  in te r fe red  Ss



who received negative d ire c t io n s  w ith  passage two, re levant re ten tion  

was higher than inc idental re ten tion  on te s t  two, a f t e r  in te rfe rence;

F (3 , 108) = 4 .6 1 ,  £ <  .01 (Scheffd, £ <  .0 1 ) .

Table 6

Mean Percent Correct on Cued Test 1 and Cued Test 2 fo r  Subjects Who 
Received Learning D irections  w ith  the In te r fe r in g  Passage

Recal1 Condition

P o s it ive  D irections Negative D irections

Test 1
Relevant

Incidental

60.0

62.2

62.7

58.3

Test 2
Relevant

Inc idental

56.6

62.5

60.0

52.9

I t  was hypothesized th a t g rea te r  re levant than inc idental  

loss would occur a f t e r  in te rfe ren ce  fo r  in te rfe rence  groups which 

received d irec t io n s  w ith  passage two. However, as discussed above, 

w ith  p o s it iv e  d irec t io n s  there was no d i f f e r e n t i a l  loss; and w ith  

negative d irec t io n s  the d i f f e r e n t i a l  loss was the reverse o f the 

predicted loss. Thus, hypothesis four was not supported by the data.  

These unanticipated outcomes w i l l  be considered in the discussion  

section .

In a d d it io n ,  p o s i t iv e ly  stated learning d irec t io n s  were not 

s ig n i f ic a n t ly  more e f fe c t iv e  than n egative ly  stated d ire c t io n s  in



counteracting the e f fe c ts  o f  re t ro a c t iv e  in te rfe ren ce  regardless o f  the 

posit ion  o f  the d ire c t io n s .  Thus, hypothesis f i v e  was not supported by 

the data.

The Retention o f  the C r i te r io n  Passage 
the Following Day

For subjects whose te s t  the fo llow ing  day ( te s t  three) was a cued 

re c a l l  t e s t ,  there  was no change in re te n t io n ,  except fo r  subjects who 

had negative d ire c t io n s  w ith  the c r i t e r io n  passage. In th is  condition  

although inc identa l re ten tion  did not increase s ig n i f ic a n t ly  from te s t  

two (29%) to  te s t  three  (32%), i t  increased enough in order to  not be 

s ig n i f ic a n t ly  lower than re levant learn ing on te s t  th ree  (381), This 

change in the re la t io n s h ip  between re levant and inc identa l learning  

scores from te s t  two to  te s t  three could have occurred because inc identa l 

learning was i n i t i a l l y  low, due to  the experimental manipulation.

For subjects whose te s t  the fo llow ing  day ( te s t  three) was 

m u lt ip le -c h o ic e ,  there was g en era lly  higher performance, apparently  due 

to the nature o f  the te s t .  In f a c t ,  re levant and inc identa l scores were 

elevated equa lly  from te s t  two to te s t  three  fo r  a l l  experimental and 

control groups, except fo r  Ss who received negative d ire c t io n s  w ith  the 

c r i t e r io n  passage. Table 7 summarizes these re s u lts ,  Table 7 shows that  

the m u lt ip le -ch o ice  te s t  resulted in f a c i l i t a t e d  performance (o v e ra l l )  

fo r  s ix  o f  the seven conditions. For group N l,  however, the increase in 

inc identa l scores was greater than the increase in re levant scores;

F (5 , 75) = 7 .3 5 ,  £  < .01 (ScheffS, £  < .0 5 ) .

A l l  Ss whose te s t  three was m u lt ip le -ch o ice  had higher re levant  

scores on te s t  three than on te s t  one, except the in te r fe ren ce  Ss who
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Table 7

Levels o f S ign if icance  o f  the Increase in Relevant and Inc idental  
Scores from Cued Test 2 to Test 3 (M u lt ip le -C ho ice)  

fo r  a l l  Conditions

Condition Relevant Increase Incidenta l Increase

F df F df £<

In terference

PI (p o s it iv e  d irec t io n s  
w ith  passage one) 17.96 5, 6 .05 15.78 5, 6 .10

P2 (p o s it iv e  d irec t io n s  
with  passage two) 33.24 5, 13 .01 21.94 5, 13 .05

N1 (negative d irec t io n s  
with  passage one) ns 22.22 5, 10 .05

N2 (negative d irec t io n s  
w ith  passage two) 54.44 5, 13 .01 71.11 5, 13 .01

0 (no d ire c t io n s ) 27-84 5, 12 .01 16.28 5 , 12 .05

No In terference

P I 1 (p o s it iv e  d irec t io n s  
w ith  passage one) 58.66 5, 14 .01 48,48 5, 14 .01

O' (no d ire c t io n s ) 27.70 5, 12 .01 13.27 5, 12 .10

Note. The values reported in th is  ta b le  re fe r  to  the resu lts  o f  
Scheff6 tes ts  performed a f t e r  the o v e ra l l  ANOVA.

received p o s it iv e  or negative learning d irec t io n s  w ith  passage one and the 

in terference  Ss w ith  no d ire c t io n s  a t  a l l .  Table 8 summarizes the leve ls  

o f s ig n if ican ce  o f  the d if fe ren ces  in re levant and inc identa l scores 

from te s t  two to  te s t  three  fo r  Ss whose te s t  three was m u lt ip le -c h o ic e ,  

Table 8 shows that a l l  non interference Ss had higher te s t  three scores in
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both re levan t and inc identa l performance. As fo r  the in te r fe ren ce  Ss, 

only those who received learning d ire c t io n s  w ith  passage two showed an 

increase in re levan t performance. The in te r fe ren ce  Ss w ith  no learn ing  

d ire c t io n s  did not show an increase in e i t h e r  re levant or inc identa l  

performance from te s t  one to te s t  th ree , a re s u lt  which ind icates th a t  

not having learning d ire c t io n s  was a disadvantage to the in te r fe re d  Ss.

These increases from te s t  two to  te s t  three and from te s t  one to 

te s t  th ree  fo r  Ss whose te s t  three was m u lt ip le -ch o ice  were most l i k e l y  

due to  te s t  e f fe c ts  ra th e r  than to the e f fe c ts  o f  time or experimental 

manipulations. This is supported by the fa c t  th a t  there  were no s i g n i f i ­

cant increases from te s t  one to te s t  three  or from te s t  two to te s t  

three fo r  Ss whose te s t  three was cued r e c a l l .  Thus, the m u lt ip le -ch o ice  

t e s t ,  as a veh ic le  fo r  measuring change, is not app rop ria te , However, 

the re s u lts  from the m u lt ip le -c h o ic e  te s t  provide evidence tha t r e t r ie v a l  

suppression may e x is t  when cued re c a l l  is required . This conclusion w i l l  

be considered in the discussion section .

The means which were compared in order to  compute the R v a lu e s  

displayed in Tables 7 and 8 are  shown In Table 9. Table 9 shows th a t  the 

re la t io n s h ip  between re levan t and in c identa l re ten tio n  changed fo r  in te r ­

fered Ss who received negative d ire c t io n s  w ith  passage one. The superi­

o r i t y  o f  re levant over inc identa l re c a l l  due to the learn ing d irec t io n s  

which th is  group experienced on tes ts  one and two no longer ex is ted  on 

te s t  three because the s ig n i f ic a n t  increase in inc identa l re ten tio n  fo r  

th is  group was not accompanied by an increase in re levan t re te n t io n .  The 

inc identa l information from the c r i t e r io n  passage may have been learned 

well enough fo r  recogn it ion , but not fo r  r e c a l l .
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T a b le  8

Levels o f  S ign if ican ce  o f  the Increase in Relevant and Incidental  
Scores from Cued Test 1 to  Test 3 (M u lt ip le -C ho ice)  

fo r  At 1 Conditions

Condition Relevant Increase Inc identa l Increase

£ df £5 £ df £<

In terference

PI (p o s it ive  d irec t io n s  
w ith  passage one) ns ns

P2 (p o s it iv e  d irec t io n s  
w ith  passage two) 21.9** 5, 13 .05 21.94 5, 13 .05

Nl (negative d irec t io n s  
w ith  passage one) ns 32.00 5, 10 .01

N2 (negative d irec t io n s  
w ith  passage two) 31.60 5, 13 .01 24.19 5, 13 .05

0 (no d ire c t io n s ) ns ns

No In terference

P I 1 (p o s it iv e  d irec t io n s  
w ith  passage one) 48.48 5, 14 .01 69.81 5, 14 .01

O' (no d ire c t io n s ) 53-11 5, 12 .01 19.83 5, 12 .05

Note. The values reported in th is  ta b le  re fe r  to  the resu lts  o f  
Scheff£ tes ts  performed a f t e r  the o v e ra l l  ANOVA.

The scores on the te s t  three m u lt ip le -ch o ice  te s t  were s i g n i f i ­

can tly  higher than the scores on the te s t  three  cued re c a l l  t e s t .  Table 10 

summarizes a l l  te s t  th ree  scores so th a t a comparison o f  the recognition  

and re c a ll  measures can be made. Table 10 shows th a t  there  was a s i g n i f i ­

cant d if fe re n c e  in both re levan t and inc identa l performance fo r  a l l
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conditions (except fo r  in te r fe re d  Ss who received p o s it iv e  d irec t io n s  

with passage two) when comparing performance on a recognition as opposed 

to a re c a l l  measure. Recognition performance was higher than re c a ll  

performance.

Table 9

Mean Percent Correct on Cued Tests One and Two, and Test Three (Where 
Test Three is M u lt ip le  Choice) fo r  Subjects in Every Condition

Reca 11 Condition

Cued 
Test 1

Relevant

Incidental

In terference No In terference

PI P2 N1 N2 0 P I ' O'

48

32

59

62

41

28

62

58

58

65

53

29

54

62

Cued Relevant 4o 56 46 57 51 51 59

Test 2 Incidental 28 62 32 48 54 33 64

Mu 11 i p 1 e Relevant 56 53 72 78 68 73 72
choice
Test 3 Incidental 43 52 75 72 67 53 73

N=l6 N=l6 N=19 N=19 N=l8 N=20 N=l8

Note. The scores reported in th is  ta b le  are based on the data 
o f only those subjects who received a m u lt ip le -ch o ice  Test 3.

conditions (except fo r  in te r fe red  Ss who received p o s it iv e  d irec t io n s  

with passage two) when comparing performance on a recognition as opposed 

to a re c a l l  measure. Recognition performance was higher than re c a ll  

performance.
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In summary, the m u lt ip le -ch o ice  te s t  seems to have allowed fo r  a 

general increase in performance, w ith  the exceptions noted above. 

Hypothesis s ix  ( th a t  re ten tio n  w i l l  not decrease over a one-day period) 

was supported by both the re c a l l  and recognition data.

Table 10

Mean Percent Correct on Test 3 Comparing M ult ip le -C ho ice  and Cued Recall 
Measures fo r  Subjects in Every Condition

In terference No In terference

PI P2 N1 N2 0 P I ' O'

Test 3 Relevant 56 53 72 78 68 73 72

(m ultip i e-choice) Incidental 43 52 75 . 72 67 53 73

Test 3 Relevant 45 55 38 58 59 49 57

(cued reca11) Incidental 22 55 32 57 56 15 51

Intrusion Errors

In trus ion  data were co llec ted  fo r  a l l  in te r fe ren ce  Ss. Intrusion  

erro rs  involving re levant and inc identa l information were higher on te s t  

three than te s t  two genera lly  when te s t  three  was m u lt ip le -c h o ic e .

Table 11 shows which groups experienced the g reatest increase in in t ru ­

sion e rro rs  and the leve ls  o f  s ig n if ican ce  o f  these increases. As shown 

in Table 11, the Ss who did not have an increase in in trus ion  e rrors  were 

the Ss who received learning d ire c t io n s  w ith  passage one. A l l  other  

in te r fe ren ce  groups experienced an increase in in trusions in e i th e r  r e le ­

vant, in c id e n ta l ,  or both kinds o f  information.
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T ab le  11

Levels o f  S ign if icance  o f  the Increase in In trus ion  Errors from Cued 
Test Two to Test Three (M u lt ip le -C ho ice) fo r  In te r fe red  Subjects

Condi t io n Relevant Increase Incidenta l Increase

F df £< L d f £<

PI ns ns

P2 23.53 3, 48 .01 ns

N1 ns ns

N2 33.33 3, 45 .01 36.51 3 ,  45 .01

0 42.14 If
J -e- 00 .01 18.74 U
)

O
O

0

Note. The val ues reported In th is  ta b le  re fe r to the resu lts  o f
Scheffe te s ts  performed a f t e r  the o vera ll  ANOVA.

Only one group had an increase in in trus ion  e rrors  where tes t  

three was cued r e c a l l ,  ra ther  than recogn it ion . This group received  

p o s it iv e  d irec t io n s  w ith  passage one; £  (3 , 30) = 5 .4 7 ,  £ <  .01 ,

G enera lly , except fo r  Ss w ith  p o s it iv e  d irec t io n s  w ith  passage 

one, increases in in trus ion  e rro rs  were a function  o f  the m u lt ip le -c h o ic e  

tes t  th ree , where each item contained the in trus ion  answer as an a l t e r n a ­

t i v e .  Thus, hypothesis seven, which predicted th a t  in trus ion  errors  

would increase over tim e, was supported by some o f  the cued re c a l l  da ta ,  

and by much o f  the m u lt ip le -ch o ice  data (which e n ta i l  te s t  Item d i f f e r ­

ences which are  not exc lu s iv e ly  re la ted  to changes across t im e ) .

Table 11 a lso  r e f le c ts  th a t ,  except fo r  the in te r fe red  Ss who 

received p o s it iv e  d irec t io n s  w ith  passage two, there  was no d if fe re n c e  

between the degree o f  increase In re levant and inc idental In trusions from



te s t  two to te s t  th ree  fo r  any group.

Further analyses revealed th a t Ss who received d ire c t io n s  w ith  

passage two, p a r t ic u la r ly  p o s it iv e  d ire c t io n s ,  had more re levant and 

inc idental in trus ions on te s t  two than the other in te r fe ren ce  groups; 

f  (4, 169) = 2 .78 £  < .02 (Scheffe, £  < .05) fo r  re levan t;  F_ (4 , 169) = 

4 .14 , £ <  .003 (Scheffe, £ <  .01) fo r  in c id e n ta l .  Appendix C contains  

the analys is  o f  variance tab les  derived from comparing a l l  groups on 

re levant and inc id en ta l intrusions on te s t  two, and from comparing the 

increase in re levan t and inc identa l intrusions from te s t  two to tes t  

three .



CHAPTER V

DISCUSSION

The present study brings together many th e o re t ic a l  and p ra c t ic a l  

issues in the f i e l d  o f  psychology. The concept o f mathemagenic behaviors, 

although considered by some (Barry, 197*0 to have developed in is o la t io n ,  

can be in tegrated into the broader context o f  psychological theory.

Aside from i ts  th e o re t ic a l  importance, the mathemagenic concept has 

im plications fo r  curriculum and in s tru c t io n .  Before discussing these  

issues, however, the resu lts  o f  the present study w i l l  be summarized.

Summary o f  Results

The main in ves tig a tio n  o f  th is  study confirms hypotheses one, 

two, s ix ,  and seven; the data do not support hypotheses th re e ,  fo u r ,  and 

f i v e .

Hypothesis One

This hypothesis stated tha t  the learning o f  re levant m ater ia l  

would be g rea te r  than the learning o f  inc identa l m ater ia l fo r  subjects  

who receive learning d ire c t io n s  w ith  th e i r  f i r s t  reading passage, and 

tha t no such d if fe re n c e  would e x is t  fo r  subjects who did not receive  

learn ing d irec t io n s  w ith  t h e i r  f i r s t  reading passage.

Both the p i lo t  study and the main in ves tig a t io n  confirm th is  

hypothesis. Unlike previous s tud ies , however, re levant learning in the 

groups w ith  learning d ire c t io n s  w ith  passage one was s ig n i f ic a n t ly  lower

85
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than learning in the no d ire c t io n s  groups.

Hypothesis Two

This hypothesis predicted th a t  passage two would in te r fe re  w ith  

the re ten tio n  o f  passage one when passage two was designed to contain  

competing in form ation , and th a t passage two would not in te r fe re  w ith  the 

re ten tion  o f  passage one when passage two was n e u tra l .

The p i lo t  study re s u lts  were in the d ire c t io n  o f  confirming th is  

hypothesis, and the main in ves t ig a t io n  supports th is  hypothesis w ith  

s ig n i f ic a n t  in te rfe rence  e f fe c ts .

Hypothesis Three

This hypothesis predicted th a t  learn ing d irec t io n s  would have a 

s ig n i f ic a n t  in fluence on a le a rn e r 's  processing a c t i v i t i e s  that such 

information from a second passage, which is s im i la r  but c o n f l ic t in g  to 

the o r ig in a l ,  w i l l  not be ab le  to in te r fe re  w ith  the d ire c t io n -re le v a n t  

information from the f i r s t  passage.

Although learning d ire c t io n s  had a f a c i l i t a t i v e  e f f e c t  in terms 

o f counteracting in te r fe ren ce  when these d irec t io n s  accompanied the 

c r i te r io n  passage, d i r e c t  io n -re levan t  information was reta ined as well as 

d i r e c t i  o n - i r re le v a n t  inform ation. Thus, th is  hypothesis was not supported 

by the data.

Hypothesis Four

This hypothesis stated th a t  learn ing  d ire c t io n s  would have a 

s ig n i f ic a n t  influence on a le a rn e r 's  processing a c t i v i t i e s  such th a t  

d ire c t io n -re le v a n t  information from the second passage in te r fe re s  w ith  

corresponding information from the f i r s t ,  whereas inc identa l information
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from the second passage does not have an in te r fe r in g  e f f e c t .

This hypothesis was not supported by the d a ta . Subjects w ith  

p o s it iv e  d ire c t io n s  w ith  the in te r fe r in g  passage experienced no d i f fe r e n ­

t i a l  learn ing loss. Subjects w ith  negative d ire c t io n s  w ith  the in te r ­

fe r in g  passage had g re a te r  in c id e n ta l ,  ra th er  than re le v a n t ,  learning  

loss a f t e r  in te r fe re n c e .

Hypothesis Five

This hypothesis predicted th a t  p o s i t iv e ly  s tated  learning  

d irec t io n s  would be s ig n i f ic a n t ly  more e f f e c t iv e  than neg ative ly  stated  

d ire c t io n s  (when given in conjunction w ith  the f i r s t  passage) in counter­

acting the e f fe c ts  o f  in te r fe re n c e .

Hypothesis f iv e  was not supported by the data . P o s it iv e ly  stated  

learning d ire c t io n s  were not s ig n i f ic a n t ly  more e f f e c t iv e  than negative ly  

stated d ire c t io n s  in counteracting the e f fe c ts  o f re t ro a c t iv e  in t e r fe r ­

ence regardless o f the po s it ion  o f  the d ire c t io n s .

Hypothesis Six

This hypothesis predicted th a t  re te n t io n  would not decrease over 

a one-day period . This hypothesis was confirmed. Subjects who received 

a m u lt ip le -c h o ic e  te s t  ra th e r  than a cued re c a l l  te s t  as t h e i r  te s t  three  

had s ig n i f ic a n t ly  higher re levan t and in c iden ta l scores, most l i k e ly  due 

to the te s t  e f f e c t .  The processes involved in re c a l l  and recognition are  

not the same, and th e re fo re  the te s t  re s u lts  do not ind ica te  changes in 

re ten tion  over one day.
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Hypothesis Seven

This hypothesis predicted th a t  in trus ion  e rro rs  would increase 

over time due to response competition fo r  a i l  in te r fe ren ce  groups.

In trus ion  e rro rs  did increase fo r  one group on cued re c a l l  

te s ts ,  and fo r  most groups when te s t  three was m u lt ip le -c h o ic e .  Since 

each m u lt ip le -ch o ice  item contained an in te r fe r in g  response as an 

a l te r n a t iv e ,  response competition was stim ulated . This increase in 

in trusions was due to d if fe ren ces  in te s t  performance ra th er than a 

memory change.

In summary, although the basic assumptions underlying th is  study 

were confirmed (hypotheses one and tw o), the in te rac tio n s  predicted  

between learning d ire c t io n s  and re t ro a c t iv e  in terference  (hypotheses 

th ree  and four) did not occur. The im plications o f  the re s u lts  w i l l  be 

discussed by considering the outcome o f  each hypothesis.

Theoretica l Im plications o f  Results 

The present study touches upon some major issues in the f ie ld s  o f  

prose learning and information processing, The question o f  what happens 

to  a piece o f  w r i t te n  m ateria l between the time the learner is presented 

w ith  i t  and the time the learner answers questions based on the m ateria l  

is not f u l l y  answered by th eo re t ic ian s  or researchers a t  the moment,

Thus the question o f how to optim ize memory, or understanding, o f  w r i t te n  

m ater ia ls  is not f u l l y  answered e i th e r .  Research on optim izing memory 

has focused on the behaviors learners engage in when they are confronted  

by te x t .  Studies on these learner behaviors led Frase (1975) to develop 

a model o f prose processing which attempts to describe the processing 

mechanisms involved when a student t r i e s  to  learn te x t  m a te r ia l .
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According to th is  model, some aspects o f the te x t  w i l l  be proc­

essed more f u l l y  than o thers , depending on the o r ie n t in g  d irec t io n s  

given, and the motivation and p re re q u is ite  knowledge o f  the lea rn er .  In 

the present study, d irec t io n s  were given which focused the le a rn e r 's  

a tte n t io n  to re levant tex t  sentences; o ther d ire c t io n s  focused the learn­

e r 's  a t te n t io n  away from incidental inform ation. In the case o f  p o s it iv e  

d ire c t io n s ,  according to the model, the d ire c t io n s  had a s e le c t iv e  e f fe c t  

in th a t  more re levant than inc idental information was selected fo r  encod­

ing. Once encoded, th is  re levant m ateria l was rehearsed, se q u e n t ia l ly .  

That is ,  a sentence was encoded and then held in short-term  memory where 

i t  was rehearsed; as sentence one was being held and rehearsed, sentence 

two was being encoded. A f te r  rehearsa l,  i f  enough overlearn ing  occurred, 

ideas in long-term memory would be re tr ie v e d  and compared to the newly 

acquired information, and th is  would a id  memory. The two key elements 

are encoding and rehearsa l,  because th is  is where the s e le c t iv e  e f f e c t  o f  

the learning d irec t io n s  has i t s  g reatest impact. The d irec t io n s  d e te r ­

mined what w i l l  be encoded and th e re fo re ,  what w i l l  be rehearsed, Of 

course, rehearsal determines what w i l l  be remembered. Thus, when a 

le a rn e r 's  a t te n t io n  is d irected  through the use of a cue to  ce rta in  

parts o f a te x t  and not to o thers , the re levant aspects o f the te x t  w i l l  

undergo a process which the inc identa l aspects o f  the tex t  w i l l  not.

This model helps to c l a r i f y ,  th e re fo re ,  the outcome of hypothesis one—  

that re levant learning was higher than Inc idental learn ing fo r  subjects  

who received learning d irec t io n s  with passage one.

However, the present study had an unantic ipated outcome w ith  

respect to  learning d ire c t io n s .  Subjects w ith  learn ing d irec t io n s  had



lower posttest scores than subjects in the control cond it io n . Thus 

instead o f  having a mathemagenic p o s it iv e  e f f e c t ,  the learning d irec t io n s  

had a mathemagenic negative e f f e c t .  Other investigators  have recently  

found th a t  adjunct questions can have a negative e f fe c t  on learning  

(Shavelson e t  a l . ,  197*0. The m ate r ia ls  used by Shavelson e t  a l .

(197*0 included a 10*f-page textbook on precis ion teaching and applied  

concepts o f operant conditioning to  classroom teaching. The book was 

required reading fo r  the subjects in t h e i r  educational psychology courses. 

Shavelson e t  a l .  (197**) found th a t  control group scores (no adjunct a id )  

were higher than treatment group scores (adjunct aids were g iv e n ) .  The 

investigators  discuss several possible explanations fo r  th is  negative  

e f fe c t  of adjunct questions: 1) subjects may possess e f f e c t iv e  s tra teg ies  

fo r  prose processing which were in te r fe re d  w ith  when adjunct questions 

were given, and 2) control group subjects may have had to work harder 

than other groups without the support o f  adjunct questions. No f in a l  

conclusion was drawn as to why a negative e f fe c t  was found.

There are various possible explanations fo r  the negative e f fe c t  

o f learning d ire c t io n s  found in the present study. F i r s t ,  the population  

used in th is  study was somewhat younger (high school students as opposed 

to co llege students) than many subject populations in th is  area of  

research. Perhaps learning d irec t io n s  are not as e f fe c t iv e  fo r  younger 

subjects. A second reason is th a t  the b re v ity  o f  the reading passages 

used may have made the add it ion  o f  learning d irec t io n s  unnecessary, or 

even in te r fe r in g .  As in the Shavelson e t  a l .  (197*0 study, i t  may be 

tha t  learners possess adequate processing s t ra te g ie s ,  e s p e c ia l ly  w ith  

simple m a te r ia l , and th a t  instead o f enhancing learn in g , learning
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d irec t io n s  in h ib i t  natural learn ing s tra te g ie s  and re s u lt  in depressed 

performance. In o ther words, the adjunct a id  may l im i t  encoding and 

rehearsal a c t i v i t i e s  ra th er  than enhance them. In terms o f  Frase's  

( 1975) model, lower level a c t i v i t i e s  ( e .g . ,  searching fo r  information in 

a te x t )  may con tr ib u te  l i t t l e  to memory. A th ird  reason fo r  the negative  

e f fe c t  is tha t  s p e c if ic  t ra n s fe r  between learning d ire c t io n s  and posttes t  

items was not possib le . Past studies (Rothkopf 6 Kaplan, 1972) allowed 

fo r  t ra n s fe r  between ob jec tives  and posttest questions in th a t s im i la r

wording was used to e l i c i t  both the use o f  the adjunct a id  and the

answering o f  po sttest items. In the present study, the learning d ire c ­

tions did not map on to  the posttest items in an obvious manner.

Another in te rp re ta t io n  concerning the negative e f f e c t  o f the  

learn ing d irec t io n s  is th a t  they in te r fe re d  w ith  the p o ten t ia l  meaning­

fulness o f the learning passage by fo rc ing  the learner to focus on sen­

tences which were not lo g ic a l ly  connected. This in te rp re ta t io n  supports 

the re la t io n  component o f  Frase's (1975) model, The learning d irec t io n s  

may have in te r fe red  w ith  the processes which would normally f a c i l i t a t e  

the t ra n s fe r  o f  new information to  long-term memory, A re la te d  possi­

b i l i t y  is th a t  portions o f te x t  may be mutually supportive fo r  r e c a l l .

L im iting  te x t  inputs could reduce th is  conceptual base.

Hypothesis two d e a lt  w ith  the phenomenon o f  re tro a c t iv e  in t e r ­

ference. In te rfe ren ce  e f fe c ts  were found in the present study. The 

mechanisms underlying in terference  are  not agreed upon, but several 

models fo r  short-term  memory have been proposed to  exp la in  how in t e r ­

ference works. Bjork ( in  Norman, 1970) summarizes these models which 

describe how items are represented in memory and how in te r fe r in g  items



a f fe c t  re c a l l  o f o r ig in a l  items. In model one, as a re s u lt  o f  presenta­

t io n ,  a memory trace  is established to  a momentary maximum strength  

s u f f ic ie n t  to re s u lt  in pe rfec t  immediate r e c a l l .  During in te r fe re n c e ,  

trace  strength decreases w ith  time.  Each subsequent presentation  both 

re in s ta tes  the trace  to the maximum momentary s trength  and increases the 

res is tance of the trace  to  in te r fe re n c e .  In model two, the f i r s t  pre­

sentation o f  an item resu lts  in a copy o f  the item being stored in memory. 

With each subsequent presentation o f the item, there is some p ro b a b i l i ty  

th a t  an ad d it io n a l  item is stored in memory. During each u n it  o f  in t e r ­

fe r in g  time, any one copy in memory is ,  independent o f  o ther copies, lo s t  

from memory w ith  some p ro b a b i l i t y .  I f  one or more copies of the item are  

in memory a t  the time o f  r e c a l l ,  the item is re c a l le d ;  i f  no copies are  

in memory, there  is no r e c a l l .  According to model th ree , an item is a t  

any point in time in exac tly  one o f  th ree  s ta tes :  not in memory, in 

short-term  memory, or in long-term memory. I f  i t  is not in memory, i t  is 

not re c a l le d .  I f  i t  is in e i th e r  sh o rt -  or long-term memory, i t  is 

re c a l le d .  Items in long-term memory are safe from in te r fe re n c e .  Items 

in short-term  memory are los t in an a l l -o r -n o n e  fashion w ith  some proba­

b i l i t y  during each u n it  o f  in te r fe r in g  t im e. The th i rd  model described 

by Bjork (1970) is s im i la r  to the model described by Frase (1975).

Thus the model o f  memory representation  used to describe the 

fa te  o f  te x t  m ater ia l  w i l l  determine how the mechanism o f  rehearsal is 

in te rp re te d . According to model one, rehearsal increases the strength o f  

a s in g le  memory trace ; according to model two, rehearsal increases the 

number o f  traces o f  an item; according to  model th ree , rehearsal f a c i l i ­

ta tes  a change from short-term  memory to long-term memory in the s ta te  o f



the item. A fu r th e r  question is whether rehearsal o f  the item in short­

term memory (model three and the Frase model) has the same e f f e c t  as 

re p e t i t io n  o f  the stimulus. Both o f  these processes somehow increase the 

memory o f an item; rehearsal increases memory o f an item the longer i t  is 

rehearsed and re p e t i t io n  increases memory through the number o f  presenta­

t ions o f the item. In terms o f  in te r fe re n c e ,  the g rea te r  the rehearsal 

or r e p e t i t io n  o f  an item, the g rea te r  i t s  res is tance to  in te r fe re n c e .

This is why the present study hypothesized th a t  items re in forced  in 

passage one (through the use o f  learn ing  d ire c t io n s )  would re s is t  in t e r ­

ference and th a t items re inforced in passage two (through the use o f  

learning d ire c t io n s )  would cause in te r fe re n c e .  These were the th ird  and 

fou rth  hypotheses o f the study. These hypotheses, however, were not 

supported by the data.

I t  has a lready  been stated th a t  although the learning d ire c t io n s  

did d is t in g u is h  between re levant and inc identa l inform ation, they did not 

f a c i l i t a t e  re levant performance as expected. Without th is  f a c i l i t a t i o n ,  

the learn ing d ire c t io n s  did not have re in fo rc in g  power; they had s e le c t iv e  

power only . Therefore , re levant information was no more re s is ta n t  to 

in te rfe ren ce  than inc identa l in form ation. In terms o f  information proc­

essing, more re levan t than inc identa l information was selected fo r  encod­

ing, but rehearsal s t ra te g ie s  did not favor re levant over inc identa l  

in form ation. When learn ing d ire c t io n s  were given w ith  passage two, they 

did not re in fo rc e  the re levan t information in th a t  passage to the extent  

necessary fo r  causing fo rg e t t in g  o f  re la te d  information in passage one,

In f a c t ,  the subjects who received negative d ire c t io n s  w ith  an in t e r f e r ­

ing passage experienced more inc identa l than re levant loss, In other
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words, the information in the second passage which subjects were to ld  

not to learn seems to  have caused the in te r fe re n c e .  U n fortunate ly , the 

learning o f  the second passage was not tes ted . A te s t  o f  th is  kind would 

have revealed which information from the passage was learned and which 

was not learned. This would have provided a c le a re r  p ic tu re  o f  which 

information in passage two caused the in te r fe ren ce  o f  inc identa l informa­

tion  in passage one.

The f i f t h  hypothesis stated that p o s it iv e  learning d irec t io n s  

would be more e f fe c t iv e  than negative learning d ire c t io n s  in counteracting  

in te r fe re n c e ,  but th is  was not the case in the present study. In the 

past (Frase & K re itzberg , 1975) negative learn ing d irec t io n s  have resulted  

in suppressed inc identa l r e c a l l ,  and p o s it iv e  learning d ire c t io n s  have 

resulted in high re levant r e c a l l .  Therefore , the present study predicted  

that p o s it iv e  d ire c t io n s  would be more powerful than negative d irec t io n s  

in re in fo rc in g  te x t  information to the exten t necessary to  counteract  

in te r fe re n c e .  Due to  the unantic ipated outcome regarding the negative  

e f f e c t  o f  learning d ire c t io n s ,  p o s it iv e  d ire c t io n s  did not work d i f f e r ­

e n t ly  from negative d irec t io n s  in counteracting in te r fe ren ce . A question  

which should be investigated in fu tu re  studies concerning the use o f  

negative learning d irec t io n s  is whether they work because o f  an a t te n -  

t io n a l  mechanism or a memory mechanism. That is ,  is m a te r ia l  not to be 

learned ignored, fo rg o tten , suppressed, or unava ilab le  fo r  re t r ie v a l?  

According to Bjork (1970), learners segregate to-be-remembered items from 

to -b e -fo rg o tten  items and can in te n t io n a l ly  fo rg e t  items th a t  would have 

caused in te r fe ren ce  had they been remembered. In prose learn in g , however, 

the stimulus s i tu a t io n  is more complex than i t  is in l i s t  learning tasks.



95

Instead o f s toring  items w ith  a to -b e -fo rg o tte n  tag , items may be screened 

out long before they are stored. Items not to  be learned may never be 

encoded; they may be encoded but not rehearsed; they may be inadequately  

encoded; they may be inadequately rehearsed. In order to  in ves tig a te  the 

e f fe c t  o f  negative d ire c t io n s ,  the wording and placement in the te x t  of  

these d ire c t io n s  w i l l  be important.

The s ix th  and seventh hypotheses o f  the present study were 

confirmed, although tes ts  o f  these hypotheses have a weaker experimental 

status than o ther hypotheses. Hypothesis s ix  accepts the nu ll hypothesis  

as evidence, and hypothesis seven is consistent mainly w ith  data th a t  

are complicated by te s t  item d if fe ren ces  (cued versus m u lt ip le -ch o ice  

t e s t s ) .  Retention did not decrease over a one-day period whether the 

te s t  given the next day was cued re c a l l  o r recogn it ion . In trus ion  

erro rs  due to  response competition were high when the te s t  given was 

m u lt ip le -c h o ic e .  I t  has been found (VanMondrans e t  a l ,  1973) th a t  

whether response competition o r  response u n a v a i la b i l i t y  (un learn ing) is 

op erative  in an in te rfe rence  s i tu a t io n  depends on the type o f  te s t  used. 

M u lt ip le -ch o ice  te s ts ,  when one a l t e r n a t iv e  fo r  each question is the 

competing response, bring out response competition; cued re c a l l  tes ts  

re s u lt  in response u n a v a i la b i l i t y .  Performance in the present study 

depended on the type o f  te s t  g iven. This is because these two types of 

tes ts  place d i f f e r e n t  demands upon the learners ' processing. According 

to Kintsch ( in  Norman, 1970) there are major d if fe ren ces  in the processes 

o f re c a l l  and recognition and in the v a r ia t io n s  in stimulus m ateria l  

which a f fe c t  these processes. F i r s t ,  in ten tio n  to  learn improves re c a l l  

considerably, but is i r re le v a n t  fo r  recogn it ion , Recognition is a f a i r l y



automatic process, but e f f i c i e n t  re c a l l  presupposes an a c t iv e ,  in ten tio n a l  

process. Secondly, in te r i te m  re la t io n sh ip s  play an important ro le  in 

r e c a l l ,  but fo r  recogn it ion , each item may be considered separa te ly .

Thus, in te r fe ren ce  has more serious consequences fo r  re c a l l  than fo r  

recogn ition . T h ird ,  the d if fe re n c e  between re c a l l  and recognition is a 

function o f how well in tegrated the stimulus m ateria l is .  The b e t te r  the 

in te g ra t io n ,  the less the s u p e r io r i ty  o f  recognition over r e c a l l .  Be­

cause o f  p a r t ia l  recogn it ion , one can recognize an item by recognizing  

only a sm all, c h a ra c te r is t ic  part o f  i t ;  re c a l l  o f only a part o f  an item 

is usually  in s u f f ic ie n t  to  reconstruct the whole item. Thus, there is 

more guessing on a recognition te s t .  In terms o f  in te r fe re n c e ,  i f  only a 

small part  o f an item is necessary fo r  recogn it ion , the competing 

response w i l l  be selected over a neutra l ( in c o rre c t)  response because i t  

is recognized as f a m i l ia r .  A fo u rth  d if fe re n c e  between re c a l l  and 

recognition is th a t  re c a l l  involves a search process and recognition does 

not. In recogn it ion , items are  sensorily  present and can be judged fo r  

t h e i r  newness. In r e c a l l ,  items must be re tr ie v e d  from memory, in te r ite m  

re la t io n sh ip s  are  important, and words to be reca lled  are  embedded in 

various associations.

In terms o f  the present study, these d if fe ren ces  in re c a l l  and 

recognition processes a ffec ted  performance and the in te rp re ta t io n  o f  

in te r fe re n c e .  In a re c a l l  task , the posttest item is encoded, and the 

learner must then r e t r ie v e  the required answer. In a recognition task,  

the posttest item is a lso encoded. However, only a small portion o f  the  

needed response need be re tr ie v e d .  This portion can be compared to each 

a l te r n a t iv e  encoded from the tes t  l i s t .  An a l te r n a t iv e  is accepted or
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re jected  on the basis o f  the comparison between the a l te r n a t iv e  and the  

portion o f  the response which was re tr ie v e d  from memory. Two a l te rn a t iv e s  

are thus recognized— the correct one, and the competing one. Which 

a l t e r n a t iv e  is chosen depends on which is more s trongly  linked to the 

stem o f  the item due to  fac to rs  such as r e p e t i t io n  o f  pa ir ings  and 

degree o f  in te r fe ren ce . That response competition was found to be 

o pera tive  in a recognition te s t  is consistent w ith  K intsch's (1970) 

in te rp re ta t io n  o f  the recognition process.

Summary

The outcome o f  each hypothesis o f  the present study has im plica­

tions fo r  theory and research in prose learn ing and information process­

ing. The question o f se lec t in g  an appropria te  model fo r  the phenomenon 

o f  in terference  or fo r  prose learning in general is s t i l l  open. The 

model o f fe red  by Frase (1975) and those summarized by Bjork ( in  Norman, 

1970) need fu r th e r  te s t in g  and c l a r i f i c a t i o n ,  Some major research ques­

t ions which require  more probing as a re s u lt  o f  th is  and s im i la r  studies  

are: When do learning d irec t io n s  have a mathemagenically negative e f fe c t?  

What learner va r iab les  ( fo r  instance, age o f  subjects) are c r i t i c a l  fo r  

the e f f e c t iv e  use o f such aids? What circumstances and what kinds of  

adjunct aids can be used to modify in terference? How do learning d ire c ­

t ions a f f e c t  re c a l l  and recognition processes d i f f e r e n t ia l l y ?

P ra c t ic a l  Im plications o f  Results

Aside from th e o re t ic a l  va lue , research on the mathemagenic con­

cept and on re t ro a c t iv e  in terference  has im plications fo r  education. 

Mathemagenic behaviors can be manipulated by the designer o f in s tru c t io n a l
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m ateria ls  on various le v e ls .  Input processes can be co n tro lled  through 

the appearance o f  the m a te r ia l ,  i t s  layout, type s ty le ,  c o lo r ,  and 

org an iza t io n . These, in tu rn ,  a f f e c t  encoding. Encoding o f  m a te r ia ls  is  

also a ffe c te d  by the questions or learning d irec t io n s  accompanying the 

te x t  m a te r ia l .  Encoding, in tu rn ,  a f fe c ts  rehearsal and memory t ra n s fe r .  

Barry (197*0 believes th a t  more e f f i c i e n t  te x t  m ater ia l can be created  

i f  adjunct aids are  ap p ro p r ia te ly  used. He also sees a p p lica t io n s  o f  

th is  research to  programmed in s tru c t io n  and to remedial reading. Adjunct 

aids might b e n e f i t  poor readers by remedial techniques u t i l i z i n g  mathema­

genic p o s it iv e  behaviors. The p o s s ib i l i t y  o f  mathemagenic negative be­

haviors suggests cautions in the p ra c t ic a l  use o f such a id s .

In the present study, i t  was believed tha t  adjunct aids could be 

used to  counteract re tro a c t iv e  in te r fe re n c e .  The p ra c t ic a l  value o f th is  

is to in h ib i t  fo rg e t t in g  o f  prev iously  learned inform ation. In school 

s e tt in g s ,  memory is an important element o f achievement. Thus, f ind ing  

ways to  improve memory and overcome the causes o f  fo rg e t t in g  w i l l  f a c i l i ­

ta te  achievement. The present study revealed a source o f in te r fe re n c e ,  

presumably due to lower level search. When extensive search is stimu­

lated by learning d ire c t io n s ,  the e f f ic ie n c y  o f  learn ing may be d isrupted,

More research must be undertaken to  fu r th e r  p inpoin t the processes 

involved in encoding o f memory fo r  t e x t .  Only then w i l l  the re la t io n s h ip  

between adjunct aids and in te rfe rence  be c l a r i f i e d .  Such in vestigations  

can con tr ib u te  to  advancing the theories  underlying memory and processing 

and w i l l  bring us c loser to applying f ind ings in th is  area to school 

learning s itu a t io n s .
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APPENDIX A

Experimental M a ter ia ls  

The m a te r ia ls  used in the main in ve s t ig a t io n  are included in 

th is  appendix. They are  in the fo llow ing  order:

Instructions  

Learning d irec t io n s

Reading passages ( in te r fe re n c e  and n e u tra l)

Cued tests

M u lt ip le -c h o ic e  tes ts  

Biographical information sheet 

Test a t t i tu d e  survey.

The experimental groups who received the various types o f d irec t io n s  are  

indicated on the bottom l in e  o f  the d ire c t io n s  in abbreviated form. For 

example, PI = p o s it iv e  d irec t io n s  w ith  passage I .
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INSTRUCTIONS

On the las t page of this handout you w ill  find a short reading passage.

You are to learn some of the information in the reading passage. To find
i

which information we want you to learn look at the l i s t  on the next page. The l is t  

te lls  you which sentences in  the reading passage you should learn. The l i s t  w ill 

direct you to learn approximately h a lf o f the sentences in the reading passage. 

Since the l is t  is in the same order as the information in  the reading passage 

(except some sentences are skipped) you won't have to waste time looking for the 

sentences we want you to learn.

Be sure that you study aTJ_ of the information 1n the sentences that are

on the l is t .  Some of the sentences contain several facts.

You may look a t the l i s t  along with the reading passage. I f  you find i t  

help fu l, pull the pages apart and look at the l i s t  and the reading passage 

side by side.

I t  is important that you underline the information 1n the passage which the 

l i s t  refers to . This w il l  be helpful to you.

You w il l  have 6 minutes to study the passage. I f  you fin ish  before the 6 

minutes are up, go back to the beginning and study the passage again (according 

to the instructions stated abpve)

Do not waste any of the 6 minutes. I t  is very important that you re a lly  learn

the information which you are asked to learn.
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INSTRUCTIONS

On the la s t page of th is  handout you w il l  find a short reading passage.

You are to learn some of the information in the reading passage. To find

which information we want you to learn look at the l is t  on the next page. The l is t  

te lls  you which sentences in the reading passage you should learn. The l is t  w ill 

direct you to  learn approximately h a lf of the sentences in the reading passage.

Since the l i s t  is in the same order as the Information in the reading passage 

(except some sentences are skipped) you won't have to waste time looking fo r the

sentences we want you to learn.

Be sure that you study a l l  ° f  information in the sentences that are

on the l i s t .  Some of the sentences contain several facts.

You may look at the l is t  along with the reading passage. I f  you find  i t  he lp fu l,

pull the pages apart and look a t the 11st and the reading passage side by side.

I t  is important that you underline the information in  the passage which the 

l i s t  refers to . This w ill  be helpful to you.

You w ill  have 6 minutes to study the passage. I f  you fin ish  before the 

6 minutes are up, go back to the beginning and study the passage again (according 

to the instructions stated above). I f  you s t i l l  have time l e f t ,  go back fo r a th ird  

time.

Do not waste any of the 6 minutes. I t  1s very important that you rea lly  learn 

the information that you are asked to learn.
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INSTRUCTIONS

On the la s t page of this handout you w ill find a short reading passage.

You are to learn some of the information in:the reading passage. To find

which information you don't have to learn , look at the l i s t  on the next page.

The l is t  te lls  you which sentences in the reading passage not to learn. The l is t  

w ill d irect you to learn approximately h a lf of the sentences in the reading passage. 

Since the l i s t  is in the same order as the information in the reading passage 

(except some sentences are skipped) you won't have to waste time looking for the 

sentences we want you to learn.

Be sure that you study a l l  of the information in the sentences that you

have to learn. Some of the sentences contain several facts.

You may look at the 11st along with the reading passage. I f  you find i t  

help fu l, pull the pages apart and look a t the l i s t  and the reading passage 

side by side.

I t  is important that you underline the information in-', the passage which the 

l i s t  refers to . This w ill  be helpful to you.

You w il l  have 6 minutes to study the passage. I f  you fin ish  before the 

6 minutes are up, go back to the beginning and study the passage again (according 

to the instructions stated above).

Do not waste any of the 6 minutes. I t  is very important that you re a lly  learn 

the information which you are asked to learn.

N1



NAME: 1)1

INSTRUCTIONS

On the la s t page of th is handout you w ill find a short reading passage.

You are to learn some of the information in the reading passage. To find

which information you don't have to learn , look at the l i s t  on the next page.

The l is t  te lls  you which sentences in the reading passage not to learn. The l is t  

w ill d irect you to learn approximately h a lf of the sentences in the reading passage. 

Since the l is t  is in the same order as the information in the reading passage 

(except some sentences are skipped) you won't have to waste time looking fo r the 

sentences we want you to learn.

Be sure that you study a ll  of the information in the sentences that you

have to learn. Some of the sentences contain several facts.

You may look at the l i s t  along with the reading passage. I f  you find i t

he lp fu l, pull the pages apart and look at the l i s t  and the reading passage

side by side.

I t  is important that you underline the Information 1n the passage which the 

l i s t  refers to . This w il l  be helpful to you.

You w il l  have 6 minutes to study the passage. I f  you fin ish  before the 6 

minutes are up, go back to the beginning and study the passage again (according to 

the instructions stated above). I f  you s t i l l  have time l e f t ,  go back fo r a th ird  

time.

Do not waste any of the 6 minutes. I t  is very important that you rea lly

learn the information that you are asked to learn.

N2
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NAME: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTRUCTIONS

On the next page of th is handout you w ill  find a short reading passage.

You are to learn a l l  o f the Information in the reading passage.

You w ill  have 6 minutes to study the passage. I f  you fin ish  before the 

6 minutes are up, go back to the beginning and study the passage again.

Do not waste any of the 6 minutes. I t  is  very Important that you learn the 

passage w e ll.
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INSTRUCTIONS

On the next page of th is handout you w ill find  a short reading passage.

You are to learn a l l  the information in the reading passage.

You w il l  have 6 minutes to study the passage. I f  you fin ish  before the 

6 minutes are up, go back to the beginning and study the passage again. I f  

you s t i l l  have time l e f t ,  go back to the beginning and study the passage fo r a 

third time.

Do not waste any of the 6 minutes. I t  is very important that you learn the 

passage w e ll.
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NAME: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Learn the information in a ll of the sentences which begin as follows:

1. John Payton was...

2. His father was...

3. When Payton w as...

4. Meanwhile, h e ...

5. In the Spring...

6. A fter much...

PA PAYTON
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NAME:

Learn the Information in  a ll  of the sentences which begin as follows:

1. Payton was. . .

2. A fter th e ...

3. A fter four years. . .

4. However, h is . . .

5. Ten years la t e r . . .

6. Soon a fte r  t h is . . .

IPB PAYTON
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Learn the information in a ll of the sentences except those which begin 

as follows:

1. Payton was. . .

2. A fter th e ...

3. A fter four years. . .

4. However, h is . . .

5. Ten years l a t e r . . .

6. Soon a fte r  t h is . . .

iNA PAYTON
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NAME: _ _ _ _ _ _ _ _ _ _  .__

Learn the information in a ll o f the sentences except those which begin 

as follows: /

1. John Payton was...

2. His father was...

3. When Payton was...

4. Meanwhile, h e ...

5. In the S p ring ...

6. A fter much...

NB PAYTON
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Learn the information in a ll  of the sentences which begin as follows:

1. Robert Fowler was.. .

2. His father was.. .

3. When Fowler was.. .

4. Meanwhile, h e . . .

5. In the Spring ...

6. A fter much...

PA FOWLER
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Learn the information in a ll  of the sentences which begin as follows:

1. Fowler w as ...

2. A fter th e . ..

3. A fter four yea rs .. .

4. However, h is . . .

5. Two years la t e r . . .

6. Soon a fte r  t h is . . .

‘ 'PB FOWLER



Learn the information in a ll  of the sentences except those which begin 

as follows:

1. Fowler w as...

2. A fter th e . . .

3. A fter four years. . .

4. However, h is . . .

5. Two years la t e r . . .

6. Soon a fte r t h is . . .

NA FOWLER
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Learn the information in a ll  o f the sentences except those which begin 

as follows:

1. Robert Fowler w as...

2. His father was.. .

3. When Fowler w as...

4. Meanwhile, h e ...

5. In the Spring ...

6. A fter much...

NB FOWLER
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JOHN PAYTON

John Payton was one of the fin e s t poets England has ever known. Payton 

was born in Northshlre a t the end of October, 1810. His father was a servant 

who worked in  the nearby town of Blackrock. When Payton was only five  years 

old, his father and mother died of pneumonia. A fter the death of his parents, 

Payton was le f t  as the eldest of s ix  orphans, and he was looked a fte r by his 

uncle. Meanwhile, he was attending a small school a t Greenmount where he met 

Steven Warren who la te r  became a close friend . A fter four years of apprenticeship, 

Payton entered Gate's Hospital, Brentford, as a medical student.

However, his ambitions now turned to w riting  poetry. In the Spring of 

1832 he wrote his long poem, Ode To Jup iter. Ten years la te r ,  in 1842, his 

brother Mathew le f t  England and emigrated to Norway. Soon a fte r th is , Payton 

began to suffer from cancer of the lungs and was cared fo r by his s is te r  

Charlotte. A fter much misery, he died in Geneva on April 12, 1859.
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ROBERT FOWLER

Robert Fowler was one of the fin e s t poets England has ever known. Fowler 

was born in Hampstead at the end of October, 1795. His father was a blacksmith 

who worked in the nearby town of Newland. When Fowler was only eight years 

old, his father and mother died of tuberculosis. A fter the death of his parents, 

Fowler was le f t  as the eldest of four orphans, and he was looked a fte r by his 

grandmother. Meanwhile, he was attending a small school a t Enfield where he met 

James Brock who la te r became a close friend . A fter four years of apprenticeship, 

Fowler entered Thomas's Hospital, Coleridge, as a medical student.

However, his ambitions now turned to w riting poetry. In the Spring of 

1818 he wrote his long poem, Youth And Love. Two years la te r ,  1n 1820, his 

brother George le f t  England and emigrated to France. Soon a fte r  th is , Fowler 

began to su ffer from heart disease and was cared fo r by his aunt Grace.

A fter much misery, he died in Rome on February 23, 1823.



KARISOON

Karisoon is an island o ff  the coast of B razil. Tuna is the most popular 

food fish caught in  the offshore waters. In addition, f e r t i l i z e r  is manufactured 

from Menhaden, a nonedible fis h . Karisoon has many lakes and rivers in the 

mountainous northern region. Lake Cadorus, with an area of one hundred square 

miles, is the largest lake. Good hunting fo r rabbit is found along these 

lakes and streams, but in  the more remote regions of the island, deer abound. 

There is a hunting season of four weeks on most game.

Climate variations enable Karisoon to produce a d ivers ity  of crops.

Tobacco is grown throughout most of the central region of Karisoon. Brahma 

ca ttle  are raised on the p ra irie  lands west of the capital of Leetown. Karisoon 

ranks th ird  in the world in the production of phosphate rock. Commercially 

important clays, lik e  Kaolin, are also found in abundance. Many islanders also 

work in the clothing factory which was b u ilt  in 1958.



NAME: CLASS NUMBER:
125

JOHN PAYTON 

Instructions: Try to answer every question.

1. What was the name of the friend whom Payton met at school? ________________

2.  A fter Payton's parents died he was the eldest of how many orphans? ________

3. What was the name of Payton's long poem? ______________________

4.  How old was Payton at the time of his parents' death? _________________

5. Payton served an apprenticeship at a small school in what c ity  in England?__

6. How did Payton's fa ther earn a living? _________________________

7. In what c ity  was the hospital in which Payton was a medical student? ______

8. What was the name of Payton's brother who emigrated? ____________________

9. In what c ity  did Payton die? __________________________

10. What disease did Payton suffer from? __________________________

11. Of what did Payton's parents die? ______ -____ ________________

12. To what country did Payton's brother emigrate? ________________________

13. In what year was Payton born? ________________

14.  A fter Payton's apprenticeship he entered what hospital as a medical student?

15. In what year did Payton die? _____________

16. Who took care of Payton before he died? _____________________

17. In what c ity  was Payton born? ________________________

18. A fter Payton's parents died, who looked a fte r  him? ________________________

19. In what year did Payton w rite  a long poem? _________________

20.  In what town did Payton's father work? ______________________ __
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JOHN PAYTON 

Instructions: Try to answer every question.

1. In what c ity  was Payton born? ________________________

2. How did Payton's father earn a living? ________________________

3. In what c ity  was the hospital in which Payton was a medical student? _____

4.  Of what did Payton's parents die? _________________________

5. What was the name of the friend whom Payton met at school? ______________

6. In what year did Payton die? ________________

7. A fter Payton's  parents died, he was the eldest of how many orphans? _____

8. Payton served an apprenticeship at a small school in  what c ity  in England?

9.  What was the name of Payton's brother who emigrated? ___________________

10. How old was Payton at the time of his parents' death? ________________

11. A fter Payton's apprenticeship he entered what hospital as a medical student?

12. What was the name of Payton's long poem? ______

13. In what year did Payton w rite  a long poem? _______________

14. A fter Payton's parents died, who looked a fte r  him? _____________________

15. What disease did Payton suffer from? ____________________

16. To what country did Payton's brother emigrate? _______________________

17. In what town did Payton's father work? _____________________ ___

18. In what c ity  did Payton die? _________________________

19. In what year was Peyton born? ________________________ _

20. Who took care of Payton before he died? __________ ;___________ _
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NAME:

JOHN PATTON

Instructions: Circle the correct answer to each question. Please
answer every question. There are 20 questions.

1. To what country did Payton's brother emigrate?
A. Spain D. Norway
B. France E. None of these
C. Holland

6. What was the name of Payton's brother 
who emigrated?'

A. George D. Mathew
B. Arthur E. None of these
C. David

2. In what year did Payton write a long poem?

A. 1832 D. 1793
B. 1818 E. None of these
C. 1840

7. Payton served an apprenticeship at a 
small school in what city in England?

A. Enfield D. Lennox
B. Brooksville E. None of these
C. Greenmount

3- In what city was Payton born?
A. Ridgewood D. Hampstead
B. Northshire E. None of these
C. Linnedale

8. How old was Payton at the time of 
his parents' death?

A. two D. eight
B. eleven E. None of these
C. five

4. How did Payton's father earn a living?

A. farmer D. butler
B. servant E. None of these
C. blacksmith

9. In what year was Payton born?

A. 1795 D- 1810
B. 1780 E. None of these
C. 1843

5. In what year did Payton die?

A. 1806 D. 1859
B. 1750 E. None of these
C. 1823

10. In what city did Payton die?
A. Rome D. Copenhagen
B. Geneva E. None of thesi
C. Lisbon



JOHN PATTON (continued)
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11• After Payton's parents died, who 
looked after him?

A. uncle D. cousin

B. grandmother E. None of these
C. nurse

16. After Payton's parents died, he was the 
eldest of how many orphans?
A. six D. four
B. nine E. None of these
C. seven

12. What was the name of Payton's long 
poem?

A. Joy Of Soring D. Youth And
B. Hone And Innocence I*2Y®
n m t -a. E. None ofC. Ode To Junxter ^

17. After Payton's apprenticeship he entered 
what hospital as a medical student?
A. Lord's Hospital D. Gate's Hospital
B. King's Hospital E. None of these
C. Thomas's Hospital

13- In what town did Payton's father 
work?
A. Blackrock D. Wingate
B. Medeland E. None of these
C. Newland

18. Of what did Payton's parents die?

A. cholera D. cancer
B. pneumonia E. None of these
C. tuberculosis

14. Who took care of Payton before he 
died?
A. his brother, John
B. his sister, Charlotte
C. his cousin, Margaret
D. his aunt, Grace
E. None of these

19. What disease did Payton suffer from?
A. heart disease D. malaria
B. brain lesion E. None of these
C. cancer of the lungs

15. In what city was the hospital in
which Payton was a medical student?
A. Thayerville D. Coleridge
B. Southwyke E. None of these
C. Brentford

20. What was the name of the friend whom Payton 
met at school?

A. James Brock D. Gregory Foster
B. Steven Warren E. None of these
C. Elery Grant



NAME: CLASS NUMBER:
129

ROBERT FOWLER

Instructions: Try to answer every question.

1. What was the name of the friend whom Fowler met at school? ________________

2. A fter Fowler's parents died he was the eldest of how many orphans? ________

3. What was the name of Fowler's long poem? ________________________

4.  How old was Fowler at the time of his parents' death? ______________________

5 .  Fowler served an apprenticeship at a small school in what c ity  in England? _

6. How did Fowler's father earn a living? ___________________________

7. In what c ity  was the hospital in which Fowler was a medical student? _______

8. What was the name of Fowler's brother who emigrated? ______________________

9.  In what c ity  did Fowler die? ______________________________

10. What disease did Fowler su ffer from? ________________________________

11. Of what did Fowlerls parents die? ___________________________

12. To what country did Fowler's brother emigrate?  __________________________

13. In what year was Fowler born? _______________________________

14. A fter Fowler's apprenticeship he entered what hospital as a medical student?

15. In what year did Fowler die? ___________________

16. Who took care of Fowler before he died? ___________________

17. In what c ity  was Fowler born? ___________________________

18. A fter Fowler's parents died, who looked a fte r him?  ______________________

19. In what year did Fowler w rite a long poem? __________________

20. In what town did Fowler's father work? _____________________________
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ROBERT FOWLER 

Instructions: Try to  answer every question.

1. In what c ity  was Fowler born? __________________________

2.  How did Fowler's father earn a living? _________________________________

3. In what c ity  was the hospital in which Fowler was a medical student? _______

4.  Of what did Fowler's parents die? _____________________________

5.  What was the name of the friend whom Fowler met a t school? ________________

6. In what year did Fowler die? __________________

7.  A fter Fowler's parents died, he was the eldest of how many orphans? ________

8. Fowler served an apprenticeship at a small school in what c ity  in  England? _

9.  What was the name of Fowler's brother who emigrated? _______________________

10. How old was Fowler at the time of his parents' death? _____________________

11. A fter Fowler's apprenticeship he entered what hospital as a medical student?

12. What was the name of Fowler's long poem? __________________________ ____

13. In what year did Fowler w rite  a long poem? __________________________

14. A fter Fowler's parents died, who looked a fte r  him? ____________________

15. What disease did Fowler suffer from? ____________________ _

16. To what country did Fowler's brother emigrate? ____________________

17. In what town did Fowler's father work? _______________________

18. In what c ity  did Fowler die? ________________________

19. In what year was Fowler born? ________________________

20. Who took care of Fowler before he died? ___
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NAME:

ROBERT FOWLER

Instructions: Circle the correct answer to each question. Please
answer every question. There are 20 questions.

1. To what country did Fowler's brother emigrate?
A. Spain D. Norway
B. France E. None of these
C. Holland

6. What was the name of Fowler's brother 
who emigrated?
A. George . D. Mathew
B. Arthur E. None of these
C. David

2. In what year did Fowler write a long poem?

A. 1832 D. 1793
B. 1818 E. None of these
C. 1840

7. Fowler served an apprenticeship at a 
small school in what city in England?

A. Enfield D. Lennox
B. Brooksville E. None of these
C. Greenmount

3- In what city was Fowler bom?
A. Ridgewood D. Hampstead
B. Northshire E. None of these
C. Linnedale

8. How old was Fowler at the time of 
his parents' death?

A. two D. eight
B. eleven E. None of these
C. five

4« How did Fowler's father earn a living?

A. farmer D. butler
B. servant E. None of these
C. blacksmith

9. In what year was Fowler bom?
A. 1795 D. 1810
B. 1780 E. None of these
C. 1843

5. In what year did Fowler die?

A. 1806 D. 1859
B. 1750 E. None of these
C. 1823

10. In what city did Fowler die?

A. Rome D. Copenhagen
B. Geneva E. None of these
C. Lisbon
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ROBERT FCWLER (continued)

11. After Fowler's parents died, who looked 
after him?
A. uncle D. cousin
B. grandmother E. None of these
C. nurse

16. After Fowler's parents died, he was the 
eldest of how many orphans?

A. six
B. nine
C. seven

D. four
E. None of these

12. What was the name of Fowler's long 
poem? 17.

A. Joy Of Spring D.
B. Hope And Innocence
C. Ode To Jupiter E.

Youth And 
Love
None of these

After Fowler's apprenticeship he 
entered what hospital as a medical 
student?
A. Lord's Hospital
B. King's Hospital
C. Thomas's Hospital

D. Gate's 
Hospital

E. None of these

13. In what town did Fowler's father work?
A. Blackrock D. Wingate
B. Medeland E. None of these
C. Newland

18. Of what did Fowler's parents die?

A. cholera
B. pneumonia
C. tuberculosis

D. cancer
E. None of these

14. Who took care of Fowler before he 
died?
A. his brother, John
B. his sister, Charlotte
C. his cousin, Margaret
D. his aunt, Grace
E. None of these

19. What disease did Fowler suffer from?

A. heart disease D. malaria
B. brain lesion E. None of these
C. cancer of the lungs

15. In what city was the hospital in which 
Fowler was a medical student?

20. What was the name of the friend whom 
Fowler met at school?

A. Thayerville D.
B. Southwyke E.
C. Brentford

Coleridge 
None of these

A. James Brock
B. Steven Warren
C. Elery Grant

D. Gregory
Foster

E. None of these



NAME: C U S S  NUMBER:

AGE: 1. under 16
2. 16 -  17
3. 18 -  19

SEX: 1. male
2. female

EDUCATIONAL LEVEL: 1.
2 .
3.
4.
5.
6.

ETHNIC BACKGROUND: 1.
2 .
3.
4.
5.

4. 2 0 -  25
5. over 25

9th grade 

10th grade 

11th grade 

12th grade 

attending college 

college graduate

Black 

Hispanic 

Oriental 
American Indian 
other:



NAME: CLASS NUMBER:
134

TEST ATTITUDE SURVEY (TAS)

Instructions: Answer each of the following questions TRUE or FALSE.
Do not spend too much time on any one question.
Your f i r s t  reactions are the best.

  1. I f  I knew I was going to take an in te lligence te s t , I  would
feel confident and relaxed, beforehand.

__________  2. I  sometimes feel my heart beating very fa s t during important
t e s t s .

__________  3. I have an uneasy, upset fee ling  before taking a f in a l examination.

__________  4. During exams I sometimes wonder 1f I ' l l  ever get through school.

__________  5. I  wish examinations did not bother me so much.

__________  6. I rea lly  don't see why some people get so upset about tests.

__________  7. I  don't study any harder fo r f in a l exams than fo r the res t of
my course work.

__________  8. Even when I'm  well prepared fo r a te s t , I feel very anxious
about i t .

__________  9. Before an important examination I find  my hands or arms trembling.

___________  10. I seldom feel the need fo r "cramming" before an exam.



APPENDIX B

Raw Data

The raw data of  the main inves t ig a t io n  are l i s t e d  in th is  

appendix. The f i r s t  four numbers o f  each row indicate each sub ject 's  

l abe l .  The second four re f e r  to biographical information.  Then there  

are f i f t e e n  numbers which are the raw data in the fo l lowing order:

1. re levant  learn ing— te s t  1

2. incidental  learning learn ing— t e s t  1

3. t o t a l  learning learn ing— tes t  1 

k.  number o f  blanks— te s t  1

5. re levant  learn ing— te s t  2

6. incidenta l  learn ing— t e s t  2

7. t o t a l  learning— t e s t  2

8. number o f  blanks— te s t  2

9* t o t a l  in t rus ions— tes t  2

10. re levant  learn ing— te s t  3

11. inciden tal  learn ing— tes t  3

12. t o t a l  learn in g— te s t  3

13. number o f  blanks— test  3

14. t o t a l  in t rusions— te s t  3

15. "none o f  these" responses— tes t  3 (m ul t ip le  choice Ss only)

The scores indicated are based on the number o f  responses out of

a t o t a l  t e s t  o f  20 quest ions.  The number "99" indicates missing data.
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0101 2122 7. 0. 7. 5. 7. 0. 7. 12. 0. 6. 0. 6. 2. 5. 0.

0105 1221 if. 2. 6. 12. 3. 5. 8. 9. 1. 3- if. 7. 7. if. 0.

0106 1222 3- 1. 10. 7- 1. 8. 6. 0. if. 0. if. 1. if. 0.

0108 2232 5. if. 9. A. 5- 3- 8. 5. 0. if. 3. 7. 5. 2. 0.

0109 2235 6. 3. 9. 10. 6. 3. 9- 9. 0. 6. 3. 9. 9. 0. 0.

0110 2231 if. 1. 5- 12. 2. 0. 2. 9. 7. 7. 0. 3. 7. 7. 0.

0111 2231 if. 0. 1*. 16. 4. 0. if. 16. 0. if. 0. if. 16. 0. 0.

0112 2231 if. 1. 5. 11. 3. 1. if. 10. 2. 99. 99- 99. 99. 99. 99.

0113 1232 6. if. 10. 5. 7. 2. 9- 6. 1. 8. if. 12. 5. 1. 0.

0116 3123 6. 3. 9. 6. 8. 7- 15. 5. 0. 7. 6. 13. if. 1. 0.

0118 2132 3. 3. 6. 4. 1. 2. 3. 7. I . 1. 3. if. 6. 2. 0.

0119 2232 1*. 1. 5. 13. i». 1. 5- 12. 0. 3. 1. if. 9. if. 0.

Total  subjects in group was 12.
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0201 2221 3- 0. 3. 10. 4. 1. 5. 10. 0. 3. 0. 3. 0. 14. 2.

0202 1222 6. 2. 8. 6. 4. 1. 5. 7. 0. 8. 7. 15. 0. 4. 1.

0203 1221 8. 2. 10. 6. 8. 2. 10. 5- 2. 9. 4. 13. 0. 4. 1.

-3*OCMO

1232 5- 7. 12. 8. 4. 5. 9- 9. 2. 99. 99. 99. 99. 99- 99-

0205 1221 4. 4. 8. 9. 0. 0. 0. 0. 15. 5. 5. 10. 0. 2. 1.

0207 2233 6. 5. 11. 4. 5- 5. 10. 0. 3. 9. 10. 19. 0. 0. 1

0208 2121 6. 6. 12. 6. 6. 6. 12. 6. 0. 99. 99. 99. 99- 99. 99.

0209 2231 5. 0. 5. 13. 3- 0. 3. 3. 6. 99. 99. 99. 99. 99. 99.

0210 2135 2. 3. 5. 13. 3. 3. 6. 7. 2. 5- 6. 11. 0. 4. 2.

0211 2131 6. 3. 9. 3. 5. 4. 9.  5. 0. 6. 5. 11. 0. 6. 3.

0212 2231 3- 0. 3- 13. 2. 0. 2. 2. 7- 4. 0. 4. 0. 7. 1.

0202 2233 4. 2. 6. 8. 2. 1. 3. 15. 0. 4. 3. 7. 0. 8. 3.

0214 1222 6. 6. 12. 8. 8. 6. 14. 6. 0. 99. 99. 99. 99. 99. 99-

0215 2222 3. 3. 6. 5. 2. 3- 5. 0. 6. 4. 4. 8. 0. 7. 1.

0218 2132 6. 8. 14. 3. 7. 8. 15. 1. 1. 8. 8. 16. 0. 2. 2.

0220 1231 3. 0. 3- 15. 1. 0. 1. 2. 15. 2. 0. 2. 0. 18. 0.

Total  subjects in group was 16.
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0301 1222 6. 7. 13. 5. 6. 7. 13. 5. 0. 7. 6. 13. 5. 0. 0.

0302 1221 8. 8. 16. 2. 8. 8. 16. 0. 0. 9. 8. 17. 1. 0. 0.

0303 1222 8. 5. 13. 4. 8. 5- 13. 5. 0. 6. 7. 13. 4. 0. 0.

0304 2231 10. 9. 19. 0. 9. 9- 18. 2. 0. 1. 0. 1. 9. 7. 0.

0306 1221 6. 6. 12. 4. 3. 6. 9- 5. 5. 4. 5. 9. 1. 9. 0.

0307 1232 6. 7. 13. 4. 6. 6. 12. 5. 0. 6. 5. 11. 8. 0. 0.

0308 1231 3. 4. 7. 6. 2. 4. 6. 2. 3- 6. 6. 12. 7. 0. 0.

0309 2232 7- 8. 15. 1. 7. 8. 15- 2. . 0. 8. 8. 16. 2. 0. 0.

0310 2231 6. 6. 12. 6. 5. 5. 10. 6. 1. 6. 5. 11. 8. 0. 0.

0311 2231 6. 5. 11. 7. 5. 4. 9- 7. 0. 6. 5- 11. 7. 0. 0.

0312 2232 2. 5. 7. 10. 2. 5- 7. 10. 0. 3. 5. 8. 10. 0. 0.

0314 1221 8. 7. 15. 2. 8. 6. 14. 3. 0. 0. 1. 1. 11. 3. 0.

0315 1222 9. 9. 18. 1. 9. 9. 18. 1. 0. 9. 9. l8 . : . 0. 0. 0.

0316 1221 1. 0. 1. 17. 3. 1. 4. 14. 0. 4. 1. 5. 13. 0. 0.

0318 2231 4. 4. 8. 8. 4. 8. 12. 5. 0. 99. 99- 99- 99. 99. 99-

0319 2232 3. 7. 10. 7- 3. 7- 10. 7. 0. 3. 7. 10. 8. 0. 0.

0320 2232 10. 9. 19- 1. 10. 9- 19. 1. 0. 10. 10. 20. 0. 0. 0.

Total  subjects !n group was 17*
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0401 1221 4. 4 . 8 . 7 . 3 . 5 . 8 . 2 . 0 . 99- 9 9 . 9 9 . 9 9 . 9 9 . 99-

0402 1225 7- 5 - 12. 4 . 6 . 5 . 11. 5 . 0 . 9 . 6 . 15. 0 . 1. 2 .

O o VjJ 1221 8 . 6 . 14. 3 . 8 . 5 . 13- 4 . 0 . 9 - 6 . 15. 0 . 0 . 4 .

0404  2231 6 . 5. 11. 3 . 6 . 6 . 12. 1. 1. 7 . 8 . 15- 0 . 1. 3 .

0405  2221 6. 7 . 13. 2 . 5 . 7 . 12. 3 . 0 . 4 . 8 . 12. 0 . 0 . 8 .

0406 1222 5. 6 . 11. 5 . 5 - 6 . 11. 6 . 0 . 9- 8 . 17 . 0 . 0 . 3 .

0407  2235 8. 10. 18. 1. 9- 10. 19- 1. 0 . 9- 9 . 18. 0 . 1. 1.

0408  2231 6 . 4 . 10. 6 . 6 . 3 . 9 . 7 . 0 . 6 . 7 - 13. 1. 1. 4 .

O .e
-

o 1121 5- 8 . 13. 4 . 5 . 7 . 12. 4 . 0 . 10. 9 - 19. 0 . 0 . 0 .

o o 2231 8 . 10. 18. 1. 8 . 9 . 17. 3 . 0 . 8 . 10. 18. 0 . 0 . 2 .

0411 2231 7. 5 . 12. 5- 6 . 6 . 12. 6 . 0 . 8 . 6 . 14. 0 . 2 . 3 .

0412 2231 1. 1. 2. 8 . 1. 2 . 3 . 11. 2 . 2 . 4 . 6 . 1. 7 . 2 .

0413 2231 5 . 6 . 11. 9 . 6 . 6 . 12. 6 . 1. 6 . 7 - 13. 0 . 6 . 0 .

0404 1122 6. 8 . 14. 4 . 5 . 7 . 12. 7 . 0 . 9 9 . 99- 9 9 . 9 9 . 99- 99-

0415 1223 8. 6 . 14. 0 . 6 . 6 . 12. 0 . 0 . 8 . 7 . 15. 0 . 0 . 5 -

0416 1221 6. 9 - 15. 5 . 5. 9. 14. 5 . 1. 5 . 10. 15. 0 . 4 . 1.

COo

2132 6 . 7 . 13. 4 . 7 . 7 . 14. 2 . 1. 9 . 7 - 16. 0 . 3 - 0 .

0419  2231 7- 7. 14.  . 5 . - 5 . 7 . 12. 1. 1. 8 . 10. 18. 0 . 1. 0 .

0420 2231 4. 4 . 8 . 7 - 4 . 5- 9 . 7 . 0 . 5 . 6 . 11. 0 . 5- 4 .

T o ta l  sub jec ts  In group was 19.
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0501 1222 1. 0 . 1. 16. 0 . 0. 0 .  18. 0 . 1. 0 . 1. 19- 0 . 0 .

0502  2221 2. 3 . 5- 15- 1. 3 . 4 .  13. 1. 1. 0 . 1. 7 . 10. 0 .

0503 1222 5. 2. 7- 6 . 4 . 3 . 7 .  8 . 1. 5 - 1. 6 . 7 . 1. 0 .

0504  2231 7- 8 . 15. 0 . 6 . 7 . 13.  0 . 2 . 6 . 7 . 13- 1. 1. 0 .

0505 1221 7. 2 . 9- 9 . 4. 3 - 7 .  10. 0 . 5 . 2 . 7* 8 . 0 . 0 .

0506 1222 2. 0 . 2 . 16. 1. 0 . 1. 11. 7 . 0 . 0 . 0 . 14. 6 . 0 .

0507 2231 9 . 3 . 12. 5- 9 . 3- 12.  6 . 0 . 9 - 3 - 12. 6 . 0 . 0 .

0508  2235 6 . 8 . 11. 4 . 7 . 5- 12.  3 . 0 . 7 . 5 . 12. 5 . 0 . 0 .

0509 1221 7. 0 . 7 . 7 . 6 . 0 . 6 .  5 . 2 . 4 . 1. 5 . 14. 11. 0 .

0510 2131 4 . 4. 8 . 7 . 3 . 5- 8 .  11. 0 . 3 . 4 . 7 . 8 . 2 . 0 .

0511 2221 2. 4. 6 . 9 . 1. 3 . 4 .  1. 13. 3 . 5 . 8 . 2 . 8 . 0 .

0512 2232 2. 0. 2 . 4 . 1. 0 . 1.  16. 1. 1. 0 . 1. 9 - 8 . 0 .

0513 2231 6. 7 . 13. 6 . 6 . 5 . 11.  6 . 0 . 5 . 6 . 11. 4 . 0 . 0 ,

0514 1223 7- 5 . 12. 4 . 7 . 4 . 11.  4 . 1. 6 . 7 . 13. 3 . 0 . 0 .

0515 1222 7 . 7 . 14. 5 . 6 . 6 . 12.  7 . 0. 8 . 8 . 16. 4 . 0 . 0 .

0516  1221 4 . 3 . 7 - 11. 5 . 2 . 7 .  10 . 0 . 2 . 4 . 6 . 10. 2 . 0 .

0517 1121 2. 3 . 5- 5 . 2 . 3 - 5 -  13. 0 . 3 . 3 . 6 . 12. 0 . 0 .

0518 2231 0. 2 . 2 . 14. 0 . 0 . 0 .  9 . 11. 1. 1. 2 . 12. 2 . 0 .

0519 2231 3- 4 . 7 . 7 . 3 . 4 . 7 .  5 . 0 . 2 . 6 . 8 . 6 . 0 . 0 .

0520 2231 2. 2 . 4 . 11. 3 . 2 . 5 .  12. 0 . 3 . 1. 4 . 7 . 3 . 0 .

Total subjects in group was 20.
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0601 1221 4. 0 . 6 . 11. 4. 2 . 6 . 9. 1. 6 . 5. 11. 0 . 3. 3-

0602 1223 6 . 4. 10. 5- 6 . 4. 10. 4. 0 . 9. 7- 16. 0 . 1. 2 .

0603 1222 6 . 3- 9. 6 . 0 . 0 . 0 . 0 . 20 . 6 . 4. 10. 0 . 0 . 8 .

0604 2234 4. 1. 5. 11. 5. 2 . 7. 8 . 0 . 5. 6 . 11. 0 . 4. 1.

0605 1222 4. 1. 5. 15- 3. 1. 4. 8 . 7. 3. 2 . 5. 3- 11. 0 .

0606 1221 1. 2 . 3. 10. 11. 11. 2 . 11. 1. 3. 7. 10. 0 . 4. 2 .

0607 2231 0 . 3. 3. 13- 1. 3- 4. 8 . 2 . 3. 5- 8 . 0 . 8 . 1.

0608 2231 4. 3. 7. 9- 3. 4. 7. 8 . 0 . 3. 4. 7. 2 . 6 . 3 .

0609 1222 0 . 5. 5. 13- 4. 4. 8 . 10. 0 . - 4. 8 . 12. 1. 2 . 4.

0610 2221 6 . 4. 10. 6 . 7- 3. 10. 8 . 0 . 8 . 5. 13. 0 . 1. 6 .

0613 2121 3. 0 . 3. 17- 3. 0 . 3- 17- 0 . 3. 0 . 3. 10. 2 . 5.

0614 1221 5. 3. 8 . 8 . 4. 3. 7. 9. 1. 6 . 7. 13. 0 . 5. 1 .

0615 1222 8 . 7. 15- 0 . 8 . 5. 13. 0 . 2 . 8 . 9. 17. 0 . 0 . 3.

0617 1221 3. 7. 10. 8 . •4. 7. 11. 5- 0 . 4. 7- 11. 0 . 5. 2 .

0619 1231 5. 2 . 7. 13- 5. 2 . 7- 13. 0 . 8 . 4. 12. 0 . 7. 0 .

0620 2231 6 . 0 . 6 . 12. 6 . 0 . 6 . 12. 1. 6 . 3- 9. 0 . 6 . 4.

Total subjects in group was 16.



0701 1221 7- 8 . 15. 1. 7 . 9 .

0702 1221 10. 9- 19- 0 . 9 . 8 .

0703 1122 6. 6 . 12. 2 . 5 . 6 .

0704 1225 4. 1. 5 - 12. 3 . 2 .

0705 1221 4. 3 . 7 - 11. 4 . 3 .

0706 1221 7. 6 . 13. 6. 7 . 5 .

0707  2231 4 . 7- I I . 8 . 8 . 6 .

0708  2231 5 . 7 . 12. 4 . 5 . 5.

0709 2232 5- 5- 10. 7 . 4 . 5.

0710  2231 6 . 2 . 8 . 11. 8 . 5 .

0711 2232 7- 5- 10. 5. 7 . 5.

0712 2232 6. 6 . 12. 1. 5 . 6 .

0713 2231 1. 1. 2 . 13. 1. 2 .

0714  2231 7. 7. 15. 5- 7 . 8 .

0715 1225 10. 8 . 18. 0 . 10. 8 .

0717 1221 9- 8 . 17. 2. 8 . 6 .

071 9  2231 8. 8 . 16. 3- 8 . 7 .

0720  2231 9- 7- 16. 0 . 7 . 8 .

16. 1. 0 . 8 . 8 .  16. 4 . 0 .
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0 .

17- 1. 0 . 8 . 7 .  15. 0 . 0 . 0 .

11. 6 . 0 . 4 .
CMCO 5 . 2 . 0 .

5- 12. 0 . 3 - 1. 4 . 12. 0 . 0 .

7 . 11. 0 . 4 . 1 . 5 . 11. 0 . 0 .

12. 7- 0 . 6 . 6 .  12. 7 . 0 . 0 .

14. 5 . 0 . 6 . 7 .  13. 5- 0 . 0 .

10. 6 . 0 . 4 . 7 .  11. 5- 0 . 0 .

9 . 9 - 0 . 3 . 5 .  8 . 9 . 0 . 0 .

13. 3 . 0 . 6 . 6 .  12. 3 - 1. 0 .

12. 3 . 0 . 8 . 7 .  15. 2 . 0 . 0 .

11. 0 . 0 . 4 . 8 .  12. 0 . 0 . 0 .

3 . 12. 0 . 2 . 1.  3 . 10. 2 . 0 .

15. 4 . 0 . 7 . 8 .  15. 5 . 0 . 0 .

18. 1. 0 . 9 . CO 0 . 0 . 0 .

14. 4 . 0 . 7 . 5 .  12. 3 . I . 0 .

15. 1. 0 . 8 . 7 .  15. 0 . 0 . 0 .

15- 0 . 0 . 7 . 6 .  13. 0 . 1. 0 .

T o ta l  s u b je c ts  in group was 18.
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0801 1222 6. 5 . 11. 7 . 6 . 5 . 11. 8 . 0 . 9 . 7 . 16. 0 . 2 . 2 .

0802 1223 5. 1. 6 . 12. 5 . 1. 6 . 8 . 0 . 8 . 8 . 16. 0 . 1. 1.

0803 1222 6 . 7 . 13. 3 - 5- 3 . 8 . 6 . 0 . 7 . 8 . 15. 0 . 2 . 3 .

o 00 o 1222 5 . 4 . 9 . 8 . 3 . 6 . 9 . 7 . 2 . 8 . 5- 13. 0 . 5- 1.

LTVO00O

1221 4 . 5 . 9 . 9 - 5 . 3- 8 . 9 . 1. 6 . 7 . 13. 0 . 4 . 2 .

0806 2221 4. 4 . 8 . 11. 5 . 2 . 7. 7 . 0 . 8 . 3 . 11. 0 . 2 . 6 .

0807  2232 8 . 10. 18. 2 . 7 . 9 - 16. 2 . 0 . 9 . 10. 19. 0 . 1. 0 .

0808  2232 7 . 7- 14. 5- 5. 5 . 10. 4 . 4 . 7 . 7 . 14. 0 . 4 . 1.

0809  2232 8 . 7 . 15. 5- 7 . 6 . 13. 7 . 0 . 8 . 10. 18. 1. 0 . 1.

0810  2231 5. 5 . 10. 5- 6 . 5- 11. 3 . 1. 6 . 8 . 14. 0 . 2 . 3 .

0811 2232 5 . 6 . 11. 7- 1. 0 . 1. 5- 7 . 5 . 5- 10. 0 . 3 . 4 .

0812  3131 8 . 5- 13. 4 . 8 . 5 . 13. 5 . 1. 9 . 7. 16. 0 . 0 . 4 .

0813 1121 6. 8 . 14. 5 - 7 . 9 - 16. 2 . 0 . 10. 9* 19. 1. 0 . 0 .

0814  2232 4 . 4 . 8 . 3 . 4 . 3 - 7 . 2 . 4 . 6 . 6. 12. 0 . 2 . 5 .

0815  2222 7 . 5- 12. 4 . 6 . 4 . 10. 2 . 0 . 6 . 6 . 12. 1. 2 . 3 .

0816 1221 9 . 8 . 17. 0 . 8 . 7 - 15. 1. 0 . 10. 8 . 18. 0 . 0 . 2 .

0817 1221 6. 5 . 11. 6 . 5- 5 . 10. 8 . 0 . 9 . 6 . 15. 0 . 2 . 3 .

0819  1232 8 . 9 . 17. 1. 9- 8 . 17. I . 0 . 10. 10. 2 0 . 0 . 0 . 0 .

0820  2232 6 . 6 . 12. 6 . 7- 6 . 13- 5 . 0 . 9 9 . 99- 9 9 . 9 9 . 9 9 . 9 9 .

T o ta l  s u b je c ts  in group was 19-
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0901 2222 8 . 7. 15. 2 . 6. 6 . 12. 4 . 1. 4 . 6 . 10. 0 . 4 . 0 .

0902 1225 5. 5. 10. 5 . 4. 3 . 7 . 7 . 0 . 8 . 9 . 17. 1. 0 . 0 .

0903 1222 5. 4. 9 . 8 . 5. 2 . 7 . 10. 0 . 4 . 5 . 9 . 11. 0 . 0 .

0904 1222 5. 4 . 9 . 7 . 5. 3 . 8 . 7 . 0 . 10. 5 . 15. 1. 0 . 0 .

0905 1122 6. 9 . 15. 3 . 6. 7 . 13. 3 - 0 . 6 . 9 - 15. 2 . 0 . 0 .

0906 1221 4. 2. 6 . 10. 3 . 2 . 5- 4 . 9 . 3 . 2 . 5 - 13. 1. 0 .

0907 2232 10. 9 . 19. 0 . 9- 9 . 18. 1. 0 . 9 . 7 . 16. 1. 0 . 0 .

0908 2231 8. 6 . 14. 1. 5- 5 . 10. 4 . 1. 5 . 5- 10. 8 . 0 . 0 .

0909  2232 6 . 6. 12. 3 . 5. 5 . 10. 4 . 1. 4 . 7 . 11. 2 . 2 . 0 .

0910 1121 6. 5. 11. 8 . 5. 1. 6 . 8 . 2 . 99- 99- 9 9 . 99 . 9 9 . 0 .

0911 2231 8. 8. 16. 4 . 8. 5 . 13. 6 . 0 . 7 . 7 - 14. 6 . 0 . 0 .

0912 2232 4. 5. 9- 7 . 4 . 4 . 8 . 8 . 0 . 6 . 3 . 9 . 11. 0 . 0 .

0913 1122 5. 6 . 11. 0 . 5. 5 . 10. 0 . 4. 4 . 5 . 9 . 0 . 4 . 0 .

0914  2231 9 . 9. 18. 2 . 9 . 9 . 18. 2 . 0 . 9 . 8 . 17. 2 . 0 . 0 .

0915 1221 6. 4. 10. 6 . 5 . 4 . 9 . 8 . 0 . 6 . 2 . 8 . 11. 0 . 0 .

0916 1122 6. 6 . 12. 3 . 7. 5 - 12. 3 . 1. 6 . 6 . 12. 5 . 0 . 0 .

0917 1221 3. 3. 6 . 10. 1. 5 . 6 . 9 . 0 . 3 . 2 . 5- 13. 0 . 0 .

0919 2221 8. 7 . 15. 3 . 9. 8 . 17. 0 . 1. 8 . 7 . 15. 0 . 0 . 0 .

0920 2232 6. 8 . 14. 4 . 5- 6 . 11. 4 . 2. 5 - 6 . 11. 3 . 4 . 0 .

T o ta l  sub je c ts  In group was 19*
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1001 1222 5. 4. 9. 9- 5. 4. 9. 10. 0 . 7. 5- 12. 0 . 5. 2 .

1002 1222 7. 6 . 13- 6 . 6 . 4. 10. 7. 0 . 7. 2 . 12. 0 . 4. 4.

1003 1122 6 . 5- 11. 9- 4. 6 . 10. 9- 0 . 6 . 7. 13. 0 . 1. 6 .

1004 1222 7. 8 . 15. 3. 8 . 7- 15- 4. 0 . 9. 9. 18. 0 . 0 . 2 .

1005 2223 4. 6 . 10. 7. 5. 4. 9. 2 . 0 . 5. 9- 14. 1. 1. 1.

1006 1221 2 . 4. 6 . 10. 0 . 0 . 0 . 8 . 10. k. 5. 9. 1. 10. 0 .

1007 2232 6 . 7- 13- 5. 6 . 7- 13. 3. 0 . 8 . 9. 17. 0 . 0 . 3.

1008 2231 7. 9. 16. 2 . 7. 7. 14. 4. 0 . 10. 7. 17. 0 . 2 . 1.

1009 2232 4. 4. 8 . 6 . 3. 4. 7. 8 . 0 . 1. 1. 2 . 0 . 15. 2 .

1010 1122 4. 7. 11. 6 . 5- 5. 10. 5. 1. 8 . 7. 15. 0 . 2 . 3.

1011 2231 9. 9. 18. 0 . 8 . 9- 17- 0 . 0 . 99- 99. 99. 99. 99. 99.

1012 2231 8 . 8 . 16. 1. 6 . 6 . 12. 5. 0 . 7. 9. 16. 0 . 1. 3.

1013 2222 6 . 4. 10. 9. 3. 4. 7- 10. 0 . 9. 10. 19. 0 . 0 . 0 .

1014 3232 3. 5- 8 . 8 . 1. 3. 4. 7. 0 . 4. 4. 8 . 0 . 4. 2 .

1015 1122 8 . 9- 17- 2 . 8 . 9- 17. 1. 0 . 9. 6 . 15. 2 . 3. 0 .

1017 1221 6 . 7. 13. 4. 4. 6 . 10. 2 . 0 . 8 . 8 . 17. 0 . 1. 1.

1019 2231 4. 6 . 10. 7. 5. 5. 10. 5. 0 . 6 . 6 . 12. 0 . 5- 2 .

1020 2231 8 . 9. 17. 0 . 8 . 8 . 16. 0 . 0 . 7. 9. 16. 0 . 2 . 2 .

T o ta l  sub je c ts  In group was 18.
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1101 1221 4. 2 . 6 . 10. 5. 1. 6 . 6 . 0. 5- 1. 6 . 10. 0. 0.

1102 1221 5. 3. 8 . 9. 5. 3. 8 . 7- 0. 5- 3. 8 . 9 . 0. 0.

1103 2121 4. 1. 5. 15. 4. 1. 5. 14. 0. 4. 0. 4. 13. 0. 0.

1106 1221 5. 2 . 7. 8 . 4. 3. 7. 7. 0. 6 . 1. 7. 8 . 0. 0.

1107 2231 6 . 0. 6 . 12. 4. 1. 5. 12. 0. 5. 0. 5- 11. 0. 0.

1108 2231 5- 2 . 7. 8 . 5. 2 . 7. 9- 0. 5. 1. 6 . 8 . 0. 0.

1109 2131 2 . 1. 3. 15. 4. 1. 5. 13- 0. 5. 1. 6 . 7. 0. 0.

1110 1221 6 . 0. 6 . 4. 7. 0. 7. 5- 0. 2 . 2 . 4. 13. 0. 0.

1111 2232 2 . 1. 3. 13. 2 . 1. 3. 12. 0. 99. 99- 99. 99. 99. 99.

1112 2231 4. 2 . 6 . 3. 4. 2 . 6 . 2 . 0. 4. 2 . 6 . 2 . 0. 0.

1114 2231 6 . 5. 11. 9. 6 . 4. 10. 10. 0. 6 . 5. 11. 8 . 0. 0.

1115 1222 2 . 2 . 4. 10. 2 . 3. 5. 8 . 0. 7. 4. 11. 2 . 0. 0.

1116 1221 3. 1. 4. 16. 3. 1. 4. 16. 0. 3. 1. 4. 15- 0. 0.

1117 1221 3. 0. 3. 13. 3- 1. 4. 13. 0. 1. 1. 2 . 16. 0. 0.

1119 2232 7. 2 . 9. 9. 5. 3. 8 . 10. 0. 7. 1. 8 . 10. 0. 0.

1120 2232 7- 0. 7. 11. 7- 1. 8 . 7. 0. 8 . 0. 8 . 9. 0. 0.

Total subjects in group was 16.



1201 1221 7 . 3 . 10. 8 . 7 . 3. 10. 7 - 0 . 8. 5 . 13- 0 . 0 .
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4 .

1202 1222 4 . 1. 5 . 15. 4 . 1. 5 . 15- 0 . 6 . 5 - 11. 0 . 0 . 5 .

1203 1122 5 . 2. 7 . 6 . 5 . 4. 9 . 2 . 0 . 8 . 7 . 15. 0 . 0 . 1.

1204 1223 5 . 5. 10. 7- 5 . 5. 10. 6 . 0 . 9. 7 - 16. 0 . 0 . 1.

1205 1121 3 . 4. 7- 11. 4 . 4. 8 . 9 - 0 . 7. 7 . 14. 0 . 0 . 4 .

1206 1121 5. 6 . 11. 7 . 4 . 8 . 12. 5 - 0 . 7 . 5 . 12. 0 . 0 . 5 .

1207 2231 5. 0. 5- 9 . 5 . 0 . 5 . 8 . 0 . 7 . 3 . 10. 0 . 0 . 3 .

1208 2232 7 . 5 . 12. 7 . 6 . 5 . 11. 5 - 0 . 8 . 6 . 14. 0 . 0 . 1.

1209 1232 7 . 1. 8 . 0 . 6 . 1. 7 . 0 . 0 . 9 . 5 . 14. 0 . 0 . 3 .

1210 2231 7- 4. 11. 6 . 7 . 4 . 11. 5 . 0 . 7 . 4 . 11. 0 . 0 . 7 .

1211 2222 4 . 3 . 7 . 11. 4 . 3. 7 . 11 . 0 . 4 . 4 . 8 . 0 . 0 . 4 .

1212 2235 2 . 1. 3- 15. 2. 1. 3 . 16. 0 . 3 . 2 . 5- 13- 0 . 2 .

1213 2222 8 . 3. 11. 7 . 8. 5 . 13. 5 . 0 . 8 . 7 . 15. 2 . 0 . 3 .

1214 2231 7. 5. 12. 5 . 7. 5. 12. 4 . 0 . 9 . 5 . 14. 0 . 0 . 6 .

1215 1122 4 . I . 5 . 13. 4 . 0 . 4 . 11. 0 . 9 . 3 . 12. 0 . 0 . 3 .

1216 1221 6 . 0 . 6 . 14. 5 . 1. 6 . 14. 0 . 8 . 3 . 11. 0 . 0 . 4 .

1217 1225 6. 6. 12. 3 . 6 . 5 . 11. 5 . 0 . 9 . 8 . 17. 0 . 0 . 2 .

1219 2232 4 . 3 . 7 . 13. 4 . 4 . 8 . 12 . 0 . 7 . 7 . 14. 0 . 0 . 3 -

1220 2202 6 . 4. 10. 8 . 7 . 4 . 11. 7 . 0 . 7 . 8 . 15. 0 . 0 . 3 .

1221 2231 3 . 1. 4 . 5 . 3 . 2 . 5 . 1. 0 . 6 . 4 . 10. 0 . 0 . 3-

Total subjects in group was 20.
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1301 1221 5- 5 . 11. 4 . 6 . 5 . 11. 1. 0 . 9 9 . 9 9 . 9 9 . 9 9 . 9 9 . 99-

1302 1222 6 . 4 . 10. 7 - 5 . 4 . 9- 5 . 0 . 7 . 5 . 12. 4 . 0 . 0 .

1303 1221 6 . 4 . 10. 9 . 6 . 4 . 10. 8 . 0 . 5 . 4 . 9- 9 . 0 . 0 .

1304 1125 6 . 5 . 11. 4 . 7 . 5- 12. 2 . 0 . 6 . 4 . 10. 4 . 0 . 0 .

1305 1221 9 . 6 . 15. 4 . 7 . 7 . 14. 5 . 0 . 7 . 5 . 12. 6 . 0 . 0 .

1306 1221 5- 5 . 10. 7 . 5 . 6 . 11. 6 . 0 . 5 . 5- 10. 5 . 0 . 0 .

1307 2232 4. 6 . 10. 8 . 6 . 7 . 13- 7 . 0 . 7 - 6 . 13. 7 . 0 . 0 .

1308 1232 7. 7. 14. 3 . 7 . 7- 14. 4 . 0 . 6 . 9- 15. 3 . 0 . 0 .

1309 2222 6 . 4 . 10. 6 . 6 . 4 . 10. 5 . 0 . 5 . 5 . 10. 5 . 0 . 0 .

1310 2232 5- 5 . 10. 4 . 5 . 5- 10. 3 . 0 . 5 . 7 . 12. 3 . 0 . 0 .

1311 2221 7- 7 . 14. 3 - 7 . 7 . 14. 1. 0 . 8 . 6 . 14. 3 . 0 . 0 .

1312 2231 5 . 2 . 7 . 9- 6 . 2 . 8 . 5 . 0 . 5 . 2 . 7 - 7 . 0 . 0 .

1313 1221 7 . 10. 17. 5 . 8 . 10. 18. 0 . 0 . 8 . 10. 18. 0 . 0 . 0 .

1314 2121 4 . 6 . 10. 8 . 4 . 4 . : 8 . : 10. 0 . 4 . 4 . 8 . 9 . 0 . 0 .

1315 2121 2. 2 . 4 . 10. 2 . 2 . 4 . 11. 0 . 99- 99- 99 . 99 . 9 9 . 99 -

1316 1221 2. 2 . 4 . 14. 2 . 3 . 5- 13. 0 . 3 . 2 . 5- 14. 0 . 0 .

1317 1122 6. 7 . 13- 3 . 6 . 7 . 13. 4 . 0 . 6 . 7 . 13. 4 . 0 . 0 .

1319 2221 4 . 2 . 6 . 9- 4 . 2 . 6 . 11. 0 . 4 . 1. 5 . 7 . 0 . 0 .

1320 2232 6 . 6 . 12. 6 . 6 . 5- 11. 7 . 0 . 6 . 4 . 10. 6 . 0 . 0 .

T o ta l  s u b je c ts  in group was 19.
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H O I 1222 5. 4 . 9 - 8 . 5- 4 . 9 . 8 . 0 . 6 . 7 . 13- 0 . 0 . 3 -

1402 2121 6. 7 . 13- 4 . 5- 7 . 12. 5 . 0 . 6 . 8 . 14. I . 0 . 2 .

1403 1222 5. 4 . 9- 9 . 5- 4 . 9 . 6 . 0 . 6 . 5 . 11. 0 . . 0 . . 4 .

1404 1121 8. 6 . 14. 3 . 8 . 7- 15. 3 . 0 . 7 . 8 . 15- 1. 0 . 2 .

1405 1221 3 . 4 . 7 . 9 . 2 . 3 . 5 . 10. 0 . 3 . 4 . 7 . 0 . 0 . 2 .

1406 1222 8. 8 . 16. 0 . 8 . 8 . 16. 0 . 0 . 7 . 8 . 15. 0 . 0 . 3 .

1407 1232 7. 9 . 16. 4 . 9 - 10. 19. 1 . 0 . 9 . 10. 19- 0 . 0 . 1.

1408 2231 9 . 7 . 16. 2 . 9- 7- 16. 0 . 0 . 10. 9 . 19- 0 . 0 . 0 .

1409 2132 3- 5 . 8 . 8. 5- 4 . 9 . 8 . 0 . 8 . 7 . 15. 0 . 0 . 3 .

1410 2232 9 . 10. 19- 0 . 9 . 10. 19. 0 . 0 . 9 . 10. 19. 0 . 0 . 1.

1411 2221 3. 5 . 8 . 6 . 6 . 4 . 10. 4 . 0 . 7 . 4 . 11. 0 . 0 . 7 .

1412 2132 4. 6 . 10. 8 . 5 . 6 . 11. 6 . 0 . 7 . 7 . 14. 0 . 0 . 1.

1413 1221 3- 8 . 14. 4 . 6 . 8 . 14. 4 . 0 . 8 . 8 . 16. 3 . 0 . 0 .

1414 2231 5. 9 . 14. 4 . 5 . 9 . 14. 3 . 0 . 9 . 9 . 18. 0 . 0 . 1.

1415 1211 2 . 3 . 5 . 11. 1. 3 - 4 . 14. 0 . 4 . 4 . 8 . 0 . 0 . 7 .

1417 1121 5. 5 . 10. 5 . 5 . 6 . 11. 2 . 0 . 5 . 7 . 12. 1. 0 . 3 .

1419 2231 5 . 5 . 10. 7- 5 . 6 . 11. 7 . 0 . 8 . 6 . 14. 0 . 0 . 3 .

1420 2235 7- 7 . 14. 5- 9 . 9 . 18. 0 . 0 . 10. 10. 2 0 . 0 . 0 . 0 .

T o ta l  sub jec ts  in group was 18.



APPENDIX C

A n alys is  o f  V ar ian ce  Tables .

The one-way ana lys is  o f  variance tables based on the raw data 

w i l l  be found in th is  appendix. The order o f the tab les  is as fo llows:

1. Test 1 re levant learning

2 . Test 1 inc identa l learning

3. Test 1 to ta l  learning

k. Test 1 blanks

5. Test 2 re levant learning

6 . Test 2 inc identa l learning

7. Test 2 to ta l  learning

8 . Test 2 blanks

9- Repeated Measures (RM)— Rel 1, Incid 1, Rel 2, Incid 2: PI Ss.

10. Same fo r  Ps Ss

11. Same fo r  N1 Ss

12. Same fo r  N2 Ss

13. Same fo r  No d ire c .  w ith  in te rfe ren ce  Ss

H . Same fo r  PI neutral Ss

15- Same fo r  No d ire c .  neutral Ss

16. Repeated Measures (RM)— Rel 1, Incid 1, Rel 2, Incid 2,

Rel 3 , Incid 3:  PI Ss w ith  completion te s t  3

17. RM (Same as above): PI Ss w ith  m u lt ip le -ch o ice  te s t  3

18. Same fo r  P2 Ss, completion

19. Same fo r  P2 Ss, m u lt ip le -ch o ice
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20. Same fo r  N1 Ss, completion

21 . Same fo r  N1 Ss, m u lt ip le -ch o ice

22. Same fo r  N2 Ss, completion

23- Same fo r  N2 Ss, m u lt ip le -ch o ice

24. Same fo r  No d i r e c . ,  in te r fe ren ce  Ss, completion

25- Same f o r  No d i r e c . ,  in te rfe rence  Ss, m u lt ip le -ch o ice

26. Same fo r  PI neutra l Ss, completion

CM Same fo r  PI neutra l Ss, m ult ip le -ch o ice

•COCM Same fo r  No d ire c .  neutra l Ss, completion

29. Same fo r  No d ire c .  neutra l Ss, m u lt ip le -ch o ice

30. Test 1 re levan t— Test 2 re levant

31. Test 1 in c id e n ta l— Test 2 inc identa l

•CM Test 2 re levan t intrusions

33- Test 2 inc identa l in trusions

I k . Test 2 to ta l in trusions

35. Test 3 re levant intrusions

36. Test 3 inc idental intrusions

37- Test 3 to ta l intrusions

CO Repeated Measures in trus ions— Rel 1, Incid 1, Rel 2,

Incid 2: Pi Ss.

39. Same fo r  Ps Ss

40. Same fo r  N1 Ss

41. Same f o r  N2 Ss

42. Same fo r  No d i r e c . ,  in te r fe ren ce  Ss

43. RM In trus ions: Test 2 Rel— Test 3 Rel vs. Test 2 in c id — 

Test 3 Incid: Pi Ss



kk.  Same fo r  P2 Ss

kS- Same fo r  N1 Ss

J»6 . Same fo r  N2 Ss

47. Same fo r  No d i r e c . ,  in te r fe ren ce  Ss.
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A n a lys is  o f  V a r ia n ce — 1

Source Sum o f  Squares df Mean Square F Ratio

Between groups 131-4630 6 21.9105 5.6045

W ithin groups 938.2681 240 3.9094

Total 1069-7310 246 £  < .01

Analysis o f  Variance— 2

Source Sum o f  Squares df Mean Square F Ratio

Between groups 667.5017 6 111.2503 23.8090

W ithin groups 1121.4265 240 4.6726

Total 1788.9282 246 A O

Analysis o f  Variance— 3

Source Sum o f  Squares df
«

Mean Square F Ratio

Between groups 1315.6428 6 219.2738 16.6890

Within groups 3153.3083 240 13.1388

Total 4468.9492 246 £  < .01

Analysis o f  Variance— 4

Source Sum o f  Squares df Mean Square F Ratio

Between groups 871.9490 6 145.3248 10.8228

W ithin groups 3222.6506 240 13.4277

Total 4094.5996 246 £  < .01
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A n a ly s is  o f  V a r ia n ce — 5

Source Sum o f  Squares df Mean Square F Ratio

Between groups 133-5383 6 22.2564 4.9469

Within groups 1079-7798 240 4.4991

Total 1213.3181 246 £  < .01

Analysis o f  Variance— 6

Source Sum o f  Squares df Mean Square F Ratio

Between groups 556.7317 6 92.7886 19.8058

W ithin groups 1124.3835 240 4.6849

Total 1681.1152 246 £  < .01

Analysis o f  Variance— 7

Source Sum o f  Squares df Mean Square F Ratio

Between groups 595-9812 6 99.3302 6.8648

Within groups 3472.6775 240 14.4695

Total 4068.6587 246 1*0 A O

Analysis o f  Variance— 8

Source Sum o f  Squares df Mean Square F Ratio

Between groups 1169-4880 6 194.9147 13.2297

Within groups 3535-9539 240 14.7331

Total 4705.4414 246 A O



A n a ly s is  o f  V a r ia n ce — 9
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Source Sum o f  Squares df Mean Square F Ratio

Between people 314.02 26

W ithin people 242.75 81

Treatment 86.10 3 28.70 14.29

Residual 156.65 78 2.01

Total 556.77 107 £  < .01

Analysis o f Variance— 10

Source Sum o f  Squares df Mean Square F Ratio

Between people 534.58 35

W ithin people 134.25 108

Treatment 7-85 3 2.62 2 ; 17

Residual 126.40 105 1.20

Total 668.83 143 £  < .10

Analysis o f  Variance— 11

Source Sum o f  Squares df Mean Square F Ratio

Between people 499-39 35

Within people 306.50 108

Treatment 46.28 3 15.43 6.22

Residual 260.22 105 2.48

Total 805.89 143 £  < .01



A n a ly s is  o f  V a r ia n c e — 12
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Source Sum o f  Squares df Mean Square F Ratio

Between people 524.23 36

Within people 164.50 111

Treatment 18.68 3 6.23 4.61

Residual 145.82 108 1.35

Total 688.73 147 £  < .01

Analysis o f  Variance- -13

Sou rce Sum o f  Squares df Mean Square F Ratio

Between people 517.70 36

W ithin people 132.00 111

Treatment 27-32 3 9.11 9.40

Residual 104.68 108 0 .97

Total 649.70 147 A O

Analysis o f Variance- -14

Source Sum o f  Squares df Mean Square F Ratio

Between people 270.22 35

Within people 367-00 108

Treatment 212.06 3 70.69 47.90

Residual 154.94 105 1.48

Total 637-22 143 £  < .01



A nalys is  o f  V a r ia n c e — 15

157

Source Sum of Squares df Mean Square F Ratio

Between people 506.77 36

W ithin people 124.50 111

Treatment 2 .84 3 0.95 0.84

Residual 121.66 108 1.13

Total 631.27 147 n .s .

Analysis o f  Variance— 16

Source Sum o f Squares d f Mean Square F R atio

Between people 123.08 9

W ithin people 149.50 50

Treatment 71.48 5 14.30 8 .25

Residual 78.02 45 1.73

Total 272.58 59 £  < .01

Analysis o f  Variance— 17

Source Sum o f Squares df Mean Square F R atio

Between people 275.67 11

W ithin  people 214.33 60

Treatment 89.17 5 17.83 7.84

Residual 125.17 55 2.28

Tota l 490.00 71 £ <  .01



A n a ly s is  o f  V a r ia n ce — 18

158

Source Sum of Squares df Mean Square F Ratio

Between people 371.96 15

Within people 255.67 80

Treatment 11.25 5 2.25 0.69

Residual 244.42 75 3.26

Total 627.63 95 n .s .

Analysis o f  Variance- -19

Source Sum o f  Squares df Mean Square F Ratio

Between people 254.33 16

Within people 159.17 85

Treatment 40.68 5 8.14 5.49

Residual 118.49 80 1.48

Total 413.50 101 £  < .01

Analysis o f Variance- -20

Source Sum o f  Squares df Mean Square F Ratio

Between people 546.20 19

Within people 211.67 100

Treatment 23.07 5 4.61 2.32

Residual 188.60 95 1.99

Total 757.87 119 £  < .05



A n alys is  o f  V a r ia n c e — 21

159

Source Sum o f  Squares df Mean Square F Ratio

Between people 215.16 15

Within people 321.83 80

Treatment 105.80 5 21.16 7.35

Residual 216.03 75 2.88

Total 536.99 95 £  < .01

Analysis o f  Variance— 22

Source Sum o f  Squares df Mean Square F Ratio

Between people 433.^9 17

Within people 115.50 90

Treatment 6.60 5 1.32 1.03

Residual 108.90 85 1.28

Total 548.99 107 n .s .

Analysis o f  Variance— 23

Source Sum o f  Squares df Mean Square F Ratio

Between people 264.75 17

Within people 241.50 90

Treatment 110.53 5 22.11 14.35

Residual 130.97 85 1.54

Total 506.25 107 £  < .01



A n a ly s is  o f  V a r ia n c e — 2k

160

Source Sum o f  Squares df Mean Square F Ratio

Between people 315.^1 17

Within people 150.33 90

Treatment 12.63 5 2.53 1.56

Residual 137.70 85 1.62

Total 465-74 107 n .s .

Analysis o f  Variance- -25

Source Sum o f  Squares df Mean Square F Ratio

Between people 311.35 16

W ithin people 201.17 85

Treatment 51.93 5 10.39 5 .57

Residual 149.24 80 1.87

Total 512.52 101 £  < .01

Analysis o f  Variance- -26

Source Sum of Squares df Mean Square F Ratio

Between people 77-62 \k

W ithin people 321.50 75

Treatment 210.19 5 42.04 26.  kk

Residual 111.31 70 1.59

Total 399.12 89 £  < .01



A n a ly s is  o f  V a r ia n ce — 27

161

Source Sum o f  Squares df Mean Square F Ratio

Between people 208.97 19

Within people 412.33 100

Treatment 255-50 5 51.10 30.95

Residual 156.83 95 1.65

Total 621.30 119 A O

Analysis o f  Variance- -28

Source Sum o f  Squares df Mean Square F Ratio

Between people 251.04 16

W ithin people 91.67 85

Treatment 7.06 5 1.41 1.33

Residual 84.61 80 1.06

Total 342.71 101 n .s .

Analysis o f Variance- -29

Source Sum o f  Squares df Mean Square F Ratio

Between people 377.05 17

Within people 140.83 90

Treatment 47.16 5 9.43 8.56

Residual 93.68 85 1.10

Total 517.88 107 E. < - 01



A n a ly s is  o f  V a r ia n ce — 30

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F Contribution  to  R. Sq.

Total 6.1809 246

Mean 0.2441 1 0.2441 10.3437 0.001,5

G 0.3076 6 0.0513 2.1721 0.0464 0.0517

Error 5.6407 239 0.0236

R Square = 0.0517

Analysis o f  Variance— 31

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F Contribution  to  R. Sq.

Total 6.9939 246

Mean 0.1788 1 0.1788 7.0132 0.0086

G 0.7161 6 0.1193 4.6815 0.0002 0.1052

Error 6.0929 239 0.0255

R Square = 0.1052

ON
to



A n a ly s is  o f  V a r ia n c e — 32

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F Contribution  to  R. Sq.

Total 406.0000  

Mean 68.3362

174

1 68.3362 35.7986 0.0000

G 21.2337 4 5.3084 2.7809 0.0285 0.0618

Error 322.6054  

R Square = 0.0618

169 1.9089

Analysis o f  Variance— 33

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F Contribution  to  R. Sq.

Total 370.0000  

Mean 55.1862

174

1 55.1862 31.8662 0.0000

G 28.6801 4 7.1700 4.1402 0.0032 0.0892

Error 292.6762  

R Square = 0.0892

169 1.7318

o\u



A n a ly s is  o f  V a r ia n c e — 34

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F C ontribution to R. Sq.

Total 1454.0000 

Mean 246.4047

174

1 246.4047 36.7033 0.0000

G 98.6509 4 2k . 6627 3.6736 0.0068 0.0800

Error 1134.5675 

R Square = 0.0800

169 6.7134

Analysis o f  Variance— 35

Source Sum o f  Squares df Mean Square F Ratio P ro b a b i l i ty  o f  Larger F Contribution  ro R. Sq.

Total 783.0000 163

Mean 256.6032 1 256.6032 91.5118 0.0000

G 101.1654 9 11.2406 4.0087 0.0001 0.1908

E rror 429.0187 153 2.8040

R Square = 0.1908

0\■e-



A n a ly s is  o f  V a r ia n c e — 36

Source Sum o f Squares df Mean Square F R atio P ro b a b ility  o f Larger F C ontribu tion  to  R. Sq.

Total 817.0000 163

Mean 282.2733 1 282.2733 106.8566 0.0000

G 174.7417 9 19.4157 7.3500 0.0000 0.3018

Error 4o4 . 1663 153 2.6416

R Square -  0.3018

A nalysis o f  Variance— 37

Source Sum o f Squares df Mean Square F R atio P ro b a b ility  o f Larger F C o ntribu tion  to  R. Sq.

Tota l 2849.0000 163

Mean 1072.2958 1 1072.2958 118.1869 0.0000

G 484 .1561 9 53.7951 5.9292 0.0000 0.2586

E rro r 1388.1506 153 9.0729

R Square = 0.2586

ON
V I



A n a ly s is  o f  V a r ia n ce — 38

166

Source Sum of Squares df Mean Square F Ratio

Between people 35.91 10

Within people 46.00 33

Treatment 16.27 3 5.42 5-47

Residual 29.73 30 0.99

Total 81.91 43 £  < .01

Analysis o f Variance- -39

Source Sum o f  Squares df Mean Square F Ratio

Between people 53.75 15

W ithin people 24.00 48

Treatment 1.63 3 0.54 1.09

Residual 22.38 45 0.50

Total 77.75 63 n .s .

Analysis o f  Variance- -40

Source Sum o f  Squares df Mean Square F Ratio

Between people 169.14 19

Within people 81.75 60

Treatment 0.74 3 0.25 0.17

Res i dua1 81.01 57 1.42

Total 250.89 89 n .s .



167

A nalysis of Variance— Al

Source Sum o f Squares df Mean Square F Ratio

Between people 2.07 17

W ithin  people 8.25 5A

Treatment 0.71 3 0.2A 1.60

Residual 7.5A 51 0.15

Total 10.32 71 n .s .

A nalysis o f Variance— A2

Source Sum o f Squares df Mean Square F R atio

Between people A2.2A 17

W ithin people 39.75 5A

Treatment A.38 3 1.A6 2.10

Res idual 35.38 51 0.69

Total 81.99 71 n .s .

A nalysis o f Variance— A3

Source Sum o f Squares df Mean Square F R atio

Between people A.80 11

W ith in  people 0.78 12

Treatment 0.37 1 0.37 9.88

Residual 0.A1 11 0.0A

Total 5-58 23 £  < -01



A n alys is  o f  V a r ia n ce — 44

168

Source Sum o f  Squares df Mean Square F Ratio

Between people 1.50 15

Within people 0.10 16

Treatment 0.00 1 0.00 0.21

Res i duaI 0.10 15 0.01

Total 1.60 31 n .s .

Analysis o f  Variance- -45

Source Sum of Squares df Mean Square F Ratio

Between people 2.51 19

W ithin people 0.50 20

Treatment 0.02 1 0.02 0.70

Residual 0.49 19 0.03

Total 3.01 39 n .s .

Analysis o f  Variance- -46

Source Sum of Squares df Mean Square F Ratio

Between people 0.98 17

Within people 1.22 18

Treatment 0.03 I 0.03 0.39

Residual 1.19 17 0.07

Total 2.20 35 n .s .



A n a ly s is  o f  V a r ia n ce — 47

169

df Mean Square F Ratio

17

18 

1

17

35

0.00

0.02

0.00

n .s .

Source Sum of Squares

Between people 

W ithin people 

Treatment 

Residual 

Total

1.09

0.35

0.00

0.35

1.44


