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PRE-EXPERIMENTAL WORD FREQUENCY AND IMAŒRY

IN VERBAL DISCRIMINATION LEARNING

INTRODUCTION

The purpose o f th e  p re se n t experim ent was to  in v e s t ig a te  v e rb a l 

d is c r im in a tio n  (VD) le a rn in g  as a fu n c tio n  o f word frequency and word 

im agery. In  th e  VD le a rn in g  ta sk  p a ir s  o f item s a re  p re sen te d  to  th e  

who must le a rn  which menber o f  each p a i r  has been a r b i t r a r i l y  d e s ig ­

na ted  by E as th e  r ig h t  (R) item , th e  o th e r  member being  th e  wrong (W) 

item . According to  a  th eo ry  proposed by E kstrand , W allace and Underwood 

(1966) Ss perform  th e  ta sk  by d is c r im in a tin g  frequency d if fe re n c e s  which 

accrue to  th e  R and W item s o f  each p a i r .  An item  gains frequency in c r e ­

ments as a r e s u l t  o f  be in g  seen , g iven as a response , o r re h e a rse d .

These s u b je c t iv e  freq u en c ies  a re  r e f e r r e d  to ,  r e s p e c tiv e ly , as re p re s e n t­

a t io n a l  responses (RRs), p ro n u n c ia tio n  responses (PRs) and r e h e a r s a l-o f -  

c o r r e c t - a l te r n a t iv e  responses (RCRs). R ight item s b u ild  up frequency 

f a s t e r  th an  W item s , and Ss come to  respond w ith  th a t  member o f  each 

p a i r  which has the  g re a te r  s u b je c tiv e  frequency (Rule 1 s t r a t e g y ) . S ince  

frequency d if fe re n c e  i s  posed as th e  m ajor cue in  VD le a rn in g , any mani­

p u la t io n  which would reduce th i s  frequency d if fe re n c e  should  in c re a se  th e  

d i f f i c u l ty  o f  the  ta s k .  C onversely , any m anipulation  which would in c re a s e  

th e  frequency d if fe re n c e  should  d ecrease  th e  d i f f i c u l ty  o f  th e  ta s k .  And 

as an e x p lan a tio n  o f  VD a c q u is i t io n ,  frequency th eo ry  has re c e iv e d  resound­

in g  siq>port from numerous la b o ra to r ie s  m anipu lating  th e  v a rio u s  responses
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c o n tr ib u tin g  to  th e  frequency d i f f e r e n t i a l  ( e .g . ,  Dominowski, 1966; Kanak, 

1968; K ausler and S a rd e llo , 1967).

The scope o f  th e  th eo ry  was c le a r ly  r e s t r i c t e d  to  frequency u n its  

gen era ted  during  a la b o ra to ry  p ra c t ic e  s e s s io n . However, E kstrand  e t  a l .  

a lso  noted the  p o ss ib le  r o le  o f  p re -ex p erim en ta l item  frequency as a  v a r i ­

ab le  in  a f fe c t in g  i n t r a - p a i r  d is c r im in a tio n . They su g g ested  th e  p o s s ib i l i t y  

o f  an in v e rse  r e la t io n  betw een p re -ex p e riraen ta l frequency and th e  r a t e  o f 

VD le a rn in g  w ith th e  b a s is  f o r  th i s  hy p o th esized  r e la t io n  be in g  a  p r in c ip le  

ak in  to  W eber's Law of p sychophysics. This analogy in ç l ie s  th a t  p re -e x p e r i­

m ental frequency u n i ts  fu n c tio n  j u s t  as experim en tal u n i ts  do and, hence, 

d i f f e r e n t i a l  increm ents f o r  W and R item s on th e  l a t t e r  a re  e a s ie r  d e te c te d  

when th e  base le v e l  fo r  p re -e x p erim e n ta l frequency o f  th e  p a i r  i s  low r e l ­

a tiv e  to  when i t  i s  h ig h . And fu rth erm o re , i f  i n t r a - p a i r  p re -ex p e rim en ta l 

frequency i s  v a r ie d , s t a r t s  th e  VD ta sk  w ith  a p o te n t ia l ly  d is c r im in a tiv e  

cue th a t  d i f f e r e n t i a l  increm ents in  e jq ierim ental frequency u n i ts  to  W and R 

item s enchance o r m it ig a te .

Skeen (1970) sup p o rted  th e  Weber Law c o ro lla ry  when he v a r ie d  frequency 

o f s tim u lu s  m a te ria l v ia  f r e e - r e c a l l  t r a in in g  p r io r  to  VD a c q u is i t io n  t r a i n ­

ing on a  l i s t  mixed fo r  i n t e r - p a i r  frequency . That i s ,  w ith in  any g iven 

p a i r ,  item s were e q u a l in  frequency , b u t between p a i r s ,  item s v a r ie d  in  

frequency le v e l .  A s ig n i f ic a n t  e f f e c t  on t r i a l s  to  c r i t e r i o n  was o b ta in ed  

on high and low frequency p a i r s  due to  f a s t e r  le a rn in g  o f  th e  low frequency 

p a i r s .

Lovelace (1969) and Underwood and Freund (1968) enployed Rule 1 and 

Rule 2 (choose th e  l e a s t  freq u e n t item ) paradigms c o n s tru c te d  from words 

re c e iv in g  d i f f e r e n t i a l  f a m i l ia r iz a t io n  p re - t r a in in g  and re p o r te d  VD
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perform ance d iffe re n c e s  th a t  a re  in  l in e  w ith  frequency th eo ry  p re d ic tio n s  

and thus suggests  frequency theory  might be ex tended  to  in c lu d e  p re -e x p e r i­

mental freq u en cy .

Of more im portance to  th e  p re se n t study  i s  K ausler and Farzanegan 's

(1969) f in d in g  th a t  a l i s t  formed w ith  i n t r a - p a i r  Thorndike-Lorge frequency 

d iffe re n c e s  can e l i c i t  a frequency s tr a te g y  th a t  w i l l  t r a n s f e r  to  a  second 

l i s t .  The immediate study  focuses on s i n g l e - l i s t  a c q u is i t io n  and extends 

th e  in v e s t ig a t io n  to  fo u r i n t r a - p a i r  com binations o f  frequency to  a sse ss  

th e  a d d i t iv i ty  o r n o n a d d itiv ity  o f  p re -e x p erim e n ta l w ith  experim en tal f r e ­

quency a c c ru a l. I f  frequency u n its  from th e  two sou rces do add, th e  two 

l i s t s  w ith  i n t r a - p a i r  frequency d iffe re n c e s  sh o u ld  show i n i t i a l l y  few er 

e r ro rs  th an  th e  two l i s t s  having  i n t r a - p a i r  hom ogeneity o f  frequency . Of 

th e  l i s t s  w ith  i n t r a - p a i r  h e te ro g e n e ity  o f  freq u en cy , th e  l i s t  having  h igh  

W item s should  g ive p ro g re s s iv e ly  more e r ro r s  over t r i a l s  r e l a t iv e  to  th e  

l i s t  w ith h igh R item s . That i s , a  Rule 2 s t r a te g y  i n i t i a t e d  by p re -e x p e r i­

m ental frequency d if fe re n c e s  should  become le s s  and le s s  e f f i c i e n t  r e l a t i v e  

to  a Rule 1 s t r a te g y  i f  p re -ex p erim en ta l and experim en tal frequency u n its  

a re  indeed a d d i t iv e .  And i f  t h i s  a d d i t iv i ty  occurs and th e  Weber Law p r i n c i ­

p le  i s  a p p lic a b le , th e  l i s t  w ith  p a ir s  having  bo th  item s lew in  p re -e x p e r i­

m ental frequency should  be learn ed  w ith  few er e r r o r s  th an  th e  one h igh  on 

th i s  f a c to r .

As fo r  im agery, th e re  i s  a  re su rg in g  concern w ith  t h i s  v a r ia b le  as a 

p o ten t f a c to r  in  v e ib a l le a rn in g  re s e a rc h . The occurrence  o f  an image may 

be considered  a p a r t  o f  th e  t o t a l  response  e l i c i t e d  by a  s tim ulus and th e  

s tim u lus a t t r ib u te s  may be m anipulated  in  such a fa sh io n  as to  encourage 

o r  in h ib i t  th e  a ro u sa l o f an image. For e x an ç le , some words and o th e r
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symbols have more ta n g ib le  r e f e r e n ts  th an  o th e rs , and as su ch , more re a d ily  

b r in g  such re fe re n ts  " to  m ind." P a iv io , Y u ille  and Madigan (1968) had 

groups o f Ss r a te  925 nouns on a  1 to  7 s c a le  fo r  ease o f  e l i c i t i n g  an image. 

Subsequently , th e se  norms have p rov ided  a  means o f  m an ipu la ting  word imagery 

fo r  th e  purpose o f observ ing  th e  e f f e c t  o f  imagery on v a rio u s  le a rn in g  and 

r e c a l l  p ro c e sse s .

I t  has long been known th a t  images a re  e x c e lle n t a id s  to  memory and 

re c e n tly  th i s  has been s tu d ie d  e x p e rim en ta lly . P a iv io  (1970) in  a  re c en t 

symposium on imagery in  c h ild re n  concluded from h is  work on imagery in  

r e te n t io n  and PA le a rn in g  th a t  imagery i s  a  more p o te n t v a r ia b le  in  v e rb a l 

le a rn in g  re sea rch  th an  many o f  th e  o th e r  p ro p e r tie s  o f m a te r ia ls  th a t  have 

been indexed to  d a te  ( e . g . ,  m eaningfulness and freq u en cy ).

Ing ison  and E kstrand  (1970) were th e  f i r s t  to  re p o r t  a study  vary ing  

imagery (a c tu a lly  a b s tra c tn e s s )  in  VD le a rn in g  and they found no s ig n i f ic a n t  

e f f e c t  fo r  a m ix e d - lis t  d e sig n —b oth  h igh  and low imagery p a ir s  ( i n t r a - p a i r  

homogeneity) a t  two le v e ls  o f  frequency  (h igh  and low ). P a iv io  and Rowe (1970) 

v a r ie d  (high and low p a ir s )  im agery betw een l i s t s  w h ile  h o ld in g  frequency and 

m eaningfulness c o n s ta n t and found a s tro n g  f a c i l i t a t i v e  e f f e c t  f o r  h igh 

imagery p a i r s . The p re se n t s tu d y  combines two le v e ls  o f  imagery and two le v e ls  

o f  frequency b o th  i n t e r -  and in t r a -p a irw is e  in  a complete f a c to r i a l  design  in  

o rd e r to  determ ine i f  sucdi a  p o te n t e f f e c t  fo r  imagery as observed by P a iv io  

and Rowe (1970) might be due to  imagery a c tin g  as a source  o f  frequency .

Imagery may be co n sid ered  a so u rce  o f  frequency analogous to  im p lic i t  

a s s o c ia tiv e  responses (lARs; E k s tran d , e ^ ^ . )  as suggested  by P a iv io  and 

Rowe (1970). An lAR i s  some c o v e r t r e p re s e n ta t io n  o f a  word ( e .g . ,  CAT) 

th a t  occurs as p a r t  o f  th e  t o t a l  r e a c t io n  to  a d i s t i n c t ly  d i f f e r e n t  s tim u lu s
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r e fe re n t ( e . g . ,  DOG). E k stran d , £ l  • and o th e rs  have shown th a t  when lARs 

are  m anipulated as a so u rce  o f frequency th e  d i f f i c u l ty  o f  th e  l i s t  in c re a se s  

and decreases as p re d ic te d  by frequency th e o ry . And, a lthough lARs are  

g en era lly  understood  to  mean v e rb a l re sp o n ses , they can be lo g ic a l ly  extended 

to  inc lude  nonverbal ( i . e . ,  im aginai) r e a c t io n s .  Hence th i s  s tu d y  w i l l  assume 

imagery evoked by words s e le c te d  to  induce such a  response  ( e . g . ,  CIRCLE o r  

CORNER) to  be analogous to  an lAR and shou ld  th e re fo re  p ossess  a l l  th e  prop­

e r t i e s  o f lARS in  frequency th eo ry .

METHOD

L i s t s . Due to  th e  l im ite d  s iz e  o f  th e  norm ative word pool f o r  f re q ­

uency, imagery and m eaningfu lness, i t  was necessary  to  vary le v e ls  o f one 

o f the  e ^ e r im e n ta l  f a c to r s  w ith in  each l i s t .  Since re sea rc h  was a v a ila b le  

th a t  rev ea led  d i f f e r e n t i a l  r e s u l t s  when l i s t s  were mixed on frequency r e la t iv e  

to  th o se  fo r  unmixed l i s t s ,  i t  was deemed b e s t  to  have imagery se rv e  in  a 

m ix e d - lis t  fa sh io n  and m anipu late  frequency only as a  b e tw e e n - l is t  f a c to r .

S ix ty - fo u r  item s ( fo u r  1 6 -p a ir l i s t s )  were s e le c te d  from a poo l o f 925 

nouns fo r  which norm ative d a ta  a re  a v a ila b le  on ra te d  imagery (P a iv io , Y u ille  

5 Madigan, 1968), p ro d u c tio n  m eaningfulness (P a iv io , e t  a ^ .)  and frequency 

(Thorndike 8 Lorge, 1944) . T h irty -tw o  words were h igh  (AA) and 32 low (9 o r  

le s s )  in  frequency on th e  G r a t in g  o f  Thorndike-Lorge norms (see  Appendix B ). 

In  each o f th e  above c a te g o r ie s ,  16 words were h igh (6 .0 3 -6 .8 7 ; X=6.34) and 

16 were low (2 .1 3 -3 .8 7 ; X=3.16) on imagery r a t in g ,  w ith  th e  mean ra t in g  f o r  

th e  norms b e in g  4 .97  on a  1 to  7 p o in t s c a le .  In  th e  f i r s t  l i s t  (HH; the  

f i r s t  i n i t i a l  from t h i s  p o in t on w i l l  always d e s ig n a te  frequency o r  imagery 

r a t in g  o f W ite m s , and th e  second a r a t in g  on R item s), a l l  16 o f  th e  R 

and W item s were high in  frequency ( in t r a - p a i r  homogeneity f o r  freq u e n cy ).



W ithin t h i s  and th e  rem aining l i s t s ,  8 o f th e  R and 8 o f th e  W item s were 

high in  imagery v a lu e , w ith  th e  rem aining 8 words under each item  fu n c tio n  

being  low on im agery. The W and R item s were p a ire d  so  th a t  th e re  were 4 

p a irs  each fo r  h ig h -h ig h  (HH), low-high ( l ü ) , h igh-low  (HL) and low-low (LL) 

imagery coirfjinations.(A ny fu tu re  re fe re n ce  to  p a i r s  accord ing  to  th e  le v e l 

o f  W and R item  on frequency and imagery w i l l  be d e s ig n a te d  w ith frequency 

f i r s t  and s e p a ra te d  from imagery by a co lo n . For example, a p a ir  w ith both  

item s high on each f a c to r  w il l  be d e s ig n a ted , HH:HH.) The second l i s t  fo r  

frequency com bination LH was made iç  o f  th e  same h igh  frequency R item s as 

L is t HH, b u t th e se  were randomly p a ire d  (w ith r e s t r i c t i o n s  to  achieve th e  

imagery con b in atio n s) w ith 16 low frequency W ite m s . The th i r d  l i s t ,  HL, 

was c o n stru c te d  w ith  th e  16 h i ^  frequency W item s from L is t  HH and 16 low 

frequency R ite m s . L is t  LL was formed by p a i r in g  W item s from L is t IH w ith 

R item s from L is t HL. Four a d d itio n a l l i s t s  were g en era ted  by making an 

item  fu n c tio n  change in  L is t LH and HL. That i s ,  W item s from L is t  LH became 

R item s and th e  R item s became W item s in  a  new l i s t  th a t  would now be h ig b - 

low in  frequency and c o n s t i tu te  th e  HL l i s t  frequency o f a second l i s t  s e t  

(bg) . Id e n t ic a l  m anipulations were perform ed on L is t  HL o f  th e  f i r s t  s e t  

(b^) to  give L is t LH o f  L is t  S e t b^ . The W and R item s in  th ese  l i s t s  were 

combined in  such a  fa sh io n  as to  g en era te  two a d d it io n a l  l i s t s  o f  HH and LL 

frequency . This l a s t  s e t  o f  fo u r l i s t s  was to  c o n tro l f o r  any id io sy n c ra s ie s  

in  W o r R item s th a t  would a f f e c t  a c q u is i t io n .

A 3-way ANOVA on th e  m eaningfulness r a t in g  f o r  W and R item s in  th e  

l i s t s  a t  th e  fo u r  le v e ls  o f imagery com bination gave Fs<l except fo r  th e  item  

fu n c tio n  x imagery in te r a c t io n  which was a lso  n o n -s ig n if ic a n t ,  £ (5 ,9 6 )= 1 .9 4 ,

£>. 10. This a n a ly s is  a ssu red  th a t  th e re  was no confounding o f th e  m anipulated
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experim ental fa c to rs  w ith  m ean ingfu lness. The o v e ra l l  mean fo r  m eaningful- 

ness o f  th e  64 item s was 4 .1 9 .

S u b jec ts  and d e s ig n . The ^s were 96 v o lu n tee rs  (56 males and 40 

fem ales) from In tro d u c to ry  Psychology c la s s e s .  The ^s had no p r io r  ejq)er- 

ience  w ith  VD le a rn in g  and were assigned  one o f  th e  e ig h t l i s t s  in  random 

fash io n  accord ing  to  t h e i r  o rd e r o f  appearance a t  th e  la b . An independent 

random ization fo r  l i s t s  was generated  to  in su re  th a t  sex  was evenly d i s t r i ­

bu ted  across  c o n d i t io n s . There were 7 males and 5 fem ales run in  each o f 

the  e ig h t l i s t  c o n d itio n s .

The design  was a  4 (L is t  Frequency) x 2 (L is t S e t) x 2(Sex; unequal Ns)

X 4(Iraagery) f a c t o r i a l  w ith  th e  l a s t  f a c to r  c o n s t i tu t in g  a w ith in -su b je c t 

m easure.

P ro ced u re . Each S_ was g iven  conventional VD in s t ru c t io n s  which he 

p araph rased  b e fo re  d em onstra ting  h is  understand ing  o f  th e  ta sk  by perform ing , 

a p p ro p r ia te ly  on s e v e ra l  p r a c t ic e  VD p a ir s  (o f  medium value  on im agery, 

frequency and m eaningfulness) p re sen ted  on 3x5 c a r d s . S u b jec t was no t in ­

formed o f th e  com position o f  th e  l i s t  in  regards to  th e  experim en tal f a c to r s .  

Each Ŝ  was taken  to  a  c r i t e r i o n  o f  2 e r r o r le s s  t r i a l s  on th e  VD l i s t ,  which 

was p re sen te d  on a memory drum by the  a n t ic ip a t io n  method a t  a 2 ( a n t ic ip a t io n  

i n t e r v a l ) :2 (feedback  in te r v a l )  sec  r a te  w ith a  4 sec  i n t e r - t r i a l  in te r v a l .  

During th e  a n t ic ip a t io n  in te r v a l  th e  item s appeared  in  h o r iz o n ta l  ju x ta p o s i­

t io n  and S pronounced h is  s e le c t io n .  In  th e  feedback in te r v a l  th e  item s 

appeared in  th e  same manner b u t w ith  th e  R item  u n d e rlin e d .

There were fo u r  random o rd ers  fo r  each l i s t  w ith  l e f t - r i g j i t  p o s i t io n  

o f  item  fu n c tio n  random ized under th e  r e s t r i c t i o n  th a t  R and V  item s appear
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an equal number o f  tim es in  each p o s i t io n  and no more than  th re e  co n secu tiv e  

tim es in  the  same p o s i t io n . W ithin th e  4 random o rd ers  th e  R and W item s 

of a given p a i r  appeared tw ice on th e  l e f t  and tw ice on th e  r i g h t .  No ra n ­

dom o rd e r began w ith  th e  same p a i r  th e  l a s t  o rd e r ended w ith . Each random 

o rd e r began w ith  a d i f f e r e n t  im agery co n b in a tio n  and no s in g le  imagery 

combination o ccu rred  more th an  tw ice  in  su c c e ss io n . The random o rd e r  on 

which any s t a r t e d  was random ized w ith  a r e s t r i c t i o n  such th a t  each o rd e r 

rece iv ed  th i s  d i s t in c t io n  a t  l e a s t  once w ith in  each c e l l .

RESULTS AND DISCUSSION

In  th e  4x2x2x4 f a c to r i a l  a n a ly s is  o f v a rian ce  on t o t a l  e r ro r s  (see  

Appendix D), th e  only s ig n i f ic a n t  be tw een -g ro iç  f a c to r  was th e  e f f e c t  fo r  

L is t Frequency, £ (3 ,8 0 )= 2 2 .6 1 , £< .001. The Fs f o r  L is t  S e t and L is t  Frequency 

X Sex in te r a c t io n  were a t  £S o f  >.20 and > .25 re s p e c tiv e ly . The main e f f e c t  

fo r  Sex and rem aining in te r a c t io n s  gave £ s < l. An £  max t e s t  on th e  s i g n i f i ­

cant L is t Frequency e f f e c t  gave h e te ro g e n e ity  o f  v a rian ce  f o r  th e se  fo u r  

groups b u t s in c e  Box (1954) found th e  F - te s t  to  be ro b u s t to  v io la t io n s  o f 

the  homogeneity assum ption, t h i s  h ig h ly  s ig n i f ic a n t  £(£<.001) was accep ted  

as re v e a lin g  a r e a l  d if fe re n c e  between group means. The means and s ta n d a rd  

d e v ia tio n s  f o r  each group were 12.00 and 4 .71  (HL); 12.04 and 7.36 (LH);

26.50 and 11.31 (LL); 39.54 and 22.04 (HH) . A Newman-Keuls t e s t  (o=.01) 

showed HL=1H<LL<HH on e r ro r s  to  c r i t e r io n  (see  ^ p e n d ix  E) . The same fa c ­

t o r i a l  a n a ly s is  on t r i a l s  to  c r i t e r io n  (see  ^ p e n d ix  F) ag a in  showed l i s t s  

to  be th e  only  s ig n i f ic a n t  e f f e c t ,  F (3 ,80)= 28 .44 , £<.001.

The w ith in - s u b je c t  (Imagery) f a c to r  was a lso  s ig n i f ic a n t  on t o t a l  e r r o r s ,  

F (3 ,240)= 4 .69 , £< .005. Means and s ta n d a rd  d e v ia tio n s  fo r  th e  fo u r imagery 

com binations were 4.67 and 4.09 (HL); 5 .82 and 5.11 (HH); 5 .8 8  and 5 .37
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( lü ) ;  6 .14  and 5 .86  (LL). The s ig n i f ic a n t  in te r a c t io n s  f o r  t h i s  w ith in  

fa c to r  were L is t  Frequency x Imagery, £(9 ,240) = 1 .97 , £^<.05; L is t Set x 

Imagery, F(3,240) = 3 .50 , £< .025; L is t Frequency x L is t  S e t x Im g e ry , 1F(9,24) = 

2 .28 , £<,025; L is t  Frequency x Sex x Imagery, F (9 ,2 4 0 )= 2 .0 1 , £< .05. The 

n o n s ig n if ic a n t e f f e c t s  were fo r  Sex x Imagery, £ (3 ,240 ) =1.39, £> .20; L is t 

Set X Sex x  Im agery, £<1; L is t  Frequency x L is t  S e t x Sex x Imagery,

£ (9 ,240 )= 1 .52 , £ > .1 0 . In  th e  t r i a l s  to  c r i t e r io n  a n a ly se s , imagery was 

again  s ig n i f i c a n t ,  £ (3 ,2 4 0 )= 4 .4 0 , £<.005 as was th e  L i s t  Frequency x Im agery, 

F (9 ,240)=2.44 , £< .025 , L is t  S e t x Imagery, F (3 ,2 4 0 )-3 .2 1 , £<.025 and L is t  

Frequency x L is t  S e t x Im agery, F (9 ,240)*2 .02 , £< .05 .

Simple e f f e c t  a n a ly s is  (K irk , 1968) were ru n  on th e  components o f 

th e  two s ig n i f i c a n t  3-way in te r a c t io n s  i n  o rd e r to  a s s e s s  th e  g e n e ra li ty  

o f main e f f e c t s  f o r  th e  experim en tal fa c to rs  o f  L is t  Frequency and Imagery 

and t h e i r  in te r a c t io n  w ith  each o th e r . The s im p le  m ain e f f e c ts  f o r  L is t 

Frequency (Appendix G) dem onstrated  t h i s  v a r ia b le  to  be h ig h ly  s ig n i f ic a n t  

a t  b o th  L is t  S e ts  (bj^ and b ^ ) ,  f o r  males (c^) and fem ales (Cg) and a t  a l l  

le v e ls  o f  Imagery (D ), Fs w ith  £< .001. The s im p le -s im p le  main e f f e c t s  f o r  

th i s  f a c to r  (Appendix H) gave s ig n i f ic a n t  Fs f o r  a l l  L i s t  Set-Imiagery 

com binations and a l l  b u t one Sex-Imagery c e l l s .  L is t  Frequency fo r  fem ales 

a t  HL imagery gave an £ (3 ,320) =1.91, £>.10 i n  c o n tr a s t  t o  £(3 ,320) =6.49, 

£<.001, f o r  males a t  t h i s  le v e l o f  im agery. I f  th e  n u l l  e f f e c t  f o r  fem ales 

i s  n o t a  Type I I  e r r o r ,  i t  could be th a t  fem ales a re  more s e n s i t iv e  to  

w rong-item  imagery th an  m ales, th e reb y  m itig a tin g  th e  e f f e c t  f o r  v a r ia t io n  

in  frequency f o r  fem ales th a t  i s  p re s e n t fo r  m ales .

The sim ple  a n a ly s is  on Sex su g g ests  th a t  th e  s ig n i f ic a n t  3-way i n t e r ­

a c tio n  in v o lv in g  t h i s  f a c to r  i s  la rg e ly  r e s t r i c t e d  t o  one frequency-im agery
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com bination. Appendix G shows no s ig n if ic a n t  f o r  S ex a t  any le v e l  o f 

imagery b u t does g iv e  Sex as s ig n i f ic a n t  a t  th e  HH frequency  le v e l .  Appendix 

K shows a  s ig n i f ic a n t  e f f e c t  f o r  Sex a t  only th e  HH:LL frequency—imagery 

com bination. The means and s ta n d a rd  d e v ia tio n s  a re  8 .40  and 3.84 f o r  fem ales 

and 13.43 and 9 .34  f o r  m ales. This s u p e r io r i ty  f o r  fem ales may sim ply r e f l e c t  

a d if fe re n c e  in  in te l l ig e n c e  f o r  th e  two groups. I n te l l ig e n c e  was no t measured 

b u t one can make th e  case  t h a t  co lleg e  males d i f f e r  w idely  in  in te l l ig e n c e  

whereas only  th e  more i n t e l l i g e n t  females a t te n d  c o l le g e .  S ince th e re  was 

no apparen t e x te rn a l  cue as to  which item  in  th e  p a i r s  o f  t h i s  c e l l  was 

c o rre c t as a  r e s u l t  o f th e  i n t r a - p a i r  homogeneity o f frequency and im agery, 

they  should  re p re se n t th e  most d i f f i c u l t  p a ir s  and d id  g ive  s ig n i f ic a n t ly  

more e r ro rs  as r e f le c te d  in  th e  Newman-Keuls a n a ly s is  on L is t  Frequency 

(Appendix E) and Imagery (^ p e n d ix  M, LL was s ig n i f i c a n t ly  d i f f e r e n t  from 

only  HL) . T h e re fo re , th e se  p a i r s  should be more s e n s i t iv e  to  any sy s te m a tic  

in d iv id u a l d if fe re n c e s  c o r r e la te d  w ith  e i th e r  imagery o r frequency .

T rac ing  (^ p e n d ix  G and I )  th e  sim ple e f f e c t s  f o r  L is t  S et lead s  back 

to  the  same frequency-im agery c e l l  d iscu ssed  above in  reg a rd  to  th e  Sex f a c to r .  

The b a s is  f o r  th e  s ig n i f i c a n t  3 -way in te r a c t io n  in v o lv in g  L is t S e t may again  

be due to  th e  r e l a t iv e  d i f f i c u l t y  in  d is c r im in a tio n  f o r  th e se  p a i r s .  That 

i s ,  ^s would b e  more s e n s i t iv e  to  id io sy n c ra c ie s  in  t h e i r  c o n ten t and hence 

th e  L is t  Frequency x L is t  S e t x Imagery in te r a c t io n .

Assuming the  above a ttem p ts  do somewhat n eg a te  th e  q u a lify in g  a f f e c t  

o f  the  3-way in te r a c t io n s ,  one can conclude th a t  frequency th eo ry  can indeed 

be extended to  in c lu d e  p re -ex p e rim en ta l frequency u n i t s .  The Newman-Keuls 

a n a ly s is  showing L is t  LH and HL to  be learned  w ith  few er e r ro rs  th a n  th ose  

w ith  i n t r a - p a i r  homogeneity (L is t  HH and L is t  LL) su p p o rts  th e  Rule 1 and
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Rule 2 s t r a t e g i e s ,  re s p e c t iv e ly ,  o f  frequency th e o ry . The e q u a li ty  fo r  

e r ro r s  on IH and HL is  c o n s is te n t  w ith  K ausler and Farzanegan (1969; t h e i r  

p re lim in a ry  study) b u t in c o n s is te n t  w ith  th e  s u p e r io r i ty  o f  Rule 1 s t r a t e g i e s  

re p o rte d  in  most t r a n s f e r  s tu d ie s  ( e .g . ,  Kanak § Dean, 1969). The f a c t  th a t  

L is t LL was learned  w ith  few er e r ro rs  than  L is t HH i s  in  l in e  w ith  th e  

Weber Law c o ro l la ry .  T h e re fo re , i t  seems s a fe  to  conclude th a t  p re -e x p e r i­

m ental frequency com binations o f  W and R item s fu n c tio n  in  a c q u is i t io n  as 

frequency th eo ry  and th e  Weber Law c o ro lla ry  d ic ta te s  f o r  experim ental 

frequency com binations.

The sim ple main a n a ly s is  o f  Imagery on L is t  Frequency (Appendix G) 

shows Imagery as s ig n i f ic a n t  only f o r  VD p a ir s  w ith  h igh  in t r a - p a i r  

homogeneity f o r  frequency . So im ageiy as a  w i t h i n - l i s t  f a c to r  i s  a  u s e fu l 

cue on ly  when frequency  le v e l o f  th e  p a i r  i s  h igh  enough to  reduce s e n s i t i v i t y  

to  d i f f e r e n t i a l  frequency a c c ru a l to  W and R i te m s . Combined w ith  In g iso n  

and E k s tra n d 's  (1970) f in d in g  o f  no e f f e c t  f o r  frequency o r  imagery when 

bo th  o f  th e se  fa c to rs  were m anipulated  w ith in  l i s t s ,  i t  seems imagery may 

no t a c t  as an o ther source fo r  frequency b u t sim ply competes w ith  frequency 

d i f f e r e n t i a l  as a  cue fo r  a c q u is i t io n .  The p re se n t s tu d y  does n o t conclude 

th a t  frequency i s  a  more im p o rtan t fa c to r  in  VD a c q u is i t io n  s in ce  th e  w ith in -  

l i s t  m anipu la tion  o f  imagery makes th i s  an u n fa ir  com parison.

An a d d itio n a l group was ru n  on an u n m ix ed -lis t t h a t  was LL in  frequency 

and IH on im agery. This group and th e  comparable p a i r s  from L is t  LL were 

conbined in  an a n a ly s is  o f v a r ia n c e  (Appendix M) on e r ro rs  to  th e  base  o f 

o p p o r tu n itie s  fo r  e r r o r s .  T his measure was necessa ry  because o f  th e  d if fe re n c e  

i n  number o f p e r t in e n t  p a ir s  f o r  the  two l i s t s .  The s ig n i f ic a n t  F(1 ,40)=

37 .76 , p<.001 fo r  th e  two groups i s  due to  th e  lower e r r o r  r a te  on th e  unmixed
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l i s t  (X=.151, SD=.049) r e l a t iv e  to  t h a t  on th e  LL:LH p a i r s  in  th e  mixed l i s t  

(L is t  LL) (X=.259, SD=.073). These r e s u l t s ,  combined w ith  P a iv io  and Rowe's

(1970) s tro n g  e f f e c t  fo r  imagery (few er e r ro r s  on HH th a n  LL imagery p a ir s  

w ith  frequency  h e ld  c o n s ta n t a t  36.25 and 37.56 T-L freq u en cy , r e s p e c t iv e ly ) ,  

suggest th a t  imagery i s  indeed  a  p o te n t f a c to r  i n  VD a c q u is i t io n .  But th e  

p re se n t a u th o r would have to  conclude th a t  a t  l e a s t  in  a  l i s t  mixed on im agery, 

th i s  f a c to r  does n o t fu n c tio n  c o n s is te n t ly  as a  so u rce  o f  frequency to  give 

th e  perform ance d if fe re n c e  th a t  frequency  th eo ry  would p r e d ic t .
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Appendix A 

D is s e r ta t io n  Prospectus

PRE-EXPERIMENTAL WORD FREQUENCE AND IMAGERY
j

IN VERBAL DISCRIMINATION LEARNING

Although v e rb a l d is c r im in a tio n  (VD) le a rn in g  has been  o f i n t e r e s t  

to  in v e s t ig a to r s  in  th e  f i e l d  o f  v e rb a l le a rn in g  fo r  many y e a rs , i t  has 

only re c e n tly  gained  th e  p o p u la r i ty  th a t  i s  making re se a rc h  w ith  th e  VD 

le a rn in g  ta s k  com petitive  w ith  th a t  o f  the  s e r i a l  and p a ire d -a s s o c ia te  

(PA) le a rn in g  ta sk  in  volume o f  monthly p u b lic a t io n s . The VD m a te r ia ls  

c o n s is t  o f  l i s t s  o f  p a ir s  o f  v e rb a l u n its  th a t  have been randomly d e s ig ­

n a ted  as wrong (W) and r ig h t  (R) item s by th e  ex p erim en te r. The S^'s 

ta sk  i s  to  s e le c t  and pronounce th e  R item  du rin g  th e  i n i t i a l  eaqiosure. 

T r a d i t io n a l ly ,  im m ediately fo llo w in g  th i s  a n t ic ip a t io n  in te r v a l ,  th e  two 

item s a re  ag a in  p re sen te d  in  ju x ta p o s i t io n  w ith  th e  R item  u n d e rlin ed .

The l a t t e r  exposure se rv es  as a  feedback in te r v a l  w herein  th e  S i s  inform ed 

o f  th e  c o rre c tn e ss  o f  h is  s e le c t io n .  This r e c e n t  su rge  in  VD re se a rc h  

fo llow ed  and a p p a ren tly  r e s u l te d  from a re c en t a t t e n p t  to  in te g ra te  th e  

VD ta sk  in to  a  th e o r e t ic a l  system .

E k stran d , W allace and Underwood (1966) posed a  th eo ry  to  e:q>lain ac­

q u is i t io n  o f  a  VD ta sk  and p re d ic t  perform ance when v a rio u s  m anipu lations 

a re  made w ith in  such a  ta s k .  The th eo ry  i s  based  on th e  p o te n t ia l  f o r  

d i f f e r e n t i a l  s u b je c tiv e  frequency  to  b u ild  up f o r  th e  W and R item s and 

serv e  as a  s tim u lu s  cue f o r  d is c r im in a tin g  th e  R ite m  o f  a  VD p a i r .  Accord­

ing  to  f r e q u e n c y  th eo ry  th e re  a re  fo u r ways i n  which frequency u n its  may 

b u i ld  vp: (a) by a  re p re s e n tio n a l  response (RR)—re a d in g  o r l i s t e n in g  to
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both o f  th e  item s when they  are  p re se n te d ; (b) by a p ro n u n c ia tio n  response  

(PR)—choosing one o f  th e  item s and pronouncing i t ;  (c) by a r e h e a r s a l-o f -  

th e - c o r r e c t - a l t e r n a t iv e  response  (RCR)--an in ç l i c i t  o r e x p l i c i t  p ronuncia­

t io n  o f th e  c o r re c t  item ; and (d) in  l i s t s  enqplpying a s s o c ia t iv e ly  r e l a t e d  

words, by an im p l ic i t  a s s o c ia tiv e  response  (lAR)—e . g . ,  p re s e n ta t io n  o f  th e  

word DOG e l i c i t s  an lAR o f  CAT (o r some o th e r  r e la te d  i te m ) . Based on RRs 

and PRs above, a c o r re c t s e le c t io n  r e s u l t s  in  a  1:2 frequency r a t i o  in  fav o r 

o f th e  R item , whereas an in c o rre c t  s e le c t io n  y ie ld s  a 2 :1  f r e q u e n c y  r a t i o  

in  favo r o f  th e  W item . Based tyon i n i t i a l  chance le v e ls  o f  respond ing , 

i t  would be im possib le  fo r  th e  to  l e a m  th e  l i s t  u n le ss  o th e r  mechanisms 

a re  invoked. C onsequently, frequency th eo ry  assumes th a t  ^  re h e a rse s  th e  R 

item  (RCR) a t  l e a s t  once during  th e  feedback exposure. This l a s t  frequency 

a d d itio n  p ro v id es  a  r a t i o  o f  1 :3  in  fa v o r  o f  R item  when a  c o rre c t ch o ice  i s  

made and a  2 :2  o r  chance when an in c o r r e c t  choice i s  made. Hence, th e  VD 

l i s t  may be le a rn ed  w ith  these  th re e  so u rces  p ro v id in g  frequency c u e s . 

I n y l i c i t  a s s o c ia t iv e  responses enhance o r depress th i s  d i f f e r e n t i a l  f r e ­

quency cue depending on w hether they  a re  con tained  in  th e  W o r R item s. 

Frequency th eo ry  (E kstrand , e t _ ^ . , 1966) can be te s te d  by m anipu lating  

any o r  a l l  o f  th e se  sources fo r  frequency  u n i t s .

The th eo ry  has been supported  when RRs a re  m anipulated  by v a ry in g  the  

nunher o f tim es a  word appears (se rv es  in  more than  one p a ir )  as an R o r W 

item  (E kstrand , e t  a l . )  and when a word se rv es  as b o th  an R and W item  in  

d i f f e r e n t  p a i r s  (K ausler & Boka, 1968). K ausler and S a rd e llo  (1967) and 

S a rd e llo  and K ausler (1967) added su p p o rt fo r  th e  PR mechanism when they  

v a rie d  item  p ro n u n c ia tio n . Dominowski's (1966) r e p o r t  i s  in  l in e  w ith  th e  

th e o ry 's  p re d ic t io n  about RCRs, as i s  Kanak's (1968) s ig n i f ic a n t  e f f e c t  fo r
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r a te  o f  e ;q )o su re --th e  iim plication  b e in g  th a t  more tim e allow s f o r  more RCRs 

to  occur. Im p l ic i t  a s s o c ia t iv e  responses m anipulated  in  th e  R item s have 

p rov ided  s tro n g e r  su p p o rt than  lARs in  W item s ( e .g . ,  E k s tran d , e t  a l . ) .

So as an e x p lan a tio n  o f  VD a c q u is i t io n ,  frequency theo ry  has re c e iv e d  r e ­

sounding su p p o rt from numerous la b o ra to r ie s  m anipulating  th e  v a rio u s  w ith in -  

ta sk  sources f o r  d i f f e r e n t i a l  frequency b u ild u p .

The q u e s tio n  a r i s e s  as to  w hether o r  n o t th e  VD frequency cue can be 

e f f e c t iv e  when i t  i s  le a rn ed  o u ts id e  o f  th e  immediate a c q u is i t io n  p ro c e s s .

I t  has been shown th a t  frequency th eo ry  can s u c c e ss fu lly  p r e d ic t  th e  t r a n s f e r  

e f fe c ts  from one VD l i s t  to  an o th er th a t  employs some o f  th e  same ite m s . In  

f a c t ,  E k stran d , e t  a^ . o r ig in a l ly  p o s tu la te d  th e  frequency th eo ry  to  account 

fo r  th e  t r a n s f e r  d a ta  re p o rte d  by Underwood, Je sse  and E kstrand  (1964) and 

only th en  fo rm alized  t h e i r  theo ry  f o r  VD acxqu isition .

In  one o f  th e  e a r l i e s t  t r a n s f e r  s tu d ie s ,  M cClelland (1942) found p o s i­

t iv e  t r a n s f e r  whenever th e  second l i s t  r e ta in e d  e i th e r  th e  c o r r e c t  o r in c o r­

r e c t  item s from l i s t  one p a ire d  w ith  new ite m s . This p rocedure  and r e s u l t s  

were e s s e n t ia l ly  r e p l ic a te d  by Underwood, J e s s e  and E kstrand  (1964), although 

th e se  au tho rs  f u l l y  inform ed th e  concern ing  th e  n a tu re  o f  th e  second l i s t .

E k stran d , e t  proposed t h a t ,  whenever th e  second l i s t  i s  c h a ra c te r iz e d  

by R item s from th e  f i r s t  l i s t  p a ire d  w ith  new W item s (W l-Rl, W2-R1), th e  

S shou ld  i n i t i a l l y  respond by s e le c t in g  th e  most freq u en t item  (Rule 1 ) . 

Whenever th e  W item s o f  th e  two l i s t s  a re  i d e n t i c a l ,  b u t p a ire d  w ith  new 

R item s in  th e  second l i s t  (W l-Rl, W1-R2), th e  £  should  now s e l e c t  th e  le a s t  

freq u en t item  (Rule 2 ) .  P o s it iv e  t r a n s f e r  i s  th e re fo re  a t t r i b u t e d  to  th e  

u t i l i z a t i o n  o f  th e  a p p ro p ria te  r u le .  Of co u rse , th e  above p re d ic t io n s  a re  

r e la t iv e  to  a c o n tro l  co n d itio n  in  which th e  second l i s t  i s  c h a ra c te r iz e d
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by W and R item s u n re la te d  to  l i s t  one (W l-Rl, W2-R2; h e r e a f t e r ,  only th e  

second l i s t  n o ta t io n  w i l l  be u se d ) , th u s  n e i th e r  r u le  i s  i n i t i a l l y  a p p lic ab le  

on the t r a n s f e r  l i s t .  A s t r i c t  in t e r p r e ta t io n  o f frequency  th eo ry  p re d ic ts  

t h a t ,  w ith  co n tin u ed  p ra c t ic e  on th e  W1-R2 l i s t ,  th e  i n i t i a l  frequency 

d if fe re n c e  in  fa v o r  o f  th e  W item  b reak s  down because o f  th e  more rap id  

acc ru a l o f  frequency u n i ts  to  th e  R ite m s . A fte r s e v e ra l  t r i a l s ,  th e  t o t a l  

number o f  frequency  u n its  to  th e  W and R item s becomes n e a r ly  equal and thus 

a  d e te r io r a t io n  in  VD perform ance i s  ex p ec ted , s in c e  n e i th e r  ru le  can be 

s u c c e s s fu lly  a p p lie d . A r e tu r n  to  Rule 1 usage shou ld  fo llo w .

A number o f  s tu d ie s  (K ausler § Dean, 1967; K au sle r, F u lkerson  Q 

Eschenbrenner, 1967; Kanak & Dean, 1969) have f a i l e d  to  f in d  p o s i t iv e  t r a n s ­

f e r  in  th e  W1-R2 paradigm  (Rule 2) when Ss a re  no t aware o f  th e  n a tu re  o f  

th e  second l i s t .  S ince  th e  W1-R2 paradigm  i s  analogous to  th e  c la s s ic a l  

p a ire d -a s s o c i a te  A-B, A-C n eg a tiv e  t r a n s f e r  paradigm , th e  p resence  o f  nega­

t iv e  t r a n s f e r  in  th e  VD paradigm  has been a t t r ib u te d  to  th e  a s s o c ia tiv e  

in te r fe re n c e  from l i s t  one as PA re se a rc h  d ic ta te s  (K au sle r, e ^  ^ . , 1967). 

In  su p p o rt o f  t h i s  in te r p r e ta t io n ,  R ask in , B oice, Rubel and C lark (1968) 

minimized a s s o c ia t iv e  in te r fe re n c e  by c re a t in g  a second l i s t  i n  which th e  

item  fu n c tio n  o f  L is t  1 W and R item s was re v e rse d —W item s from l i s t  one 

became R item s in  l i s t  two and R item s o f  l i s t  one became W item s in  l i s t  

two. Such a  l i s t  demands a  Rule 2 s t r a te g y  in  th e  absence o f  a s s o c ia tiv e  

in te r fe re n c e  s in c e  item  p a ir in g s  rem ain th e  same as in  l i s t  one. These 

au thors re p o r te d  p o s i t iv e  t r a n s f e r  even though th e  Ss were n o t inform ed 

about th e  r e la t io n s h ip  between th e  two l i s t s .

S ince  s e v e ra l  PA s tu d ie s  ( e . g . ,  G oulet 8 B arc lay , 1965) have shown 

th a t  forw ard a s so c ia tio n s  a re  a  more p o te n t so u rce  o f  in te r fe re n c e  th an
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backward a s s o c ia tio n s  and o th e rs  ( e .g . ,  Kanak 6 Dean, 1969) have dem onstrated  

th a t  th e  W1-R2 and W2-R1 VD t r a n s f e r  paradigm s a re  forw ard and backward 

a s so c ia tiv e  in te r f e re n c e  paradigm s, th e  c o n tra s t in g  c o n s is te n tly  p o s i t iv e  

t r a n s f e r  e f f e c t s  o f  R ule 1 paradigms ( e .g . ,  K au sle r ^ Dean, 1967; Kanak §

Dean, 1969) and th e  in c o n s is te n t  e f f e c t s  f o r  Rule 2 paradigm s ( e .g . ,  n e g a tiv e  

and p o s it iv e  c i te d  above) seem re a d i ly  re so lv e d  by ap p ea lin g  to  th e  p o te n t ia l  

d i f f e r e n t i a l  s t r e n g th  o f  a s s o c ia t iv e  in te r f e r e n c e .

Runquist and Freeman (1960, Exp. I l l ) ,  used  f a m il ia r iz a t io n  t r a in in g  

to  m anipulate th e  frequency  o f  VD item s p r io r  to  a c q u is i t io n  ( s y l la b le s  o f  

0% to  27% a s s o c ia t io n  va lue  were seen  and s p e l le d  12 t im e s ) . These au thors  

found th a t  when th e  item s experienced  in  t h i s  t r a in in g  became R item s (Rule 1 ) , 

perform ance was b e t t e r  than  when they  became W item s (Rule 2 ) .  Lovelace 

(1969), u s in g  s im i la r  (pronounced r a th e r  th an  s p e lle d )  f a m il ia r iz a t io n  t r a i n ­

ing  on m eaningful w ords, found th a t  d i f f e r e n t i a l  f a m il ia r iz a t io n  on R and W 

item s was i n i t i a l l y  b e n e f i c i a l ,  b u t more so when th e  R item  re c e iv e d  th e  

g re a te r  (5 v s . 1 e^qiosure) f a m i l ia r iz a t io n .  When th e  re v e rse  was t r u e ,  th e re  

was a  slow er r a t e  o f  improvement acro ss  t r i a l s  th a n  occurred  in  th e  form er 

l i s t  o r when item s re c e iv e d  equal f a m i l ia r iz a t io n  o r Ss were g iven f a m i l ia r ­

iz a t io n  on i r r e l e v a n t  item s . These r e s u l t s ,  a long  w ith  th o se  o f  W allace 

and Nappe (1970, u s in g  f r e e - r e c a l l  f a m i l ia r iz a t io n ) , su g g est th a t  s u b je c t iv e  

frequency d i f f e r e n t i a l s  th a t  b u i ld  u p  from f a m i l ia r iz a t io n  t r a in in g  a re  used 

by Ss in  th e  same manner as th o se  acq u ired  i n  VD a c q u is i t io n —to  f a c i l i t a t e  

o r h in d e r a c q u is i t io n .

In  th e se  f a m il ia r iz a t io n  s tu d ie s  a s s o c ia t iv e  in te r fe re n c e  i s  n o t a  

f a c to r  and we see  Rule 2 paradigms b e in g  le a rn ed  w ith  few er t r i a l s  and 

e r ro rs  than  a  c o n t r o l . F u r th e r , Rule 1 paradigm s a re  found to  be more 

f a c i l i t a t i v e  th an  Rule 2 paradigm s, as frequency  th eo ry  p r e d ic t s .
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Another way to  vary frequency o f  W and R item s i s  v ia  frequency  norms 

( e .g . ,  th o se  provided  by Thorndike § Lqrge, 1944). K ausler and F arzanegan 's 

(1969) is  th e  only study th is  w r i t e r  i s  aware o f th a t  v a rie d  frequency w ith ­

in  a  p a i r  ( in t r a - p a i r  h e te ro g e n e ity )  and i t  was a t r a n s f e r  s tu d y  th a t  f a i le d  

to  in c lu d e  s u f f i c i e n t  l i s t s  o r  an a ly se s  to  adequate ly  surm ise w hether o r not 

such p ro -ex p erim en ta l freq u en c ie s  a f f e c t  perform ance in  th e  same manner 

frequenqr th eo ry  p re d ic ts  f o r  experim en tal frequency bu ildup  o r  as th e  above 

re se a rc h  has shown fo r  freq u en c ies  in  f a m il ia r iz a t io n  s tu d ie s .

The a b i l i t y  to  m anipulate freq u e n c ie s  p r io r  to  VD a c q u is i t io n  s in g e s ts  

and makes re a d i ly  te s ta b le  a  Weber Law c o ro lla ry  to  frequency th e o ry . Are 

Ss more s e n s i t iv e  to  an i n t r a - p a i r  frequency ciiange when th e  p a i r  i s  i n i t i a l l y  

a t  a  low frequency le v e l th an  when a t  a  h i ^  le v e l?  The envious m anipulation  

i s  to  equate  frequency o f  th e  W and R item  o f  any given p a i r  b u t vary  f r e q ­

uency le v e l  o f  VD p a i r s ,  e i t h e r  w ith in  o r  between l i s t s .

With frequency v a rie d  v ia  f a m il ia r iz a t io n  t r a in in g ,  th e  r e s u l t s  favor a 

Weber Law c o ro lla ry  ( e .g . ,  B erkow itz, 1968; Underwood 8 Freund, 1366; Lovelace, 

1969; W allace g Nappe, 1970), b u t th e  n u l l  (Keppel, 1966; Schulz 8 Hopkins, 

1968, Exp. I l l ;  a u ra l p re s e n ta tio n )  and d i r e c t ly  opp o site  (Scdiulz 8 Hopkins, 

1968, Exp. I l l ;  v is u a l p re s e n ta tio n )  e f f e c ts  have a ls o  been rq p o r te d .

The r e s u l t s  a re  even more eq u iv o ca l when s tu d ie s  v a ry in g  i n t e r - p a i r  

frequency p re -ex p erim en ta lly  a re  co n sidered  ( e .g . ,  Skeen, 1970, supports  

c o ro lla ry  w hile  Ingison  and E k stran d , 1970, do n o t ) . Some c u rso ry  support 

i s  o ffe re d  by a developm ental s tu d y  (Deichmann, S p e ltz  8 K au sle r, 1970) th a t  

found an in v e rse  r e la t io n s h ip  betw een age and in te n t io n a l  VD le a rn in g  from 

th e  fo u r th  to  s ix th  grade le v e l  and ag a in  (Exp. I I )  from t h i r d  to  s ix th .

In  o th e r  w ords, d i f f e r e n t  frequency  le v e ls  fo r  item s was in f e r r e d  from an 

organ ism ic v a r ia b le —age an d /o r sch o o l grade.
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Imagery __

H is to r ic a l ly ,  th e  focus o f re se a rc h  on inagery  was p r im a r i ly  on th e  

p rocesses and c o n ten ts  o f im ages, on th e  d e sc r ip tio n  o f  im ages, and on th e  

c l a s s i f i c a t io n  o f people  in to  im aginai ty p e s . Now, however, th e  b u lk  o f  

such re sea rc h  i s  concerned w ith  th e  ways images in f lu e n c e  o th e r  p ro c e sse s , 

e sp e c ia lly  memoiy. This re sea rch  has employed th re e  g e n e ra l o p e ra tio n a l 

m ethodologies. The f i r s t  be ing  m an ipu la tion  o f  s tim u lu s  a t t r i b u t e s  which 

a re  designed to  encourage o r to  in h ib i t  th e  a ro u sa l o f  an im age. For exaaq>le, 

some words and o th e r  synbols have more ta n g ib le  r e fe re n ts  th an  o th e r 

s t im u li ,  and, as  such , more re a d ily  b r in g  th e  r e f e r e n ts  " to  m ind." P a iv io , 

Y u ille  and Madigan (1968) had groups o f  Ss r a t e  925 nouns on a  1-7 s c a le  

according to  t h e i r  ease  o f  e l i c i t i n g  an image. S ubsequen tly , th e se  norms 

have prov ided  a  means o f m anipu lating  word imagery fo r  th e  purpose o f  observ­

ing th e  e f f e c t  o f  imagery on v ario u s  le a rn in g  and r e c a l l  p ro c e sse s . A second 

method i s  to  i n s t r u c t  Ss concerning th e  use o f  imagery ( e .g . ,  "form  a m ental 

image o f  the  s t im u l i " ) . And l a s t ,  Ss can be s e le c te d  acco rd in g  to  sym bolic 

h a b its  o r  s k i l l s .  The l a t t e r  i s  made p o s s ib le  v ia  b a t t e r i e s  o f  s p a t i a l -  

a b i l i t y  and o th e r  imagery t e s t s .

I t  has long been known th a t  images a re  e x c e lle n t  a id s  to  memory and 

re c e n tly  t h i s  has been s tu d ie d  ex p e rim en ta lly . The e f f e c t s  o f  imagery on 

re te n tio n  a re  g re a t ly  reduced as th e  le a m in g - r e c a l l  i n te r v a l  in c re a se s  

(P a iv io , 1963, 1965). In  a d d it io n , P a iv io  (1968) has shown t h a t ,  in  p a ire d  

a s so c ia te  (PA) le a rn in g , noun imagery i s  a  more p o te n t d e term in an t o f  le a r n ­

ing  d i f f i c u l ty  th a n  o th e r p ro p e r tie s  o f  m a te ria ls  t h a t  have been  indexed to  

date  ( e . g . ,  m eaningfulness and freq u en cy ). This e f f e c t  o f  imagery r e s u l t s  

p rim a rily  from  m anipulation  o f th e  c h a r a c te r i s t ic s  o f  th e  s tim u lu s  item s as 

opposed to  response  item s ( e .g . ,  P a iv io , 1969).
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In g iso n  and E k stran d  (1970) were th e  f i r s t  to  r e p o r t  a stu ii^  v a ry in g  

imageiy ( a c tu a l ly  a b s tra c tn e s s )  in  VD le a rn in g  and th ^ r  found no s ig n i f ic a n t  

e f f e c t  fo r  a m ix e d - l is t  design—b oth  h ig h  and low imagery p a ir s  ( i n t r a - p a i r  

homogeneity) a t  two le v e ls  o f f r e q u e n c y  ( h i ^  and low ). In  an o th er VD s tu d y , 

P a iv io  and Rowe (1970) v a r ie d  (high and low p a i r s )  imagery between l i s t s  

w hile  h o ld in g  frequency  and m eaningfulness c o n s ta n t and found a  s tro n g  

f a c i l i t a t i v e  e f f e c t  f o r  h igh  iim gery p a i r s .  On th e  b a s is  o f t h i s  one s tu d y , 

i t  appears th a t  im agery i s  as p o te n t a  v a r ia b le  i n  VD le a rn in g  as in  PA 

le a rn in g  and r e te n t io n .

The P resen t Experim ent

This s tudy  a t ta c k s  two o f  th e  q u e s tio n s  r a i s e d  by th e  above rev iew .

F i r s t ,  how do p re -ex p erim en ta l frequency d if f e r e n c e s  a f f e c t  VD le a rn in g ?

Many o f  th e  c o n tra d ic t io n s  in  th e  d a ta  may be  e x p la in ed  by lack  o f  p ro p er 

c o n tro ls .  For ex an p le . Postm an's (1964) s tu d y  v a rie d  frequency b u t allow ed 

m eaningfulness to  co -vary  w ith  th i s  f a c to r .  And i ç  u n t i l  th e  s tu d ie s  by 

Ing ison  and E kstrand  (1970) and P a iv io  and Rowe (1970), no one c o n tro lle d  

f o r  im agery. In  a d d i t io n ,  th e re  i s  on ly  one s tudy  (K ausler § Frazanegan,

1969) th a t  v a r ie d  in tra p a ir -p re -e x p e r im e n ta l  frequency and th ey  d id  n o t employ 

a l l  R-W frequency com bina tions. Secondly , what r o le  does imagery p lay  in  

VD le a rn in g  and how does i t  i n t e r a c t  w ith  e jç e r im e n ta l  and p re -e :q )e rim en ta l 

frequency? Knowledge o f e f f e c t s  f o r  im agery in  VD le a rn in g  may prove im por­

ta n t  to  th e  t h e o r e t i c a l  understand ing  o f  im agery e f f e c t s  in  o th e r  ta sk s  as 

w e ll as b e in g  o f  i n t e r e s t  in  i t s  own r i g ^ t . But th e  prim ary i n t e r e s t  h e re  

i s :  What does i t  do to  frequency th eo ry  p re d ic t io n s ?

S ince frequency  th eo ry  has been s tro n g ly  sup p o rted  in  s tu d ie s  m an ip u la t­

in g  th e  VD ta s k ,  i n  f a m il ia r iz a t io n  t r a in in g  and i n  VD t r a n s f e r ,  th e  p re s e n t
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s tu (^  used th i s  th eo ry  and th e  re se a rc h  in v e s t ig a t in g  t h i s  th eo ry  as a  model 

fo r  p re d ic t in g  and ex p la in in g  a c q u is i t io n  o f  VD l i s t s  w herein pre-experim en­

t a l  frequency and imagery a re  m anipu la ted .

Although th e  Thorndike and Lorge (1944) norms a re  based  s o le ly  on th e  

frequency o f  occurrence  o f  words in  s e v e ra l  p o p u la r p u b l ic a t io n s ,  one can 

assume th a t  th e  r e la t iv e  d i f f e r e n t i a l  freq u en c ies  w ith  which th e se  words have 

been heard  and spoken a re  a ls o  r e f le c te d  by th e se  norms. T h e re fo re , th e  

above norms can be used to  vary  th e  i n i t i a l  frequency  le v e l o f  RRs, PRs and 

RCRs f o r  W and R item s in  a  VD l i s t .

As fo r  im agery, i t  can be in te r p r e te d  as a  f r a c t io n a l  p a r t  o f  th e  t o t a l  

r e a c t io n  to  a  g iven  s tim u lu s . And, a lthough  lARs a re  g e n e ra lly  understood  

to  mean v e rb a l re sp o n se s , they  can be lo g ic a l ly  extended to  in c lu d e  nonverbal 

( i . e . ,  im ag in a i) re a c tio n s  as suggested  by P a iv io  and Rowe (1970). Hence, 

th i s  study  w i l l  assume imagery evoked by view ing o r  h ea rin g  words to  be an a lo ­

gous to  an lAR and, th e re fo re ,  assume a l l  th e  p ro p e r t ie s  o f  lARs in  frequency 

th e o ry .

The p re s e n t s tudy  a t te n p ts  to  answer th e  above two q u estio n s  by combin­

ing  W and R item s a t  two le v e ls  ( h i ^  and low) o f p re  -experim en tal frequency 

(Thorndike § Lorge, 1944) and imagery (P a iv io , Y u ille  § Mad.igan, 1968) in  a 

com plete f a c t o r i a l  d esign  th a t  equates  a l l  c e l l s  f o r  m ean ingfu lness . The 

p re d ic tio n s  fo llow  from th e  model: (a) When i n t r a - p a i r  frequency i s  v a r ie d

th e  p a ir s  w i l l  be  m astered  w ith  few er e r r o r s  th a n  p a ir s  equated  on frequency 

due to  th e  i n i t i a l  a v a i l a b i l i t y  o f  Rule 1 and Rule 2 s t r a te g ie s  fo r  th e  f o r ­

mer p a i r s ,  (b) L is ts  fav o rin g  a Rule 1 s t r a te g y  w i l l  be le a rn ed  w ith  few er 

e r ro rs  th an  th o se  fav o rin g  a  Rule 2 s t r a te g y  because o f  th e  in c re a s in g  i n ­

e f f ic ie n c y  o f  th e  l a t t e r  d u rin g  a c q u is i t io n ,  (c) L is ts  w ith  low base  le v e l
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(low est frequency le v e l re p re se n te d  in  th e  p a ir )  frequency  w i l l  be le a rn ed  

w ith  few er e r ro r s  than ones w ith  high base  le v e ls  due to  th e  Weber Law 

c o ro lla ry , (d) High imagery item s w i l l  h in d e r a c q u is i t io n  when they  a re  

W item s and f a c i l i t a t e  when they  a re  R item s by enhancing o r a t te n u a tin g , 

re s p e c t iv e ly ,  th e  d i f f e r e n t i a l  frequency cue.

Method

L i s t s . Due to  th e  lim ite d  s iz e  o f  th e  word pool i t  was n ecessary  to  

vary le v e ls  o f  one o f th e  e:q>erim ental f a c to r s  w ith in  each l i s t .  S ince 

more re se a rc h  was a v a ila b le  th a t  re v e a le d  d i f f e r e n t  r e s u l t s  when l i s t s  were 

mixed on frequency to  th o se  f o r  unmixed l i s t s ,  i t  was deemed b e s t  to  have 

imagery serve  in  a m ix e d - lis t  fa sh io n  and m anipulate frequency as a  between- 

l i s t  f a c to r .

S ix ty - fo u r  item s f o r  fo u r  1 6 -p a ir  l i s t s  were s e le c te d  from  a  pool o f  

925 nouns f o r  which norm ative d a ta  on ra te d  im ageiy, p ro d u c tio n  meaning­

fu ln e ss  and frequency a re  a v a i la b le .  T h irty -tw o  o f  th e  words were h igb  (AA) 

and 32 low (9 o r  le s s )  in  frequency , accord ing  to  th e  G r a t in g  o f Thom dike- 

Lorge (1944) norms. In  each o f  th e  above c a te g o r ie s ,  16 words were higji 

(6 .0 3 -6 .8 7 ; X=6.34) and 16 were low (2 .1 3 -3 .8 7 ; X=3.16) on imagery r a t in g ,  

w ith  th e  mean r a t in g  f o r  th e  norms b e in g  4 .9 7 . In  th e  f i r s t  l i s t  HH a l l  

16 o f th e  R and W item s a re  h igh  on frequency ( in t r a - p a i r  homogeneity f o r  

f req u e n cy ). W ithin t h i s  and th e  rem aining l i s t s  8 o f  th e  R and 8 o f  th e  W 

item s a re  h ig ^  on imagery w ith  th e  rem aining 8 words under each item  fu n c tio n  

being  low on im agery. These W and R item s a re  p a ire d  so  th a t  th e re  a re  4 

p a ir s  each fo r  h ig h -h ig h  (HH), low -high (LH), low-low (LL) and high-low  (HL) 

imagery c o n b in a tio n s . The second l i s t  LH was made iq> o f  th e  same h igh  

frequency R item s as L is t  HH, b u t th e se  were p a ire d  w ith  16 low frequency W
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i te m s . L is t LL was c o n s tru c te d  w ith  th e  16 low frequency W item s from L is t 

IÜ and 16 low frequency R ite m s . L is t HL was formed by p a ir in g  N item s from 

L is t HH w ith  R item s from L is t  LL. Four a d d itio n a l l i s t s  were g en era ted  by 

making an item  fu n c tio n  change in  L is t  IH and HL. That i s ,  W item s from 

L is t IH became R item s and th e  R item s became W item s in  a  new l i s t  th a t  

would now be h igh-low  in  frequency and c o n s t i tu te  th e  HL l i s t  frequency o f 

a second l i s t  s e t  (b^) . I d e n t ic a l  m anipu lations were perform ed o f  L is t  HL 

o f  the  f i r s t  s e t  (b^) to  g iv e  L is t IH o f  l i s t  s e t  b ^ . The W and R item s 

in  th ese  l i s t s  were combined in  such a fa sh io n  as to  g en era te  two a d d itio n a l 

l i s t s  o f  HH and LL f r e q u e n c y T h i s  l a s t  s e t  o f  fo u r  l i s t s  was to  c o n tro l 

f o r  any id io s y n c ra s ie s  in  W o r  R item s th a t  would a f f e c t  a c q u is i t io n .

A 3-way ANOVA on th e  m eaningfulness r a t in g  fo r  W and R item s in  a l l  

4 l i s t s  a t  th e  4 imagery com binations gave Fs<l excep t f o r  th e  fu n c tio n  x 

imagery in te r a c t io n ,  £ (3 ,9 6 )= 1 .9 4 , £> .10.

S u b jec ts  and d e s ig n . The Ss w i l l  be 80 v o lu n te e rs  (40 males and 40 

fem a les), from In tro d u c to ry  Psychology c la s se s  a t  th e  U n iv e rs ity  o f  Oklahoma, 

having no p r io r  exp erien ce  w ith  VD le a rn in g . Each £  w i l l  p r a c t ic e  on one 

o f  the  8 l i s t s  as determ ined  by random ization w ith in  se x , w ith  th e  r e s t r i c ­

t io n  th a t  a l l  l i s t  co n d itio n s  co n ta in  n £s b e fo re  any re c e iv e  n+1. An e f f o r t  

w i l l  be  made to  have co n secu tiv e  Ss a l te r n a te  i n  sex .

The d esig n  w i l l  be  a 4 (L is t  Frequency) x 2 (L is t  S e ts )  x 2 (Sex) x 4(Imagery) 

f a c to r i a l  on e r ro r s  w ith  th e  l a s t  f a c to r  c o n s t i tu t in g  re p e a te d  m easures.

P rocedure . Every £  w i l l  be g iven conven tional VD in s t ru c t io n s  th a t  

he w il l  pa rap h rase  b e fo re  dem onstra ting  h is  understand ing  o f  th e  ta s k  by 

perform ing a p p ro p r ia te ly  on s e v e ra l VD p a ir s  (o f  medium v a lu e  on I ,  F, and 

m) p re sen ted  on 3x5 c a rd s . S u b jec t w il l  no t be inform ed o f  th e  com position 

o f  th e  l i s t  in  reg a rd s  to  th e  e;q>erimental f a c to r s .  Each S w i l l  be taken
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to  c r i t e r io n  o f 2 e r r o r le s s  t r i a l s  on h is  l i s t ,  which w i l l  be p re se n te d  on 

a  memory drum in  a n t ic ip a t io n  fa sh io n  a t  a  2 ( a n t ic ip a t io n  in te r v a l )  : 2 ( fe e d ­

back in te rv a l)  sec  r a t e  w ith  a 4 sec  i n t e r - t r i a l  i n t e r v a l . D uring th e  a n t i ­

c ip a tio n  in te r v a l  th e  item s w i l l  appear in  h o r iz o n ta l  ju x ta p o s i t io n  and S 

w i l l  pronounce one o f  them. In  feedback th e  item s appear in  th e  same 

manner, b u t w ith  R item  u n d e rlin ed .

There a re  fo u r  random o rd ers  f o r  each l i s t  w ith  l e f t - r i g h t  p o s i t io n  

o f item  fu n c tio n  random ized, w ith  th e  r e s t r i c t i o n  th a t  R and W item s appear 

an equal nunber o f  tim es in  each p o s i t io n  and no more th an  th re e  co n secu tiv e  

tim es in  th e  same p o s i t io n . O ther r e s t r i c t i o n s  a re  th a t  no random o rd e r  

w i l l  b eg in  w ith  th e  p a i r  th e  l a s t  o rd e r ended w ith , each random o rd e r  beg ins 

w ith  a  d i f f e r e n t  imagery com bination, w ith in  th e  4 random o rd ers  th e  R and 

W item s o f  a  g iven  p a i r  ^ p e a r  tw ice on th e  l e f t  and tw ice on th e  r i g h t ,  and 

no s in g le  imagery com bination w i l l  occur more th an  tw ice i n  su c c e ss io n . The 

random o rd e r  on which any s t a r t s  w i l l  be random ized, w ith  th e  r e s t r i c t i o n  

th a t  each o rd e r  re c e iv e  th is  d is t in c t io n  a t  le a s t  once in  each c e l l .
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A p p en d ix  B

Word L is ts

S e t b.

HH LH

FREQUENCY

LL HL

I

HH

LH

LL

HL

W(higji) R(high) W(low) R(high) W(low) R(low) W(high) R(low)

d re ss c i r c l e h a irp in c i r c l e h a irp in b r a s s ie r e d re ss b r a s s ie r e
l e t t e r c o m er bungalow co m er bungalow bouquet l e t t e r bouquet
gentlem an newspaper honeycomb newspaper honeycomb tim ep iece gentlem an tim ep iece
g i r l mother tw eezers mother tw eezers ju g g le r g i r l ju g g le r

amount rock bivouac rock b ivouac p ia n i s t amount p i a n i s t
c o s t l i p sem este r l ip sem ester h u rd le s c o s t h u rd le
honor iro n deduction iro n deduction m acaroni honor macaroni
op in ion v i l l a g e p e rc e p tio n v i l la g e p e rc e p tio n m icros cope opin ion m icroscope

knowledge answer s u b tra c t io n answer blasphemy e x c lu s io n knowledge e x c lu s io n
t h o u ^ t e f f o r t a n t i to x in e f f o r t a n t i to x in an im osity thought an im osity
tro u b le mind blasphem / mind s u b tra c tio n a f t e r l i f e tro u b le a f t e r l i f e
method hour anecdote hour anecdote a d v e rs ity method a d v e rs ity
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o f f i c e r id e a wigwam id e a wigwam feu d a lism o f f i c e r f  eudalism
c h ie f s o u l noose s o u l noose ego c h ie f ego
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Appendix C 

In s tru c t io n s

In  th e  window of t h i s  memory drum, p a ir s  o f  f a m il ia r  words w i l l  be  

p re sen te d  a t  two-second I n te r v a ls  ( f o r  exanqile, RUN BOX). One o f th e  

words In  each p a i r  has been a r b i t r a r i l y  d e sig n a ted  as " r l ^ t , "  and th e  

o th e r  as "wrong." Each p a i r  w i l l  be exposed tw ice , fo r  two seconds each 

tim e, b e fo re  a  new p a ir  a p p ea rs . Your ta s k  I s  to  l e a m  to  recogn ize  and 

pronounce th e  word d esig n a ted  as " r ig h t"  d u ring  th e  f i r s t  exposure o f  each 

p a i r .  The second exposure . In  which th e  " r ig h t"  word w i l l  be  u n d e rlin e d  

( fo r  exam ple, RUN BOX). w i l l  Inform  you w hether o r  n o t your s e le c t io n  was 

c o r r e c t .

There a re  16 d i f f e r e n t  p a i r s  In  th e  l i s t .  Each tim e through th e  16 p a i r s  

c o n s t i tu te s  a  " t r i a l . "  A s te r isk s  w i l l  appear In  th e  window w ith in  th e  

fo u r-seco n d  I n te r v a l  betw een t r i a l s  to  cue you th a t  a  new t r i a l  w i l l  fo llow  

In  two seconds. The 16 p a i r s  o f words a re  re a rra n g ed  In  fo u r  d i f f e r e n t  

o rd e rs  so  th a t  th e  p o s i t io n  and o rd e r o f " r l ^ t "  and "wrong" words w i l l  vary 

w ith in  and between t r i a l s .  Your f i r s t  t r i a l  w i l l  be a  "guessing" t r i a l — 

guess which word you th in k  I s  " r ig h t"  du rin g  th e  f i r s t  eaqposure o f  each  p a i r .  

You w i l l  con tinue th e  t r i a l s  u n t i l  two t r i a l s  a re  completed w ith  no m is ta k es . 

Remenher to  respond a loud  during  th e  f i r s t  exposure o f each p a i r  and rem ain 

s i l e n t  on th e  second exposure . To c la r i f y  any q u e s tio n s , we w i l l  f i r s t  

p r a c t ic e  on a  few words u n re la te d  to  th e  fo rm al le a rn in g  ta s k .
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A p p en d ix  D

Summary Table f o r  th e  4x2x2x4 Mixed A n a ly sis  o f 
V ariance fo r  E rro rs  to  C r i te r io n

Source SS df MS F E

Between Ss 7297.75 95
L is ts  (A) 3156.26 3 1052.09 22.61 <.001

L is t  S e ts  (B) 66.66 1 66.66 1 .43 >.20

Sex (C) 9 .53 1 9.53 <1
A X B 102.15 3 34.05 <1

A X C 154.53 3 51.51 1.11 >.25
B X C 31.64 1 31.64 <1
A X B X C 54.23 3 18.08 <1

^ s  w ith in  6p.
E r ro r  (between) 3722.74 80 46.53

W ith in  £ s 2999.75 288

Imagery (D) 124.46 3 41.49 4.69 <.005

A X D 156.60 9 17.40 1.97 <.05

B X D 92.91 3 30.97 3.50 <.025

C X D 36.97 3 12.32 1.39 >.20

A X B X D 181.78 9 20.20 2.28 <.025
A X C X D 159.91 9 17.77 2 .01 <.05

B X C X D 2.89 3 .96 <1

A X B X C X D 121.02 9 13.45 1.52 >.10

D X Ss w ith in  Gp.

E rro r w ith in 2123.21 240 8.85
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A ppendix E

Summary Table fo r  Newman-Keuls 

E rro rs  fo r  L is t Frequency

^ L H

^ 1 = 1 2 . 0 0 -  - . 0 4 1 4 . 5 0 * 2 7 . 5 4 *

1

X ^ = 1 2 . 0 4 --- 1 4 . 4 6 * 2 7 . 5 0 *

\ l = 2 6 . 5 0 --- 1 3 . 0 4 *

% = 3 9 . 5 4 -  -

MS e r r o r  = 46.53
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Appendix F

Summary Table f o r  th e  4x2x2x4 Mixed A nalysis of 
V ariance fo r  T r ia l s  to  C r ite r io n

Source SS df F £

Between Ss 2581.93 95
L is ts  (A) 1258.89 3 419.63 28.44 <.001

L i s t  S e ts  (B) 27.62 1 27.62 1.87 >.10
Sex (C) 2.59 1 2.59 <1
AB 43.23 3 14.41 <1
AC 51.45 3 17.15 1.16 >.25
BC 2.13 1 2.13 <1

ABC 15.27 3 5.09 <1
S a  w ith in  Gp.
E r r o r  (between) 1180.75 80 14.75

W ith in  ^ s 1585.75 288

Imagery (D) 65.21 3 21.75 4.40 <.005
AD 108.95 9 12.10 2.44 <.025
BD 47.70 3 15.90 3.21 <.025
CD 14.66 3 4.88 <1
ABD 90.23 9 10.02 2.02 <.05
ACD 26.17 9 2.90 <1
BCD 15.12 3 5.04 1.02 >.25
ABCD 31.48 9 3.49 <1

D X Ss w ith in  GP..

E rro r  (w ith in ) 1186.23 240 4.94
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A ppendix  G

A nalysis o f  V ariance Table fo r  th e  S ing le  Main E f fe c ts  on E rro rs  

Source

Between su b je c ts

Between A a t  bj^ 2009.39 3 669.80 36.66 <.001

Between A a t  b^ 1249.02 3 416.34 22.79 <.001

Between A a t  c^ 25 .05 .47 3 835.16 45.71 <.001

Between A a t  c^ 805.32 3 268.44 14.69 <.001

Between A a t 933.87 3 311.29 17.04 <.001

Between A a t  d^ 826.36 3 275.45 15.08 <.001

Between A a t  d^ 373.92 3 124.64 6.82 <.001

Between A a t  d^ 1178.71 3 392.90 21.51 <.001

Between B a t  a^ 123.76 1 123.76 6 .77 <.01

Between B a t  a^ 5.51 1 5 .5 1 <1

Between B a t  a^ 37.50 1 37.50 2.05 >.10

Between B a t  a .4 2.04 1 2.04 <1

Between B a t  dj^ 5.51 1 5 .51 <1

Between B a t  d^ .84 1 .84 <1

Between B a t  dg 8.17 1 8 .17 <1

Between B a t  d .4 147.04 1 145.04 7.94 <.005

Between C a t  â ^ 47.86 1 47.86 2.62 >.10

Between C a t  a^ 30.29 1 30.29 1.66 >.10

Between C a t  a^ 13.88 1 13.88 <1

Between C a t  a^ 72.04 1 72.04 3.94 <.05
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A p p en d ix  G (C o n tin u ed )

Source SS d f MS F E

Between C a t  d^ 25.55 1 25.55 1.40 >.20

Between C a t  d^ 8.49 1 8.49 <1

Between C a t  d^ .30 1 .30 <1

Between C a t  d .4 12.14 1 12.14 <1

W ithin c e l l  
E r ro r  (pooled) 5845.95 320 18.27

W ithin  su b je c ts

Between D a t  a^ 203.28 3 67.76 7.66 <.001

Between D a t  ag 22.45 3 7.48 <1

Between D a t  a^ 1 .75 3 .58 <1

Between D a t  a^ 53.58 3 17.86 2.02 >.10

Between D a t 146.68 3 48.89 5.52 <.005

Between D a t 70.68 3 23.56 2.66 <.05

Between D a t  Cĵ 107.26 3 35.75 4.04 <.025

Between D a t  c^ 54.17 3 18.06 2.04 >.10

D X Ss w ith in  Gp. 
E rro r  (w ith in ) 2123.21 240 8.85
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A ppendix H

A n a ly s is  o f  V a r ia n ce  T a b le  f o r  t h e  S im p le  S im p le  Main
E f f e c t s  f o r  L i s t  F requenqr (A) on L is t  S e t  (B) and

Im agery (D) and on S ex  (C) and D on E rro rs

Source SS d f MS F E.

(tween s u b je c t  

Between A a t  b^d^ 568.41 3 189.47 10.26 <.001

Between A a t  b^dg 325.06 3 108.35 5 .93 <.001

Between A a t  b^d^ 221.75 3 73.92 4.04 <.01

Between A a t  b^d^ 1088.91 3 362.97 19.87 <.001

Between A a t  bgd^ 401.73 3 133.91 7.23 <.001

Between A a t  bgdg 566.00 3 188.67 10.33 <.001

Between A a t  bgd^ 171.41 3 57.14 3.13 <.025

Between A a t  b^d^ 253.50 3 84.50 4.62 <.005

Between A a t  c^d^ 732.36 3 244.12 13.36 <.001

Between A a t  c^d^ 473.29 3 157.76 8 .63 <.001

Between A a t  c^d^ 355.86 3 118.62 6.49 <.001

Between A a t  c^d^ 1141.77 3 380.59 20.83 <.001

Between A a t  Cgd^ 237.68 3 79.23 4 .34 <.005

Between A a t  Cgdg 394.28 3 131.43 7.19 <.001

Between A a t  Cgd^ 104.60 3 34.87 1.91 >.10

Between A a t  Cgd^ 187.48 3 62.49 3.42 <.025

W ithin C e ll
E rro r (pooled) 5845.95 320 18.27
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A ppendix I

A n a ly s is  o f  V a r ia n ce  T a b le  f o r  t h e  S i n ç l e  S im p le  Main E f f e c t s
f o r  L i s t  S e t  (B) on L i s t  F req u en cy  (A) and Im agery (D)

on E rro r s

Source SS d f MS F E

Between su b je c ts  

Between B a t  a^d^ 32.67 1 32.67 1.79 >.10

Between B a t  a^dg 16.67 1 16.67 <1

Between B a t  a^d^ 18.38 1 18.38 1.01 >.25

Between B a t  a .d .1 4 266.67 1 266.67 14.60 <.001

Between B a t  agd^ .04 1 .04 <1

Between B a t  agdg 20.17 1 20.17 1.10 >.25

Between B a t  agdg .38 1 .38 <1

Between B a t  a_d , 2 4 1.04 1 1.04 <1

Between B a t  a^d^ 2.04 1 2.04 <1

Between B a t  a^d^ 26.04 1 26.04 1.42 >.10

Between B a t  a^d^ 6.00 1 6.00 <1

Between B a t  a_d , 3 4 10.67 1 10.67 <1

Between B a t  a .d .4 1 7.04 1 7.04 <1

Between B a t  a^d^ 2.67 1 2.67 <1

Between B a t  a .d _  4 3 2.67 1 2.67 <1

Between B a t  a^d^ 30.38 1 30.38 1.66 >.10

W ithin C ell 
E rro r  (pooled) 5845.95 320 18.27
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^ p e n d i x  I (C o n tin u ed )

Source SS d f MS F E

W ithin su b je c ts

Between D a t  a^b^ 273.73 3 91.25 10.31 <.001

Between D a t  a^bg 140.17 3 46.72 15.24 <.001

Between D a t  a^b^ 1.40 3 .47 <1

Between D a t  a^b^ 37.17 3 12.39 4.13 <.01

Between D a t  a^b^ 2.25 3 .75 <1

Between D a t  a^b^ 6.75 3 2.25 <1

Between D a t  a .b ,  4 1
64.06 3 21.35 7.12 <.001

Between D a t  a^b^ 30.23 3 10.08 3.36 <.025

D X Ss w ith in  Gp. 
E rro r (w ith in ) 2123.21 240 8.85



47

A ppendix J

A nalysis o f  V ariance Table f o r  the  Simple I n te r a c t io n  E ffe c ts  
i n  th e  L is t Frequency (A) x L is t S e t (B) x Imagery (D) 

I n te r a c t io n  on E rro rs

Source SS d f MS F E

Between sv b je c ts

AB a t 36.27 3 12.09 <1

AB a t  dg 64.70 3 21.56 1.18 >.25

AB a t  dg 19.26 3 6.42 <1

AB a t  d^ 163.71 3 54.57 2.99 <.05

W ithin C e ll 
E rro r (pooled) 5845.76 320 18.27

W ithin s u b je c t

AD a t  bj^ 194.76 9 21.64 12.79 <.001

AD a t  bg 143.63 9 15.96 1.80 <.10>.05

BD a t  a^ 210.61 3 70.20 7.93 <.001

BD a t  a^ 16.11 3 5.37 <1

BD a t  a^ 7.25 3 2.42 <1

BD a t  a .  4 40.71 3 13.57 1.53 >.20

ABD 181.78 9 20.20 2.28 <.05

D X Ss w ith in  Gp. 
E rro r (w ith in ) 2123.21 240 8.85
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A ppendix  K

A n a ly s is  o f  V a r ia n ce  T a b le  f o r  th e  S im p le  S im p le  Main E f f e c t s
o f  S e x  (C) on L i s t  F req u en cy  (A) and Im agery (D)

on E rro rs

Source SS d f MS F E

Between s u b je c ts  

Between C a t  a^d^ 35.22 1 35.22 1.93 >.10

Between C a t  a^dg 20.12 1 20.12 1.10 >.25

Between C a t  a^d^ .06 1 .06 <1

Between C a t  a .d ,  1 4 147.50 1 147.50 8.07 <.001

Between C a t  a^d^^ 1.81 1 1.81 <1

Between C a t  a^d^ 5.50 1 5 .50 <1

Between C a t  Ugd^ 19.81 1 19.81 1.08 >.25

Between C a t  agd^ 8.20 1 8.20 <1

Between C a t  a^d^ .34 1 .34 <1

Between C a t  a^dg 8.60 1 8.60 <1

Between C a t  a^d^ 6.17 1 6 .17 <1

Between C a t  a^d^ 6.88 1 6 .88 <1

Between C a t  a^d^ 24.34 1 24.34 1.33 >.20

Between C a t  a^dg 15.47 1 15.47 <1

Between C a t  a^d^ 60.80 1 60.80 3 .33 <•10>.05

Between C a t  a .d ,  4 4 .09 1 .09 <1

W ithin C ell 
E rro r  (pooled) 5845.95 320 18.27



49

A p p en dix  K (C o n tin u ed )

Source SS d f MS F E

W ithin su b je c ts  

Between D a t  a^c^ 266.62 3 88.87 10.04 <.001

Between D a t  a^Cg 91.70 3 30.57 3.45 <.025

Between D a t  a^c^ 19.21 3 6.40 <1

Between D a t  agCg 8.28 3 2.76 <1

Between D a t  a^c^ 5 .36 3 1.79 <1

Between D a t  a^c^ 4.50 3 1.50 <1

Between D a t  a^c^ 13.86 3 4.62 <1

Between D a t  a^c^ 68.40 3 22.80 2.58 <.10>.S0

D X Ss w ith in  Gp. 
E rro r  (w ith in ) 2123.21 240 8.85
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A ppendix  L

A nalysis o f  V ariance Table f o r  th e  Simple In te r a c t io n  E f fe c ts  in  
th e  L is t  Frequency (A) x Sex (C) x Imagery (D) 

In te r a c t io n  on E rro rs

Source SS d f MS F E.

Between s u b je c ts

AC a t 36.16 3 12.05 <1

AC a t  d^ 41.21 3 13.74 <1

AC a t  d j 86.55 3 28.85 1.58 >.10

AC a t  d . 4 150.54 3 50 .18 2.75 <.05

W ithin C ell 
E rro r  (pooled) 5845.95 320 18.27

W ithin s u b je c ts

AD a t  Cj 197.80 9 21.98 2 .48 <.01

AD a t  Cg . 118.71 9 13.19 1.49 >.10

CD a t  a^ 155.04 3 51.68 5 .84 <.001

CD a t  ag 5 .03 3 1.68 <1

CD a t  a^ 8.11 3 2.70 <1

CD a t  a . 4 28.68 3 9 .56 1.08 >.25

ACD 159.91 9 17.77 2.01 <.05

D X ^s w ith in  Gp. 
E rro r (w ith in ) 2123.21 240 8.85
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A ppendix M

Source SS d£ MS F E

Groups (A) .1397 1 .1397 37.76 <.001

S e t (B) .0009 1 .0009 <1

Sex (C) .0134 1 .0134 3.62 <.10>.05

AB .0015 1 .0015 <1

AC .0111 1 .0111 3.00 <.10>.05

BC .0001 1 .0001 <1

ABC .0026 1 .0026 <1

E rro r .1497 40 .0037
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A ppendix  N

Summary T able  f o r  Newman-Keuls A nalysis 
on E rro rs  fo r  Imagery

%HL=4'*7 -  - 1.15* 1.21* 1.47*

Xj^=5.82 - - .06 .32

3 ^ = 5 .8 8 .26

* £  .01

MS error = 8.85


