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Abstract

Recent studies have demonstrated the importance of short-term
memory effects within continuous recognition tasks. However, none of
these studies have evaluated the retention function in relation to the
state of learning of an individual item, The present study was designed
to evaluate the retention function during the precriterion and post-

- eriterion portions of recognition. learning sequences embedded within a

continuous task. Fifty subjects were given a 500-trial yes;no recognition

 task using CCC-trigrams. Repeated items appeared at a wide range of
interpresentation intervals.

The false alarm rate stabilized after approximately 300 trials,
suggesting that subjects had attained steady-state response blases,
Analysis of the precriterion and posteriterion retention functions re-
vealed sharp differences in performance in relation to state of learning.
Performance was high at véry short intervals for both functions, but at
‘long intervals precriterion performance approximated the false alarm
rate, whereas postcriterion performance was still very high. However,

a slight decline in performance along with a rise in response latency
.suggested there was some retention loss at long intervals in- the post-
criterion function. There was evidence that perceived “oldness” or

: "familiarityf significantly affected subjects' responses. These data,
including other details of the apalysis, suggest a three-state model of

recognition learning. ..
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Chapter 1

Introduction

The relaticnship between recognition and recall performance in
studieé of vefbal“iearniﬁg has beén aﬁ imﬁbrtaﬁt”iésﬁé Eﬂmﬁﬂé éttémpt
to understand human memory. To some extent the issue has conce?nédti
“the problem'of'whether or not the memory store is a unitary stéteﬁ
 (seeHAgém;; 196?). Research bechniques from perception and vefbal y
learning have merged in the sbudy of recognition performance,_and |
considerable experimental and theoretical work on the role of. short-
~term memory (STM) in verbal recognitior tasks has been repg%{éd
:recently, Since recognition.brocesses are also inyp;ved'ﬁn?more
complex tasks such as palred-associate learniﬁg;;fhé {ﬁﬁlicationsjof}
this research extend far beyond the.simpie_feqégnition experiment;

A study by Shepard and Teghtsoonian (iéél) has served as a
basic reference for recent work on retention effects in simple recog-
Qition situationsd .The basic design was. similar te that used in.
&efection réééargh-in-éerceptipnql—Subjgcté_were s@qﬁn'a continﬁous
list of three~digit numbers and for each item were asked to indicate
yia a simple "yes”»‘no” response whether or not they had seen that
number in the iist before. Recognition performance was tested at a
variety of intervals after a single presentation. The plot of recog-
nition performance as a function of test interval, shown in Figure 1,
reveals that both varisble and constant delay conditions yielded
egsentially the same curve. This function dropped very rapidly at

short intervals and changed less rapidly at long intervals, remaining
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. Figure 1.  Retention for once-presented items in a continuous”récognitidn

task. {Shepard and Teghtsoonian, 1961).



considerably above. both the asymptotic fal§e,alarmhratg_(negr;JﬁQ)_and
the a‘priori probability of_anupld.item:appearing on a given trial
(.50). . In another study using a forced~-choice procedure to.control . .
for changes in the average false-alarm rate, Shepard and Chang (1963)
found a-similar-retention,function_usipg_thgmgame singly-repeated .
three-digit numbers, . -.

~ More recent data have led to the development of several quanti-
tative models for learning and reteption inhc9ntinuqus recqgnitiQn_
tasks. Melton, Bernbach, and Reicher (1964), and Kintsch (1965) ex~
tended thexshepard apd Teghtsoonian task to.include multiple repetitions
of the old items.  Melton et al., using congonant trigrams, found That
repetition improved recognition performance at a variety of intervals
(SPecifically,.E,_B, 20, and 40 intervening items), and Kinmtsch found
that pefformance for both one-item and ten-item delay conditions
improved with Increasing: repetitions. In a theoretical analysis of
his date Kintsch (1966) showed that a three-state Markov_.m__odei_l_ with
intertrial forgetting gave a reasonable account of the observed
retention effects. Further, in a new experiment using a shift_from.
one constant delay condition to another, Kintsch found that the. rate
of trangition into en absorbing long—term.memory.(LTM);state wag
directly related to delay length. _Apparsntly,subjects.yere able to
use a less efficient coding strategy at a constant short delay, which.
of course penalized.them_ﬂhen-theyawere shifted to a long delay
condition.

Recently, In an attempt to interpret confidence judgment data




with Markovian'léérning assumptions, Kintsch (1967) has developed a -
disbretelstate3learning ﬁbdel-with'ah'underlying‘éontinuous familiarity
dimension. This more general ‘version of Kintsch's (1966} recognition. -
learning model yielded”accurate'predictions for a veriety of learning
and retention effects. Bernmbach (1967) has proposed & similar finite-
state decision theory to account for retrieval effects in recognition -
memory. =

Additional recognition memory data have come from research by -
Norman.and.Wickelgrén‘(NOrmanqand'Wiékelgfen,'l965; Wickelgren and © -
Norman, 1966; Norman, 1966; Wickelgren, 1966, 1967). Their family
of strength models has reflected the increasing use of concepts frmﬁ B
signal.detectidn theory in the study df recognition memory (see e.g.,
Egan, 1958; Murdock, 1965; Parks, 1966; Kintsch, 1967; Bernbach, 1967).
Their experimental approach has been a probe technique rather than the
continuous list design of Shepard and Teghtsoonian. Subjects were
presented a short list of'items and then a gingle probe -. either an
old or a new item in the recognition procedure. In general they have
found considerable support for their family of strength models. ~Normen
'(1966)'found that rates of forgetting under recall and recognition
procedures were identical, although the initial strengths differed.
Thig result is consistent with the notion that recall-recognition
differences may reflect retrieval effects rather than storage effects
(see AtkinsontandiShifffiﬂ;'1968; EéteS'ahd'Da?olito, 1967). - Successful
recognition performance would be possible from & smaller store of -

information than would successful recall, but-the basic storage process




would be the same in either case. Wicke;gren_(l96?) found that recog-
nition memory for serial order follows a decay function similar tQ”_
recognition memory for individual items, gugge§§ing:thgtiintgrfgtqm
and intra-item associatlons may be procegsed in the same manner. ?he _
general form and magnitude of Normen and Wickelgrgn‘s recognition
functions have been similar to_the_Shepa;dacurves.(Shepara apd.Teghtsoonian,
1961; Shepard and Chang, l965)lfqr.once~pre§enteq items in a continucus
task. That 1s, the functions drop rapidly at short intervals and reach
asymptote considerably above “chance” levels at long intervals.

- None of the_reported stu&ies.have considered directly the sﬁate
of learning of an individual item at the time_qf,test7 Whether items
. are tested after one presentation or after a series of presentations,
it is_eviéent that all items will_not be in the same state_of learning.
Suppose, for gxample, that_recognition performance could be rgpreséntgd
by a simple disqrete—staﬁe made_l.T Within the context of a continuocus
lisf,.an item_is_initially_in an unlearned or uncoded staﬁet' A given
pregentation will put the item in éither_a tgmporary STM state or a.
| more permangnt LTM:state withicertain_probapilities. Cn the next
presentation of,the same‘item the subject would be making.his_response‘
based on_either‘a_long-term or & short-term trace, and as thellength
of the interpresentation‘interval incpeasedrthe probabilitj that an
- iltem unld be,porregtly recognized would be strongly dependent upon
which state the item was in. _Kilnts_ch"_s_ (1966) shift data sugges that
even a‘poorly‘coded item Qan_bgtrecogni;edaif it apﬁears_with a very

short interpresentation interval, but at long intervals the subject




may respond to such pooflyTC6ded'itéms as 'if they were new items.
Averaging over ‘items and subjects would tend to hide such effects.

An aﬁalogdus'arguméﬁt can be made, of course, for an incremental type -
model.

A recent paired-associate study by Bjork (1966) suggested a mesns

‘for separating STM aﬁd:LTM functions from.each other. Bjork's study
used a continuous paired;a330¢iate'ta3k £o ‘iake & dhrefdl eviluation -
of the effects of interﬁreSentéﬁion'intérvals. Traditionally;'ﬁaired~
associate tasks have involvéd fé¢yéling throlgh successive repetitions
of a list 6f items. Each.repetitioﬁ'is"a new:randoﬁizatibnxof‘thé list,
_and ‘the typical :andomiéatidﬁ procedures make féry“éhorﬁ and very long
.interbreéénﬁation intervals for a given ifemféitremély ualikely. Tn
_fact, the distribution of interpresentation intervals in' such taske
can be shown to be triangular, with a mode equal to the list length.
minus one (Lfi)= ‘Bjork’s program. for the conbinuous task makes short,
intefmediate, and . long intervals eQually'likely.: This modification

in désign:allowé the collection of reliable retention data at a wide
variety of interpresentation intervals. InHBjork*s'ex§Eriméht the |
next presentation of a gi#en'item Wwas e@ﬁally probhable at any'iﬁtérval
from 1 to E(Q-l), with successive presentations of ‘a given item being
independent of the history of other items in the list. Bjork plotted
performancé as & function of interpresentation interval for trisls
‘Preceding the last precriterion error, and found that performance
declined sharplf from hear-ﬁerfect“at'intérfﬁl-one'to:chanCe at

long intervals (see Fig&re‘E); This curve may be taken:to'repr53ent
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the decay out of the SiM state in a discrete-state model like the
one ouflined above. Ope'can see that before learning in the sensei
of ﬁranSition to LTM has occurred, thefé aré marked STM effects thét
are concealed in the mére conventional list desigus. |
The present studj was designed tp examine in considerable det%il
the retention effects ﬁithin a contindpus recognition learning tasﬁ.
While Bjork'ézpaired-a;sociate stqdyiéérved as a suggestion, the
present stﬁd# was prim;rily explorato#& in orientation in that previcus
data offered little}suggestion as to what a precriterion retention?l
function might loQk like for simple ré@ognition learning. The study
was also designed.tq.ekémine the chaﬁges in false alarm rate that
have been found ré?eatédly_in such taska (see Donaldson and Murdock;

1968) and to obtain latency data for the recognition learning process.




_Chapter_II
Method
This experiment employed a modification of the continuous recog~
nition learning task used by Shepard and Teghtsoonian (1961), Kintsch
(1966, 1967), and Donaldson and Murdock (1968), The modifications
were intended to allow an evaluation of ‘the role of STM and LIM within

. the recognition léarning process.-

Design of the Experiment.

The task involved presentation of a list .of 500 gtimulus items. On
each presentation the subject gave a. judgment as to whether or not he
“had seen the item before in the list. -Within the list fhe basic unit .
of interest was the learnirg sequence, that is, the successive: presen-
tations of a given repeated item. There were twenty such learning
sequences embedded within the 500 presentations, each one consisting
of nine presentations of a given item, . In addition, fourteen items -
occurred twice, primarily to serve as a control for the proportiocn of :
o0ld items within successive -bloecks of trials. The remaining 292.'"slots"”
in the list weré filled“by'the'noise items, those presented only once.

The variable manipulated in the construction of the twenty learning
sequences was the interval between presentations. The fellowing' imter-
presentatién’ intervals were used: 0, 1, 3, 5, 10,.20,.40, 70. The
sampling of intervals was denser at the shorter values since it -was
assumed that the' retention fﬁncﬁionfwould be changing most rapidly
within this range. - The learning sequences were constructed by a - -

random procedure-with the following constraints.. :(a).:Thé distribution




of intervals across positions within tﬁe’learning sequences was
approximetely uniform. (b) Except for intervals O and 1, all
intervals were used equally often. Intervals O and 1 appeared about
80% as often as the other intervals. .(c) The distribution-of successive
pairs of intervals (épg., 1 followed by 103 70 followed by L0, ete.) ..
was approxﬁnately uniform. This constraint was the most difficult to
satisfy, and was only roughly approximated. (d). Within a given.learning
sequence no interval was used more than twice;,and=at legst;six-of the
eight possible intervals appeared in each sequence.

On the average about 165 trials intervened between initial. presen-
- tation of a. repeated item in. a: learning seguence and its final, or ninth,
presentation (Range: lO5=227)..‘Learning;sequences thus began and . ended
'.ét various places throughout the list. The last sequence did not begin
until trial %80:. The trials between successive. presentations of a-
learning item were filled with presentations of other learning .items
aé well as nolise iltems. An.example of a learning sequence is given
:inaAppendix A. Bach subject was given the same sequence of presentations,
i.e., the same list structﬁre. ~Appendix B gives the list structure
'used in this expefimentg"The list was constructed so as to yield
approximately-ho%-dld items for:each bloeck of 50 trials after the
-first block. The first block of 50 trials :had onlya20%-old items.
. Materials. |

The task had "slots’ for 334 stimuli (including ten- initial warm-
up trials): “A’pool of 334 consonant-trigrams was chosen from those.

in Witmer's:.(1935) list having-association values of less than 50%.

10




The following restrictions were made in selecting ﬁhg_?;ig?ams.__(a)
The consonants D, V, and ¥ were not used. .(b) Either 18 or 19 trigrams
beginning with each of the remaining 18 consonants were chosen 50, &8
to obtain approximately equal distributlions of the copsonagts in the¥ 
second and third positions. (e). There were no letler ;gpetitionsm
within a given trigram.. (d) No letters adjacent in the alphabet
sppeared adjacent to each Gther in the trigrams.

Because so many trigrams were used ip_?he.task, there was conf
siderable overlap. That is, many trigrams differed from each_otherr
conly -in the order of their letters or by one lette; in a given |
position. The assigmment of trigrams to “glots"_within.the lis? N
structure was random from.subject to subject.

Subjects.

The subjects were 50 Stanford étuden%sg Wwh ‘were either paid
for their participation or.given_éreditrtowar& a.class.fequireﬁént,
Apparatus.

The expepimént-waérrunlgﬁ dn.aufomatéd verbal iéarning apparatus
at the Institute for Mathématiéa} Studieg in the ébcial Séiénceé.

The subject sat by himself in a soundproofed, air-conditioned
room. On a table in front of ﬂim‘wére two résponse keys in a horizontal
array, one marked “YES™ and_oner”NO;f On a seébpd tébie 5.5 ff.
from the subject there were two visual display: boxes, each with .a
2 in. x 12 in. screen. Stimuli appeared on the extreme left pdftion
of the upper screen. a o -

An adjoining room contained a key.punch and additional timing

11




equipment that allowed the session to be preprogrammed. A deck of =~
.:150 IBM cards was prepared Tor each subject. Information necessary
for the prESeﬁtation.of the stimulus ﬁaterials was punched inte the
cards. The apparatus presented the stimuli and recorded the subjectst
responses and latencies. After the_éubject responded, the stimulus:
remained on the screen for'qne gecond, and following a Ltwo-second, blank
intertrial interval the next stimulus appearéd‘On'the screen. A more
complete description of the apparatus was given by Izawa (1966).
- Procedure.

After seating the subject in the experimental room, the éxperimenter
gave the following instructions.

This will be an ekperiment to see how well you can
remember verbal items. You are going to see a series
of nonsense gyllables on this screen, one at a time.

:Each time'a“syllable'appeérs; you should indicaté
‘whether or not it is one you have geen before in this"
sequence, If it is one.you have seen, push the button

o

- marked- yesy” if not, push the button marked "no.”
For example, this is the first time you have seen this
‘syllable, so you would push 'mo," 1ike this. Now,
~another appears, and since you -have not seen it before,
. you would again push "no.” This is one you have seen
| befo}e, so-ybu would push "yes.”’

Since some of the Syllabies'ﬁill be similar to each
other be sure to pay careful attention to each one as
__it appears. However, you should respond as rapidly as.
jbu can -~ £he speed of youfsreépoﬁée'is as important

as the accuracy, The experiment is timed to last

- approximately 40-50 minutes.

12




Do you have any guestions?

0.K. When you see the first: syllable, the ex-

., periment will begin,

The "experimenter then left the room and started the equipment.

The subject was given 510 presentations, the first 10.of which were- -

practice trials and were later discarded. The.subject was given no -

feedback as to the coirectness of his responses. -

135



Chapter IIT
Results
The pefformance of subjects on items in the’learning‘Séqueﬂces is
plotted in Figure.?3 as a Tunction of .repetitions. The data are pooled
~over 20 learning sequences and 50 subjects to yield 1000 -observations
per point, Since repetitions réfer to,presentations,E;through 9 .of-an
item in & given learﬁing sequence, this curve exhibits the average .-
course of learning for the old iteﬁs, After only one presentation
recognition performance ih this task was guite good, But as l1ls evident,
even after eight repetitions the learning cuxrve isg considerably below
.an asymptote of 1.00. This finding would appear to indicate that the
cpmbinatién of ‘low-asseciation value consonant trigrams and many very
long interpresentafion intervals made the recognition process difficult
iﬁ'this expgriment.
Figure 4 presents the success and error latency data for the

learning sequences, again averaged across subjects and sequences. Both
_:curves exhibit a constant decline across repetitions. and the differences
between the success and error latencies appear to be consistent. It
should be recalled that an error here was responding new” to an old
item. Throughout the task subjects consistently responded more slowly
to items they called "new,” as will be seen in subsequent data. Since
each. presentation was both a test trial and a. study trial, tﬁis effect
would séem to indicate that subjects spent additional time rehearsing
or ching items they thought they had not seen before.

The data for the new items are presented in Figures 5 and 6. In

U
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thege graphs the variable on the abscissa is different than in Pigures
3 and 4, The 500 trials have been broken down.into 10 blocks of 50,

g0 that the change in performénce on new items is plotted as a function
of pésition ﬁitﬁit the entiye iiét;:uituéﬂaﬁldﬂbé §¢£ﬁ£é5“5u£ tﬁatf
within each block of 5C trials thefe are both old and new itemsi Since,
.except for block 1, the proportion of old items was appr0x1mately ho
roughly 60% of the 50 1tems -- i.e. s 50 items -- were new, In the first
block of 50 trials there were 40 new items. Hence, these data,.whichj‘
are sunmed across subjects, yielded approximately 1500 obéepvatiqu -
per.point, except.for block 1 with 2000 observations. L |

" Figure 5 reveals the changes iﬁ the average false alarm rate --

i.e., the changes in the probablllty of respondlng old to a new item.
The function shows a tendency to 1ncrease in the - early blocks but it

is clear that a reasonably stable asymptote of approximately .40

:had been reached over the last 200-250 trials. ?hg:false alarm rate
averaged across both subjects and blocks was .37, | |

Figure 6 presents the latency data for the new items. The

functions for both correct and incorrect responses decrease across
blocks, reflecting the overall increase in speed of response as
subjects progressed through the task. Again, subjects responded

more slowly to items they called "new,” and again, the differences

in response speeds between items called “'new” and those called old™
was.reasonably constant.

A treliminary examination of the ST effects in the task can

be obtained from the separation of the overall learming curve into

17
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' seParate-plots for each leerning sequence. Hene nerformance was .

averaged across subgects but not across dlfferent 1nterpresentatlen

‘lntervals. Flgure 7 reveals the-pewerful STM effects present 1n theu

task. The abscissa represents progress through the task, startlng

-at different: p01nts in the 1lst for each of" the/sequences (numbers onh

~ the abscissa.are the trial of first and last appearance of the Stimulus

in.a given sequence), and the hash marks reﬁreeent the presentatione.

of the particular stimulus in the leerning,seqnence. 'These*ilote~

reveal the marked temporary increments in the probability-of respondingﬂ.

correctly follc@ing very snent3interpreeentationrinterveis.'”The

-alternetion.of a short innervel with -a long interval allowed sharn o

spikes to appear in the learning curve, even though overall performenee_¥

was rlslng throughout the trlals (as in sequences 2 and l6) Thie

demonstratlon reveals a. short term functlon usually obscured by averaglng

over intervals in reports of data from list- learnlng studies, and

'clearly reveals the need for more detailed enaly51s of such effects.
E”In order:to examine the retention funenion'in reletien to staﬁe

of learning, a reasonab;eﬁeriterion must be chosen-to separate the

data into two pools;.pre- end‘post-criterion sequenees. .Several

criteria Wwere exanmined, and a criterion of feur correet(“old“]old).

resPOnseslln succe531on for a glven subgect -1tem learnlng sequence

was chosen., .In the data. about to be presented, precrlterlon w111

refer to all repetitions preceding the last error before the criterion

run began., In cases where the criterion was not reached, all

repetitions preceding the last error observed in the sequence were

a2




called precriterion. Out of 1000 subject-item learning sequences,
89 failed to reach criterion, - "Posteriterion’™ will refer to all-
repetbitions foiiowing the termiﬁation of the criterion run,'?.e.,
posteriterion data will exclude the criterion run itself.

In Figure 8 performance in the learning sequences as & function
of interpresentation interval is plotted separately for precfiterion
:and pbstcriterion data, The number of observations at each éoint on
the precriterion curve varies from 83 o 14G, with a mean of 105. The
posteriterion curve has from 269 fo 411 observations per'poinf, with
a meaﬁ of 572= It is clear that performance differed markedl& in theé
precfiterién and posteriterion: periods. The precriterion curve
appears té'drop exponentially_frdm j90f§t an interval of zere to an
asymptoteinearz.io at intervals 40 and 70. The asymptotic value”éf
the-precri%erion curve is slightly'beléw the average false aldfm_raté
for new itéms in this experimént (inqiqéted by the dashed line in
Figure 8), so that performance at these long intervals was esséntialiy
at chance levelg., The postcfiterion curve is very close to 1.00 at
short intervels and at imtervals 40 apd 70 is mear ,90. Thus, although
there was some.loss in perfofmanée after reaching criterion, subjects.
were able to maintain a highnlevel of recognition meméry\fqr cdngonaﬁf
trigrams with as many'as_TO-items ——'thh old~and new {; intervering.

Table 1 pfesents bdth pre- and post—cri%érion latéhcy data aé a
function of interpresentation intefﬁal, :éince.ihere were few post-

critericn errors, posteriterion error latency data. were very ungitablée
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Table 1

Latency Data Across Interpresentation Intervals

" e e e Y T T M R B Mt = = = P Y M # M = e ey e M e P e = o e p vt b Al o B Y P o A o

| Interpresentation Interval

o L 3 5 10 20 ko 70
Precriterion Errors , :
Mean Latency .90 1.85 2.09 1l.k7 141 1.90 2.05 1.79
N 10 1 o9 28 % k6 - 76 93

Precritérion Successeé..
Mean Latency .08 1035 1,31 1.4 1,50 0 1.67 1.38 1:48
N : oo fr02 B 95 67 51 0 BT 032 s WY

Posteriterion Successes

Mean Latency b .83 -,9% - 98 1.00 . L.02 0 1.07 1.15 . 1.26
N .. p306 438 311 k15 36k 398 Zoe  2he
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and are not given. ‘There were also few.precriterion errors at the
very short intervals so that these values are also fairly unstable.
However, both the precriterion success and precriterion error latency
data show & steep gradiént at the shortest intervals, and bofh seem
to reach asymptotic levels at long intervals, Once more subjects
responded more slowly to items they called “new,” and this effect is
-evident in the asymptotic values of the two sets of preeriterion data.
The postcriterion.suécess,laﬁenciﬁs'inéreased raﬁi&lﬁ agﬂghoft inter&als
and continued'to increase across long intervals. ?Also, posteriterion
successes Wefe_made consisténtly_faster than their preqriterion,counterg
parts. |
o AS a check fo; Statiqharityrin the précriférion data, each pre-
Acriterion sequencé waé split inﬁo haiveé and the §r0portion of correcf
_ritems:was computed fbr each half:. The resulting ﬁalueé of ,56uépd-c.
.68 (W=335 in.both casés)’indicate-a,nonestationary trend for the
'precriterion.sequencés, with the probability éf a- correct resﬁonse
increasiﬁg as a. function of precriterion repetitions. In-Figﬁre g9 -
:these-data have been plottéd across intefpresenfation intervals to.
reveal how thé reteﬁtion functiﬁﬁ ﬁajﬂﬁe éhanging duriﬁg fhe ﬁfe—."
criterion sequences; The retention curve for the second half of the
. precriterion sequences is slightly above the fiyst-half curve at
intermediate intervals but at both lbng and short intervals the two
functions overlap. :

In Figure 10 the learning sequences have been conditionalized

uzpon the subject's response when the item was originally presented as
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a new item, providing a. check on the role of biases in the task. This
conditionalization produced little difference in the posteriterion
retenticn curves, but the precriterion curves diverge markedly at the
longer interpresentation intervals, indicating that an item called "old”
when it was actually new was more likely to be called "old"™ when it
was presented at long intervals prlor to reachlng criterion. Further
.ev1dence that sdb;ects were . 1nfluenced by'the apparent or percelved
"oldness” or newness of a given trlgram on successive tests comes
from data.on the likelihood of making no errors at all in a learning
sequence. The ‘conditional probablllty of a. perfect sequence from
presentatlon 2 ‘on {i,e., all responses "0ld") when an error had been‘.
made on the initial trial (" old Inew) was .62,.wh11e tne-correSpondlng
probability fof sequences With an initial success ("nen"inew) was .48.
Table 2 presents some sequentlal statistics for the learnlng
.sequences, both overall and for the precrlterlon‘portlons alone. Botn
 of the overall_condltlenal prdbabllitles appear to be rising acrese
-repepitions, although ?r(”old; on ﬁl“old”.on N-i) seens to reach an
asymptote of .95 early in the sequence., The precriterion data‘were
dlfflcult to analyze for trends since there are decreasing numbers of
observations as one goes from right to left in the table, but on the
average the probability of responding "old” or "new’ seems to be
independent of.the,previous regponse prior to the last precriterion

error.
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CooTable 2000

- Conditional Probabilities

ol i iy Sy g U s G e Y e L

‘Repetibion

" Average

2 3 & '_5 -6 7.8 1.

" QOverall

| pr ("ola on wl
'new” on N-1).

735 .79 .8 "L74_ .Si .85 - 7

pr ("old en Nl .89 .91 .95 .95 .95 .96 ok| 93
"old” on F-1) | . _ T o

" Precriterion

pr("ola” on W |56 .6 . .15 5T & | .
“new" on NW-1) L c ' N

Pr ("old" on N|
“old” on N-1)

7 57 38 .69 .62 .83 -1 '.62' 
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Chapter IV
Discussion -

The data seem to support a thrée-stage model of ‘the recognition -
learning.prOCeés. Ttems begin in an initial uncoded’or partielly’ coded
state, which in this experiment was strongly influenced by contextual
or item factors. That-is; subjects had initial biases for certain
items, as Figure 10 suggested, due to similarity within the list end
10 priOr'associatiﬁns. ' This interpretation is consistent with Kintsch's
(1967) model that assumes new items are assigned a familiarity value .
from a distribution akin to the noise distribution in signal detection
theory. From this initial state the items go into one of two memory -
states upon presentation, possibly with différent.probabiliﬁies depending
upon the initial-familiarity level. The STM state is ektremely transient,
and it appears that after a long interval'SUbjectS'Can no longer dis-
tinguish an old item from & new item prior to transition to the LIM
state. Further, the STM state contribdtes marked temporary increﬁents
in the probability of correct responding, which appear ag spikes in the
learning curves of'individuaIISequeﬁCes shown in Figure 7, while the

overall trends for theése seguences rise as more and more passages are

made into the LTM state. The LTM state is not permanent, at least as

it was defined within the context of thig experiment. The drop in

the posteriterion retention fuhction in Figure 8 is slight, but the
steadily increasing posteriterion succéss latency with increasing
interpresentation intérvals (Table 1) implies that retrieval was taking

longer, that some information was being lost as a function of intervering
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trials on other items.
The evidence for non-stationarity and the increasé.in the prob;
ability of a success following an error for overall pgrﬁormange yould
-seem to argue against.a two-state, all-or-none inﬁe;pretatipn of_thg;e
deta. However, Bjork (1966) has shown that both of these effects are
predicted by an all-or-none model_which_gssumes,that an iﬁem forgotten
out of the 3TM state returns to.an unlearneqlstate_diffgrent_f;om the
Hinitial uncoded étate., It can-also be shown that a three-state model
like the one proposed will predict non-statlonarity if one allows
forgetting out of the LIM state; then some of the data that normally
would be included in the criterion run would slip into the latter
~ portion of the precriteriog_;equence.becaqse of erro;s,made in the .
- LTM state, inflating thegprobability-cqrrectwfor:the_latter portion
of the p:ecriterion‘sequgnce. There are undoubtedly other ways of.
explaining these effepts_both,within the qqntext_of a}l—orgnonﬁ models
-and within the framework of certain incregental,theo;iese but it is
unciear at present whigh hypotheggs_are most plausible.
| A close examination of Bjork's (1966) date reveals a striking
similarity between his findings for paired-associate learning with
recall testing and the findings in this study for recognition learning..
Hence, the gquestion arises as to why paired-associates and recognition
learning should give such similar results. It is possible ﬁhat_because
of the high .degree of overlap aqéng the trigrams in this task sobjects
found .that coding the materig;§ as if they_wg;ehp@iredﬂassociates was .

the most efficient strategy. It would seem plausible that partial
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information abouﬁ MXB may not have been helpful in distinguishing MXB

from MXS or HXB, all of which were stimuli in this experiment. Wickelgren's
(1967) finding that item memory and serial-order memory have similar

decay functlons further suggests that the form of the. memory procesélng:
may be similar across a’ varlety of tasks and‘m;terlals Con51defgb%e

work needs to be done to explore some of these con51stenc1es | |

Flnallj, thé stablllzatlon of the false alarm rate; shown.ln :

Flgure 5, 1s unlque amdng réported recognltlon learnlng studies u51ng

a yes-no proceﬁgre. PéSsibly this Stablllzatlon 15 a result 51mply‘of
fhe unusually long.series, -~ 500 trials in a coﬁ%inudus session.

Donaldson and Murdock (1968) havg;analyzedﬁthé false alarm drift
gsually_foqnd'iﬁfCOhfiﬁﬁous-rééognitibn‘tésks. Using signal detecticn
theory to separate decision processes from sensitivity, they found

that subjects were shifting their criteria during the sessions (as

~measured by confidence ratings) rather than accumulating proactive
interference in memory,},Thgy;sugggsped,;hat subjects mugt be attaining
& steady-state memory éven though the performance measures exhibited
increasing:false3alarmsﬁ The performance of subjects‘in the-pfesent
study suggésts that they attained steady-state decision processes as
.well, although confidence ratings were not obtained to verify this
hypothesis. The effect of the early rise and final stabilization of
the false alarm rate upon retention is shown in Figure 11. Out of

“the twenty learning sequences those nine that began and ended during
the first half of the task are plotted as first- half, providing a

picture of the retention functions during that portion of the task
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‘Figure 11.
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Retention as a function of interpresentation interval,
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prior to stabilization of the false alarm rate. The six sequences tnat
began and ended during the last half of tne,pssg'sre snown as second-
Eg;g, giving & corresponding check on the retention functions after
stebilisation of the falsejalarm:rate., The remain;ng five learning . -
seqcences~overlapped portions of both halves of the list and hence were
not included in‘this analysis. The precrlterion curves are somewhax |
unstable, but the first-half curve is cons1stently above the second half
curve. Also, the asymptote of the second-half curve is considerably
'below ‘the stablllzed false alarm rate of .40. The interpretation of
these effects is unclear, esPeC1ally since the 1earn1ng sequences in

the respectlve halves were heterogeneous in constructlon and hence not
necessarlly of equlvalent dlfflculty However,.nearly qual pr0portlons
of the subJect item sequences in each half reached crlterlon ( 93 in
flrst-half 90 in second half) The postcrlterlon curves separate'l
slignfly at the'iongen inﬁe}vais'in the direction thatLWOuld*be'exPected

if the false alarm rate provides an indication of guessing biases.
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Appendix A

Example of a Learning Sequence

Occurrence 1 o “,‘é. Y -4 5_ g
Trial 202 243 249 320 326 M7
Intérpreseﬁtétion R ' L R
o cInterval . ._hQ _ 5 TQ‘. }-?l:_IZQ

T 8 9
1 %3 3ok
3 1 ko

This represents the history of one of the learning items'in the

task (Ttem No, 135 in Appendix B). On. trial 202 the stimulus made its

first appearance, as & NEW item of course. After 40 items had inter-

vened the stimulus next appeared on trial 243. This represented its

 first repetition, and it was now an OLD item. It continued to be

repeatéd 8t the indicated intervels until it made its ninth and final

appearance on trial 9%,
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‘Appendix B :
Sequence of Trials Used in the Experiment

Trial Item* - Trial Ttem - Trial.- Item . ..

No, N, Codert _gg;q"*gg;wigﬁii,*f., No. No. :
1 g N 51 s § 61 56 N
2 10 ‘ 32 30 O0f 62 57
3 i1 N 25 35 . o 63 58
b1 on 3™ 3 & 59
5 13 | % 3T 6 56 0
6 1k N+ 36 38 66 60
715 W 37 390 - 67 61
8 12 o 38 o - 68 6L 0

9 1 0 39 b1 69 = 62

10 16. N+ ko k2 , 70 61 0
1l 17 41 11 . 0 71 63
12 18 4o g o 72 3l 0
3 19 b3 i1 o0 73 e
20 ' S 43 TR 65
15 21 o 45 W 75 66
16 16 0 . 46 45 7% 56 0
7 22 kT 46 R

18 . 23 L8 15 ot 78 68 -

19 o a9 k7 - 79 12 o

200 11, 0 50 .48 80 69 N
21 25 N 51 3% L0 81 12 o0

22 26 ' . 52 Lo ; 82 56 0O
23" 21 53 50 8 70
2k 28 . 5k 51 | 8l 1L 0
25 29 : " 55 3% 0 85 11 0
26 30 N 56 3% . Q0 86 69 0
27 ik ot 57 52 87 69 0

28 31 o _ 58 53 . 88 71

29 @ . 59 54 - 89 72
30 33 N 60 55 - g 90 73
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Trial Item*

No. ‘No.
91 Th
92 25
93 3l
o 75
95 76
96 77
97 33
98 69
99 3k
100 78
101 79
102 80
103 Bk
104 78
105 81
106 11
107 82
108 11
109 3
110 83
111 B
112 84
113 25
11k 85
‘115 86
116 87
117 . 88
118 89
119 90
120 91

Code*¥.. .: .

= o O O

No.  ¥o. .Code :
121 ¢ 92

22 12 0
123 93

12h 25

125 25 - 0
126 o -
127 9

128 12

129 25 .
130 90« .0
131 96

1% - 90 0
133 g7

134 98

1325 99
1%6 90 .- 0
137 100 .-
138 © 101

139 12 .. 0
140 12

14 61

e 102

143 103

14 10k

145 78 0
146 105 .
147 106

148 107

149 108

150 109

Trial Ttem

Appendix B (continued)

38 ..

Trial Them

No.o o - No.
151 -110
152 61
153 56
154 11
155 112
156 113
57 .90
158 90
159 11k
160 115
161 12
162 116
163 117
164 118
165 119
166 78
167 78
168 33
169 - 69
170 120
171 69
172 33
173 61
174 121
175 122
176 123
177 12k
178 78
179 61
180 125

Code

O O 0o = 0 0 O o




Appendix B (continued)

Trial Ttem¥ Trial .TItem © Trial . Ttem -

No. o, Sode™ FKo. Mo, ?ode - No. - 'No,
181 115 0 211 - 139 o2kl 120 0
182 5u 0 212 ko 2hp 56. 0
183 33 0 213 1kl o2k 1% 0
8 78 0 .21k k2 wm - 2k 69 0
185 126 : 215 13 oo ok 165
186 127 216 1k a6 166
187 128 Coe17 145 2L7 167
188 129 218 146 . o248 168
189 33 0 Lo219 137 O 2kg 135 0
190 120 - 220 w7 0N 250 61 -0
191 131 E <22l 148 251 169 N
192 69 . 0 20D 7 0 252 115 0
C193 3™ o 22% 149 S 253 170
1%k 56 .0 S22k 150 25k 6L 0
195 56 0 o225 151 255 171
196 1% 226 152 - P56 172
197 . 133 P27 1553 257 175 . N+
198 13h . 208 147 - 0 258 17k -
199 90 0 o229 15k . 259 175
200 25 0 230 155 . ‘ 260 176
201 90 o} 231 156 | 261 175 O+
202 13 N 2% 157 - - 262 169 O
203 69 0 233 158 263 177
20k 136 e 159 S 26 178
205 78 0 e 160 w265 179
206 25 o} 236 56 0 266 169 0O
207 78 0 . 83 16 267 180
208 137 N4 238 162 . 268 181
209 138 L e39 163 - . 269 1T 0
210 .25 0 o 214-0 164 ' . 570 . 147 0
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Trial TItem¥

bede*ﬁ‘

i

o

'No( No.
271 182
272 90
273 183
274 184
275 185
276 160 -
277 186
278 187
279. 188
280 189
281 189 -
282 190
283 191
28k 192
285 142
286 193
287 169 -
288 194
289 195
290 196
291 197
292 198
293 115
o0k 196 -
295 199 .
296 200
297 115
298 201
299 202 -
300 203

Appendix B-{continued) - .

Trial Item
No. - No.
301 115 .0
302 204
303 205
30k . 206
305 207 N
306 208 -
207 209
308 210
309 .. 211 -
310 212
311 213
312 . 120 O
313 214
31k 215
315 216
316 120 0O
37T 2l7
318 - 218
319 219 .
320 13 -0
321 220
%22 189 0
323 221
32l 189 0
325 . 220 .
%26 135 0
327 120 - 0
328 169 O
329 225 .
330 169 . 0

ho

“Code

.. D36
357

Bk
- 345

- Trial
Wo. "

I

532
333
334
535

338
339

. 3ho
st

342
2h3

2L6

. BT
.. 348
. 49
350

- 361

352
253
35k

. 355
Lo 356
S 20T

- 358

509
360

Ttem

169
22k
225
226
227
228
229
230
231
232
7
115
233
23k
235
207
135
115
236
115

135

237
155
238
239
240
207
2kl
k2
243

Code’




Appendix B {continued) -

Trial Ttem* Trial . Ttem Trial = Item

Wo.  No, CodeMt Tyt Ty Cade gy iy, Code
561 ohh 391 262 | bl 281
362 7 0 3% 263 k22 28
363 207 o 393 264 ko3 169 0
364 U5 | | 594 135 O b2k 283
365 246 395 189 0 hos o8k
366 7 0 396 265 426 285
367 a2kt 397 1220 - 0 bo7 286
368 120 0 398 205 0 ¢ 428  25% 0O
- 369 2h8 399 189 0 429 25% 0
370 202 0 400 266 . 150 087
371 205 O koL 253 0 431 288
372 203 O hoa 169 0O 43 289
373 249'}2 oo o 11-03 253. Q ')455“ 290
%7l 120 o - hoh . 203 . 0O 3l 207
375 250 ho5 267 435 253
276 . 120 Q ho6 203 0 136 207
377 7 0 k07 2535 0 437 291
378 251 408 268 438 292
379 252 Log 269 k39 293
380 253 N 410 270 N WO 189
381 25k b1 271 bkl 202 0.
382 255 - S k2 e M ook
%5 205 0 k3 273 w3 egs
38y 056 ; | Chik 27k N Wil 296
385 257 - M52 . s 202 0
386 258 b16 276 W6 297
387 205 . 0 - .. W7 217 47 205 0
388 .-259 2 A 448 208
389 260 T w9 o219 whg 299
390 261 k2o 280 450 300 W

b1



Trial Item¥

No. No.
451 202
h52 301
L5% 302
B5Y 303
455 30k
456 305
457 207
1458 207
459 306
460 307
k6l 189
heo 207
63 308
L6k 309
465 0%
466 310
467 189

Code*%

0

Nt .-

O+

Trial
o, -

L68
hé9
L70
471
h7o

473"

N
k75
L6
k77
L78
479
480
481
482
483
48k

Ttem
Na.

311
312

315 -

500
202

LI

215
316
255
AN
318

519
320

270
521

202
Zp2

Appendix B (continued) - .

Code -

@]

Trial

No.
185
486
L 87

488

489
Lo
hol
Lop
493

hol

495
kg6
ho7
458
499
500

* o
Each of the 334 stimuli in the task (including eight stimuli not

included in this appendix) was assigned an integer the first time it

appeared in the list. Thereafter its repetitions are indicated by

repeating the assigned integer on the appropriate trial.

blank = non-repeated ncise item; + = filler items repeated only_once{_‘

hp

O = OLD item; N = first repetition of airepeating item;
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