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CATEGORY REPETITION AND PROACTIVE INHIRITION
IN SHORT-TERM MEMORY
By
Arneld Roy Collen, Ph.D.
The Ohlio State University, 1971

Professor Delos D, Wickens, Adviser

This study examined the effects of repeating a taxo~
nomic category using the Wickens' modificatien eof the
Feterson-Peterson short-term memory technique. Word triads
from seven texonomic categories were presented in blecked
fashion to human Ss for thirty=two trials, After each
block of four triels of one category, the Ss in the control
condition were shifted to a new category for the next four
triels, In the experimental condition, ether Ss received
new word trilads from the same categery every other block.

The control Ss produced a "saw-tooth” function. PI
builld=up was evident within eech bleck. When shifted teo a
new category, there was a release from PI., Category re-
petition effectively altered this functien. Performance
was merkedly diminished on the repetitien blecks, This
dimunition in recall appeareé to be constant across all
of the repetition blocks and applied mainly te the initilal
trial of the block. The errors made by all Ss tended teo be

words belonging to the category being presented.



The findings of this study led to the cenclusien that
the repetition effect was due largely te undissipated in-
terference generated within the repeated category. The
interference was not accumulative and appeared te be re-

stricted to the specific, repeated categery.
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INTRODUCTION

In 1959 Peterson and Peterson introduced a technique
to examine the short-term retention of verbal material.
The technique employed a rehearsal preventative task be-
tween the presentation and recall of the to~be-remembered
items, and recall performance was measured over & pre-
determined number of trials.

Much evidence has accumulated which shows that the
Peterson~Peterson technique produces a rapid drop in re-
call as a function of trials (Keppel and Underwood, 1962;
Wickens, Born and Allen, 1963; Loess, 1964, 1967, 1968),.
This effect is most marked between the first and second
trial. As the number of trials increases, performance
approaches an asymptote which is usually reached by the
fourth to fifth trial. In general, this asymptotic per-
formance is meintained, although practice effects have been
reported (Peterson and Peterson, 1959; Loess, 1964).

This impressive decrement is thought to reflect an
interference process, whereby items from earlier trials
pProactively inhibit the recall of the most recently seen
items. The level of recall can be shown to depend on the

number of previous 1tems or trials, the retention interval



(Keppel and Underwood, 1962) and the number of to-be-re-
membered units comprising each item (Murdock, 1961; Melton,
1963).

The build=up of proactive inhibition (PI) seems as-
sured as long as the class of materials being shown to
subjects (Ss) remains homogeneous. Once & change is made
to 2 new class of materials performance improves. The re~
covery from PI can be just as dramatic as the bulld=up of
PI. This important result was first found by Wickens, Born
and Allen in 1963. 1In their study, three groups of Ss were
ghifted to numbers on Trial 5, 8 or 11 after four, seven
or ten trials of consonant trigrams, respectively. Com~
pared to the control Ss who were not exposed to a new class
of stimuli, the experimental S8 showed almost complete re-
covery from PI. Other Ss shifted from numbers to trigrams
produced the same result. Further research has revealed
that the degree of recovery in large part depends upon the
nature of the change in the stimulus. Semantic changes
appear to be more important than physical or syntactic
changes (Wickens, 1970). Such improvements in recall,
frequently termed a recovery or release from PI, have been
thought to reflect changes in stimulus encoding. When the
S encodes the stimulus differently, it presumably frees
that item from interference with earlier items. Thus, the
position cen be taken that interitem similarity leads to

similar stimulus encodings which give rise to the PI, and



a change from one stimulus class to another leads to dis-
similar encodings which should limit the PI readily gen-
erated in the Peterson~Peterson situation.

The Wickens gt al. (1963) finding has been interpreted
as a release from, not a reduction in PI. Subsequent re-
search by Loess has supported this interpretation. Loess
(1968) selected word triads from four taxonomic categories
(birds, countries, trees and presidents) and presented them
to 88 in four conditions. Blocked conditions involved the
presentation of two or four categories for twelve or six
consecutive trials, respectively. Other S8 received triads
from one category on the odd~numbered trials and triads
from a second category on even~numbered trials., A fourth
group of Ss was presented four categories in alternated
fashion, one triad from each category every fourth trial.
All Ss had a total of twenty~four trials. Looking at the
percentage of words correctly recalled for the blocked pre-
sentations, a shift from one category to another produced
a marked release from PI for the first triad of the new
category. Presenting four categorles alternatively re-
tarded the bulld=up of PI. This gradual decline in recall
over trlals contrasted sharply with the rapid build-up for
the condition in which only two categories were alternated.

In an earlier study, Loess (1967) showed how the rapid
build=up of PI was retarded by the frequency of shifts to

new taxonomic categories. Three conditions using word



triads were compared in this study. Some 38 were shifted

to a new category on every trial. Other Ss received blocks
of three trials, so that they shifted on every fourth trial.
A third group was given & word triad composed of different
taxonomic categories on each trial. Eight categories were
used and all Ss were given twenty-four trials. A rapild
build=up of PI occurred in the mixed category condition,

but little PI was evident when each trial was of a different
category, despite the fact that Trials 9 to 16 and 17 to 24
were repetitions of the same eight categories used in Trials
1 to 8.

When presentations were blocked, performance did not
remain at a high level found under the alternated condition.
Rapid build=up of PI occurred within each block of three
trials and wes followed by release from PI for the first
trial of each block. This shifting to a new category evefy
fourth triel produced a "saw~tooth" function ever twenty-
four trials. The peaks of the function matched the level
of recall found in S8s shifted to & new category on every -
trial, where the pits of the function reached the level of
recall maintained by Ss recelving mixed category triads on
every trial. In both the 1967 and 1968 study, release oc~
curred in every case of a shift to a new taxonomic class
under conditions of blocked presentation. Table 1 summar~

jzes the outcomes of these two studies. While there was

some tendency for the recall asymptote to drop as block



TABLE 1

Proportion of words correctly recalled under conditions of

blocked and alternated presentation of taxonomic categories

c 8 o
Number Shift trial Asymptote
of trials performance performance
3 $95% o 76%

6 o 78%% o JT7H%

12 0% * o JO%%
Alternated presentation

Number of Single trial
interpolated performance
trials of of repeated
another category category
3 b o J2%%
3 o 50% %
7 92%

#  Approximated from Loess (1967)
#%* Approximated from Loess (1968)



8izZe incressed, shift trial performance remained inconsis-
tent.

The implication from both Wickens et al. and Loess'
research 1s that PI is due to item similarity. Loess has
further concluded that PI 1s restricted to the particular
class or taxonomic category of materials being presented.
Therefore, whenever a change to a new class is made the PI
generated by the old class should be ineffective in depres-
sing the performance of the new class, Yet, will the old
class effectively depress performance when the S is exposed
at a later time to additional items from the old class?
This question has not been explored in any depth and is the
me jor subject of the presenf study.

Importent to this study is the length of time between
the S's initisl experience with a stimulus class and his
later exposure to it. Loes=' conditions described above
shed some light on this issue, Alternating the presenta-
tions of two taxonomic categories for twenty=four trials
produced a more rapld build=up of PI and a lower asymptote
than elternating four taxonomic categories for the same
number of trials, When seven interpolated trials separated
the repetition of a category, there was little evidence of
PI (Teble 1). Hence, the greater was the number of inter-
polated triels, the higher was the recall of a triad from a

Previously presented category. This suggests that the PI



which depressed the recall of items from a given category
dissipated over time. In other words, the more trials
that separated a repetition of a given category, the more
time that was allowed for a reduction in the amount of
interference.

More direct support for dissipation comes from studies
that manipulate the intertrial interval (ITI), the time
between the presentation of one item and the presentation
of the next item. The major outcomes of these studies are
presented in Figure 1. Under conditions of interitem sim™
ilarity, PI is reduced with spaced, but not massed pre~
sentations. Using a fourteen second ITI for half thelr
Ss and a twenty-five second ITI for the other half, Peterson
and Gentile (1965) found higher recall of single nonsense
syllables for the twenty-five than for the fourteen second
ITI after a nine second retention interval., A ninety~one
second rest period between the blocks of s=ix trials further
reduced PI., Loess and Waugh (1967) also used blocks of six
trials, but their stimuli were word triads and each block
involved ITI's of 23, 38, 53 and 83 seconds. Even though
the greatest drop in recall occurred between the first and
the second trial of each block, the asymptote was a direct
function of the length of the ITI. In & second experiment
with ITI's of 143, 203 and 323 seconds, PI was, in all cases
not significantly different from the 83 second ITI of the
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first experiment. The level of recall in these studies
ranged from 20 to 40 percent for 14 to 23 second ITI and
55 to 65 percent for a 83 to 323 second ITI,

Just as a shift in class membership brings a change
in performance, so does a sudden shift from a shorter to a
longer ITI. For example, after four trials of consonant
trigrams with a thirty second ITI, & ninety second ITI was
introduced before Trial 5 (Cermak, 1970). This shift in-
creased recall on the fifth trial to a level comparable to
the performance of Ss who received the long ITI for all
five trials, Other Ss who were shifted from the long to
the short ITI Jjust before Trial 5 showed a marked drop in
recall to the performance level of Ss who received the
short ITI for all five trials. Kincaid and Wickens (1970)
have extended Cermek's findings to longer ITI's. Using
consonant trigrams and Stroop color naming as a distractor
task, Ss continued to color name for 0, 15, 45 or 120 sec-
onds between Triels 3 and 4., A direct relationship was
found between Trial 4 performance and the extended ITI, even
though Trisl 4 performance was never as high as Trial 1.
This agreed with Loess and Waugh (1967) who also found in-
complete dissipation even at their longest ITI (Figure 1).
As in the case of interpolated trials of other categories
(Loess, 1967, 1968), the increased recall which accompanies
a shift to a longer ITI (Cermak, 19703 Kincaid and Wickens,
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1970) suggests dissipation of, rather than release from
PI.

This reduction in PI is not altered by the activity
which occupies the Ss attention during the ITI. Nield
(1968) has shown that as the ITI lengthened, recall of con~<
sonent trigrams improved at the same rate regardless of
whether the Ss lesrned three digit numbers, named colors
or simply rested during the ITI. In this study, as in all
others employing the Peterson-Peterson technique, it is as-
sumed that the interpolated activity was interpreted by the
8 es distinct from the class of materials under investi~
gation and was therefore, not the ma jor source of inter-=
ference in this situation.

Given the build-up of PI under blocked presentation
of a stimulus class, the implication 1s that two underlying
processes bring about improvements in performance. (1)
Changing the stimulus class results in a release from PI.
(2) A lengthened ITI, be it filled or unfilled, results in
dissipation of PI. Current evidence suggests that both |
the build=up of and release from PI are probably responsible
for the "saw=tooth" function (Loess, 1967). If PI is class
bound as Loess contends, then the process of bulld=up and
dissipation for a given taxonomic category should be re~
latively independent of other categorlies presented elther
before or after that category. Furthermore, release from

PI should depend chiefly on the degree of stimulus change
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from trial to trial,

The purpose of this study was to examine the effects
of category repetition under conditions of blocked pre-
sentation. A Dblock was defined as four consecutive trials
with words from one taxonomic category, where one word
triad was presented on each trial., All S= were given eight
blocks in succession., In the repetition (experimental)
condition, Ss worked with the same category in four of the
eight blocks. One block of a not-to~be-repeated category
separated each block of the repeated category. Altogether,
there were three category repetitions, Because this study
was not concerned with the repetition of specific items,
new words always occurred in each block of the repeated
category. In the nonrepetition (control) condition, other
Ss recelved no category repetitions, but every block was
with a new category.

If PI 18 restricted to taxonomic category and an in-~
terpolated block of another category provides a condition
for dissipation, then any changes in performance when an
eerlier category is repeated should depend on the inter-
ference still present within the repeated category. It was
hypothesized that there would be a greater decrease in re-
cell performance on blocks in which a category was repeated.
Also of interest were differences between Ss in the non-

repetition condition who were expected to produce the "saw-



tooth" function and Ss in the repetition condition who

were expected to deviate from this function.

12
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METHOD

Suhjacts,~ Two hundred and eighty~eight college
students enrolled in introductory psychology at Ohio State
University served as the Ss. Seventy~=six percent of the
students were from the first introductory course and par~
ticipated in this experiment as part of a course require-
ment. The other twenty-four percent of the students came
from a subsequent course on & volunteer basis, All Ss=
were randomly assigned to either the experimental or con~

trol condition in thelr order of appearance.

Stimuli.- The stimull were common nouns from eight
taxonomic categories: A four-footed animal, a chemical
element, & country, & kind of cloth, & musical instrument,
an occupation. a part of a building, or a vegetable, These
categories were taken from the Battig and Montague (1969)
norms and were selected for their low degree of associative
overlap, Their associetive overlap was determined from
pilot deta collected by Wickens and Morisano (1970; unpub~
lished study), who asked Ss to sort forty~seven of the
fifty-six categories from the Battig=Montague norms into
as many plles as they wanted. The frequency with which
any two categories were sorted into the same pile could

range from zero to seventy~filve, The frequency count was
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taken as a rough approximation of the degree of assoclative
overlap. Table 2 shows the sorting frequencles between

the eight categories used in this study. In general, the
degree of assocliative overlap between all the categorles
was very low.

The fregquency of occurrence in the English language
(Thorndike and Lorge, 1944), the number of letters and the
number of syllables were determined for each word taken
from the Battig-Montague norms., From each word list, word
triads were formed to represent each category. An effort
wes made to equate the categories with respect to word fre~
quency, word length and number of syllables. The Thorndike=
Lorge frequency distribution of the words representing
each category is shown in Table 3. Within each word triad
two additional requirements were imposed: No two words
could begin with the same letter of the alphabet, or be
easily construed as synonyms Or homonyms of one another,

Because of their abundance, word triads from animals,
countries and occupations were chosen for the to~be~repeated
categories. These word triads, sixteen in total, were
further broken down into four groups of four. Again, &n
effort was made to make each group equivalent to other such
groups. The category showing the most assoclative overlap,
a part of a building, was used for four practice trials for

all Ss. Word triasds from the remaining categories served
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TABLE 3
The percentage of words from each category
representing high, medium and low frequency

of occurrence in the English language

Taxonomic category Fregquency* Total
words
high medium low
Four—-footed animsal 19 19 63 48
Chemical element 17 25 58 12
Country 15 21 65 48
Kind of cloth 17 17 66 12
Musical instrument 17 25 58 12
Occupation 19 19 62 48
Part of a buillding 17 25 58 12
Vegetable 17 17 66 12

* Thorndike=Lorge (1944) frequency counts:
high = a count of 50 or more times per million
(A or AA)
medium = a count of 20 to 49 times per million

low = a count of 1 to 19 times per million
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the purpose of the not-to~be-repeated categories in the
control condition and the interpolated blocks in the re~
petition condition.

The actual words used in this study can be found in
Table 4, Three categories were represented by four blocks
of four triads and the other five categorles by one block

of four triads.

Design.- Two treatment conditions were compared in
this study. Control Ss were presented eight blecks in
succession. Each block dealt with a different taxonomic
category. At no time were the S= in this conditlon exposed
to one category for more than one block. On the other hand,
experimental S8 were exposed to the same category on Blocks
2, 4, 6 and 8. Each repetition block always consisted of
new word triads fromlthe category given in Block 2. One
block of & not—-to-be-repeated category separated each block
of the repeated category. Table 5 summarizes the design.
Each letter in the table represents four trials on the same
taxonomic category. Altegether, each S received eight
blocks or thirty—two triads for a total experience of
thirty-two trials with the Peterson—-Peterson technlique.

Meking comparisons between the two conditions at each
point of a category repetition requires that the repeated
category be presented on every trial in the control con~=

dition in which it occurs in the experimental condition.



TABLE 4

The word triads used in this study

—

Category Block Word triads
Four-footed animal 1 dog,camel,antelopejtiger,buffalo,otter;
mouse ,raccoon, seal;elephant,gopher, lynx.
2 hyena,opossum,cat;deer,coyote,walrus;
squirrel,elk,leopard;beaver,llama,monkey.
3 porcupine,horse, jaguar;wolf,gazelle,boar;
- rabbit,zebra,sloth;sheep,gorilla,hamster.
4 lion,kangaroo,muskrat;cow,giraffe,alligator;

donkey,bear,moose;goat,skunk,panther.

Chemical element 1 silver,tungsten,copper;hydrogen,cobalt,lead;
mercury,argon,helium;bromine,sulfur,zinc.

= Country 1 france,honduras,sudan;russia,iceland,morocco;
panama,england,sweden;holland,australia,laos.
2 spain,libya,uruguay;lebanon,china,malaya;
canada,poland,brazil;italy,korea,belgium.
3 portugal,cuba, japan;india,paraguay,denmark;
greece,america,iranjaustria,chile,egypt.
4 britaim,peru,norway;mexico,ireland,albania;

- scotland,israel,burma;germany,syria,finland.

Kinq of cloth 1 gaberdine,cotton,denim;flannel,corduroy,silk;
linen,mohair,tweed;satin,velvet,worsted.

Musical instrument 1 horn, saxophone,guitar;bell, flute,piano;
organ, trumpet,violin;drum,accordion,oboe.

Occupation 1 plumber, accountant,surveyor;sailor,fireman,
editor;architect,mortician,cashier;shoemaker,
botanist,nurse.

2 clerk,bartender,surgeon; author,machinist,coroner;
policeman,banker,chemist;merchant,laborer,artist.
3 _manager,auditor,painter;contractor, judge,barber;
N jeweler,blacksmith,minister;actor,physicist,
janiter.

4 mechanic,carpenter,butler;pilot,bookmaker,
dentist;lawyer,scientist,waiter;writer,salesman,
engineer.

Part of a building 1 window,balcony,girder;door,pillar,closet;
a ceiling,rafter,patio;banister,skylight, furnace.

Vegetable 1 asparagus,corn,spinach;potato,broccoli,turnip;
radish,parsley,bean;onion,cucumber, lettuce.
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Table 5. The two treatments used in this study.

Block 1 2 3 4 5 6 7 8
Treatment

Experimental E A B A C A D A

Control E E B A C¢C F D G

Teble 6., Counterbalanced design for the repetition of
three different categories.

Block 1 2 3 4 5 6 7 8
Treatment |

E A B A c A D A

Experimental E F B F € F D F

E 6 B G € G D G

E B
Control E 54 B
E B
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To maintain the integrity of the control condition, four
control 3= would be needed for every experimental S. This
obstacle was overcome by using three different categories
for repetition (A, F and G in Table 5) and a fourth cate~
gory (H in Table 5) to parallel the experimental Ss initial
experience with the to~be-repeated category. The cate~
gories within the two conditions were counterbalanced
(Table 6). This expanded design allowed for (1) an even
distribution of Ss between the two conditions, and (2) the
potentiality for extending the results to taxonomic cate~
gories in general. Thus, three different groups of Ss com~
prised each treatment condition.

Further counterbalancing within each S group was done
in order to minimize potential order effects that might
arise from presenting the stimuli to all Ss in the same
sequence, With the exceptions of Blocks 1 and 2 (Table 6),
all categories occurred equally often in each appropriate
position: B, C and D in Blocks 3, 5and 7; A, F and G in
Blocks 4, 6 end 8 in the control condition, and in Blocks
2, 4, 6 and 8 in the experimental condition. Potential
within=block order effects were also counterbalanced. For
every block position, there were four within-block posi-=
tional changes. Ninety=six Ss were required to complete
the counterbalanced design. The entire design was repll-
cated three times to give a total of 288 Ss. The block

position of categories B, C and D was rotated for each
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replication of the design.

Apparatus.- The experiment took place in a small,
sound-proofed room, Over the S's left shoulder, 35 milli-
meter s=lides were shown by means of a Kodak 800 Carousel
projector. The slides were exposed for a predetermined
time interval by means of a Gerbrands tape-timer. The S

sat in a comfortable chair five feet in front of a screen.

Procedure.- When the S and experimenter had taken
their places, in the chair and behind the 3§, respectively,
the following instructions were read aloud to the 3S:

The purpose of this experiment is to study
your ability to remember words and to perform a
counting task at a fairly fast and constant rate.

First, you will see an asterisk projected on
the screen in front of you. The asterisk is your
ready signal. Two seconds later you will see three
words. You are to read the words out loud as
quickly as you can, for you will see them for only
two mseconds.

After the words a three digit number will
appear. As soon a&s you see the number, say it out
loud, then begin counting backward from the number
by threes. For example, if the number was 999, you
would first say 999, then 996, 993, 990, 987, and
s0 on until a question mark appears.

When you see the question mark, try to tell
me the three words that were presented before the
number. Give them in order if you can and out
loud so that I can hear them clearly. You will
have sixteen szeconds to recall the three words.
Then the question mark will be replaced by the
asterisk, your signal that another three words
are about to be presented.

Therefore, what you are to do is this: First,
pronounce the three words as fast as you can,
then pronounce the three diglt number which follows
them. Third, count backward from the number by
threes at the pace of the click, and finally,
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recall the three words in order if you can.

The basic procedure will be repeated a
total of thirty~two times, You should try to
do as well as you can on both the words and
the numbers, and keep your eyes on the screen
in front of you throughout the experiment.

Can you very briefly repeat to me what
you are to do, so that I understand that the
experiment 1s clear to you?

The sequence of events comprising each trial is summarized
in Taeble 7. The retention interval was filled by asking
the S to count backward from a three digit number by threes
to the one second beat of a metronome. Each number was
drewn from a table of random numbers and rem2ined on the
screen throughout the retention interval, This counting
ectivity was assumed to have the function of preventing
ective rehearsal of the triad. The asterisk served as a
ready signal and the question mark, as a signal for recall.
This modified version of the original Peterson~Peterson

technique was continued for a total of thirty-two trials.

After the laest trial, the S was asked the followling questions:

1. "Did the words on different trials fall 1lnto
groups or categories?" If the S sald “yes" he
was then asked, "Can you name them?"

2. "Words from one group were presented for four
consecutive trials, then words from another
group were presented for the next four trials,
and so on in this fashion through the experi-~
ment. Once & group had been presented, did it
reoccur at a later time in the experiment?”
If the S said "yes" he was then asked, "Can
you name the group or groups?”
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The specific order of the stimull each S received was
predetermined before the experiment and prearranged in the
Carousel. The first four trials enabled the S to become

famillar with both the retention and rehearsal preventative

tasks,
TABLE 7
Events and their duration that
comprised one trial
Event Duration ‘seoogda}
Asterisk 2
Word tried 2
Retention interval 10
Question mark 16

Total time per trial 30
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RESULTS

The performance of each S on each trial was determined
by glving one point for each word correctly recalled plus
en additional point if all three words were recalled in
their original order. The mean performance of the control
Ss over triels was plotted (Figure 2). This condition pro-
duced the expected "saw~tooth" function. There was a marked
drop from the first to the fourth trial of all blocks,
P(3,429) = 201.03 (p <.001). The average within=block per-
formance chenged from 70.8 to 43.6 percent. A significent
Blocks X Trials (within-blocks) interaction, E(21,3003) =
2.61 (p<.001), indicated that the degree of change varied
from block to block. A supplementary analysis of varlance
(ANOVA) on just the peaks (arrows in Figure 2) of the curves
showed that the performance on the initial trial of each
block wes nearly the same, E(7,1001) = 0.70, but on the
final triesl of each block, the pits of the curves, per-
formence significantly differed, E(7,1001) = 5.39 (R <.001).
The pits rose from 35,6 percent in Block 1 to 50.9 percent
in Block 8. A Newman—Kuels test for the differences be-
tween all pairs of means (Winer, 1962) further revealed
that the pits of Blocks 1 and 5 were significantly lower
than Blocks 4, 7 and 8 (p<.01). Blocks 2, 3 and 6 were



26

common to both groups.

Shifting to & new taxonomic category produced just
as marked an improvement in performance as the initial
decrement, F(1,143) = 549,06 (R <.001). On the average,
recall jumped from 42,5 to 70,7 percent. This ANOVA,
comparing the seven category shifts, yielded a significant
Shifts X Trials interaction, E(6,858) = 3.24 (p<.001).
This meant that all pit-to~peak changes were not equivalent,
The magnitudes of change arranged from highest to lowest
were: Shift number 1=5>3>426=7> 2,

A "saw~tooth" function of a different character was
generated when Ss received three repetitions of a taxonomic
category (Figure 3). Decrements in performance occurred
withinh the blocks, F(3,429) = 159.27 (p<.001). The av-
erage within=block change was from 67.3 percent on Trial 1
to 44,6 percent on Trial 4. A supplementary ANOVA on the
plts of the curves showed that the performance on the final
trial of each block varied significantly, E(7,1001) = 2.89
(p<.01). Like the control condition, there was a slight
increase in performance over the experiment, even though
only the pit trial performence of Blocks 1 and 8 differed
significantly (p ¢ .01, Newman-Kuels test). The Blocks X
Trials (within-blocks) interaction, F(21,3003) = 3.72 (R<
«001), pointed out significant variation of the trial-to-

trial changes between the eight blocks. Unlike the control
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Ss, the peaks of the curves did differ from one another,
F(7,1001) = 15.22 (p<.001). A Newman-Kuels test on these
differences revealed that the initial trial (arrow in
Figure 3) of Blocks 4 and 6 varied significantly from
Blocks 1, 2, 3, 5 and 7. Block 8 was common to both groups
in initisl triesl performence. Blocks 4, 6 and 8 were on
the repeated category, where Blocks 1, 3, 5 and 7 involved
the nonrepested categories. Block 2 was the first exposure
to the to~be-repeated category.

The pit-to-pesk changes from one category to another

were not as marked as for control Ss. Nevertheless, they
were highly significant, E(1,143) = 354.55 (p<.001).
Figure 3 suggested that Shift numbers 3, 5 and 7 varied
greatly from Shifts 1, 2, 4 and 6. The former group in~
volved a change to the repeated category, and the later
group were shifts to a not-to=be-repeated category. The
ANOVA on the seven category shifts produced a significant
Shifts X Triels interaction, E(6,858) = 12.70 (R< .001).
An examination of the magnitude of change for each shift
indicated that Shifts 1, 2, 4 and 6 were about three times
greater than Shifts 3, 5 and 7. These changes ordered from
the greatest to smallest were: Shift number 4>1&2>6> 5%
72 3.

When the "saw=tooth" function of the control Ss is

superimposed upon that of the experimental Ss, they do not
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coincide (Figure 4). An ANOVA comparing both functions
showed a Treatments X Trials (within—-blocks) interaction,
E(3,429) = 3.29 (p<.05). An edditional ANOVA was per-
formed on Blocks 4, 6 and 8 to clarify the principle dif-
ferences between the two functions. Both the Treatments
main effect and the Treatments X Trials (within=blocks)
interaction were significant, F(1,858) = 45.57 (R <.001)
and F(3,429) = 8.19 (p<.001), respectively. This indi-
cated a differential degree of change between the two
treatment conditions over trials within the three blocks,
Both curves appeared to approach the same asymptote, but
the control Ss started at a higher level of performence
than the experimental Ss. The stability of this finding
was strengthened by the insignificant Treatments X Blocks X
Trials (within-blocks) interaction, E(6,858) = 1.41, 1In
other words, these trial-to-trial differences were similar
within all three of the repetition blocks.

In general, the pits of the two functions were similar,
but all of the peaks were not. This was supported by the
Treatments X Pit Trials interaction, E(7,1001) = 1.50, and
the Treatments X Pesk Trials interaction, F(7,1001) = 10.02
(P<.001)., A Newman=Kuels test on the peak means of both
conditions showed that the peaks of the repetition blocks
in the experimental condition, Trials 13, 21 and 29, were

significantly lower than the other peaks of the two func-
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tions (p<.01)., In other words, in every case of a re-
petition of a taxonomic category, the mean performance on
the initial trial of the repeated block was lower than the
control condition,

The comparison of all pit-to-peak changes in the two
S groupe did not differ for Treatments, E(1,858) = 2.55,
however the Treatments X Trials interaction, F(1,143) =
11.35 (p <+001), indicated that the control Ss showed a
greater overall improvement in performance than the experi-
mentel Ss. The differential degree of recovery was not
the same for all shifts, There was also & substantial
Treatments X Shifts X Trials interaction, E(6,858) = 9.86
(R <.001), Shifts 3, 5 and 7 reached the .01 level of
slgnificance and Shift number 4, the .05 level (Table 8).
The former group involved a shift to a repeated category.
The insignificant shifts were to a not-to=be-repested
category. Shift number 4 was the only exception. Thus,
only shifts to a repeated category produced large treat-
ment differences in the degree of recovery.

The percent recovery in Table 8 was calculated as the
ratio of experimental to control mean performance form
Trial 4 of one block to Trial 1 of the next block. These
percentages indicated the direction of recovery of the ex—
perimental condition with respect to the control condition.

When experimental Ss were shifted to a not=to~be-repeated
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TABLE 8

The F ratios and percent recovery for changes in performance
when shifting from one category to another for the two

treatment conditions

Shift Treatments X Trials Percent
number  Trials Interaction recovery
2 8 to 9 g 136.09
3 12 to 13 21,17%%% 50,86
4 16 to 17 L, 54% 135.92
5 20 to 21 27, 69%%% 32.67
6 24 to 25 0.48 112,06
7 28 to 29 8, 67%% 45,71

* R <.05

##% D ¢.001
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category, recovery was superior to the control group
(Shift numbers 2, 4 and 6), yet when shifted to a pre-
viously used category, it was clearly inferior to the
controls (Shift numbers 3, 5 and 7). The smallest change
in both conditions when shifting to & not-to-be-repeated
category was two times greater than the largest change
chen shifting to a previously repeated category.
Differences between the two conditions also appeared
in block=by-block mean comparisons, Figure 5 shows the
mean performance over each block for the two S groups.,
The main effect of Blocks in the control condition was
highly significant E(7,14) = 6.99 (g 001). The mean
block performance tended to increase from 49.0 percent in
Block 1 to 57.0 percent in Block 8, In contrast to the
control 8s, large differences appeared among the block
means in the experimental condition, E(7,14) = 21.44 (p<c
+001)., A Newman—-Kuels test on the mean block differences
supported the grephic separations in Figure 5. Blocks 3,
5 and 7 differed from 4, 6 and 8. Common to both groups
were Blocks 1 and 2, Finally, the nonrepetition and re-
petition blocks were significently above and below the
control condition, respectively. 1In the first case, the
E(1,429)
E(1,429)

In order to ensure that order effects were not affecting

36.22 (p <.001) and in the second case, the

47-9’4’ (n <.001)-
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the findings, & general ANOVA of the entire design was
completed. The three replications of the design differed,
F(2,1116) = 40.67 (R <.001). The difference was produced
either by the superior overall performance of Ss partici~
pating in the latter third of the experiment or by an ad~
vantageous nonrepetition block arrangement (kinds of cloth,
chemical elements, vegetables). Some categories appeared
easier then others, E(2,1116) = 39.05 (p <.001). The recall
of animals, for example, was higher then countrlies and
occupations which did not differ from one another. Finally,
between blocks counterbalancing did reach significance,
F(3,1116) = 10,10 (R <.001), end within block changes were
marginelly significant, E(3,1116) = 3.29 (R <+05)s De-=
spite the stimulus selection and counterbvalancing, the
experiment was not entirely successful in eliminating order
and position effects,

An analysis of errors made by Ss over the thirty—two
triels is presented in Table 9. By far, the largest type
of error wes sn omission. On the average, a S made 33.7
omissions in the experiment. Omissions were net as frequent
in one treatment condition a= in the other. Each of the
S's total number of omissions on the repetition blocks (&,
6 and 8) end the interpolated blocks (3, 5 and 7) was de~
termined. An ANOVA on these sums showed that more omis-

sions occurred in the experimental than in the control




TABLE 9

36

The probability and frequency of intrusions and omissions

for the two treatment conditions

INTRUSIONS

Within a
block

Betwegn

blocks

Importations

ERRORS:

Condition

Experimental Control Both

Previous
trial

Two trials
previous

Three trials
previous

Total
Preveous
repeated
category
Previous
nonrepeated
category
Total

Seme category

Different
category

Total
Omissions
Intrusions

Total

«56

.10

.03
.69

13

02
14

013

.03
017
.81
.19
« 50

«58

13

+04
75

02
.02
«20

03
e 23
.80
20

« 50

58

e11

.03
72

«06

.02
.08
«17

.03
«20
«80
«20
1.00
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condition, E(1,143) = 8.26 (p <.01), and in the repetition
blocks then in the interpolated blocks, E(1,143) = 49,61
(R <+001)., The latter difference held for both treatment
conditions, accounting for the insignificant Treatments X
Blocks interaction, E(1,143) = 0.31.

The second most common error was an intrusion. Even
though the total number of intrusions in each column of
Table 9 was used as the base for calculating the within
block, between block and importation probabilities, the
megnitude of any intrusion probability 1s some proportion
of 0.20 which represents the proportion of intrusions errors
of all kinds made by Ss. The highest source of an intrusion
error was & word from the previous trial within the block.
Extra~experimental errors (importations) tended to be re~
stricted to the taxonomic category being presented and were
slightly more frequent in the control than in the experi~
mental condition. Repeating a category did have an effect
as seen in the probability of an intrusion from a previously
presented category. Yet, this was a small effect in com™
parison to the within=block intrusion probabllity. As
with omissions, intrusions were summed for the repetition
and interpolated blocks in each treatment condition. An
ANOVA produced insignificant mein effects for Treatments,
F(1,143) = 0.28, and for Blocks, E(1,143) = 0.50. The
Treatments X Blocks interaction was significant, E(1,143) =
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4,30 (p <+05); the frequency of intrusions in the inter=
polated blocks of the experimental condition was higher
than in the control condition.

A tally of responses to the two questions asked Ss
(Teble 10) showed that approximately ninety=nine percent
of the Ss were aware by the end of the experiment that the
words fell into several taxonomic categories (Question 1).
Eighty-one percent of the experimental Ss became aware of

the category repetition (Question 2).
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TABLE 10

The frequency and rercentage of yes=no responses

to two post-experimental questions

tio Response Condition

Control Experimental

1%* Yes 99.3 98.6
No 0.7 1.4
%% Yes 10.4 81.3
No 89.6 18,7

* "Did the words on different trials fall into groups
or categories?"”

¥ "Words from one group were presented for four con-
secutive trials, then words from another group were
presented for the next four trials, and 20 on in
this fashion through the experiment. Once a group
had been presented, did it reoccur at a later time
in the experiment?"”




Lo

DISCUSSION

The mse jor outcome of this study was the poorer re-
tention of new word triads belonging to a previously pre-
sented category. Both the first trial and mean block per-
formance of each repetition block in the experimental con-
dition was below that of the controls. Significant Treat-
ments X Trials (within=blocks) interactions in the repe-
tition blocks pointed to differing rates of within-block
build-up of PI. Furthermore, Treatments X Trials inter-
actions in recovery occurred only when shifting to a pre-
viously repeated category. Outside of these major dif-
ferences, the peaks, plts and within-block changes of the
two functions were alike.

There was 8 slight tendency for the pits and mean
block performence to rise and the within-block decrements
to decrease over the experiment. These general improve-
ments with trials strongly suggested a practice effect
similar to those reported by earlier investigators using
the Peterson~Peterson technique (Peterson and Peterson,
1959; Loess, 1964), The psaks of the two functions showed
no such effect,

With respect to interpretations of this study, there

ere three alternatives which might account for the effect
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of category repetition under blocked presentations (1)
Stimulus change, (2) dissipation of PI, and (3) accumu~
lation of PI.

With respect to the first interpretation, dissimilar
stimulus encodings produced in a shift from one stimulus
class to another should bring nearly complete recovery 1in
both trestment conditions. That is, encoding new stimulil
differently on the next trial will be more important than
heving these stimull belong to the same taxonomic category
used some time esrlier in the experiment. The first pos~
ition states, in effect, that the two treatment conditions
will fail to vary significantly simply because the critical
variable i= the effect of class change.

The second position assumes an interpolated block of
four trials should allow for the dissipation of PI from the
to-be-repeated category. When the S is returned to the
category in question, his performance should be inferlor
to the controls, if the dissipation of PI for the repeated
cetegory i= incomplete. Previous research has found that‘a
120 second ITI is enough time for about seventy~five per~
cent recovery from the build=up of FI (Loess and Waugh,
1967; Kincaid and Wickens, 1970). Shifting to a previously
repeated category, therefore, should expose the S to undis-
sipated PI. With the fixed ITI consisting of an inter=

polated block of a not-to-be-repeated category between the




42

category repetitions, this alternative predicts poorer
performance of the experimental Ss. Furthermore, the S's
performance should remain unchanged across all repetition
blocks. This is because the interference should be re-
stricted to the repeated category and the ITI should exert

A predictable effect on the amount of dissipation that takes
place from one category repetition to the next.

The final position predicts a gradual decline in per-
formance over the repetition blocks, despite any effect
attributable to release from and dissipation of PI. This
Interpretetion states that PI should not be restricted to
8ny one category, but should gradually asccumulate over
blocks. Progressive decrements should be obtained in both
treatment conditions.

The ma jor findings of this study discredited the first
view thet stimulus change 1s the single most important
varisble, Recovery for the experimental Ss on the initial
trial of the repetition blocks was less than half that of
the control Ss. The percent recovery on Shifts 3, 5 and 7
was 50.9, 32.7 and 45,7, respectively. If stimulus change
effected both conditions to an equal degree, then the per-
cent recovery would have been close to 100.0. In addition,
the Newman~Kuels test on all the peaks of both functions
showed o decrement in performance only for the experimental

Ss on the initial trials of Blocks 4, 6 and 8.



43

The second position predicts a reproducible effect of
category repetition. In the experimental condition, the
peaks of the repetition blocks were similar. This was
also the case for the pits of these blocks., The insignif-
icent Treatments X Blocks X Trials (within-blocks) inter-
ection indicated that the difference from the control con-
dition remeined relatively invariant for Blocks 4, 6 and 8.
Further, the mean block performance did not significantly
differ for these blocks and was consistly below the controls,
The only evidence opposing the second interpretation was
the recovery dsta., The percent recovery for Shifts 35 5
and 7 was not equal (50,9, 32,7 and 45,7). Trial 4 and
Triael 20 performance in the.control condition were signif-
lcantly below all pits of both treatment conditions. This
possible chance deviation may have caused Shift number 5
to be markedly below Shifts 3 and 7. Except for these dif-
ferences in recovery, all of the Tindings of this study
Supported the interpretation that shifting to a previously
Presented category 120 seconds later exposed the experi-
mental Ss to undissipated PI., Under these conditions, the
undissipated PI was enough to markedly diminish the extent
of release from PI that would have occurred had the shift
been to a new category. The stability and reproducibility
of thls effect suggested that interfreence was category

specific and the ITI was an important variable when a cate-
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gory repetition was involved.

Like the first interpretation, evidence supporting
the third view i= untenable. This position predicts a
progressive drop in performance over category repetitions,
Shifting to a old category for the third time produced
greater recovery than for the second time (Shift number
7 versus 5), PI bulld-up proceeded at a significantly
slower rate within the repetition blocks of the experimental
condition, and the pits did not drop below those in the
control condition. Furthermore, no additional drops in
peak trial performance were noticeable after the first
block repetition. 1In other words, category repetition did
not progressively increase the degree of PI build-up for
the experimental Ss, but only pushed performance toward
the same asymptote in each repetition bleck. Mean block
performence, pits end within-=block changes had a tendency
to move over blocks in the direction opposite to the pre-
dictions of this position. Finally, there were not any
progressive decrements found in the control condition.
It was therefore concluded that PI did not accumulate over
the repetition blocks. If an accumulation was occurring,
then measurable, progressive decreases within the repe-
tition blocks as well as in the control condition should
heve been found. The lack of evidence to support this view

reinforces the interpretation that PI is class-specific.
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Both S groups produced "saw=tooth" functions. The
control condition replicated Loess' (1968) 4S condition.
In the Loess study there was much variablility. The pmaks
of the curve ranged from 72 to 91 percent recall, and the
plts, from 22 to 40 percent. In the present study, the
function was more stable., The peaks (70-75 percent) and
the pits (3540 percent) fell well within the limits of
Loess' function. The difference between the two experi-
ments was that Loess' 4S condition involved six trials
per block, where the conditions of this study used four
trials per block, In the "saw—tooth" function generated
by the experimentel Ss, the invariance of the repetition
blocks could be related to the number of interpolated
trials. Under 2lternated presentation, more interpolated
triels heightened the recall of a repeated category (Loess,
1967, 1968)., Although dissipation and class bound character
of PI may account for the findings of the present study,
experiments that systematically vary block size are needed
to see more precisely whether the invariance of the repeated
blocks i1s a function of the time between category repeti-
tions.,

With respect to errors made by the Ss, the majority
of them were omissions and previous item intrusions.
Transpositions were not scored in this study. The prob-

ability of an intrusion in this study, 0.20, was close to
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0.18 obtained by Loess (1968)., The largest source of in-
trusions was the previous item within the block (0.72).
Loess (1968) found previous item intrusion probability
equalled 0.64, Finally, the extent of extra—experimental
errors was similar in both studies, here 0.08 and Loess
(1968) 0,10,

The frequency and nature of the errors tended to sup-
port the second interpretation. Although both conditions
contributed an equal proportion of omissions and intrusions,
most of the importations and previous item intrusions were

words belonging to the stimulus class being presented.



L7

CONCLUSION

The purpose of this study was to examine the effects
of repeating a taxonomic category on the bulld=up, release
and dissipation of PI. Blocked presentation of the cate-
gories replicated the "saw~tooth" function flirst demon-
strated by Loess in 1967. Category repetition effectively
altered this function. The performance of the experimental
S8 was markedly diminished on the repetition blecks. This
dimunition appeared to be constant across all of the re-
petition blocks and applied meinly to the initial trial
of the block.

The implicetion from this study is that when a shift
is made from the interpolated block back to a previously
presented cetegory, the PI already present curtails the
usual degree of release from PI. If interference is ac-
cumulative because other categorles contribute to the dam-
pening, then & progressive fall 1n recovery should occur .
when e category 1s repeated every other block. Drops in
the pits should alsc accompany these changes in recovery.
Instead, recovery did not differ from category repetition
to repetition and the pits rose over trials, Finally, the
errors from a given category tended to appear only when

the S wes presented with words from that category.
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The findings of this study lead to the conclusion
that the repetition effect was due only to interference
generated within the repeated category. PI appeared to
be restricted the specific, repeated category.

This study supports Loess' belief that PI is class
bound: When & shift i=s made to a new class, PI of the old
class is ineffective in altering the S's performance on the
new class, However, once the S returns to the old class,
undissipated PI will again become an influencial factor in

his level of rTecall.,
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Analyses of Variance on the Control Condition
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