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The human mmd encompasses an enorrqous number o_f memo.nes.

'for coffee debates e fact re ams that ‘the usual, adult

"f these ~memones WOuld TR one sense constrtute the
f-{he individugl,: A chronicle iniplies an. or'aenng of eVents
rresponds with tiue ordenng. Majcrr events. in ‘our Irves such
ghth grade graduatlon hrgh school gradnatlon, mamage, and

your father JOSe hlS )ob before or after y ur- sec0nd chlld was bom
: qu 3/ou become a member of ‘the. bowH team before Or afteryou

only a‘crude locatlon in the chromcle of

led me. to t{.eheve that differences in t mporal cod1ng of memories

were implicuted. We were thus led to under:take some expenmental"
ork 'to. supplement ev1dence available'in the literature; the intent -
was to get at least a prehmmary understanding of the variables that *

'Whether_v all memones “that were ever estabhshed st1,11 pemlst isa -

i expenences :
The’ problem of central’ mterest in this.book is the, nil;wof the
.temgoral coding’ “of memoriés. Just howJ this became a problem ~of
‘moment will be detaﬂed later¢ It is sufﬁcrent af this point to 1nd1cate -
that Qur attempts to solve certain prob ms of memory functioning )

v"govem our ability, or lack of it, to dlstmgmsh by memory the

_ordering of events in time." * -

It seems to me that most of the evidence avallable as well as"_
evidédPe thaf arises from introspection, leads to a conclusion that .

Sour’ ab1hty to 1dent1fy pomts in time at which particular memories

 were estabhshed is very poorly developed. One wonders why evolu- -

tlonary changes (purported to have occurred over the centuries a\s

\3\ . .4
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7,.met;1‘ones is7 soppoorly devéldped suc ablhtles
‘-quence for/o " welfare. iOr, . with nnplymg/ a'[cause: B
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EXPERIMENT1 §

.

B

In the ﬁr_st two chapters I w1ll estabhsh the contours of the

“diverse’ studres as.a means of ﬂlustratmg procedures and data that )
aresald to dealw1th temporalcodmg SR LR JER PR o

: EXPERIMENT1

_'We brought together 24 bnef statements descnblng events ‘that
“had “occurred from 1968 to 1975. Pretesting indicated that most.
college students would - \remember that these’ events had mdeenL

; .'~'estab11shed at the: time .of their ocgurrence. The descriptions of the |
24 events along: with the month and year of occurrence;are givenin -
- Table - 1. They are divided into. three groups of eight .edch (three.
- forms) for reasons’ which will become clear'momentarily. In Table 1
G the - events are listed "in order from most’ recent‘ to least recent
' although on the test sheet glven to the subjects the statements were .
} #randemlzedrEaeh—subject—supphed-zrdate for only 8 of the 24 events,
" and the subgroups of 8 events'each are identified 45 “forms.” .
- Students in a'large, advanced undergraduate lecture course served

"Problem as’J see: them For the initial step, I will report three Jather . . . |

occurred although it is not definite that-the memories for them ‘were -

as. Subjects all being tested simultaneously. The eight statements : )

"were printed on a single sheet. After.each statement, two blanks

“occurred: one identified as “year,”” the other as “month.” The three.

- forms were -interlaced before distribution to_the- subjects, SO we

assume that the three subgroups were equivalentein their knowledge
of the events. .The instructions at the top of each sheet were. as .
follows S '

- Below are listed eight events tléfﬁave occurred in relatively recent years. e

- The events. were so momentous and were so widely reported by TV, ) :
radio, and newspapers that most.¢ollegé students will remember that the

events did indeed happeﬁ.;Our’ interes¥ is with your mémory concerqing

- when- each event happened There is some belief among those who study
memory phenomena that our knowledge of the position of an even¥in the
. flow of events is’ relatlvely poor. In fact, however, there is very little

. systematlc evrdence on the’ matter. This “test” is an attempt to get prehm- .

Aqg ty evidence on the accuracy of our memory for the placement of everrts
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a Date of Occurrence (Month and Year) in Experrment 1

. Sk
: T R A oL o "‘“’Dateof ‘
\ Descnptlon of events e AP LT L o_t;currene_e -
\Forml - T R
James R-Hoffa reported mrssmg i L, A 15 .
ngre txdal basin incidert involving Wilbur Mxlls S D (1) 2 I
12+ . iRichard Nixon résigned; the-presidency BRI 874 - .
) ‘ e 'Bllhe Jean King defeated Bobby Rxggs in tenms o UL i19M3 T /
Governor George Wallacs'shot - © B 1 S
el Attlca (New York) prisonriot T A
it The tragic incident at Chappaqunddrck Island mvolvrng- 769
"\l . | Ted Kennedy . ‘ SR ,
, | Martin’ Luther ng assasrnated : _— , " 4/68 -
,-b'.“_‘\ Form2 ) ’ . . . .-'" : . ‘
~o 4 . The ApoIIo~Soyuz lmkup mspace___ A 7175
't ‘Hank Aaron established a new’ home-rurl record Colpr o 474
. Patty Hearst kidnapped . - - e 4
R ‘| .Spiro T.- Agnew. resigned.the vice presidency - o, 1073
\ } President Nixon visited mainland Chiha R P
t.-! Kent State stullents killed ’ <5 D *5/10
‘- Thé first manstepped-on the moon .~ . 7169
' "Roheﬁ K/nnedy shot R N Y ’ 6/68.
Form3 Y S , T
™" .. Death of Aristotle Onassis - : 375 T
77, Evel Kmeve] failed in his attempt to rocke( across the ) 9/74 '
. Snake River Canyon L -
S0t 7, Alexander Solzhenitsyn exiled from Russra : 2/74
_ { Former President Lyndon B. Johnson died ° : S 73 -
“ | Baseball’ star Robert Clemente kilied in plam crash 1272 . ‘
Disney World in Florida opened = * BRI (1)1 IR
Fortmer President Eisenhower died . 3/69 .
U.S.S. Pueblo captured by North Koreans - . 1/68
A Note: Each subjeét"wds_givengight statements, thus thére were three forms. -
- . . . :




5

'u. °

' EXPERIMENT 1

- We would lrke you to grve your best guess as- to the year and m’onth
- dunng which ‘each- of, the eight events occur;red You may find this drfﬁ- . -
“cult, ‘but- please fill in’ each blank=the’ year and the month~for each- event,. R
. even 1f you feel that your estrmafes dre ‘more or less guesses K Ve ,'- ; j SE

.

o ,‘-.sub]ects fimshmg wrtlun ﬁve mmutes S

-Some blanks were left ‘unfilled by some sub;ects These test sheéts = .-

were drscarded In addition,. all subjects 23 years of age and over :

'were elnmnated Other sheets were discarded: randomly to ‘equalize”. -

i the' groups- (forms) “at 36 subjects each.  The ‘data to be presented

f’,;e_ '; were based on 108’ subjects with fhe number of- Subjects in the five -

;.- “age groups.of 18,:19, 20, 21 and 22 years bemg 6, 30 46,21, and .
5 respectively. / ‘

Thesubjects made an est1mate “of the month and year for each of
the events The test” was given to-the subJects in November 1975.
THerefore, as a metric;; the true age of an- gvent was calculated 1n )

Ly __vmonths backﬂandﬂ.from_blovember 1975. Thus, theevent- concermng S
: James- R."Hoffa, was 4 tnonths removed from ‘Noverfiber 19754_‘the L
. Wilbyr Mills incident 13 months removed ‘andsé on, until the-oldest -
_event.on Form l (the assassmatlon of Martrn Luther ng) was 91
- months removed from ‘thé’ pomt in-time at' which the subjects made el
their Judgments The dates giver by the subjects were hl’cewrse trans- 7
formed into . months removed from 'November 1975. ‘A mean for
 these. scores for each event ‘was detemuned to get an estimate of
group accuracy ;he plot in Figuge 1 shows the outcome, with the
dragonal fine 1nd1catmg the true number: of months by whrch the
. events were removed from November 1975!
"Although the collective Judgments could probably not be used
o to replace a calendar, the correspondence between the true number
" of. months removed and judgedl number of months is qurte high, the
product——moment correlation being .96 for the.24 events Other
- evidence mrght lead” to the expectatron ‘that eveqts close in time .
“would be Judged to- have .Occutred further back:iN time thari was ° :
actually true and events very remote in time would bg judged to have - /"
~ oceurred at times less remote than was true. As can ¢ seén ip Figure
1, there is at best only a suggestron of thrs in ‘thedlata. It hassbeen

<
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"FIGURE 1. 'Meian' judged “Tnonths . removed (f'gor_n November, 1975)‘ for-24
events, differing in number of months removed. The diagonal line repfesents ’
- perfect correspondence between age of events and judged age (Experiment 1).

' report‘ié‘:d (Linton, 1975) that errors in estimates increase in magni- '
tude as the memory gets older. Statistically, this would mean that
**= the standard’ deviation of the judgments woyld increase the further’

’

-

"back the event occurred. This was generally true, but there were
maify exceptions for particular events. 1 ’
" We mext asked about the relative ordering of \the events by the

. individual subjéct. Theé true orderings were correlated with the
', v ordering inferred from the eight dates assigned the events.for each

subject. The mean of thes¢ correlation
- . positive. The lowest

3 ¢

s was .79, and all 108 were ,
correlation dbserved was .08, bfit only“2 of the
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108 subjects ordered the eVents perfectly A hit. may be defined as .
.f*f---assrgmng the correct month and year for an event The h1ts averaged

‘vents, the ‘maximum number of hits- was 50 perCent (“leon Te- ,
srgned the presrdency”), but no hits were obseived for-three of the
- events. The- average ‘grror by which the subjects: missed was 15 01
months, w1th a range of from_1.38, months (approxunately 40 days)
103538 m 7hths (ust under thiree years), "+ I
Decades of psychophysrcal research would lead to the expectatron o
that the ClOSeI‘ two events were in time, the greater the tikelihood
~ that the/two events would be misordered i in time. For each form, the
““number of errors made by each subject ifl ordering was determined.
for comblnatrons of two events. Thus, if the sibject assigned an -
oldet/ date to “Hoffa reported missing” than to “the King-Riggs V-
tenms match it was counted as an error. For each form, 28 such’
companSO s could “be nrade, of 8% across” W forms. These =
. 84 cbm inations were grouped according,to the time segaratmg the
/two.” exénts,” each group- spanning 10 mionths, so that-nine groups-
. cov he ‘entire range. For; tHe two-event combinations falllng
~ withi -each ‘grouping, the percent error was.determined, and these
~values have been plotted in Figure 2. Expectatrons were fully real- ¢
-~ized; the greater the; tme separating the two_events, the 185s-the
likelihood of a. mlsordermg of those -two. events#‘-Even with the
: shortest separation (1—10 months), the judgments were sormewhat
~better than anticipated if the subjects were merely guéssing. -
If the separation between two events was.kept constant but the
- absolute.age of the events vaned it would be expected that errors
. -would increase as age.increased. The present data lacked a sufficient
number. of events to make this determination. .However, Squire,
Chace, -and Slater (1975) have demonst?xted\the relationship. Their
subjects were asked to choose the _mdst recently aired' television -
program that had been aired for only one season.between 1962 .
‘and 1973! The difference in the age of the programs presented for
all :choices was five years. The number of errors increased as the
age of the programs presented for choice mcrea‘ed o
In' our experinient, when the subjects werg first given the task,
: there was much moaning and groaning as to| the absurdity. of the

.
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FIGURE 2. Errors in ordering two eventsas a functlon of the separation of the

two events in timé (Expériment 1).

request to supply dates for the events. After compfying with the
request, theTe were many comments about the dlfﬁculty of the
fask how it was necessary to’ guess, and how poor “my memory”’
was. Still, the results have shown that the subjects were able to

supply dates that were meaningful, either when combined, or when .

examined forjeach subject independently. True, many of the errors

were very gross, and only 2 subjects of the 108 tested were able to..

supply - dates that correctly ordered all eight events. But that some
information was available to most subjects for making educated
guesses seems undeniable.




o EXPERIMENT2 .9
EXPERIMEN.T 2

The events of mterest in Expenment 1 were events that mlﬂ‘ :

called momentous they were of” varymg duratlons ‘but ever :

that were momentary were extended in time by aftermaths and by
. the.reporting of the news media, In. Expenment 2 we'turned to a

e sharply contrastmg set of events -events that ha# only-.a brief dura-

~tion,.and - the entire senes of evfnts had a very shgrt time.span.
Furthermore, the events were. quite homogeneous in.character and
utterly lacking in newsworthlness The. subJects in Experiment 1
ere, in spite of their moaning, mtngued with the task g1ven them.
¥.he subjects in Experiment 2 merely moaned. They were siown 32 -.
“‘words m succession for three seconds each, and then were asRed to

make recency judgments for pairs of words: Which one of these two - -

—words: occurred most recently in- the list?

"Each subject was presented"fdur successive lists of 32-words each
‘After the. presentatlon of each list, 12 recency judgments were
requested that is, 12 pairs of words were preseiited and the subject.
“was requested to choose (by cuchng) the most. recently presented

“tword in each pair. Furthermore, each recency judgment \g followed -
by a lag -judgment in which the subject circled a number from 0
" -through 14 to indicate the*number of words believed to have sepa-
- rated ‘the two words in the list. For each list there were three pairs
having true lags of 0, 1, 5, and 10 words. Thus, across the four lists
there were 12 tests for each lag. The tests were unpaced, The,words
dccupying positions 1, 2, 15,21, 22,30, 31, and 32 were not tested.

The subject was fully instructed about the nature of the test
requirements before being- presented the first list. The 128 words

- .used in the four lists consisted of a random sample from a larger
pool of 315 four-letter words drawn randomly from the Thorndike—
Lorge (1944) tables. The words were assigned randomly, to lists’ and
to positions within the lrsts and all subjects were given the four
lists in the same order. A total of 96 college students, was tested.”

>~ The subjects in this experiment might have justifiably moaned:

+ both decisions (choosing the most recenﬂy presented word and
estimating the number of words separating the two) proved to be
very, difficult. Some of the subjects did not score above chance in

v 11
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. choosing.the most recent word. The.resuits for bGth response meas:
- ures are shéwn in Ji ire 3. The 'uppé?p'anel gives the percentageof

# . correct responseff{correct recency. decisions); the lower panel, the .-

.. mgan lag judgments, both as a. function of lag. A'l’fhough in an

"~ absolute sense the, discrimination is quite poor, that”there is a lag

~ . slope for both response measures seems unmistakable. A- test of the ~ _

"7 four points in the upper panel indicated reliability; F(3, 285)=-1-10, - Sl

- 'p < .01, s did-the test for the lower panel, (F =1 12.67). It will be . %.

.. noted that the number of correct decisions is a little better at zero
~ - lag than at a lag of one. Although this ‘difference was not relidble -

. *statistically, it will be argued later that even. the small difference
may have psychological meaning. The lower panel shows that the lag
judgments for short lags weré overestimated, those for long lags,

- underestimated. ‘As noted earlief, thiS has been a fairly universal——
- finding . D E .' _ , E i s
"It is conceptually possible to.View the two response measures
* (number corréct and lag estimates) as being ihdependent.  This
- would imply that a subject might Know that two events were widely
separated in.time but not know svhich eccurred most recently. Two
“lines -of evidence indicate, however, -that this ‘was not true. Sincé
” -éach subject had four lists?'reliability measures were calculated by -

" _combinirig the results for Lists 1 and 2 and correlating thie perform- '
“ance. measures with those for Lists 3 and 4 combined. The reliability .

~ wasnot high. For correct responses, the product-moment correlation .

- was .39. While this value is reliably higher than zero, it is certainly .
not very useful for predicting individual performance. To evaluate
~ the reliability of the lag judgments, a slope measure was derived."’
_ This was calculated for each subject ag the sum of the judgments for
“lags 0 and ! divided by the sum of the judgments for lags 5 and 10.
A ratio of one would indicate no discrimination (no sitope), with-
discrimination incseasing as the ratio decreases ‘below one. The
" reliability of this measure was .29. Finally, the correlation bejween
_‘the slope measure and the comrectiresponse. measure (for all four
lists) was .36. This indicates that a subject who had a large number
of correct responses also tended to have a steeper lag function than
did a subject with a' small number of correct rcsponseS: : -~
", If recency judgments and lag judgments are positively related, it
should follow. that, when an JAncorrect recency. judgment is made,

-

) .t \
s ‘ ' . - ®
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(Experiment 2). :
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12 1. .THE PROBLEM . . NV

_._the’ corzesponding lag iudgment should be more in error than that'
. given following a coxjreCt recency judgment. All subjects had at o

> ~Jeast one incogrect recency judgment ‘at each lag. It was possible, -
theréfore; tbr determine a lag function for incorrect and . correet

~ .Tecency jud'gmer‘xgs;,wl!t'hOut loss of subjects. Of ceurse, pairs for.

-~ which " ingorrect responses. were given' were, in some. way, more
difficult thasi,pairs for which corfect recency judgments were given,
~ althpugh’ certainly sonie. correct’ responses resulted from ‘g'u_éssing. In
_ any event, the lag judgments for incorfect recency judgmall gshowed
absolutely zero slope, all four points being at | proximMFa mear

" Nof five. Thus, when subjects made errors in the recegy dgments .,
they made lag judgments of five on the average, and fMPWas-inde- -
pendent of the true lag. As may be seen in Figure 3, the mean lag
judgment combined across lags is approximately five. The data .
apparently indicate that when subjects do not knéw which member

“ of the pair was most recent, they choose a lag ftar the means of
their other lag judgments—a central-tendency effect. These data »7
indicate, as did the correlational evidence, that accuracy in lag. "~
estimates is modestly related to coyrectness of recency judgmentSZ‘

, That subjects will show a central-tendency effect in lag judgments
when they are incorrect i their recency judgments %is a curious
finding. In Figure'2 it was shown that the closer together two events

. are in time, the greater the likelihood that an error would be made in
a recency judgment. It might be expected that subjects would have
learned this relationship in their various ex periences. That is, it might
be expected that their judgments would reflect this correlation
between error likelihood and the closeness of two events in time.
Therefore, when a pair is given for which they have no “feeling” as’
to which member of the pair was most recent, they should conclude
that the two must have been close together in the list and thereby
be led to assign a very short lag estimate. Clearly, this was not the
case in the present data, and since simMar outcomes have been
reported in other studies (e.g., Brelsford, Freund, & Rundus, 1967,
Hintzman, Summers & Block, 1975), it seems to be reliable.

One other. finding should be nated: Performance did not improve
across the four lists. Whatever skill underlies the correct choice
of the most recently presented word was not developed within the
relatively short period of practice given the subjects.

b
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o Experﬁjjent-""g involved homogenedus events (words) ‘within a larger
“*event- (list -of words). Recency judgments for evénts of this type will : - *
. be spoken of as within-task or within-listjudgments. These are to be
‘contrasted. with judgments that follow “the presentatior of two or «
more task$ or lists, following which the subjett is asked to ideptify
the, list membership of the elements or units making up the se.f)arate
tasks. These will be called betweamisk temporal judgrents, {md‘ .
such judgments were required igg hent 3. -
jThe procedures, involved ple. The 100 college-
student subjects were given tig B lists of 20 words each for
+ study . following - explicit instructiori®oncerning the nature of:ithe
st to be given. On the test, the 60 words were printed in randem
order on a sheet of paper. After each word the numbers 1, 2, and '3
appeared,; and the subject was asked to circle the number repre-
sentirg the list in which the word had‘occurred. The words wergall -
four-letter words. They were exposed for 2 seconds on the study -
trial, and 2 minutes were allowed to complete the test. After the test - .
was given on the first three lists, the entire procedure was repeated
with another set of three lists of new words. Because the perform-
ances on the two sets of lists were highly comparable, the judgments by
have been combined for the sets. The product—moment correlation
between the number of errors made on the first set of three lists and
the number made on the second”set for the 100 subjects was .67.
The results are plotted in Figure 4, in terms of the pe:jnt of the

words in each list-that were assigned list membership in jeach list.
- For exarhple, of the words in List 1, S5% were correc y assigned
as having occurred in List 1. Of the remainder, 30% were assigned
" to List 2, 15% to List 3. It is apparent that correct assignments are
greater than would be expected \b\y\;chance (33%), but, in any abso-
lute sense, performance is poor when it is seen that the correct
responses were only slightly above 50%. However, the nature of the
errors indicate some temporal information that is not given in the
correct-response measure. The clearest case involves List 1, where it
is seen that when an crror is made it is more likely to involve
assigning the word to List 2 than to List 3. The data for this list

15
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FIGURE 4. Tue percent of items v’ each list that were assigned to each list.
The three tallest bars repsesent’ ‘correzt assignmerfts, the others mconect -
ments (Experiment 3). . P . . r“*-.,

could be .-ribed as reflecting a temporal generalizdtion gretig
This effe:” was less clear for Lists 2 and 3. For List 2, one ::
expect sy aunetry in the two error sources (Lists 1 and 3)
larger difference between the two error sources when List 3 1€

- were invoived. It would appear that there was a respbnse bias, §
that when in doubt the word was assigned to List 1. The source j;

this ias is mot evident. It might suggest thdt“,’ i lied

_ some reasonable notions: “If I can’t rememb:
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b

- occurred. . - or “If I don’t recogpize this'word as having occurred

~.at all; it must-have been in the first list. O'therwise, I would have- -

~“réemembered it.” It was noted earlier that the subject did not seem

“to amsply sucly logic to the within-list judgments of lag'in Expeti-

‘ment 2, but- perhaps the principle was more readily available to the”

. subjects in Experiment 3 because of its simplicity ‘or directness.

- Such a principle of determining judgments could 'have?lls‘o inflated
the: number of cerrect responses for List 1. Based /on-"a simple
forgetting notionﬂ, the number of correct responses should have
increased “across the three lists when in fact the ngymbé;f decreased
slightly. - K
_ s o ' , .

THE RECENCY “RINCIPLE -
. . . e \

Three sets of®data_have been examined as.an introduction to the
type of phenomena with which 1 will be dealing. The data ftom .
these- experiments were p‘résented primarily for demonstration
purposes. They were not very -analytical with regard to the possible
types of information that erftered into the judgments made by the
subjects. For example. '» Ex periment 3, if su’ -« ts did not recog-
nize a test word as ha g t~cn in any of th- study lists, it may
have seemed somewhat  ~n..-_ou- -0 ask them *Q make judgments
of list membership. o
.- The data from the tr. -~ ...aanstration experiments have been

v “interpreted a4 general I .. showing the fallibili.l'y(o'f the tem-
poral dating of memories. ‘e’ present- section, I want to turn_

to a somewhat different arc.: ot <course in order to demonstrate a
contrary aspect of behavicr I -~ type of study involving the

relative dating of memoras . ro - -nporal intervals must be critical.
Assume two target megp. and T2, and a memory test for
ordering. First, there i ingerval between T1 and T2 (lag).

Second, there is the int..,.i between T'2 (the most recent of!the

two events) and the poiit in tjrmhe at which the test is given. This

seeond interval is the fo.. .. he discussion in this section. The

point to be made is that . .cn this second interval is minimal -

length, our capu}bilities px";ﬁéﬁmuishing between the most receni
p L
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" the older curtain®gradually ‘raises arid a new one descends.
:récency principle is sometimes said to be mediated by a’ sele

: ~ letters. This means that there was some létter duplication, gr

)
)

.+ event and previous gvents is, in most situations, quite.extraordinjary.
S As the flow of iriformation into the memory system proceeds
- timie, it is_asif the information we are dealing with at the mo

‘can”be protected by a-shield or Surtain from incursions-into if

léss récent méiories. As time passes and the information chail

mechanism (Underwood & Schulz, 1960). 1 will review so
this evidence to illustrate the power of this mechanism. R
Subjecfs learned a paired-associate list consisting of singleg
numbers as stimuli and consonant syllables (each of three lefd
of low ciatibn value as response terms. Such a list is
difficult to learn, pggmarily because of the difficulty of integfating
or unitizing the three letters of each response term. The perforin-
ance of 18 subjects given 20 anticipation trials was exanfined. A
Thé eight consonant syllables were'm%de up of 15 diffe

alsg means that 11 letters of the alphabet were not includg
their '}zempts ‘to learn this difficult list, the subjects prg

d. In
duced
many pisplaced letters. and many sequences of letters ‘thé
not ifvolved in any of the syllables. Not including fhig)
correct responses (a correct syllable given to a wrong stimulus
term), there were 789 letters produced which were wrongin the
sense that they were a part of a wiong sequence, singl_ letter
responses, and so on. Of these errors, only 20 (2.5%) wé&id ifetters
that were not included within the eight, consonant syllablés. Fur-

thermore, because most of these were produced byI onl ‘ a few

H

subjects, and frequently repeated by the subjects, it is quite possible

that these errors were preceptual in nature, such as misrea ‘ing aB
for an R. Effectively, the subjects did not import lette]‘_ ; their
response attempts were afinost exclusively limited; to letters that
were in the list. A single study trial initially seemed to hav¢ limited
the pool of letters with high precision.
We studied the errors made in learning a paired-associa}e list in
which 12 different single letters were used as response ternis. These
lists had two-digit numbers as stimulus terms for the 12 yesponse -

18
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. _'terrns__
© by a different group of 18 subje for' 15 tnals In learmng one of
"._these lists a total of 427 errors' w‘as made, an error being counted as

“a/case when a. letters was produeed to the wrong stimulus term. Of . '

these 427 errors; only’ 3% were letters nbtvactually in the list. For -

,_-"~-the other list, 540 errors. wére made ‘of whlch 4%:, were letters not

_‘__."actually used as’ Tesponse- terms. It should bé clear ‘that. theletters, -

,'.:-W1th1n the list were Tiot the first 12 letters of the alphabet or the

" fast 12, nor ‘was°any oOther- principle: of selection evident. The 12 -
letters were randomly chosen from the alphabet. One mighttthink
that this would be a highly favorable condition ffor the subject to
-gdvé letters.that were not in the list; the -evidence indicates other-
wise; and again, even the srrall number observed may have been due
to reading errors.

‘In a- thll'd study, sub]ects learned a l6-pa1r word list with the
pairing such as.to produce hlgh intralist similarity among instances
of concepts.’ The 30 subjects made a total of 1,424 overt errors, but
only ome of these errors was a-word not present in the list. One,
subject responded with “yellbw when the correct response was

“canary.’ )

These studles 1ndlcdte that subjects can, _fter a single study
trial, effectively limit their information to th= appropriate units;
this is done in spit- of.the fact that those elrninated as inappro- .
-priate may often in other circumstances be in common pool with
the appropriate untty, Recency of stimulation, ¢even that produced
by a single occurrence, seems tu. set the meinory for a unit quite
‘apart from the more remote —emores of highly|similar units.

_In the above case:. recency operc.s to separate mgmories for ver-
bal units presented and not presentc: in a particular $ituation. How-
ever; the recency principle operates « --h much the same effectiveness
when both the appropriate and inappropriate units have been experi-
enced in ‘the same situation. It +has ":en shown many times that-in
the A—B, - —D transfer paradigm. nc intrusion of |B terms during
the learning of A —D pairs is an infrecuent occurrence| Again, a single
study trial on 4-D sets the D terms apart from the A terms, in.spite
of the fact that commonality exists. because of tne use of the.com-

» . T




18 - e ’THEPROBLEM oy /
4‘“ . ol ! - N
'mOn stlmulus terms in both lists: Even 1f some of the B térms are,
. camed -over into the second list, mtrusmns of: B terms, not carned
I over are mfrequent (8.8 Twedt & Underwood L959) e \u‘ _
as noted earher that the two critical intervals in the memory. .
, . order - oﬁ events are -the T'I——T2 interval and’ the interval: %,
.‘between,,-T2 and the test for: the order, 'of the. tWo events In the. ;
- A-B; A—D paradlgm each list may be bonsrdered an_event. Hence,‘
fhe T1-T2 interval between the two"%ts and the T2—tést interval
~would. be .considered critical. It was /because of puzzllng result" .
produc’ed by ‘the manrpulatlon ‘of ‘these two ,interyals wrtnm

. . -paradigin that i were led to a variety.of experiments.on variables

_ involved in ral .coding. We will turn to these” puzzling data’ -
v in the third chapter|In the Jemainder of the present chapter, we
will. be concerned. with es bhshing the- background assumptlons -
&erlying th= work.

& S ] : , . fo, .
Y oo Lo
% o | 'ORIENTATION -
- . . B . N .
"7, It is quite. common in contempcrary work on memory to conteive
' of a memory for an event as consisting of different,t)?pés of info

tion. It is my preference to speak - - these different types of informia-

tion as being the attributes of mzmory (Underwo.od 1969a). Thus,

" the memory for. a,word may coxsis® of an acoustic attribu®®, various,
semantic attnbutés known cezi'eetlve,lz as’ meaning, a “modality
attribute. and so on, including 2 tem:oral attribute. To have a theory
about memory is, within this, framework, to have a theory about how —

v one or more_ of the attributes ente- into memory functioning—how
.-v ‘the attrlbute(s) enter into performarzé on memory tests.

Some of the attributes may be vizved as-having more or less direct
representation ‘in memory. For example, in developing ‘the théory
that has come to be known as fraguency theory (Ekstrand, Wallace,
& Underwood=1966), it was assumed that one of the mechanisms

\ in. memory s a counting mechanism. Eact occurrent:e of an event
» is “‘tabulatec.” and the subject can, when refjuested, make public the
sums. ~States in this manner the theory is extremely ciude on at

1

e, least two counts. I’-"rrst the characteristxcs of the countrng mechanism
/ .
1
2. 20 } \
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. ﬁper se may be sharpened. That is, does each pccurrence of an event -
.estabhsh an _independent trace, or is there more’ difect’ summing

A mechamsm phed by .trace strength" Se ond it séems 11kely that ', -
Yan event may produce Several drfferent cl&Ses of frequency qurma- ‘
“ition, A’ word, forexample, may: have 4 frequency representation in -

“idu,;;J

‘5§

s ”ernory in: terms of the : perceptual respohse (v1suﬁ=acoqstrc)

t to it. The memory*for the event. mlﬂf@glso carry: #n- mdeperrr?ent '

' count ‘af+the frequency ofa common meaning response wh1ch occurs e
with each. presertation. These are not matters of concern -for the

;‘}moment They are mentloned to mdrcatc that frequency mfo-'nd-

fi‘dr;y The questron we ask concerns the terrrp“_

K ‘ha*ce direct’ representatron m,mt:mory" E 'Q@ 491‘” ’

" The manifestation of & direct temmral attrﬂ?hte is nnphew by
1q@’as abouf biological -clocks or biological calendars. Somehow .an

ievent is given an ideniffication tag that locates its position with- .
respe;t to the~ posrtrons of many other events,. whlchaoc-cur‘ over %

~tirie. Siich 1deas ‘have arisen p rily from the decades of resehrch «
deahng withethe estimation of Very short tme intervals, a fine of

: research that goes o unabated (Zetkind & Sprug, 1974). '

" . At one time, my belief in the continuity. of behavroral pr.'mcrples .
led me tc do a series of studles on the judgrn'em of short temporal -

~-~1ntervals) mcludmg intefferencef effects in the relatively short-term
‘memory for the duratlon of two intetvals. I had hoped they might

" ‘produge some firm ledd&%munderstandmg of temporal discrimina-
tions when lists or itemys were the o,ventsaof interest. These data still

' languish /in a file drawer, for [ was unable to, make a reaﬁopable i

- ‘connection. Another line. of contemp(*ary work (e.g., Kommblum, - A
1973, Sectlo% 7) deals with perception: of temporal ordef for (wo
" events that_pceur very clos tegether in time, when closeness is
.-fneasured in milliseconds. As' in the case of the judgment of the

bS duratl n -of.’ bhort temporal mtervals' thiS wotk on the ordering
“of. tWo eventS' which ‘occur very closa'together in time, may nb't be

\ “irrelevant to- \the problems of the temporal coding of memories
quwed in a f%:.r more extended time penod I simpty " have not in-

(i: ‘cluded them in the present work because [ have not been abte to pull

*"the draw =tr1n S together Also, I have chosen not tgq, world With the

<

. -

-
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- tempor;ﬂ attribute 3
‘ (e 8., a biological ¢
s1on 1t 1squ1te pos51 e 3 :
1llustrated earlier;’ :swould’ yield- uch a notion., However, smce
_my central: interest ;s in the breakdown of the\ recen<y ‘principle,-
e -simply reached the decision that the temporal attribute: will f(
~viewed 1mt1ally a8 a derived _attribute. By this is meant’ that-
knowledge of the temporall/oeatlon of memories is based on other
- attributes, of memory for events, and the central task is that of
identifying what these other attnbutes are and the nature of the .
role they play. . ‘ ' M
‘The perspectlve on one further issue needs to be made- clear
When we do a memory experiment (or an experiment u} any other
area), the observations open to the public (the experimenter) are
) two in number. First, the subject is exposed th a given event un :
: 'the expenmenters control. Second, the subject responds in
4way on a memory tegt. Three questions are erequently asked abou
the processes oOr stages thdt- fall between the two publnc qyents ‘

.

1. Was there storage? Dic learning occur?

2. What changes (decay, forgetting) may occur for the stored
memories (collection of dttnbutes) over time \(before the second
public event)?

3. Which attributes mediated performance on the test"

Frequently, these questions are reduced to two: Was a deficit on

the memory test due to inadequate storage or to a° failure of re-

~ trieval? To a greatér or lesser degree, most of us have been involved

: in looking at ®ur data in such a way as to draW conclusions about

storage and retrieval. These efforts shade over into other questions,

such as whether or not recognition tests involve retrieval mecha-

nisms. In this search for answers, we frequently forget about the

-stage implied by the second question; and it may well be that we will

ultimately conclude that, for the temporal attribute, this stage is

" critical. There is a further complication, which essentially prevents us

from logically reaching conclusions about storage, persistance, and
retrieval. ’

4
o



-~

3

ORIENTATION 21
A Recent evidence (e.g., Galbrmt
p _"that appropnate for perfo;

1975b) indicates that attributes
ance on the memory test could

~be quite available, but the ‘subject’ does not utilize them. Gne ‘of -

“the: unfortunate consequences fs that, because the attributes were

7—not utilized, we ‘may infer that the attributes were not stored. It -- .
“ +should be npted that Melto (1963), in his influential article, did .
- 'niot use the word refrieval in his descnptlon of -the thud_stage or.

g questlon Rather, he used ‘the phrase trace utilization, which could
_ imply two factors: the availability of appropriate attributes and the

-

choice by the subjects of \attrlbutes to mediate their test perform- -

ances. For example, it has been shown that-a simple instruction

from the- experimienter will wause subjects to choose a particular

© attribute té “mediate verbal-dlscnmmatlon performance, although
another mlght have been the voluntary choice of an uninstructed
subject (Ghatala, Levin, & Subkoviak, 1975). Since subjects may,

for whatever reason, instruct themselves on memory tests, this’

source’ of variance at the attribute selection level must be recognized.
Given that four different factors, each of an unknown quantity, may
be involved in the performance on a memory test and that sdme of
the attzibutes are kriown to be quite independent of each other,
.. we.must recognize the near logical impossibility-of identifying the
source of a deficit in memory when one occurs. This is regrettable,
but mav as well be faced. It does not mean, of course, that we will

cease speculation about these thoroughly confounded intervening

events, but perhaps we will recognize them as speculations.

¥
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.'lfihe.llbdl'(:)se .‘£chs~ dﬁ'-thié i;ha

pter is on certain. independent variables,

‘which may be involved in the temporal coding of memories. T will '

identify variables that have a proven effect on temporal codin,
those that will likely hayve an effect, and those that seem to off
leads for theoretical thinking about the critical attributes that
mediate temporal coding. Attention will be directed primarily toward,

. yariables influencing within-li§t temporal judgments; those influ-

incing between-list judgments’ will be evah%ated in a later chapter.

. SERIAL ASSOCIATIONS

In many cases we infer the 'order of events because we know{that
nature js so con3tituted as f? involve many cause—effect sequences.
A flooded basement usually' follows a rain; the movement of a ball
across a level surface implies an earlier event, which set the ball in
motion: a distant clap of thunder implies a prior electrical pheno-

menon. A cause—effect sequence prescribes the order of events, and

memories of those events will usually be ordered correctly. Yet, to
infer order from presumed cause—effect sequences may not be with-
out error. An automobile lying in a ditchaan auto on which a tire is
obviously blown, may lead to the conclusion that the blowout
antedated the “accident and was the cause for loss of control of the
auto. In fact the blowout may have occurred after the loss of control
of thg car.

Laboratory studies do not normally deal directly with such
cause—effect event sequences. Perhaps the closest counterpart is
that represented by serial learning. A serial task, of course, is one in
which the events must be ordered in a specified manner. It is cer-
tainly not my intent to review the vast amount of work on serial
learning; this has been done admirably by Harcum (1975). The

difficulties of determining the processes involved in serial learning

22 ?1
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.make sych learning somewhat of a mystery, and even the very
Tecent work seems only to deepen the mystery (e.g., Saufley, 1975).
~Serial associations, of whatever they are constltuted contain infor-
”..mation from which the order of events ‘may be correctly inferred.
“.. We have all learned the alphabet as a serial task. A does not really .
. Cause' B, and B* does not really cause C, but that.B comes before C;
/-an\d ‘A" before B, gives these relationships almost a functlonal cause—
. effect status. Furthermore, becatise these associations are” usually
asymmetncal Q w111 elicit R much more readily than R 'will elicit ,
Q), they provide ‘relatlvely direct information about order. Many
investigators' have asked subjects to 1dent1fy the positions held by
items in a serial task after a certain amount of learning had occurred.
The data to be reported as Experiment 4 used a similar approach.
This study was described bneﬂy in an earlier publication (Under-
wo@ 1969a)- . »
EXPERIMENT 4
The (subjects were presented 25 words, each for 5 seconds, after
which they were asked to identify the position held by each word in
the list. The words were given aurally by tape, and the subjects were
- fully instructed about the nature of the test before the list was
presented. They were further told that there were 25 words in the
list. After the list was presented. test sheets were distributed and
explained. The 25 words were listed in random order, and -the
subject was requésted to assign a number to each to represent its
position in the list. To prevent the use of a number more than once,
a list of the numbers from | to 25 was provided on the test sheet and
the subjects checked off each number as it was used. The 25 words
were of relatively low frequency. Records were available for 100
college student subjects. '
- The number of hits, defined as assigning the correct position to
< a word, is shown in Figure 5. Since 100 subjects were tested, the
values on the ordinate may be translated directly into percentages.
Thus, 97% of the subjects LOITCLtly identified the position of the
first word in the list. Primacy and recency effects are very much
“in evidence. Given a closed system for 1dtntxfymg positions and

25




at the subJects~were nést— frequently correct on~pnmacy

half’’ were- 11ke1y to be assxgned positions that underestimated - true

ions on both sides ‘of the m1dd1e (e.g., positions 5—10°and 15-20).
Although not ev1dent in Figure 5 both of these phenomena were
quitesgvident in: the data. .

o about the “strategles” they used. Two afnswers predomlnated First,
d - by?some subjects for the last item, this being assigned -when
“Yast part of list.” The other common report was that

:"'--'items were -associated ‘in succession, this being accomphshed by
" rehearsal and by mediators. One remarkable subject correctly iden-

EXPERIMENT-’:&'_v.:-‘,."--‘-25\1.«-:'.1.-. |

'd ece Cy.items,. it must: follow that in general, the positions of .
the item Ain the first half. of the hst were likely to be assigned posi- -
tlons that overest1mated the- true pOSltlonS and items in ‘the- second’

positions:. It  also -follows ‘that - variabilityin judgments_should be
Iéss for 1tems in; the middle of the list-than-for those .holdlng posi-.-

o Was ‘$erial “learning - mvolved‘7 The subJects were 1nterrogated
verbal -label was used for the first item, and a “last” label-was. = -

t:_ term1nated Some subjects . mdlcated that ‘more general . - -
7 used for several items, such phrases as the. “ﬁrst part -

_tified ‘the poSition of all 25 words; she mdlcated that she had simply -
-..associated .the words in a chain, and when I requested ‘it, she did in j

* fact -produce - most of the list. Some’ of the subJects actually wrote . . .
the first several 1tems on the test sheet before assigning numbers; " -

Such evidence is by no means conclus1ve concerning the role
. of serial ‘learning in the judgments, but it is strongly ‘suggestive.
* The evidence also mdlcates that subjects may construct calendarlike

devices, in which they try to associate the words in particular por--

‘ _tlons of the lists with appropriate labels. I think we ,must accept the
~fact that serial learning, whatever the processes that underlie it, may-
- serve as-a means of inferring temporal information. The data from

' Expenment 2 showed that correct decisions concerning ordenng .

- were slightly better when the lag between two words: ‘Was zero than
when the lag was one. I believe this can be taken as evidence that

serial associations between the two words were developed and. that

K declsmns of recency were made on this basis..
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EXPOSURE DU RATION : Cs

‘As ‘a ge‘neral pnnclple, it .can be sa1d that the longer the eXposure o

period ‘or ‘study time - allotted an item, the better or greater the:
" learning. There are Cases in which the improvement is minimal -
" "as_time ‘increases beyond a given valuexbut it 'would be quite unex- -
' 'pected if. performance became poorer with increased time. Insofar as
" temporal . coding is based upon attributes that are acqumed during the
.- exposure period-of an item, we would expect temporal coding to be
- directly facilitated by exposure duration. When a notorious pubhc
' €vent occurs, no. matter how brief the event - per se, may be, the
possibility of establishing a temporal code may extend over several
" days as the event is rehashed, its implications examined, and its
' relaflonsmps with other events notec. We have no idea concermng
the - true-exposure ‘duration for the =vents used in Experiment 1.

" To examine the ififluence of such a variable we must turn to the

.“. control’ offered by the laboratory.. However, this variable produces ™
- difficult problems within the laboratory, and we must examine these

problems “before gettmg to the substance of the influence of expo-

sure duratlon

Problems of Method Co
. Thus far, only two general techniques for testing temporal ordering
‘of memories have been discussed: the within-task and the between-
task techniques. The test for within-task studies may be a request for -
the subject to order all items, as in Expenment 4, or to make recency
and lag judgments -on selected pairs, as in Experiment 2. There are
several other. variants with which we must become’ acquainted in
order to pursue the discussion. '
A variant on the within-task method mlght be called the contin-
uous within-list procedure as opposed to the use of discrete lists.
In the continuous technique, the subject is given a long series of
words. Periodically, a test is given, perhaps requiring a few seconds.
- Then further words are presented for study, another test adminis*
—tered;-more-study;-and-se-on-On-any-given-test- the-subject-might-be——

i 28
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udgment in addltlon Several -
fhhnson & Coatney, 1969) have -
Kigments, The word is presented
brice, the subject is-asked ‘fo-give

Ca lg Judgrnent (numlzr i g

+ it gresentatron of - ms

: «ﬁt and its present occurrénce). Obvi--
onslﬁc the questron

* -system of units; andthe crasali d oyer and over. Thus, Hinrichs:
7(1970) used only 18 diatie :
"« subjects. This*was carrigd. to
Q-_Buschke (1970).. They pre
" an initial presentation ofj
< uouslist procedure. A
S Judgment ‘as. to which*d
. -letter; that is, wluch lettey
" presentation. This pro S
““with the choice of the Core-fl
2 as age of the correct letter ir-§
' Fmally, by -way. of a’ b
" noted " that i the continu:
- T2—test inferval. That is,

¥ eight different letters. After-
tezs, the testing ‘began in a contm-4
Egewas: presented, the subject made_
eT Seven letters was the “oldest”,
seven had the longest lag since last -
peiuced extremely orderly - data,
=T increasing directly and linearly”

ey of techniques, it should be
5 pa~cedure it is possible tg vary the
@+ may the lag be varied (T1-T2
-interval), but the length ; retention interval—the T2-{est
" interval-may alsa be varie. 3 "ay now return to the problem of
method involved in studyiva - 51 =;re duration.

Consider the discret: -wi ?tn-hst procedure. Suppose that for

. one group of subjects = e~ ~ure duration of each item in the -
" list was two seconds,-zrd fc - 7z same list with another group the:

duration was four sec:c®= +'-7=r each list is presented, tests are
given,.these, tests bemg il " r both lists. Suppose furt_her that
we calculate various measincs=i:  aie accuracy of temporal encoding
‘and find that the perf?nz“‘vanc a1 the two lists do not differ. The
apparent conclusion is Zx «Xprsure duration is of no consequence.

—forthese judgments-How~we 1w can-beseen-that-because-duration ———
of exposure differed, tz. -:tention interval differed for the two ,

29

and T2, and is asked to make a |

B words that occurred between the
%C mst -answer is. how recent was the "
":inwa strll further variashe Saail piect may. be presented 2,.1 closed 2

| the many tests ‘given his-
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lists, ke FEFerences bemg the greatest for 1tems occumng im the -

. mltnitm in the two lists. We-could keepthe retention n&rval : o

. consiant * tesl:mg for all items in the lists. presented ata two-«econd
" rate; md omsy the last half of the items presented iz a-four-smond
rate:;mtmfar 2§ memory is influsnced bv the positzon of the -iemy
in tee s = covtounding would #li be pressent: : g
.+ . Wa owidli pexcreonsider the continuous wn‘hm—hst pnocedure again
" w,ith v oxpnal; e durations as the indegeudent varable. The series
* thay he Fusigasilliwith 4 representing = target word, andx o
- sentinm tie-- S RINg Words: :
- 3 AxxxxxxxxxxxxA"
“In thes ouee, ke temporal’ mterval between the first: and sec.rt j'
occxr:mnc* A& will differ as a function of exposure duratior, .sf
‘the..teems ugh the interval per s might seem to be incon:e-
. crwostiphi asfoosipared with ‘the numker of intervening items (v.m&
“age =qual M number for the two exposure durations), this waw
' e the mfluénce of an independent variable. Indeed, sc far

.as: T jmave bcegx'able to determine, :here has been ho’ systenrztic"~ :
mmmlahon &% the numbéer of intervening words, keepmg the ipter- ©

vzl onstant, r.or has the reverse been done.
" I =ring.ur -hese pesky problems because, in the few studles I
ha= - ound ‘izt have manipulated exposure duration, thete seams
" to == n- cc.-ensus concerning its influence (Guenther & Linzon,
16T Peozerz-n, 1967: Lassen, Daniel & Bartlett, 1974; perlfme
. =€3. Only 2==rlyne attempted to adjust for the intrinsic confounding
iz 2z stzube  and he concluded, that the ordering of a set of objects,
scLanc: Was wninfluenced by exposure duration.
e o .u'-'w: to the problem seems to be through the use of
ex<. i :stion as a within-list variabiz. It could Be carried out
. thf -ontinuous or discrete-list procedﬁres The critical
==d:: ~ 5 war the exposure duration of T1 and T2 without a con-
comitz:  vireegion in the T1-T2 interval or in the number of items
falling #artwe=n T1 and T2. Thus, the durgtion of exposure for ali
~=ms wzhir the iag interval would be constant across the gondi-
ucsas it vhyzs the T1 and T2 exposure duration is varied. We could
mave=—smveral critical- target pairs within- the- list; -or—different—tags-
withdr thes 152, but across lists we could balance out positions within
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- ”

; enal lags Such an e:xpenment has nor TReT

n. R ber that we are trymg to feeter-
riable~duratiom:of exposure
“fReworal mforanatlon We need not necess&
make our Eests by us=lg gairs of. :words. We can request tempeea:
mformatlon -(positio ggormatiion) ‘for all itéms in' the list an&
i'mmply vary the temp durim “of itemns dunmg study, using .z
uffictent nmamber - of lifgs or a -@mfficiently long list 'so that-items:
glven varymg duratlomﬂ § ex;pg e will be equally represented at’
vanous posmons in the “Her(sy ill shortly report such an experi=
‘ ment, but one more Jrmikwem m;ﬁ be- evaluated before we can - '
conﬁdent of the meznos_. :

Instfﬂctional Variabs = #*
'In a study which Josl Z emnan: and I did = few years ago (Zm—
“merman & Underwmod.. | < ke nature oi the instructions ‘was
mampulated The subiecswa swga 12 successive lists for free recall,
- the ‘lists contdining =fther % .oy 32- words Each st was. recallﬁi
- unmedlately after oreseratic and ‘then 4 final “wee recall ¢ all
1tems in -all lists was reqiesssi. Mext, the subject vwere giver the
12 lists, each printed om an-. :LE‘ card, and wzre rmestedsto cyder
. the lists to correspons To Ir¢ -mrder of learnimg, Frudlx ,ja pazr oy
words from each hS‘ s Scovn tzzrsubjects, and they veare requste 7
.to identify which cf = -=vc zcourred earliest in me list. ‘There
. were three groups :t” sibjree.s differing only in th-. instruc=ons
~» they received prior o @ vtz :p+ * 2.lists. One group was given only
" the usual free-recall instricmins 4 second group received: the —ree-

. recall instructions pizs im’ —=auez that they would se testec 1o-
-the order of the lisz: =1d =2 third group reczived the instruczions
of the second group -ius the ir“ormation th:t they would aiso be
tested for order of the words:. == the lists.

The results showec = i th- zroups did zzt differ jn free-recall
performance, nor did : .y difz= on posmon knowledge. although

~Athe—pesxtion—kncywledge- =y mor—red Was SUbStantia. "For example,
- on the within-list tests o .iie order of the two words ‘within the

.

s )
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' lists,. the average subject correctly ordered 10- of the 12 pair.

were led #o'conclude that “relating the spatial—temporal dimens
" -to events to be memorized is a fundamental characteristic ‘df"
‘- learning process” (p. 307). Others, as I'do now, may feel ajEit!
* urieasy..about- this conclusion as.a generalized statement. Th
are two reasons. First, the method of study was complete pregentsi--
- tion: the -subject was, given each list on a card and was allowesi 40
- secands to study- the words. This contrasts with most other studite
. where each word -was presented singly for study. Second (and:thit
" may follow from the first), free recall as a function of positions
. showed mo recency effect, although recall was given immediatelsy -
-* upon the termination of the study period. There was:a very cleas
primacy effect extegding through the first five positions. in the L Y

list. I now believe THaf it is possible that the learning of eaqs i

-was primarily ‘by serial association and that these associationsrwere

. probably responsible for the within-list recency judgments. _Thi-

" ‘mechanism would not, of course, account for the.equal knowisesizes
. of list position'shown by the subjects in the three groups.

The question -at issue is ‘whether or'not subjects can’ inflsecs
their temporal judgments when the nature of the temporal tess &
‘explained to them. Will they code or rehearse differently for sm&ta
test from the way in which they might for a free-recall test? The

. issue is of some importance in considering exposure duration msan
independent variable in the mixed-list case, a procedure which szems
_on other grounds to be quite appropriate. Will the rehearsal pzzest
of subjects differ when they are given a long exposure to anIcesn.
as compared to a short gxposure, but when they are not expsctiimg
a temporal test? Expecting only free recall, the subjects migre =5~
place rehearsal far back into the list and, thereby, distort pesisar
information. The likelihood of this happening may be dirzsster
' related to exposure duragion. - -
" The evidence available%ndicates that this is not a serious promizr.
Proctor and Ambler (1975) gave subjects a long list of worc “or
study, telling the subjects only that a memory test would be grv=n.
- The-subjects-in-one group- were strongly-urged-to-rehearse. prexicais—
items, in addition to the items present at the moment. The suwmiccts
in a second group were urged to restrict their attenition only 1= e

L ¥

8

L]
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jgn r n:thed words perfoﬂaa‘n‘ce wass nmn_v '
_mm Qan lag Judgmerlts fug- '{wo diffe ‘-'

snbjeuts wlw gre: requaested to dlsplace rem did more p‘oorly
- than-thie other—group only on judgments inwolving loes . |
',;(1976), in pesxaps =A@l stronger tests. reached the canclusion that :
' til rehearsals idid- not influence’ temmporal jmdgmewss and .
that & atzmhutes entering into, temporal mzigm ; "

:.;:,:;,reheaxsals of tinr.:wmd are qlnte m“elevamt L
- ' 'The gross amtcome of .the data to be remaried s Experiment 5
- was’ described in another pubhcatlon (Undewmooc. #59a.. Those
i 'data mchcated..hat exposure duration had little i inflee=mce-on 'gosmon "
,._"Judgments ‘Seweral different groups were given 'the’ lists msed in
o Expenmmt 5. and for some of these:groups the: interest was in
. free recall as a: function of the-massing .and distribuzion of rgpeated.
~vitems.) These tecall data were presented as.Experimrents I ard II in
- an earherpubhcatlon (Underwood, 1969b),. and. trey showed- that\ '
~ recall 'was bettér for items that were distributed: than for those that

' .. were. massed, but that recafl for the massed Itens- in pase-as . -

" num,ber of oczurrences of a word increased.. The ‘tate of increase
| was snmply graater for it=ms that were given by: dJstrmu =d sch :dules

Experiments : : . J-—

Each subject studied a list containing 52 words, but because|24 of
the words occurred two or more times, there were actually 100
positions in ti= lists. Twenty-eight words occurred once, 8 oc¢urred
twice, 8 three times, and 8 four times. Items that occurred myltiply
were further divided intc massed iterms and distributec izems.[When
an item was massed, it occupied zZ:iacent positions in the peries;
when it was distributed, .it least one ther ffem feil berween becur-
rences. The iist was presented orah and a singi= presentati n. of .
‘an itemt involved a 5-sezond perioc during whw._ the word ‘was
spoken twics, Thus words were presented 1, 2, 2. or 4 times, or
for 5, 10, 5. ané 2C seconds. Items were ro*-r,ed across |three

33




-32 2. A "m.z.LIMINARY ANAL.“ i

formsss avaid the hkehhood that item: fumction and 1tem difficulty
wouké be zmofounded. In preseg -ing the results, the -data for all e
forms* #zver aeen combined. 'Ezchefoum was given to 22 subjects,
nencesdatzont 2 fotal of 66 subject: were available. _

Th-z sutmcts were. instructed as s sermslly done for free-recall
iearpim, @xmi these mstructxonsand;dex. the statement that order
of - tiss itar:_ was quite’ unimperuri far- the' m=mory test to be.
given Aprrapriate apologies and e‘*utlons were given after the
expersm=w:  or this misleadinggas:ar el the instructions:) ~ifter
the list wa azeserted,” the su Jec: :fz-e given pooklets in =mich -
the 2 worsis were Isted inpfandom sreexr along the left side cz—the’
sheet.. Tt- were informed fhat the- T=re to make estimates «- ~*the -
positizm he=- ~wy ‘each word inthe i Tor word$ having muitple
qccurrencss. e subjects were toii ic estimate the pwsiziom of
last azcurrenz= of the word. In mai = tneir judgments c=owasiion,
the subject:s cyew horizontal lines. o-ocsite cach word, .ziong fne
mdlcmg ->at the word was‘in an extyi oosition in the i==.ra short -

gndicaze th=r it was near the enc :f the list. The suowcts were
wa" e o ook over several words fezzre stafting to prouuce the
ifnes, so that mic problem would arise = u need tp draw a line t3at,

was longér +han the paper was wide. 7 "2e lines drawn were.mgasuzed
to the nearse- ! ¢ inch. Position witk-m the list and line | h eaTe

inverssly ra:zme<. However. in presen=iz correlational evideng:  ne
valuz - will be ~eported as positive.
- k3

=srnatec o%yt/ov and true pos:zon.  Across the ghree :‘orms,

"therc were < words that had be=- vzesented once. For ¢ach of
‘thzse word: .. mezn iime length wa. 22 -Tmined by averaging across
t=z Yine lem= s produced by the 1 subjects given the v ord for

"study. A ple of these 84 measiugaast “rue posizzon showesz a very
gvizzt relaniunship. The prcqucz moment ccrrelation was 7%

isecause of @ primace effect © ore s . s-me deviztion from linear:™
= the plew #'Hen - nonlinew: iwene_~= lrg) 07 - relationshir vas
cwlondates the value was 2l e e e
Hizfxrzarn oad Block (7¢7 1 -<iented thelr mojects 50 mrew
:estrer ncwone cader rostrooine . =mermber the swords for aater |
mezmery st ach woarc t.oarssziiad for five secomds on the ssuay
3 .
'3 £
>k
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e test, the subjeyts were. asked to estimate the tenth of
upied by @ach word on-the stuim-traai. Their plot bétween
) tlon and-estimated position sewet very-clear relation-
and Bower (1974) 'used: liszs of 34 words awd folewed
. “much- 'thz same procedure as that useé by Himtzman and Block:
Agam a 1€ fonship was found relamg me pemtlon and estimated
“posmnd
Ttns fi)rmgs us to a seemmg cmﬁtra(dx:taon wmch will cling to
mighout several - chapters. Sigjppwne we #ave presented lists
A for st 'y_,_‘ as was done m the aoove mnts. On the tests

- ask for lag }ud'gments How man+ other mrd’s fell between these K
ds” Since simgle wards wers posmcmed ‘with some accuracy,’
.. it would seem that lag Jud.gments for the pairs would appropriately
° refiect lag differences; This seems not to ¢ the case. In at least two
stundies | Hmtzman & Block, 1973, Hintzrman. Summers, & Block,
- 1975), there was no relationship betwees ue. lag #nd the lag esti-
- mates. How can a subject make a reasonatisr valid positiom fudgment
~——for-a-s e“ltem from -z list and be quite zapable of making a valid
lag j ent for'two words.from the Iist? [~ will be remembered that
- we did d some telationship berween true T2ag and lag Judgments for
airs. of words in Experiment - Chapter 1. However, by way of
anticipation, an experiment in which wz found no relationship
betwe=n|lag and lag judgments frr czirs ¢ words will be reported i=
Chapter |4. Furtkermore. we fouad that sutijects literzIly could noo
leamm 0 imprees their judgme=::: over trials. This is why I say the
pronizm |is not one we can avo:d as ve proceed through additional
expsm nts.

Tc ~efirn to'the central varic-4z. - will be z=mambered thzz we
are saking abcout the role of ¢~ 1o of enosure on temporal
codiz= 3Secaus: of thz was .n =i ... tze lists ‘or Experiment 5 were
consz=ted, the ranze of positer -« diffsres=s—she-items-presented—
once.ad| for e last szcurreace oo thos: prusent=d under the massed
schedmze| It driferec st more :.r the items ;pisented once and
for' th= last cccutremce . thos: presented urcer the distributed

~ schewme. To adjust “or tam. th: following sters were taken. First, °
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the words presented 2; 3,and 4 tnnes .were considered as a group.
.. -‘Bach subject had 12 such words, 4. at each frequency lkevel. It was
A possxble to sélect 12 words that had been presented omce and that also
held positions that matched closely, item for item, the last occur-_
: - rence of those 12 mrds that had been presented 2, 3, amd ‘4 times. It
. was therefore feasible to compare position Judgments for the words ‘
S preSented once and those presentec more ‘than once, with the average .
duration of the latter being 15 secqpids versus 5 seconds for the items
' preSented once.
" For each subject a productvmoment correlatlon was caiculated
" between true position. and line length_for the 12 items presented -
" -.once, and a sgparate correlation was done for the 12 massed items
presentkd for an average of 15 seconds. Each correlzzinn was trans-
- formed into a g’ score, and the significance of the mean difference
of the two .distributions of 66 z " values was determined. The mean
- 2’ for the wotds presented oace was 46 (r =.43), and for those
7 occurnng 2, 3, and' 4, times, the mean z' was .57 (r= 52) These :
L 'two Jmeans did not dlffer reliably (t+ ='1 81). : _
We: ‘may now examine the results for.the 12w s presented- ——
" under the distributed schedule. The results for thesé) words do not,
_of course, tell us about temporal coding as a functidy of exposure
" duration: Nevertheless, the results are of interest in zsking whether
a subject can distinguish between the position of last occurrence
of an item and the positions of eartier occuzrences. i
For the i2 words presented .nder distributed {=iedules, the
, range of posmons of last occurrence was more restricted than for |
~ the ‘words presentec under the massed schedule. Newertheless, it
. was possible to obt#in 12 words presemted once that, item for
item, essentially had equivalent positions to the last occurrence
of the items given th= distribited sck=duie. Agair. product—moment
correlations were d=tsrmined for each subject Zar =ach of the twc
types of items, and the z’ transfor—vatlon was ap; apciied. The mear
“""Z"f’(fr'the words presanfed once wz. 17 (r =.1 .. &= 2 for the distri-
buted words, .28 (r = .28). These twcfmeans did mot cuffer (r=1. 84)
Even w1th the restricted range of positions invoived, the mean 2’ for
the 12 words presented once differed reliably from zero (¢ = 3.77).
. For the words given *h> massdd schedules, the above data indicate
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that position knofwledge was not appreciably- better for words W1th
muItlple accurrences than for words ﬁdzn once. The temporal e

- duration or exposure of a word durmg study seems to have little

X effect om the _knowledge of position that may develop dunng

. -stidy.’ The fact that the words given-, multlple occurrences were
somewhazit more accurately p051tloned than those given once althouﬂ;
not reliably so, may r=flect the fact that some of the words presented
. orfce simply mawv nox have been recognized (6m7the- test) as hang
been in the list. ~
The data were examined in st111 another way, to evaluate the effect
" of ‘exposure durahon._ ‘A mean position judgment was determined for
each word by summing across-subjects. Thus, for words given massed
. ptesentatiom, a total of 36 different words was used §qoss the three
- forms. Mean posizion estimates and true positioris were correlated. :
For the massed items, the value was .83, and for the 36 dlstnbuted' e
item=. .52. For the 36 words given a smgle presentation but matched
on pmosition with the massed words, 'the correlation was .79. The
. - corrssponding’ value for the words presented once and matched_on_“____
" posimon with words under the distributed schedule was .51. These
omtc::mes/l;lerely support the earlier conclusion that duration of .
-expusure seems to be of little consequence for, position judgments..

Pasitioniing and recall. In a second.study using these lists,  the
subjects were instructed to attend only to the word being presented
at tae moment. There were 60 subjects, 20 for each form. This
insmrctior had no effect on overall recall. After the subjects had -
recatled, tne/ were given the list of 52 words Ind were requested
to make diirect position Judgments In this task, they were to 3551gn

. a number mstween' | arid- 100 to indicate the position of last occur-
rence of to word. As. a measure of positioning accuracy, the devia-"
tion of eac word from true posmon was calculated for each of_the .

——52-words™ »reach subject. The mean deviation for each word was
then calculzted. . -

The patiern of correlations between true and estimated position
was found to be much the same as in the first study, although all
of the correlations were a little lower. While it is possible?that the
-act of recalling may have disturbed knowledge of position, the
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A that instructions to attend only to/the item present at the moment
- ;_f(and not to displace rehearsal) did not give. ev1dence of increased
knowledge ‘of position. Of greater. mterest is the relatlonslup betwe_en
- .-position knowledge and recall. . ; :
- A mean deviation SCOre was detenmned for each SlleeCt usmg
~all-52 words in the fist, and these values were correlated:mth total
» recall for the 60 subJects The product—momeht correlation was
- =.04. The posrtlonmg eri'o/ for massed items that were recalled and
- for those that were not was determined for each subject Tﬁe mean
" positioning error for recalled items was 25.53, for those not recalled .
27.19. The difference was not reliable (r = .80). The’ same oufcome
“was found for the words given distributed schedules. The only evi- -
- dence found that related’ recall and position estimates involved the
words presented once. The “Words recalled ffom among the 28 pos-
sible gave a mean positioning error that was less than.those not
recalled, and the difference was reliable (¢ = 44 1) Such evidence
’—'is’?lfard tointerpret because the items not recalled may also not
hgve been recognized when theaposmon -judgment test was glven
— Goodwm and Bruce (1972) have concluded that temporal tags are
relatlvely ummportant as recall cues for the words in the initidl,
portlon of a free-recall task. In general, the evidence fromi the pfesent
"expenment would extend this to all positions in a free-recall™task,
. althougl® this may not hold in the recency area of the list when
- recall is given immediately after presentation.
“~ The data that have been evaluated in this section indicate that
posftlon learning or temporal coding does not seem to be related
" critically to the duration of an item during study. In a strict sense,
this cannot be true. An item must be exposed for some minimal .
“amount of time for a temporal code to be established. The evidence
——-—--mdxcates—-that—'beyond—*tlns"unknown*mnmnal—amourrt——of-'tlme
further exposure does not add appreciably to the temporal code.

X results taken at face value conﬁzn/o?le work of other investigators,

',]

INTERFERENCE IN TEMPORAL CODING
3;‘\
If we study ser1al ‘learning as a functlon of th tsrrmlanty of items
~ withig the list, whether formal or meaningful "§irmlanty, we know
" that the learning is impeded as sxrmlarlty mcreaSes It rmght seem -




mevxtable, therefore, that recency Judgments or lag Judgments
Would be influenced by srmﬂanty Tlus inevitability is by no.means -
assured.- Flrst ‘we- do not’ know the ‘basic attributes mvolved in ’

_ .1sureness, the . nature of the attributes involved in temporal coding;
- "-We will examine three elementary situations that might be used in
o studymg the influence of interference in temporal coding: :

AxxxxxxxxxxA (1dentrcalword)
CAxxxxx XXX XX A (assoc1ated words)
4_..'; A XXX X x x xXxxx B (unrelated words).

... Assume. that ‘these series are presented within a long list, and then,
- after the. list is completed the subject is requested to make pos1tlon
O Judgments In the case of repeated words, we have seen that even if
. ~a word OCcurs as'many as four times thhm a-lrst separated by other
- words on each occurrence; the position’ identification for last occur-
. rence is as accurate as for the single occurrence of a word Although
- we-do-not-know-how- accurate performance would have been for the ~
- first occurrence’ ‘of a repeated word, the evidence suggésts that each -
occurrence is attended by some type of posrtlonal encodmg that
dlstmgmshes it fromi its earlfer positional encodings. What would we

~ ‘anticipate in the case of associated- words? When A occurs, a strong
. associate to it may occur implicitly. Thus, when tgble represents 4,
~the implicit response chair may ‘occur, and perhaps also the implicit
response may be given temporal codihg along with the word actually
presented (table). Later in thie series A’ occurs, which in this? instance

-~

might’ be chair. K is not ynreasonable to éxpect table to occur

implicitly to chair, and perhaps be temporally coded at that point.
If all of these events do in fact occur, each of the two words will
lcarry temporal codes about two locations. Where will the subject

INTERFERENCE IN TEMPORAL CODlNG 37

senal learmng, ‘and second, we have’ not yet identified; with any’

.-
-

ﬁ_estmat&th&pjltlonof—each-word to-bel— - :

There is some similarity between thlS case and the one in whjch
the same word occurs two or more times, although there are differ-
ences. When the same word occurs twice, there are two dlfferent
temporal codes for the same word. In the case of associated words,

" the two different words may both be associated with two dlfferentl
temporal codes, these codes being identical. The two cases are

- much like the differences between the A—-B, A—D and the A*B

N A—-Br paradigms in a retroactive inhibition test.

i

. : ‘,-“
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Among ‘the pubhshed expenmmts one by. I—Lmtzman Summers, ,‘ N

and- Block (19’15) ‘used the above cases (which include the two. -

5 unrelated: words). Subjects were ‘asked for lag judgnients, and this . -_ .

: was'the expenment in which the lag judgments for unrelated wgrds
.showed no relationship-to true lag. Since the associated words did -

pradice a. relat10nsh1p between-true lag afd lag judgments ‘it might o

-be soncluded that there is no support: for the- expectatlons of con-

“fusion. Yet, the associated words did differ from the: unrelated .

wcn'ds S0 }hat the assouastes ere . m some way playmg a role. In
fact the lagjudgments fior ﬂleE

ssoclated words'more closely approx- . . ‘

_imated the tfue- lags: when these lags were long than d1d the lag~_

' ',, Judgments for repeated words.: P -x'\
. Earlier it was pointec! out that recency judgments and“‘lag Judg-

ments ¢an be conceptually imdependent. Thiy independence seemed. N

to. be- contradicted in Expeﬂ:ment 2, where only unrelated words
v were used. It remains pessible that with’ associated words the two
- -~ could—be—independent—We-will—present - an*expenment ina ‘*later
chapter that shows that the number of correct: recency judgments is.
quite unrelated to the separation between the two words tested, so
“the issue is by no means closed. It is_perhaps p0551b1e that had
‘Hintzman et -al. (1975) requested posmon Judgments or - presented
‘the associates as a pair and asked for the 1dent}ﬁcatlon of the most -
recent word, performance would have been qu1te different from that
.+ -obtained by lag judgments. Of course, therg is no implication in the -
above that the response measure used b)f Hintzman and his col-
leagues is inappropriate; their interest wastin qu1te a different ‘mat- -
- ter than the one of\mterest in this section.
To determme directly the. role of interference i m temporal coding,
a simple test would 1nvolve two conditions:

AR XX XXATXXXxx T Testt A versus 4’ B

AxxxxxBxxxxx Test: " A yersus B

A and A’ represent associated words, and A and B,-unrelated words
The test would consist of recency Juhgments Perhaps the test is not .
quite as simple as it seems. Because two associated words are likely
“to be more readily recognized a$ having been in the list, as compared
with two unrelated words, it wauld be necessary to remove this

ot
.
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. factor as a source of contammatlon To test only pairs for which
,;both ‘words are recogmzed produces both a subject and item selec-
-~tion :with uanOWn influences. Perhaps the most likely -approach
_.'would ‘be to’use short lists in which pilot work shows that essentlally _
_all subjects will recognize all itemns. . _ '
LAt ‘the- present. ‘time, the possible sources of mterference in wrthm-,'_ :
list temporal codes- simply have' ot récefved the attention necessary =

. to;reach conclusidns. Although 1 underfook an experiment along the - - B
lines suggested by the aboyvé paradigm; I did hot adequately, solve the

problem of dlfferent\‘al recognition, and time pressures have not
allowed a followup, although one of the experiments to be reported
later is related to the problem. We will see later that considerable
information is available dgaling with between-list interference on the
.establishment and perseverance of temporal codes.

i

STRENGTH

Memoriés may be said to differ “in strength. Under most circum-
stances, multiple occurrences of a given event will result in a stronger

- memory than will a single occurrence. The differences in strength are
most easily inferred from differences in recall. It is S reasonable to ask,
therefore, whether this property of memories (strength) may enter
into judgments of temporal order, hence may be said to be involved
in temporal coding.

Let’us say that Tl ‘and T2 are presenfed at different points in
time as parts of a task to be learned. Subsequently, they are pre-
sented to the subjects and a recency judgment requésted. What is
required for subjects to utilize strength as a property that would
yield a correct recency decision? First, the subjects must be able to
“assess differences in strength (a strength scanner?), and, second,
they must apply the rule relating decreasing strength (forgetting) to
the passage of time. In so doing, they must reach the decision that
the weakest of the two memories is the oldest. This may be stated
*in another way Assunie that the strength of the two target memo-
ries, T1 and T2, were equivalent at the time of formation, and both
weaken at equivalent rates over time. This can only mean that, at
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40 2. APRELIMINARY ANALYSIS

the time of the recency judgn‘tent T2 is stronger than TI, and, if

this property is.used to distinguish age, T2 will be Judged to be the

most recent memory.

As is true with so many theones the strength hypothesxs runs- °

mto trouble with data. Two such instances may be noted in the data

B presented earher In Experiment"2, the Subjects did not -conclude.

:that two events, whose order they could’ not determine, must have
‘been: presented -close together in time. 'I'mplementatlon of the cor-
relation (two events that are indistinguishable in order must have
occurred close together in time) would have been expected on strict
empirical grounds, and it would also have been expected if the sub-
jects .were reaching their decisions on the basis of strength of the
memories. In Experiment 4, had subjects been asked to recall, it

would be expected that the initial items presented gn the list would |
have shown the best recall-‘would have been of highest strength. A.

strength hypothesis, with no other factors involved, would predict
‘that these” words would -have been positioned after the words that
occurred in the middle of the list. In Experiment 5, words presented
only five seconds for study were positioned with abqut equal agcu-
racy as words presented for longer study periods, and these latter
words were better recalled than the former. Age judgments were not
correlated with strength. '

The strength hypothesis is an appealing one, and has been worked
out with considerable precision (e.g.. Hinrichs. 19709, Yet, it is
obviously wrong when viewed as a single-factor theory. Experiments
that have been devised explicitly to test a strength hypothesls have
. frequently used at least the following two paradigms:

TITlxxxxxT2xxxxx Test
TlxxxxxT2yxxxxx Test

The test consists in both cases of a comparative recency judgment
between T1 and T2. The idea is that there will be more errors in the
paradigm where T1 has occurred twice than in the paradigm where
it has occurred once: that is, this would be true if strength alone

determines the decisions. Now, in fact, there is sojne disagrecment as

to the outcome of such tgsts (some illustrative studies: Flexner &
Bower, 1974: Galbraith, 1975a; Galbraith, 1976 Peterson, Johinson

A ]
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STRENGTH 41

& Coatney, 1969). There is no intent to try to resolve these dif-.
: ferencés here. We can be reasonably sure that strength cannot.be
: accepted as a single -principle for assessing the temporal order of |
““events. Yet, we would not reject strength completely as a possible -

contnbutor to a complex of attnbutes that ‘may be 1nv01ved in .

".' temporal codirng. -
- In-any. extreme form, a strength theory faces a drfﬁcult logrcal.-‘
problem. An. extreme stréngth theory would say that when' the Same’
gvent occurs two .or more times, a single trace of the event is estab-
lished; each successive occurrence of the event Simply makes the
single trace stronger. If this is taken literally, a problem anses If we
present the same item twice, separated by other itenis, and, uan the
second presentation ask the subjects for a ldg judgment, they simply
-couldunot comply. They could not comply because there would not
be two events in their memoxy, only a'stroifg single event. But the
facts are that subjects can rea § comply with such a re_quest'and'.
their lag judgments are (in some situations) related to true lag (see
“‘Wells, 1974, for a more detailed discussion of this and related §ssues).
Any assumption that strength is used-to infer the age of memories
must also assume that other information (no matter how crude) is
carried in memory, which will allow a distinction between the two

" occurrendes of the same nominal evant. When this approach is pur-
stied to its logical 'end. the other extreme form of theorizing is
reached, namely, that each occurrence of an event establishes a
wnique trace (the multitrace hypothesis). Of course, at this extreme,
the theorizing must incorporate some mechanism or process by
which the separate traces may in some-way unite, combine, oF sum
if we are to accept the fairly obvious fact'that frequency of occur-
tence and ‘strength (as inferred from recall) are directly related.
As a single. factor, strength cannot possibly mediate temporal
judgments. But there is no_evidence that functional strength, how-
ever constituted, is coémpletely irrelevant to all judgments con-
o cerning the ordering of memories on the time dimension. We know
that subjects can make reasonably accurate decisions concerning the
~relative frequency with which words occur in printed discourse.
Carroll and White (1973) asked subjects to make judgments of the

point in their lives (from age 2 years) at which they first learned
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42 . 2 AN&.MNARYANALYSIS'

- .each of 220 nouns. These Judgments correlated quite highly with

', ‘.:*_word frequency.. Thus, in a sense, fthe strongest (most frequent)

'.words were the oldest. Of course, there are other ways to view such
cdata, but ‘the point of the moment is that we should not preempt
strength as a possible factor among other factors 1nvolved in the

s temporal ordéring of memories.

EVENT FREQUENCY

In experiments similar to Experiment 2, the subject is given two

words from th= list just presented and asked to estimate the number _
of other words that occurred between T1 and T2, Could it be,thatye.
sub_[ects have kept a runn1ng count of the number of different'svord®
(events) and use this information to make their estimates? Such a
possibility has been suggested (e.g., Berlyne, 1966; Lockhart, 1969).
It is'known that, if words are repeated with varying frequenecies in a
list, the subjects assimilate with ‘some accuracy thee relative frequen-’
cies. Thus, if the subjects can ‘“‘count’ different events (different
words) in much he same way as they can count the frequencies.of

. repeated event- :same words), it appears that temporal judgments

might in part "= mediated by frequency information. There .are
problems with s idea. The subjects don’t know which words are
going to serve - ['l and T2 functions on the test. Effectively, then,

at the time of =st, they have to use other information to identify
the locus of th= words in the study list before, say, making a lag
judgment basea on the number of words that have intervened The
critical question concerns the way in. Wthh the positions of the
words, are identified in the first place. '

To conclude that in the common case it is difficult to see how
event frequency can mediate temporal ordering is not to imply that-

" frequency of events is irrelévant to judgments of temporal ordering.

In the usual experiment, the time between two targets is perfectly
confounded with the number of events. It is not unreasonable to ask .
whether the recency judgment: for T1 and T2 would be influenced if
this correlation was broken. For example, the pumber of different
events between two targets could be manipu at d. One way would

o4l | Ty
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. be to- vary the rate of prese, :at::a of the everts occurring between
he_ two. target events (e.g.. = hwaeens at a two-second rate versus-10
items-at a one-second rate). -‘l"sﬂher way.would be to vary the num-
‘ber of different events that ninetvene, holding the rate constant. In
he extreme case; we 'would hame a blank interval between the- two
arget events. 1 have not fowm such expenments reported in- the
- ,hterature For the ‘time bemg. therefore, it must .be concluded .
.- that the. mfluence of event frequency between T1 and T2 on recency'
—and. lagJudgments is.unknown: . I

—

s CONTEXT

No single concept is so widely used in theories of memory . func-
tioning as is the concept of context. Context. when we attempt to
. give it operatlonal meaning. refers to characteristics of the e#ternal
.environment, characterlsth -+ :asks in which the subject mav be
engaged, and characteristicc 1 the mental environment res.::ing
directly or indirectly from e experime~tal procedures imposed.
Although: context is widely w:»d -heoreticuily, it is probably correct
to say that never in the histz— ¢ choice 7 theoretical mechanisms
has one beer chosen that - xc little st=voort in direct evidence.
Although studies, which seer mplicate -ue context e'ects, can
be found in the literature(e.. - ..ienburg, . - ~2:Godden ¢ 3addeley.
1975), there are many oth - :ished studies that fail to show reli-
able effects, and, because -~ a “endency for =citors not to publish

negative results, one can ¢ - 54 that there zre scores of unpub-
lished studies that show n *  of contzx- manipulations. Of
cours.. it is perfectly reasor s zse contex . us a purely abstract
theorstical term, but most '~ i do no: use the term in this
manner. ’
Why has there been so n . - ::corizing using a mechanism that
is on shaky grounds empir: . There seems to be two reasons.
- Ftrst in many areas, some si .areep! seems absolutely necessary:
A theory might not 5. . get o ‘he z--und without it or
might be found incomz:. - s~ stage -1theit it. Second, there is
~at least anecdotal eviduin.. coport - the  act that a particular
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‘memory may be associate_d with "a particular context. Nearly every.
““member of my generation can tell exactly where he or'she wasand
*. what "he or she was doing when given the information ‘that the
Japdnese had attacked Pearl Harbor. Such illustrations can be rujti-
"plied by any observer. In understanding the spoken language, We

_know that the meaning to be inferred from certain ‘words: depepds’

“upon the momentary context established by the meaning of ot'her'.

words. BRI A “ !

"It will come as no surprisé to realize that we often attempt;to
relate temporal encoding to.context. In doing this, howe"r the

) theory'm'ust face problems that are not faced when appliec = taer

memory phenomena. We might recall a certain event becazs: - .is
association (occurred in conjunction with) another more m=s-ab: =

- event. No temporal coding is implied by this phenomeno=. 3wz

the¢ temporal ordering of two events is mediated by differenzni ==~
texts for T1 and T2 (because the contexts are more memorzbie Thas
T1 and T2), there must be some basis for asserting also tha: the wc
sets of contextual memories may be ordered more readily an
target memories. -

If the -two different contexts (associated with T1 and TZ) zie as
intrinsic order such that it corresponds to a cause-effect sequznze =
to another type of time metric (e.g., calendar dates), there i £= nc
doubt that cc=text could Jlead to correct temiporal ordering -1 T
and T2, an oTzring that would not have been possible without the
contexts. Sucz an effect has been demonstrated (Guenther & Linton.
}975), and 1t makes clear that context can mediate proper ordering
of target m=mories. But, how can contexts, without a built-in tz2m-
poral ordering, mediate ordering? How can contzxt aif"-rences
lead to better temporal ordering than T1 and T2? |f we ass.::e “hat
T1 was in a red context, T2 in a blue context, and that the .as¢cia-
tions between targets and contexts were established, the question
concerﬂ’ how it is possible for red and blue to be better <~dered

‘than T1 and T2. That contexts without a built-in orderin: sustem

can influence the temporal goding of associated ‘target r -mozes
does not seem possible. Neve@theless, in keeping with the ¢ - tauve
atmc;spheré that | have tried to establish in this chapter, the matter
will not be closed. Several experiments in which context wManip-
ulated will be reported%Chapter 5. ' ro

2
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SUMMARY A

In t]us chapter, I have given some: mformat10n about the facts and
theones thatewere available to us. This was not viewed asa compre-

f):,henswe survey of the. hterature For example, I have not- coyered

| certdin experiments dealing with characteristics of the events such -

.-'as words versus pictures (e.g. ,,Fozard 1970), words versus nonsense
syllables (e.g., Flexser & Bower, 1974), or low versus high association
value of syllables (Wolff, 1966). Such studies have not ‘been .dis-
missed as being ‘irrelevant to my inquiry; rather, | found such studies
produced intrinsic difficulties of interpretation, which I chos¢ not
to pursue in this book.

As noted in the first chapter, the interest in tempor& coding was
instigated by some puzzling results on. temporal differentiation
between lists i sin which the proactive inhibition paradigm was invglved.
In attemptn‘w to acquire some underitanding of the mechamisms
mvolved in producing the puzzle. ! w.; led to a number of experi-

ts izvolving both within-list and ~-tween-list manipulations. Ir
effect I zarried out two lines of reszar - [n this proszz my inflerest

began to expand to include prozi--. temporal . - ingin general. -«
In preser-izz the experiments iz 2 —- it cha- “or sand it o
compatit'e = oroceed historically F rsom: -  periments.
this was Juo1c aecessary. and sc it - adopt- u: zneral pian

P
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I have long held a deep affection for the phenomenon of. proactive .
inhibition. ‘It has not always returned ti's affection. At times it
~ has behaved in quite unexpected ways an: has seefned particularly
‘reluctant to accept my theoretical gifts. i= view of these experienczs
with proactive inhi-bi:ion, I suppose chat [ shouid have been prepare.
«for the series of evsats that I =il relate :n this and the followznz
chapter -1 was no: creccred o7 inem. and I am convinced thev
wouic -ever have harr=nied ex:zpt for one of those casual or inc:-
aqen-. decisfons thz: are. inevabiv necessary in designing exper-
—er—. This decisic— will become 2xposec in due time. It is ne¢gssar
Trer - give tme buskground fco - major experiment we undertoc.:
ezl et 1977 : -
&

T - ACKGROUND

Pre_zo - inhibition 1s & -:te: .ion 10ss for a pzrt\'iéﬁlar task attribut=d
[0 he 1or learniffg of oth tasks. More strictlv speaking, the loss
5 measired’ zzaindt a contrc -roup that is not given prior learning.
‘roactive inhinition and its e.siier discovered kin, retroactive inhibi-
ion, heve been thought to.t. the, nasic paradigms. for all forgetting
soth v thin and outside th labo:atory They are linked together
-hrour- the ¢ommon gener: ‘nteroretative concept of interference,
. con.ept brought to the g ir 1932 as a result of McGeoch’s
nethe-:ical and logical destruction of alternatives, and by his master-
fyl suaming up of the evidence for interference-like effects in
retrog_tive .inhihjtion. Given this orier\v,-tation-;&{he development of
our :«nerir-ental knowledge tor both retroactive and proactive
* inhibizon runged on the selection of independent variables- that
woulz ause tde amount of interference to vary. With theoretical

elaboratior. ' Jnderw & Postman. 1960, it seemed that a rather
compreher:ive theo of " -rget g was available. Alas, this was
46 - ‘
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». not to be.| The theory £ould niot-be supported in the imanner it
- démanded. \This failure was not interpreted to meanthat proactive
* -and getroactive mhlbltxon were not basic to the understanding of
forgetting; rather, it was taker to/mean that somgthing had been
verlooked |in working out tie details of the interferemce mechanisms.
_Jn:icasting-about-for -insights that might be’ used to revise the
thebl#' Bruce Ekstrand and I undertook an experimerit on proactive
~ inhibition in which one of tke independent ~ariables was the distri-
butlorF of learmng of the interfering list (Underwood.& Ekstrand.
. 1966)." We' used the A-B, A-D interference’ paradigm for -aired-
associate lists, hence the dis:ribution of practice was appliec io the
le armhg of A——B Among other conditions. :he subject was gzven 32
trials jon. 4—B. Under the distributed corditions, eight triais were
given | our successive days (Monday, ~ :esdayv, Wednesday, and
Thursday). Immediately after 9e 4-8 —als on Thursday, A-D
learning was administered unil e subjec: :-tained a criterion of one
perfect trial. On Friday, 24 kour. after lee——ng 4 —D. it was recalled.
Although we did not lbave a cortrol concizon (only 4—D learning)
we kqew that the scores we observec were so high tha: esfen- .
tially ‘there was no, proactive inhibition, a..1 th:: presur ~:ion was
fully supported in.later studies. In anothér condition, ai. 32 trials
on A-B were given just prior to the learning of i -D on Thursday.
This ‘massing of the A—-B triais resulted in very ,heavy oroactive
.interference in the 24-hour recali scores for & -D.
[n interpreting the above finding, it scemed . possible that the
distribution of A—B trials over days resultm in the establ:shment of’
a clear differentiation between the two lists. a difierentiction that
‘allowed the subjecr to identify the respor-- terr . perfectly +ith
:’ach list so that the interference was minimul. Differentiatior was
simply anothe- way of speaking of a temporal d::crimination. In
-another experr—ent, Keppel (1964)had shown tha: :7 the learning of
the ArD- List ~as distributed over days (with 4 3 massed). the
fozgetting of +-D was markedly diminished. It appeared, therefore.
_that the distributed learning (over days) of either the A~B or 4-D
tasks markedly diminished proactive interference. This was not only
a conclusion of great practical importance, but also seemed to indi-
cate that the temporal differentiation between interfering tasks was

49
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extremely critical in determining ‘heL?Ifount 0! proactive mter-
ference.

It can be seer, however that the critical independ 2nt variable
“'could not be 'dentlﬁed w1th conﬁdence in the Underwcmd Ekstrand

or was it t e fact that the mltlal learning of th: A—-B list thk'
place ‘on Mpnday? Did the temporal differsntiation depend upon
the fact thdt A—B learning was initiated on Monday -and not upon
the fact that the acqulsltlon trials on 4 -8B were cistributad over
~foyr days? The obvious next step was to have A--L learnt;%n its
entirety on Monday, with 4--D being learned on Tk .rsday. and to
compare the recall of A-D following this schedule with its recall
when A-B and 4- D were both learned on Thursda, This step was
carried out by Underwood znd Freund (!968). = the results
being depicted in Figure 6. With the Moncay - Thursday -chedule
for A-B and A-D leaming. recall was 657 with A—B ard A~D
both being leammed on Thursday, recall was 387%. Althcugh no
precise compqg(sons could be made with the previous work, it
seemed reasonable at the time to conclude that the distribution of
o A—B learning was not the critical independent variable;/ rzther, it
was the temporal separation in the learning of the - B and A -
. lists that established the temporal discriminatior

The difference 1n the amoun: o forgetting «-er *t- 23 hours for
the two condition~ shown = Fizure 6 must b: c—iphasized. In
another condition :n the experiment, six of the “2 x-B pairs were
carried over intac® mnto the ! - D st tor the gro:ps z2arming both

lists on Thursday The recall of te sin 4 -D pair nc carried over
was essentially the same as ior. t>: condition In -hi ~ both 4B
and A--D leaning occurred on Trarsday. The puros:  or carrying
over intact pairs was to make the temporal discrim.nation even
more difficult, assuming that such discrimination » ba~-d primarily
on information about list membership of the items. Alrzsugh recall
was not influenced v the carryover of pairs. the numter of intru-

sions (giving B respunses at recall in place of /' sposez was, In
fact, the number of cor~ trespe ¢s und the number ~ rrrusions
were about equal in tfrequency. o 1 thys implied thata: “a=entiation
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FIGURE 6. Proactive interference as a function of the days separating the :
learning of A -8 and A~ D. (Data from Underwood & FreundL1968.)

was completely destroyed. W argued at that time that if the sff} :
made areasonable number of responses on the recall trial, the-amount S
of proactive inhibition would never be mugh greater thap that
observed. Even' with no temporal discrimination, if the ‘supjects
respond with some frequency to cach stimulus term, they are likely

to give the correct response for the 4D list half the time.

51



B@.  THEPUZZLE

“O‘ut ‘fi'ndi_ng (as seen in Figure 6) was not an isolated’ one. Alin

" SOME IMPLICATIONS

‘the “separation interval was

Thafainen (1968) published an article in which four different experi-
‘ments were reported on the influence of the interval between two

"(1968) used serial Tists of Tionsense syllables. In one case; @ SixETTTT

day interval separated the /k%ming of the two.lists, and in another,
0 days. Recall was higher (proactive-
inhibition -was less) for the latter condition than for, the former.

intervening tasks on the recall of the second. His results, too, showed
that several days between the two lists facilitated recall as compared
with a few minutes between Jists. :

A criterion for evaluating the generality of a phenomenon of
memory is whether it can be demonstrated also in a short-term
memory paradigm. That is, can'a buildup of proactive inhibition be

" retarded by inserting temporal intervals between the learning of

successive interfering elements? At least three studies have shown
this to-be the case (Maslow, 1934; Peterson & Gentile, 1965; Kincaid
& Wickens, 1970). It appears, therefore, thata fairly general conclu-
sion may be reached, namely, that, as the interval between the
acquisition of two potentially interfering lists increases, proactive_
inhibition decreases. Temporal differentiation, it seems, is a powerful
deterrant to interfering processes. ‘
Some.of us have stated the extreme case of proactive inhibition,
namely, that any associations learned from the beginning of life,
which may be in apparent conflict with associations learned at any
point in later life, will serve as a source &f proactive inhibition for
the later memory. But, speaking in relation td long-term proactive
effects, we have seen that even a period as short as three days inserted
between two interfering tasks (4-B and A—D lists) will essentially
eliminate proactive interference. Are we then to change our thinking

-to correspond to such facts and conclude that proactive inhibition

as a source of forgetting has been greatly overestimated? Are we
to conclude that outside the laboratory, proactive inhibition is a
minor factor in forgetting and that the potential of interference from
early Qemories on later memories must be sharply restricted to

52
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- membories that were established close together in time? Can a tem--~
. poral differentiation be._ so\powerful as'to requlre 'such a change in
" thinking? ./
 The unknown factor in the above reasonlng is the length of the
- retentlon mterval that is, the interval between learning the second .
:"task and 1ts recall Loglcally, proactive inhibition, if there is to be
any at all,“must increase as some function of the length' of ‘the
© retention interval. We have seen that memory for the order of two
events separated by a constant interval decreases as the interval
increases after the second memory is established (Squire, Chace, &
Slater, 1975) It would be anticipated that the temporal discrimina-

tion between two lists, established by having learned them on separate \|

days, would decrease as the retention interval increases. In short,
it would appear that we aré¢ dealdyg with two intervals that interact
to producé changes in the magnitude of the proactive inhibition. If
the temporal discrimination breaks down rather quickly as_the reten-
tion interval increases, proactive inhibition could regam [its status
as a critical factor in forgetting. _
It was afpparent that an experiment was needed to resolve the
issue, an edperiment in which both of the intervals in question
would be manipulatéd. For three years I delayed, hoping that some
other investigator would see the need aftd undertake the work. The
delay on my part was based on two matters. First, the outcome
seemed logically to be Yoreordained; the two intervals simply had to
interact in determining proactive inhibition. However, because I
'have seen a niumber of cases in our laboratory where results did
not come out in a certain way when all logic, fact, and theory said
they should, this presumed certainty of outcome alone was not a
ary deterrant. But, when this was considered along with the:

segond matter, I did pause. The fact is that such ‘experiments are °

tremely difficult, expensxve and time consuming to do. It was,

n, a question of where resources should be allocated. I do not

mber the particular stimulus that made the decision; all I .
er is that, at some point, [ decided that the.experiment

simply had)to be done. Simultaneously, the decision made was
Tan the bare-bones cxpenment necessary to show the
tween the intervals.

interaction

*
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"By all considerations, a Weber-likeé function should hold between
. temporal discrimination and the length of the interval between the
" two lists. This would imply that inserting a day bétween’ thgigyaf‘rﬁng 4
of A_—‘-B and the learning of A-D’ would have a very strong efggct, .
whereas, with each additional- day inserted, the incredse in the
témporal discrimination should become less and less. This led us to
usé four intervals between the learning of A—B. and A—D, namely,
0, 4, 2,-and 3 days. Three retention intervals were decided upon,
" 1, 4, and 8 days. We were, in fact, unable to carry out the conditions
.using the 8-day interval, and so only two retention intervals were
involved. We had reason to believe that the réquit might be to some-
degree dependent upon the nature of the recall.\tests. If proactive
- inhibition results entirely from the failure of hist discrimination, none
shamid be found in an unpaced test in which list discrimination
\:v%é not of moment. We therefore used two different types of reten-
tion tests for different groups of subjects: a paced recall of A-D and
an unpaced test, the latter being the MMFR test, in which the
subject is asked to produce ‘both the B and D response terms to
each stimulus term, with no time pressure.

With 0, I, 2, or 3 days separating A—B and A—D and with two
retention intervals (1 day and 4 days), eight conditions were repre-
sented. In addition, two controls were used (one for each retention
interval) in-which only the A-D. list was learned. It can be seen
that with two types of recall, a total of 20 different conditions
was required. These 20 conditions were represented by 20 different
groups of 18 subjects each. '

a

Sor-neuDetails .,

The A-B list was learned either on Monday, Tuesday, Wednesday,
or Thursday. The A-D Mist was always learned on Thursday, and,
for the groups learning A—B on Thursday, A-D learning followed
immediately. Retention measurements wefe taken either on Friday
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-;.(onerday retentlon mterval) or on the followmg Monday (four-day

etention interval), , o
}_f,}The ‘A-B and A-D hsts consrsted of 12 palrs The words were,,
all of two sleables and represented a randorn sample of astill larger '
andom sample of two-syllable, A4 words from Thorndrke and Lorge -
- 1944) All pairings were random and ore of the lists was arb1trar11y'
:: . designated_ as the A—B list, the other asTthe A—D list. The learhing
«.of A—B was carried toone perfect trial usirig the ‘anticipation method
.. with the memory drum set at a 2:2-second rate. The A—D learning
| 'was.carried to the same criterion. Ori paced recall, the subjects-were
formed ‘that. they were to recall the, second list 'of the two leamed e
; try to get -as many correct on the first trial as ‘possible, and then‘: ‘
: tq)contmue until all,r.esponses_swere agam .correct:.on.a single: trial.——
.“The two control groups, C-1 and C4, were ‘merely asked to recall
~and. releam the single list (4—D) they had learnied.
~ The: subjects” in the groups- given ' MMFR «were- prowded w1th a
,sheet on which the stimulus terms were listed with two blanks after
‘each. They were asked to write the response. terms from the. first
list opposite the appropnate stimulus in - the first column and to
write the response terms for the second list in the second column,
. The test was unpaced, and the. subJe'cts were urged to guess when .

“terms for the AZD list. . .

.The 360 subJects were college students, ass1gned to part1cular :

' cond1t10ns ‘by a block-randpmized schedule. Any subject requiring
-over 30 trials to reach the criterion on A=Bwas dropped and replaced
with the next subject by that particular experimentalist, The sub-
jects 'were not adlowed to serve in any other experiment while they
were involved in thg one under discussion. :

“The..da a-gathering phase of the expenment requ1red approxi-*
mately"“ “siear and a half and several durable and.patient research
assistants.- Although I frequently scanned the raw data sheets during -
the course of testing, I only once made a tally of the recall, at a
time when about half of the testing had been completed. Although L -
I disti tly remember an unpleasant feeling attending these tallies, .

N ¢ qurckly put it out ‘of my mind with the rationalization’ that the
‘'subjects were too few in number to expect stable results at that
time. . e
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J A—B and A-D /earn/ng Sixteen groups leamed the same A—B-".'
list four différent; groups on ‘each of four different-days. The groupsf :
would subsequently ‘be’ differentiated -on- length  of the: retention -

.{mterval and type-of - recall. The mean numbers of trials requ1red ‘to -’
r-reach one perfect trial on the A—B list were -12.64, 11.46,.11.25,
12. 54 for Monday, Tuesday, Wednesday, and Thulsday, respec-
t§"::ly The. first conclusion, of questionable profundity, is that )
" ddy of the, week is not related to rate. ofleaming :
The mean numbers of trials to learn A—D as a function of the -

“day . of ‘the week (Monday through Thursday) on .which ' A%B. was’

N f’”leamed “were 8.71;°8:14,-9.04, and 8.82. The fout control groups
' ' averaged 9.19 trials to learn A-D, the means r;angmg between
. 844 and 9.81. Although the values for the control groups .were
: somewhat gréater than those for the experimental groups, the
dlfference was .not statistically reliable. The ,protocols were examined -
‘ for mtrusions of B terms during the learnmg of A—D,-as a function
SO of the temporal separation of the two lists. The number of subjects
S (out of 72 possible) contrlbu,ting intrusions wer’e 12, 11,8, and 7 as
the mterval between A—B and A—D 1ncreased (0 1, 2 3 days)
A A . :

T The A~B and A—D lists were analyzed to del!ermine the reliability
© - "of ‘pair difficulty and the relationship between the. diffjculty of the -
A-B pairs and the conresponding ‘A—D pairs. A rank was determined
for each of the-12 A—D pairs for l44 of the experimental subjects
~ and an ‘equivalent set of ranks for the remaining 144 experimental -
subjects. The correlation was .98, 1nd1cat1ng very high reliability of
pair difficulty. The correlation ‘between the ranks for the A-B
' pairs (summed across 288 subjects) and the ranks for the corre- _
" sponding A—D pairs (as determined by the stimulus 1dent1ty) was”®
.69. Clearly, the common stimulus terms in the two lists were sub-

stant1ally involved in cleterminmg pair difficulty in both lists.

_ Paced reca// and re/earn/ng The " number of correct A—D re,
f'sponses on_ the paced recall “trial were tran,sformed to" percents

56 .
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"‘}"‘> represent the récall  for the two control _groups (le and C4), and
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Days Between Lea rning A-B and A-D

. FI{SURE 7 Paced recall as a function of the temporal separation and length of

" . the retention interval. C refers to control groups (not having learned A-B) and

. E' to’ the-experimental groups. The number appended to £ and C represents
length of the retention interval in days (Bxperiment 6).

. " B7
Y

(us1ng 12 as-a base) These are shown in Fxgure 7. The dotted lines

the “solid lmes the~ recall for the expenmental groups-(E-1 and E-4) ...
- after” the ‘same’ fetention 1intervals. Although it is.clear that there: .
S was heavy proactive-inhibition in recall after bbth retention intervals;
"'the unexpected finding is that the ampunt of proactlve 1nh1&tlon :

@
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was- unirelatéd to the. temporal separation of A—~B and A-Dj the "
variant as a function of the day on which A-B

-was learned (F = .12). The essential results of the earlier study, which -’
prompted- the current one, ‘werfe shown in Figure 6; the present -
tesults obviously fail to-replicate the earlier finding that a difference
""of three days between A—B and A=D miarkedly reduced- proactive:
. interference. It has been said that experimental: psychologists fre-
", quently. have. good reasons for demonstrating tendencies toward
-\ v alcoholism; it is now evident as to why this might be true. '
i As may-be-seen—in-Figure 7,-the amount active inh
"..” 7 (difference ‘between E ‘and €) -appears to be ,ab_qut{}e'quival_ent'_ after .-

‘recall; was: essentially, in

.- one-day-and- after-four-ddys,.and this was_supported_by. statistical

.~ tests. This means, therefore, that the proactive inhibition observed-
" % had reached its maximum .within 24 hours  after. learning A~D-
" .. The: telearning scbres: for ‘A—D: (trials to reach one perfect) did: -

" not. differ as a function of the interval between A—B and 4=D
" " leArning for either retention interval, but there was clear evidence of - :
“. proactive inhibition in telearning. The mean numbers of :trials to

i relearn for Groups C-1 and C-4,were 2.78 and 3.78, respectively. .
-~ ¢For. groups 0-1 and Q-4 (thé two groups with a zero ‘interlist ;.
. -_interval dilfing learning), the means were 3.83 and 4.44. An analysis

7+ 'of variance indicated that.relearning was more rapid for the control

v groups than for the experimental groups, F(1, 68) = 5.02, p < .05,

.. and that relearning was slower after the four-day Bfterval than -after

the one-day interval (F = 4.56), but that the interaction was not *

Z+7% . reliable® In summary, the- data yielded no evidence that a temporal -

. separation between A—B.and A~D produced a temporal differentia- -
© 4y, tion, which in turn resulted in a reduction in proactive inhibition

<" -in paced recall. For all separations, the amount of proactive inhibi- -

'~ “tion was statistically the same and, unlike most previous studies,

~ " the.relearning was retarded by the proactive effects. SRR

) The degree of differentiation betweenlists has. frequently been

_ - indexed by interlist intrusions during recall and relearning,, with the

o lgreater number of intrusions being associated with low differentia- -

- tion.- For. the groups having the one-day retention ifitex al, the
number of subjects producing intrusions and the total number of

~ intrusions. produced both decreased directly as the temporal separa-

58
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-as the retentxon mterval mcreased. Tne mtrusmns for the four-day
.‘-"~_"'retent10n mterval supportthis expectation; however, the temporal
g separatlon m the learmng of the two,_ lists became a relatwely mmor e
.‘-.'.f:mcreased the numbers of subjects producmg -mtrusnons were 14, .
;«IA,wlzrand—v12~the cofreSpondmg total“numbers of mtrusmns
1\ were 31,41, 25, and 25. o R A
The mtrusnon data prowded no obv1ous coherent plCtlll'e relatmg
rqcall and the’ temporal separatlon in the learning gf ¥-B and A-D. X
~‘The mtruslons (at ‘the one-day ‘interval) clea:ly mg ted that mtru- '
‘sion, hkehhood and temporal separatlon were inversély related. Yet, f
recall was unmﬂuenced by the sep ration. Several pomts wﬂl be
made about this. mtuatlon -l o e
N 1 To notea L. theoretical. contr "ombe.tween»reeallfﬁnd—mtru-ﬂfA«*'--
sions is not new (e.g:, Underwood. & Ekstrand, 1966); it raises the
- issue of whether intrusio Jare to be viewed as indices of 4n under-
lymg causal factor'in fo&ftmg, or merely as concomltants of for-
- getting.
2. Intru51ons may be epiphenominal in that across the separation
vanable there is a change in the critetion set by the subjects, for
responding. w1thlthe B terms. With a long interval separating’ A—B
and A-D, a subject may realize that the B responses are not dppro- -
priate %’ the second-list recall; therefore he sets:a high criterion for
" respon With a short interval, this- knowledge may not bé present,
-and "a lower cnt@rlpw«r respondmg may be set. In- effect, thlS
“position-asserts “th trgt}m:ngas astemporal - diserimination that
d1rectly related| to ﬁleeeti;é, -A—D separatléh mfaf this” was true
why vas not recgll inffuenced?’ - {
» 3. Another pOssibility i3 that the A—B assoc1atlons were forgotten
over the.interval, so that, ‘?w\\th the th.ree -day separatio_n there would '

T



. "be feWer avallable reSponsestto amtrude than- would be the ‘case. w1th
: the Zero’ Separatlont Both in the present ‘experiment and in ‘experi-
' ments to be reported later; there is.a great dedl of evidence that.
WOuld deny th1s pos1t10n For example, if this was the’ only factor , &
“involved, mtrusrons should be fewer in number’ ‘after the four—day
retent‘ron mterval than after the one-day interval. - : o
4.1 think that, at this point, the most direct eonclusmn is that
' d1fferent1a1 temporal coding of the two lists was not apprecrably
mfluenced by ‘the Separatlon between A—B ‘and. A—~D); ‘and that .
‘: the d1fferenCes in. the .number of intrusions  associated . with the " :
separatlon wangb_l_earesulte&d from: the_ cntenon,tdlfferenCes _These e
" “veriterion differences’ (1t may be conjectured) were associated . with, .
“.. v the,relatively superficial knowledge that the lists had been learned on"
dlfferent days. The criterion ‘established- by the subject for reSpond-
‘. ing decreased as the two lists learned were closer together in' tirhe. -
..With the. four-day retention mterval cntenon drfferences were |
neghglble o :

£

,._ .

- MMFR. For this test, the subJects were given the 12 st1mulus
" terms and were asked to supply’ the appropriate response terms.in
_two column.s, the. first_column for the B response-terms,-the- second-——
for the'D terms. A stringent sconng procedure required that an item |
be counted correct only if paired with the appropriate stlmulus in -
the appropriate list. The results for this type of scoring for the
~unpaced MMFR test are shown in Figure 8. Since A—B was also”
recalled, a' comparison between proactlve and retroactlve inhibition .
" becomes possible. . -

At first glance, the data in Frgure 8 hppear to present a rather
complicated picture. However, statistically the picturé is relatively
sunple as far as the separation variable :(days between A—B and

A-D) is concerned. All of fhe lines for both A—B and 4-D may
be considered to have zero slope, which means that the time between
A-B an{ A-D did not mfluenCe the unpaced recall, F(3 136) =
©2.52, p D\ .05. Also, the separation variable did not interact with any
of the other variables. Nevertheless, it mrght be argued that, in spite
‘of the lack of statistical’ rehabrhty, the fact that performance fwas
better with the zero separation interval for all four cases cannot be
completely ignored. If not to be ignored, it might be suggested that,
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* FIGURE 8. Unpaced recall (MMFR) for 4--8 and A-D when scored strm-

gently in that an item was counted correct only if paired w1th the correct
stlmulus in the appropriate list (Experiment 6).

2
.

' "again, criterion differences may lead to a greater humber of responses
. bemg produced- w1th the zero separation than with the other separa-
tion intervals, The MMFR test does not guarantee that the subjects
will respond with all items available to them.

Figure 8 makes it evident that there were heavy losses in the

retention of both lists when the performance of the control groups .

are used as reference points, Furthermoré, although the A—D list

6

- .

4
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_ows less loss after one day than does the A—=B: hst the posrtlons
are roversed after the. four-day retentron interval. The statistical -
analyms for-the eight expenmental groups showed this mteractlon
.to be highly, reliable (F = 33.27). In fact, if retention of A—B is
f'-consrdered to. reflect retroactive mhlbltlon and ‘the’ retentlon of
E ;A—-D ‘to reflect’ proactlve inhibition, and if the control” groups are
.~ used as reference’ poulg retroact1Ve inhibition decrea_s as the
. -,retentlon interval increases, while ‘proactive inhibitjgn intreases.
. This .interaction. obtains .to".a greater or Jesser degree, regardless
- of the day on-which'A-B learning occun:ed Perhaps m@st unexpected.-.--
okt . of all was the very. heavy mgrference “that occurred Iy the MMFR.
oe tests Summmg across the . temporal separation. variabl and. using
' 7__._lthe control groups ‘as a base, proactive: inHibition “in MMFR was
o 18% after one day, and 25% after four, days ‘The correspondmg
.'f';_values for paced recall were 27% and 21%.
*  An evaluation was made of’ the, MMFR results. when the scormg
as not stringent, that is, the criterion that the response terms must
"be in the appropriate list was ediminated. If proactive. inhibition is
largely a matter of the subject’s inability to identify the appropriate
~list (first or second) for the response terms, it should have disap-
" peared when this criterion for the scoring was’ ehmmated This
was clearly not the case. Althou pefformance on A—D was higher i
: than'it was under stringent scorng; there was proactive inhibition.
for all” elght groups. Again the separatlon variable had no reliable
o mﬂuence The major “consequence of reducing the .stringency in
scoring was to produce about equivalent amounts of -retroactive
and proactive inhibition after four days (approxirately 58% recall
versus 70% for the control). Finally, when the scoring mvolved only
. the production of response terms, the fesult was much the same as .
when: only corzect pairing was required. The number correct ‘increased
g somewhat for. all' -conditions; but ‘again, proact1ve inhibition was .
-evident in all eight cenditions. . Y

. -
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WHAT HAPPENED?

v

. ‘The fa.llure to rephcate one’s own research does little to nourish
' the;spmt Even at my relatlvely advanced age, there were fleeting:
thoughts about joining my brother in his estabhshed business or
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.a ,ou‘ ope.mng a small anthue shop on tge corner In so domg, . ‘
wou d leave the whole bloody mess to my more stable colleagues at
"B rkeley, Stanford, Toronto, Oregon and Colorado. L
| What ‘had happeried? After seeing the need for a carefully done .
g _p amétric, eXpemnent to- tie up the loose. ends on’the: role of tem-
[oral coding in proactive inhibition, I ‘waited three years before -
undertakmg the needed experiment because the outcome seemed
bv1ous and the costs were ‘substantial. Finally, despairing that no
ne else’ had Sufﬁc1ent intérest to do the study,-it was done—and
. flow the despau' arose from another source. I had farled to replicate
" "an- effect, whidh-by our usual-Standard$ was enormous What had ..
Flappened" It clearly was: not a case in which natyre ‘had shown a -
= Ifickle side; the results: of the study were- stable and ‘orderly; they-
"/simply did not correépond to-expectations based on prev1qus results
‘I nor- upon. a crude theory of ternporal codlng Most importantly,”,
‘the ‘results - showg,d that a temporal code, different for each list, ’
was not estabhshed by the procedures used. Or, if established, the
differences in' the temporal. codes were: msufﬁclent to influence

pertormance on e1ther a paced or unpaced test of recall after 24 :

»

;" hours. 3}
/ “The expenment did produce evidence that proactrve thlbltl nin
the A—B, A-D paradigm can occur in heavy amounts even with the
- MMFR test and that, in long-term memory, proactive interference
lmay be as powerful or more powerful than retroactive interference.
JItis a very rare case to show proact1ve inhibition in relearning;
clearly, the A-B task exerted a strong effect on the recall and
. telearni A<D, even when A—B had been acquired eight days
arlier. It fas vesy tempting at this juncture to turn my attention to
' hlS topic (proactive inhibition) and forget about the central theme,
amely, between-list temporal coding. It was not to be. 1 will leave
the implications of the results of Experiment 6 for forgetting theory
to another time. In following the central theme, I must face directly
the reason for the failure,to replicate earlier findings, but in doing
so, proactive inhibition is seen primarily as a vehicle for the study of
[ between-list temporal coding. In looking for possible reasons for the
farlure to reproduce the earlier result, attention must be directed
toward static variables, which differed for the two experiments. One
_ or more of these variables must interact with the interval between
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.A—B and A*—D in determmmg performance In aSSessmg the lrkell- :
" _hood of such an interaction for,a given variable, the WOrk of other. -

"investigators -on’ between-hst temporal codmg becomes of® some
‘ mterest L ‘ ‘ . . g
R . F s ‘ RN o

VPOT‘E.NT- AL INTERACTING VARIABLES .~ -. -

" Lists

. 4

. . One of. the obvious differences g’tween our earlier experiment

’ (1968) and ‘the present one was in the lists used. Both sets of lists

- are shown in Table 2. Fpr reference purposes, I will call the hstsn :

used in -our, earliervstudy the 1968 Lists, those. in Experunent 6, -
the 1971 Lits. The 1968 Lists were used in a still earlier study on
proactlve inhibition, in which the major variables were degree of . .
- A—B leaming and the massing or distribution of A—B learmng ‘
(Underwood & Ekstrand, 1966). The three-letter words used as
‘,_w_stunulus_ter:ms—have-- relativelylew—and-homogeneous fréqueticy in
the Thorndike-Lorge (1944) tables, the average frequency being -
approximately 13 per milljon. The two-syllable adjectives used a5~ -
response terms varied widely in frequency, from 2 per million to .
one' AA word. rough average is 25 per million. The use of the
one-syllable wordS as stimulus terms and the two-syllable words as
response terms was intended to minimize the problem of dlscrlm
. matmg between stimulus an¥ response terms.

.The words in the 1971 Lists were all of two syllable, A4 fre--
quency, and constituted a raniom sample of such words. Almost all -
of the words serve more than one function in the language. For
example, the word second occurs as a noun, adjective, adverb, and
verb. However, the most predomrnant ‘usage of the 24 words is as

nouns. - - N
" It'may be asked why the 176 Lists wer~ n¢ -+ tor Experiient
6. The reason fud -0t w11 1968 Lists was that some of the
words from ihe lists were being used "in another exper.:.. .7 tiing

conducted at the same time as Experiment 6, and, since a subject .
‘might serve in both experiments, we did not want a repetition of
words across experiments. ‘It is this fortuitous set of events that

6t T
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BLE 2 '
Llsts Used in the 1968 ’V/and in. Expenment 6 (1971 Lists)

_ _ 1968 Llsts -_j i ': R © 1971 Lists,

3 A~B N e s -

~ cot—gloomy ~ cotvplayful listen—degreg © listen—city
lid—absurd ., ‘Hd—sturdy- ‘outside-meeting ~  outside—army
elm—-haughty -elm—angry | member—supply - member—fellow—
tug—dirty -~ . | tug—barren. .’ doctor—enjoy doctor—question, .

_ mar~wicked ' mar-lazy | . daily—sudden . - daily—human -

‘ 'bug—empty' - bug-double - second-spirit - second—golden '~ .
" kift—rural = " . kinZinsane - -modern—decide '+ modém-—sugar -
Jaw——constant jaw—frigid - -market—island- = - 'ma'rke:tiher'self .
sly—frultful sly<healthy . . single—heaven single—suggest ~
.- ham~remote ham-rotten express—gentle express—effort .
gum—speedy gum~cheerful children—river ¢ children—toward -

~—Wig-medest- - - -wig=tranquil uncle-—honor o uncle-—flower

. . : .
s'urel'y must have changed the direction of our research for several
years. I am convinced that, had we used the 1968 Lists for the 1971
expermienb(Expenment 6), the results would have been as expected
and they would have shown a clear decreasmg function betweerr the
'ar'munt of proactive interfererice and the fays separating A—B and

.,A—D learmng s it-is, we have stumt!- - some variable that has
~a rathgr profcund erfect on between-lis dlscnmlrfatlon ‘But whether -
this iable is one associated with list differences or is quite of a

differént nature’ remains to be seen. I have long believed that as a
research strategy it is not a good idea to lu:p static verizbles-c¢ n-
stant across experiments when thew: .. uibies are not . pririury
interest, and this 1» {rue in particula when the roles of the static
" variables are not understood. To hold static variables constant
across experiments may prevent the discovery of critical interacting
- variables, and it may also prevent from determining that some
variablesware irrelevant for a given pze\m&me'non. In fact, however, I
do not normally follow my own belief in this matter. It is easy and
convenient to use the materials that are already available, to use the

A < am, -
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_‘,apparent ‘to ‘me that had we been able to use-the 1968 ‘Lists in ‘the,

: same length of hst ‘to_use ‘the same mtervals and so on. It 1s qurte

: ,_;1971 expenrnent we would have dorie so. Our lives would have been

less jolted and restructured, but we very likely would not have made 5 -

o 'the discovery we-have made, whatever it furns out to.be.

- ,,stlll rema.ms Havmg found it necessary to construct new lists, why
- were the hrgh-frequency words chosen? My notes do not give an

O
AR s .

'.}that acri 'cal choxce was involved, T proceeded to use them.-

one of the: obvious: dlfferences between the two sets of

A questron concerning the chorce of lists for the 1971. expenment

~

~ answer te—this question. Perhaps like the mountain, the random pool .
of two-syllable, AA words was there, and having no reason to believe

s the fr‘equency of the words. The 1971 Lrsts contain all A4 .

'.-words, whereas the 1968 Lists include a wide range of frequencies
: _(although the stimulus térms are qulte homogeneous with respect to"
* ¢ this charactenstrc) Furthermore, it" would ‘seem _ that there is a -

" ‘theoretical reason why between-list d1fferent1at10n ‘might be more
- difficult as word frequency increases. It has been known. _since the
work of Deese (1960) that high frequency words have more (and
perhaps stronger) interitem associations “'than do~ low-frequency
words., Thus, a word. in A-B. might be- associated” with a. word in

'__l_

_ A-D (e g., human and spirit in the 1971 L1sts) Such associations -
o -mlght produce problems in establishing different temporal codes for .

_ the- two lists. I have not found a.directly relevant study, on this
_ matter, but a’ study by Winograd (1968a) is suggestive. He found

that when words in two free-recall lists belonged to the same cate- . -

" gory, the subject was more likely to be wrong in list identification’
than was true when the words in the two lists did not belong to the

sgme category Interpreting the differences in the effect of temporal - '

;Separatron on proactive inhibition in terms of frequency differences
for the two sets of lists! hence, differences in mtentem aSSOClatIOI‘lS,
remains a possibility, but «here are at ieast three arguments agalnst
such af’ mterpretatron :

‘o

1. In an earlier study (Underwood & Ekstrand 1967), we testéd

' _. the idea that, across successive lists, the proactive inhibition in 24-

o »

A

~ hour recall should build up more tapidly for lists of high- -frequency’

. words than for lists of low-frequency words The reasomng wasélr .



i€ - -frequency words should  produce greater interference than

were not able to demonstrate a difference in the amount of ‘proactive
inhibition across successive lists for the low- and hrgh-frequency
words, although proactlve mhrbltlon d1d mcrease w1th each’ succes-
-sive list,

2. Winograd (l968b) made a d1rect test of list d1fferer;t1ation asa |

functlon of word frequency -using the free-reCall format and two hsts
He ‘found that the 1dent1ﬁcat10n of words with lists was poorer for

}pgh-frequency words than for low-frequency words on an’ 1mmed1ate Yo
~ test. .Howgver, if level of identification was equated for the two .
ffequency levels on an immediate test, there was no d1fference in the

number of errors on identification after 24 hours..
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exactly as mdlcated above, namely, that mterhst assocratmns among- -
ould be present for the' low-frequency words. The: subjects learned -

four hsts oof paired associdtes, a 24-hout recall being-given following: '
the learmng of each list and before the learmng of the next list. We

-

3. Even if we grant that word frequency may be mvolved to some

- 'degre in the d1fférences in the results for the 1968 and 1971 -Lists,

. it is difficult to see how- the temporal separation .in Experiment 6 .

v could be so utterly without influence on performance, if distinctive -

temporal codes for A—B and A—D were established: Surely, if they

‘were : established, we would expect some, re31due for the groups

havrng three days separating the learning' of A—B. and A—D. To

suppose that differentiating temporal codes were -established but

" completely lost .within 24 hours remains ‘a possibility, but if this
is true, temporal coding becomes of httle consequence for long-
term retention.

Are there other differences in the characteristics of the words in
the 1968 and 1971 Lists that might be involved in producing the
puzzle? There is the ‘obvious difference in the abrllty of the subject
- to discriminate between stimulus and response terms in the lists, but
"I have not been able to go from this to an account of the results.
There is stlll another difference, which is suggestive. Evidence from
‘the work of Hicks-and Youge (1973) suggests that subjects may be
better able to. discriminate! among adjectives in two successive free-
recall lists than to dlscnmmate among lists of nouns. A distinction
. between ad_]ectlves arfd notns as response terms has some validity in

AN
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- distinguishing between the- 1968 Lists and the 1971 Lists. Still, in
our 1968 study, we were able to destroy almost completely the dis-
,cmmnatron between the two lists (with adjectives as reSponse terms)
“-when some of the A—B pairs were. .Garried over to the A—D list, a\(
. 'procedure wlnch approx1mates the one used in the Hrcks—Young

study ’
R Ag\thrs ‘point in our research, I could not ﬁnd ev;ldence that
- ““seemed .at all convmcmg that the differences in the result$of the two
exper%nents -were tied to the drfferences in the charactenstlcs of the
words used to construct the lists. Knowing that. woms differ on'so”
many different characteristics, I could “_not but feel'd: lack of conﬁ--
: denceamt}us conclusion. .. 7*‘ S

)

Y - .

'_Level of A-B Learmng

) . ~-{

' A—B in the ¥971 stu\iiy, the subjects were carned to one perfect trial- 1'_f3

on A—B. The difference in the number of trials was about 3 to I; ;

- level of learning on A—B in'the 1968 study was far higher than the -

~level in Experiment 6. The decision to carry A—-Btoa relat1ve1y low C

level of learning for Experiment 6 was made on the basis of previous .

evidence (Underwood & Ekstrand, 1966), 1nd1cat1ng ‘that, beyond -a

relatively low® level: of A—B learmng, proactive*inhibition did not -

indtease as the number of trials on A—B learning increased. I do“not -
remember why we uged ‘32 trials in the 1968 study because the. rea-
soning applied to the 1971 study could have been as well applied to
the 1968 study. Having done what we have done, the question is
whethcﬁ or not the- villain vanable is the leyel of A—B learning.

That t}% i“evel of A-B learmng isnota critical vanabk was a conclu- .

sion reacﬁed using the 1968 Lists; we must fagg.the possibility that -

level of learning as a v&na%le may be t1ed to" ."‘ﬁ%" [ar Tists. -

Is level of learmng a factor in studies of list “fiscrimination? The, he
answer is decidedly ‘‘yes,” although as A‘B‘%ﬁlﬂ72) ‘has pomted,‘
out, the problems of measurement and other 13’roblems do'notmake.

" .this variable a neat one with which to work. One problem mvolvesi_
-relative strength of the items between two (or.more) lists as- reld«t-ed to
‘the absolute strength in either list. Nevertheless, in what may be a
.simplified conclusion, it seems that both relative and absolute

68 . iﬁ i . ) «‘ .
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'trength (def'med~ in terms of number of tnals) enter mto de;:ISlonS”,‘ '

" tion. (eg Abra, 1970; Hintzman & Waters, 1970: W1nograd 19680)
-~ Assume‘that, as in: the 1968 study, there was a large dlfference in
- the number of trials given A-B and*A—D. How could sygh'a dif-

g .« ference mediate a temporal discrimination? There seems w"t‘be two

'.

v i

',_

pOSSlblhtleS First, the greater the number of trials the greater the
span ‘of time over which a temporal code (howeyer acquired) might
persist - as an A-B code. Second, number of trials per se might be
used as'a discriminative cue between the A—B,and A—D list. For
example in the 1968 study, the A #B response.terms may have’ been
associated with the list given man#/, many trials, while 4 —D response
terms were associated with the list given relatively feéw trials. This .
is"to say that a frequency discrimination serves as the basis for
dlfferentlatmg the two sets of response terms: There is some indirect
ev1,dence that, with a re]atlvely small number of trials, such a discrim-
, ‘ination is p0551b1e and, when possible, reduces proactive interference
(Ufiderwood & Ekstrand, 1968, Experiments -1l and IV). If fre-
quency-dlscnmmatlon dlfferences are responsible for the present
puzzle the rédsoning about them might be somewhat as follows:
In the 1968 study, the numbers of trials on A—B and A4 -D were
32 aWZ (Mhly) in Experiment 6, the learning of both A—B
“and A=D ‘was’ camed to one perfect trial, the means being roughly
12, trials-and 8 trials, respectively. Thf:‘famer difference might well
be - dlscnmmable on the basis of frdquency; the latter difference
might 'not. The probleni with this type of explanation is that there
must be some concomitant assumption about frequency discrim-
inations as a function of the temporal separation. In effect, the
assumption would be that, when two lists are learned in immediate
succession, the frequency discrimination ‘breaks down as a means
of differentiating the response terms in the two lists, whereas, if
the two lists are separated by several days, it does not break down.
This does not seem to be a reasonable assumption; indeed, the
opposite assumption would appear to be a better one, but it would
simply not mediate the 1968 results.
Without much theoretical or empirical backing, it can bc sald that
1t' is p0551ble thdt the number of tnals on A -B may in some way

- as'tothe list membersth of a given item on tests for list d:fferentla- -
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interact with ‘the.type of wordspused toco nstrufct the lists and -
" that, as a consequence; the effect of a temporal separation. between .
* A—B and A—D on pfodctive interference will only ‘emerge when
A—B learning is carried to a far higher level than was true in Exper- -
. iment 6. An experiment to test this possibility will be reported as
~ the first ex periment in-the next chapter. o ’
¢ . ' ,’
Other Findings .
With Sonly one eXception, the- studies on estabjishing Temporal ..
codes—on list differentiation—have used the basic m,e'thod_as given
binvExperiment 3, described in Chapter 1. That is, free-regall lists
have been the major vehicle. Furthermore, the number of learning .
trials on the items has been low, relative to. o mber of trials )
we are dealing with in the experiments that got™ meshed in the,
present puzzle. Although we might like to beli that principles
of temporal coding should supercede any particular type of task or - -
leve! of learping, our ignorance on such matters is such as to lead to
caution. The puzzle wé are dealing with concerns lists formirg the -
"A—B, A—D paradigm, and ‘the lists were given fhany learning trials.
The one study that used this paradigm and asked directly about list. .
differentiation 'was performed by McCrystal (1970). His materials
were very similar to those used in the 1968 Lists. The stimulus  »
terms we igh-association yalue nonsense syllables and the response
terms were two-syllable adjectives. The learning of both A-B and
A—D leatning was carried to one perfect trial in immediate succes:-_
‘sion. List differentiation tests were given at\f;:\(;d}lifferent intervals

- up to seven days. Eor the test. of list differentidtion, the subjects
were given the response terms from the two lists, one at a time,
and were allawed 12 seconds to muake a degision ‘concérning the
list membership. The largest decline in correct'identification occurred
over the first 20 minutes following the learning of A -D. After this,
the decline "was very gradual up to scven days, but even at seven
gays ’(‘performunce was, clearly above chante. Mkc("rystul‘ paints_out,
"however, that, with fime, a measuremént problem may lead to an
upderestimation of ‘the loss of differentiation. His reasoning iy
-that over tjme, if“'forgctting occurs, guessing becomes more and

- N .
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more prominent and that therefore the number correct for the
" longer retentlon intervals. is -more mﬂuenced by guessing than is
. the number correct at the short retention intervals. .
-~ One’ possible interpregation of Expériment 6 (mentloned earller)
is that, for these lists, the loss of differentiation-over time pro-

~ ceeds very quickly and that, even with a three—day separatlon between
‘A—B and A-D, differentiation is completely 10st within the 24-hour

. period. The gradual decline shown by McCrystal ‘would certainly
not support this notion, even for lists learned in immediate succes-

- “sion. But caution still must prevail; it remains a possibility that
the charactenstlgs of the 1971 Lists are such that loss of differentia-
tion~is extrgpmely rapid, and that the lack of differences in recall

¢ at 24 hourgltr'lor the different separations between 4 -8 and A ~D
reflects this rapld loss. .

In Cha‘pter I, I pointed out the powerful influence of- recenby

of stimulation for limiting the response attempts to the dppro‘ﬁfi‘ate
response pool It should be fairly -evident that had the retention

. interval for the paced recall of A-D in Experiment 6 been a minute
° or two, Ythere probably would have been little proactive mh1b1t1qn
Just how long the recency prmcrple extends in tifne is not lgnown ’
although McCrystal’s study suggests a fairly rapld drop initially. T
tlunk that jhls mechanism should be kept quite separate from what

I have called differential temporal coding of two lists. When the’

oy memories for two lists are differénitiated by temporal coding, it is
presumably accompllshed by mechanisms discussed in Chapter 2.
I hiave viewed the résults of Experlment 6 as indicating that differ-
entiating temporal codes for the two lists were not established, or
if "so, were completely lost within 24 hours. A study using a short
retention interval, for example, 30 minutes, would seem to be
indicated. For two reasons, such an experiment was not done.
First, even if the temporal separation of 4 B §nd A -D was found
to be associated with differences in recall, the interpretation would
be unclear because such a drffercr)oe might be produced by a recency
principle rather than by differential ‘temporal, coding of the two
lists. Second, the basic pujzle between the two experiments woukd
femain: Why would temporal LOdt.b for the 1968 and 1971 Lists be
lost at different rates’

W
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™ Thgre is one final matter. In discussing the desigh of Experiment

‘tagce Tin. ~determii

_ determined by loss of list differentiation, Snescan be predicted from

I

>

.

e s

anc - by the ’z{tm’ofun_t‘ of "differentiatio‘n_be‘twbeen lists,
namely;. the Y—B to' A=D*interva) and. the retention interval fol-
lowing the leaming of .A-D. Insofar.gs; proactive jnterference is

s 36, L'mat eff‘ble%;that [ beli¢ved there were two intervals of impor- -

the other. It séems fair to say that the most géﬁ?'ralﬁig@ggrétatioﬁ
of proactive inhibition rests squarely on loss of temporal codgs fo

T

the lists, and" ihe, two intervals in questiom. are the critical ones forfa,,.

détermining loss. Hintzman and Waters (1969) varied these two -

intervals using two unrelated lists presented for one trial each, The
outcome was as expected; with 15 minutes between the presenta-
tion of the two lists, differentiation was better both immediately
and after 51 fgigutes than when the. two lists were not separated-

by an intcrvzrl}‘ : presentation. Over 24 hours, the advantage of

the separutioni}kéﬁppedrcd. Correct list identification fell to about’

55% after 24 hours. whereas (disregarding the separation variable)
it was approximately 65% on the immediate test. In concluding
their report, Hintzman and Waters indicate that their results strongly
support current theoretical accounts of forgetting, with particular
reference to proactive inhibition; proactjve inhibition is due to loss
of information concerning list membership. To™ attribute some
proactive interference to a learning deficit of A—-D may be appro-
priate (¢.g.. Hasher & Johnson, 1975), but certainly the loss of
temporal codes over time is of basic importance.

THE PUZZLE SUMMARIZED

Two experiments haves given quite different outcomes with respect
to the role of temporal coding in proactive interference. In ¢xamin-
Ing these two ¢éxperiments, two ditferent stafic variables have been
identified as possibly being involved in the interaction, namely,
the ‘characteristics of the words making up the lists and the level of”
A B learning. There were. of course, other identifiable differences
in the_conditions for the two studies. The data were collected in
~ - L
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\ts who 'siipemsed the data collectlon qlffered The subjects giving *
data lffeved We must assume that such factors are not
espons1 ¢ for thie puzzle; to assume otherwise would make the
" task of solvmg it hopeless As we will see, hopelgssness is not without
. some meaning, even when dealing with vanables Whlch mlght rea-
© sohably be involved. S . Ly :
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In this chapter,\several experiments will be reported that were
conducted in an effort to discover reasons why the: 1968 study
showed that proactive interference was sharply related to the length

. of the interval between learning 4 —B and A~—D, whereas no relation-

# . ship wasfound in Experiment 6. It will be séen 'that there was a
: certain “amount of thrashing around as attempts were made to
develop fiew techniques for examining temporal coding differences.

. : Lo
" EXPERIMENT7 = :

v The first experim}e‘nt was an examination of the effect of the level of '

¥ A~B-learning. In the 1968 study, the A—B learning was c*arriq,d‘ for
32 anticipation trials, whereas, in Experiment 6, the learniﬁ"g of A-B .
was carried until each subject achieved a perfect perforniﬁ}ffé‘e.(abbut .
12 trials). In Experiment 7, the 1971 Lists were used with’%""%’-nglearn— .
ing carried for 32 anticipatién trals. The temporal Separati@ﬁfiﬁs een ',
learning ‘A—B and’learning A-D was either zero days oﬁ&kg‘&hys. A, '
paced recall test for A--D was given either 1 day or 4 dpys G
A~D learning. ' o

\
Method

The above design required four groyps of -subjects identified as
‘0—1, 04, 3-1, and 3--4; the first number refers to the number
of days between learning A—B and learning A-D, and the second

number refers to the length-of the retention interval in days. All
procedures were exactly the same as Yhose used in Experiment 6 for
the paced-recall groups, €xcept that, fo,',r all four conditions, the A-B
list was presented for one study trial followed by 32 antilipation
_ trials. The four conditions were block randomized and 18 subjects
were assigned to each. : : :

72 ' ,
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~ Results R , -
A—B and A~D learning. - During the 32 A—B8 learning trials, 70
;. 'of the 72 subjects attained one perfect trial. The two remaining sub-
jects were arbitrarily assigned a value of 32 trials and the mean num-
ber of Itrials required to reach one perfect trial (lv?/as determined. The
means for the four groups varied between 10.94 and 14.39 trials, and
did not differ statistically. The- overall mean (12.67) was quite
- comparable to that reported for Experiment 6, where the mean for
. the 16 groups.was 11.97 trials. Across the 32 4 -B trials, the number .
" of correct énticipations.of the total possible{averaged 83%. The mean .
number of trials required to réach the criterion of one perfect trial
on A-D varied between 7.10 and 9.22 trials, with the means not
being statistically different for the.four groups. Again, these values
. were quite comparable to those obtained in Ex pegment 6.

,g Recall Figure 9 shows the percentage "?ecal] f¥r the four groups
plotted as a function of the separation of 4—-B"and A—D and as a
function .of the retention interval. Changing the level of’4 -B learn- -
ing did not change the~conclusion concerning the separation vdriable
given by G~“Experimeng '6. A]th&ﬁgh there is a slight slope to the line
depicting the Friday recall. an analysis of variance showed that
only the retention interval produced a reliable cffect on performance
(F = 24.18); all other F's were less than unity. Differences in relearn-
ing reflected the differences in recafl.

, A word of caution is in order about interpgeting the absolute level
- of recall in all of the experiments involving the basic methods of
Experiments 6 and 7. In an ideal world all subj(cts assigned* to such
an experiment would be naive to zﬂ)oratory studies of verbal learning.
This prevents associations learned by “the subjects in previous labora-
tory experiments from bedoming sources of interference in reeall. As

a practical matter, conducting eXperiments with this restriction is
very difficult within the system used in our laboratory. As a part of
the course requirement for inlr‘otn‘ctory psychology, students must
get'"‘a certain amount of experienct as laboratory subjects. To require
(/that subjects be serving in their first experiment when they contract

17
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FIGURE 9. Percentage of recall as a fur;rc)ion of the interval separating-the

learning of 4—8 and A-D and as a functionfof the retention interval (1 day and |

4 days) (Experiment 7). {

14

for experiments would essentiallymez&n that naive subjects could

only be obtained during the first week or two of the school term,
To carry out the present experiments under -the ideal ‘\conditions
would have required many years. Therefore, we have set only the

. requirement that a subject must not serve in a different experiment

during the period required to tomplete an experiment such .as

E\xperimén»s 7. This removes retroactive interference from other

<
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expenments as a source of forgettmg, but it does not remove pro-
active mterference from previous. expenments as., a /SOuUrCE. The
upshot of “this i$ ‘that the differences in level of: reCalL among the

. . various experiments cannot readlly be mtel‘preted For example,,

“4ecall after 24 hours in Experiment 6 is somewhat higher than in
the present experiment. This might be due t differences in the level .
of A—B learning, but it is more probably that it is due to differences
in :experimental backgrounds of the subjects used in the two experi-
ments. Eor presént purposes, the critical finding lies in the slope of
the recall curves. We have concluded that, in Experiment 7, the slope
%f these curves did not change as the level of 4~B leamlng was
changed from approximately 12 trials (Experiment 6) to 32 trials
(Experiment 7). '
The numbers of intrusions of the B terms during’ the recall and
« relearning of A—D were again shown to be related to temporal
separation. The numbers observed were 44, 24, 5. and 30 for con-
ditions 0—1,0-4; 3--1, and,3 - 4, respectively.

EXPERIMENT 8

It was concluded that the results of Experiment 7 eliminated l;vel of
A—B learning as a possible cause for the discrepancy between the

- results of the 1968 experiment and those of Experiment 6. What
next? In view of the two potential interacting varniables-discussed
in thé previous chapter, having eliminated the level of A-B learning, -
the differences in the characteristics of the words making up the lists
might have become the next candidate for pursuit. | chose a different
alternative at this point. This resulted in part from the fact that |
had not yet seen: a convipcing way to attack the l‘ist-differen'ce
_variable and in-part front the fuct that u completelys new possibility
began to nag at me.

" The Cl’ltl(.dl data in the l‘)()?'% study were based on'a difference
between two groups of subjects. It is true that other conditions in
the experiment fit conceptually into the basic finding. 1t is true also-
that studies using the distribution of A 8 learning over several days
had produced almost precisely the same quantitative results as found

Y
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-m the 1968 study, where all A-—B learmng occurred ond smgle day
It was my “interpretation that the :same outcome far the distribution
" of A—B trials and thé separation of A—B and A~D both resulted
from -a cominon mechamsm, namely, high dlfferentratron of thé
‘temporal codes for the two interfering lists. This 1hterpretatlon could
be incorrect; the distribution of A—B-and the separation of A—B #nd
. '_A—-D by three days may have produced the same essent1a1 outcome

,"uite different reasons, the basrc puzzle confronting us still
ined because of a contradiction between the results for-two .
groups of subjects in 1968 and the results for the many groups
involved in Experiment 6.

Many, many experiments are conducted in our laboratory, both
* by faculty @nd by graduate students. Most of the experiments use
random-group designs. If the statisticians are correct on the matter,
we would expect periodically a sfatistical miscarriage, in which .
reliable differences pccurred by chance. Qould the results for the
_two groups depicted in Figure 6 of Chapter 3 have been the results
" of such a miscarriage? This was a debilitating idea, but when. strength
returned, the necessary experiment was conducted. ”’» _

<

@

Method 2

" The purpose of Expenment 8 was to.conduct a replication of/he
two-group, 1968 study. (In the 1968 study two, groups had 32 trials
on A-B. Then, one groty waited three days before learning A-D,
while the.other group I¢arned A-D immediatgly. “For both
‘recall of*A-D was, taken” after 24 hours. FOr Expenment e
dupllcated the condltlons for thesg two grofips as closely afstve
. possrbly could, using, of course, the 1968 Lists. My regearch a stagl;
at the time, Charles S. Reichardt, proposed a possibi ity d{tp&
oour testing two additional groups. Suppose that the entire puzﬂom
resulted from .unusual charactenstlcs of the particular words of the
- 1968 Lists. Even if we replicate the 1968 study, it would not
be strong evidence for the generality of the fihding. Relchardts K
proposal was that we construct another set of list$ having e "y

general structure as the 1968 Lists but diffeting in terf \ §
' T8 SR 4
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v asrstlmu}us terms, ‘and they' had an average Thornd1ke~Lorge (1944)
frequency of 14 per million. The response terms were, as in Set ‘I,
' two-syllable adjectives with heterogeneous frequenoles averaging
about 19 per million. - ..
- To summarize: Four groups of 18 subjects each were used., Two -
of the groups learned the A—B'and A4—D lists identified as Set-1;.
two learned Set 2. Two groups . learned A—B on Monday for 32
anticipation trials; two groups learnéd 4A—B on Thursday. All groups
learned A—D ‘on Thursday (to one perfect tnal) with recall and
relearning ofA D occurnng 24 hours later.

Results - »&,‘.vg,ﬁ ‘l;' _--'
A—B and A—D learning. All subjects attamed one perfecierial
on A—B within the 32-trial limit imposed. The mean numbers of
trials required to attain this criterion were 8.67 and 10.0¢ fo
two groups learning Set I, and 13.50 and 11.28 for the two groups
learning Set 2. An, ahalysis showed that the A—B-list from Set 2
was more difficult than the corresponding list from Set 1, 7'(1, '68)
= 4.51, p < .05. The difference in the difficulty of the sets was also
obsgaved in the proportion ¢f correct responses given cross the 32
trials, averaging 88% for.Set. | and 83% for Set 2.
Differences-in set difficulty were likewise evident in aming A~D.
For Set 1, the two means reptesenting the numbers ¢f trials to reach
one perfect trial were 7.00 and 7.83, while, for Set 2 \the values were
11.44 and 10.56. The difference was reliable, F(1, 68= 7.69,p < .01.
.~ 4-No reason for the differences in difficulty of the two sets was found.
Nevertheless; because of the differences in difficulty, lt could be
argued that the results have greater gencrality than would have been
- the Case if dxw ui dlff—mu,l{y \qere Ot RIgSSnL; . R

Reca// The per‘fcnt recdﬂ ot A’ D for each of the fourl groups is
ﬂotted as Figure 10v1t:15% j’l’e apparent that recall is better with
the temporal separation bet ]edrmng of A~B and A—D than

- without such separation, an'a?” tl-r?s is"true for both sets of lists. The"

partlcular words employed Such ﬁdom could.not be 1gnored and"'j-
“a secorid. set of listsYas constructed—Set 2, ‘ad opposed to the -
-omgmal set; whlch ‘be called Set 1. Three-letter words wereused ¢
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FIGURE 10. Recall as a function of days sep%rdlmg, A-B and A-D learning
of two sets of lists (Experiment 8).

temporal variable was the only reliable source of variance (F = 13.69).
We ‘must conclude that the original 1968 finding was not the resuli
of ‘atstatistical fluke, the present findings in general are the same as
the original finding, although level of recall is lower in the present
egperiment, and the slope of the curves is somewhat less.

The number of trials to relearn did not differ. among the four-
groups. As in the previous experiments, the number of intrusions of ’
B terms in the recall and relearmng of A—P was far less with the long
temporal separation than thh the zero separatxon’ For Set |, the
{otal numbers were 13 and 61, and, for Set 2, they were 6 and 52,
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| loglc mdlcated that attentiof muS be focused on the dlfferences in
the ‘characteristics between. fhe 1
logic and reality are sometimes a{ odds. What characteristics of the

.-+ lists-could be responsible? There afe multiple differences betweén the

plications by constructing new lists,
“levels of each characteristic, and
- then putting these lisfs’ to experimental test would, tqQ say the leasf,
“be very time consuming. Furthefmore, even if such a series of experi-
ments were -successful in identifyirg one or two presumauble critical
‘factors, the outcome would He less pointed than it might s em.
; Anyone who has sought to filter out a unidimensional task varjable
underlying a given phenomengn knows the frustraﬁn that attends
the effort. The various charadteristics of words may be glven pre-
sumed independent definitions by various scaling procedures, but are
still usually found to be quite highly correlated. It becomes impos-

~.lists. An attempt to trace their im
which emphasized hlgh and lo

tammatxon by at least one; other The logic of the puzzle that con-
fronted {ne indicated that the answer. must lie somewhere in the dif-
“ferences in the characteristics of the words ir the two sets of lists,
but 1 resolved not to be caught in the word-characteristic trap, even
if it required abandoning the chase. No only would such a pursuit

lead into the Geritpl years, but even a favorable outcome would

lead to a conclusion such as: “Temporal differentiation in an inter-

ference parddigm differs as a function of thé adjectl\lalness of the

- words in the lists or sofne characterist{c(s) associated w1th adjec-
tivalnéss.” :

Believing that the evidence poipted to differences/in task charac-

» teristics as.the cause of .the puzzle, yet choosing net to pursue the

~matter at this level,"obviously posed a dilemma. Yet, there were ways

to aﬁack the problem wnﬂout getting involved in the characteristics

of the words per se. Fog example,. perhaps the critical difference

68 Lists and the 1971 Lists. But

sible to determine-the mﬂa{’nce of one characteristic without-con-.

T
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. between the two sets ofhsts hes in the dlfferences in dlSC
o of the. stlmulus and .response terms, this. discriminabilit 2,
. ™ in. the~1968 Lists and low in the 1971 Lists. The effect of thls C o
variable -could be -examined w1thout concern for the characteristics
of the words. I was unable to develop a reasonable theoretical reason N
as to why the discriminability -of stimulus and response terms should
have such. a profound influence on temporal coding, and, at this
~point in time, preferred not to study this variable.
Another line of research in our laboratory was indicating to us
that unlearning differences in the A—B, A—D paradigm were in some
~way related to the form class of the words used in the lists. By
““unlearning, of tourse, I mean the loss of information about items and,
5 .dssdciations in the A~B list immediately after the learnfing of A—D.
LR »,In Experimént 9, therefore, we asked about ferences in unlearning
‘ 'bet’ween the 1968 Lists and the 1971 Lists. he thinking was that if
_* we could find another phenomenon assouated ditferentially with the
.tévo sets of lists, the analytical steps might be much ggsier to ‘take
than those required 1n-study1ng the separation variable. Furthermore
it waS known that lack of discriminability between lists in ‘the
A’ ‘B, A—-D paradigm did influence the amount of unlearning. It
'seemed therefore,” that a test of unlearning mrght be important in. - -
_cﬁrec‘tmg subsequent experiments designed to resolve the puzzle.

. Method -
.. Two gro § of 18 subjects each were assigned randomly, one o the
- {968 Lrs%%"and one to the 1971 Lists. The 4 -B and A—D learning,
which occurred in immediate succession, was carried to one perfect®- -
recitation, using the anticipation method and a 2: 2-second rate.
. ' Immediately after learning A—D, the subjects were given an unpaced
" MMFR test in which they were requested to produce the response
‘terms from.both lists and assign them,to the appropndte stimulus
terms, placing them in one column for the first list and in another
column for the second list. ‘

Results ' P ) - {

, For the Afirst time, .Experiment 9 supplied valid information on the
, relative difficulty in learning t sets of lists. The plean numbers *
. . N . !8 2‘ . . > . i v E ,
- '\t;:,' " t . A s . "'\‘
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T ftnals"réi;ﬁired to Ieam A=B and A~D fron; the 1968 LlStS were ¥
" 8.50 and. 6.75, respectlvely For the 1971 Lists, the corresponding’
~ values'were. 13, 72 and. 7.33. For A=B and A—D combined, the 1971
Lists were more difficult than were the 1958 Lists, F(1,34) =4.93,

- P05 leferences in leammgA—B andA Wwere clearly apparent.
(ﬂ i 28.80) for both sets of lists, but the 1nterpretatlon is unclear .
because the A-B-and A—D lists were not counterbalanced and may
dlffer in intrinsic dlfﬁculty It is of some\jmportandce to note that the
‘mean number of trials required to learn ¥ge A-@ list was approx- : .
. .imately.the same for both sets of lists. ‘This an“s that the interval ~

~ "between the end of leammg A—B and the. MMF test was about the

= same for both:sets. =~ ke G

&+ The performance On the. MMFR test was 'scored stnngently (cor- T
' rect pairing and correct list). For the 1988 Lists, the mean ford—B
~"was 9.28 and, for the 1971 Llsts 8.61 (F < 1), Recall ‘of A=D was
-essentially perfect for both lists (11.67 and’ 11:83). The conclusion
. was clear; -these two sets of lists did not. produce differences in
unlearhing, and the attempt tQ,discover another phenomenon assogi-
ated with the lists was Judged to be unsuccessful in thlS eXperlment
€ L]

[ . P
N -

R T E-;(’PEBIMEN_TJQ

In reporting the results of Experiment 6, in which the 1971 Lists
were used, it was noted that the difficulty of the A—B .pairs was
substantlally correlated with the difficulty of the corresponding
“A-D galrs{r =, ‘69) Tha correlatlon was calculated by first summing
the: munber of correct f&sponses (across subjects) for each A—B pair -
and mdependent—ly summing for each A —D pair. The correlation held
- between the 12 A-B scores, sand the 12 A—D scores aligned by the"-
., common stimulus terms‘ though not reported -earlier; " thi: same
“relationship was observed: in Experiment 7, 'the correlations varpgg:
bétween .56 and .80 for the four groyps. One implication is that the
~ stimulus terms in the 1971 Lists are pritharily involved:in determmmg
. pair difficulty ythe response térm plays a less prominent role. _
'+ We examined the experiments in which the 1968, Lists had been
- used to determme the role of the stunulus terms on pair difficulty.
" * In Experiment 8, the correlations for the two groups given Set 1 )

s

T % C

..
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"'were 28 anﬁg In Expenment 9; the correlatlon ‘was =11 (m the
. .'same expenment the correlatlon for 'the 1971 LlStS,,bWaS 63) These
o '_correlatlons (328,..29, —.11) may be considered zero statlstlcally
: -'.Wlthout presentmg the evidence, ‘we will -simply -assert &at this i

| ""',—lack of relatlonshlp is not .due .to the lack of, reliability” in; item .

-

dlfﬁculty It may also be noted that the llsts called Set 2 in Expen—
" ment -8 (constructed in the same manner as the- 1968 Lists: but using

different words) showed the: .same lack of rélationship imr the diffi-

- culty, of A~B and A—D pairs. It appeared, thdrefore, that the response
terms. for the 1968 Lists were largely responslble for pair’ dlfﬁCulty :
"whereas the stimulus terms were largely responsnble for pair dlfﬁculty
in the 1971 Lists. Is thlS dlfterence between the lists responsible for =
‘the puzzle? In this case, it ‘was posslble to work out a theory to -

explain why this difference between the 1968 and 1971 Lists could
produce the different findings in proactive interference, asa funétion
of the temporal separation of A—-B and A-D learnmg The reasoning-

-behind the theory was somewhat tortuous and, in vidy ofthe fact
“that the expenment did not provide us with the necessary eVldence

‘to support it, I'will keep the presentation at the empirical level:

As described, the item correlations for the 1968 Lists indicated-
that the response terms (two-syllable adJectlves)ﬂlarge_ly determined
pair difficulty, with the stimulus terms (three-letter words) con-
tributing much less. Now, suppose we turn these lists over and use
the two-syllable adjectives as stimulus terms and the. three-letter
words as response terms. If the reasoning has been sound concerning
the source of" lt% diffioulty, the first expectation is that the correla-
tion between A—B and A—D pair difficulty should increase substan-
tially. This follows because the two-syllable adjectives determine
pair dlfﬁculty, and, in the  turned-over version, the two- syllable
adjectives become the A terms in both llsts v

If the first expectation is realized in the data the llStS will now be-’

. come like® the 1971 Lists in terms of the source &f pair difficulty fcy

A—B and"A—D. And, if this represents a critical differencespetween the
1968 and 1971 Lists; the 1968 Lists shoyld now behave liRe the 1971

" Lists. This is to say that the temporal separatnon between A~-B and A

~D learning should become irrelevant to proactive inhibition ift recall.

A - -



The. stlmulus (A) terms for thé A—B and A~—D hsts were thq two-

llable adJectlves used as ‘the- ‘TgSponse. terms (B) in the 1968 A—-B
‘hst’ “(s¢e.table in previous chapten “The response terms forA—-B were
the three—letter words' used a$ Stxmulus terms in Set 2 of Expenment
8 The response. terms for the A=D"list were the threealetter words
used as stimulus’ terms in ‘the 1968 LlStS

Two groups of 20 subjects. each were aSs;gned ¢o the two condl- |

tlons, these condltlons dlffenng only in the length of the temporal
separatlon (0 .and "3 days) between A~—B and A-D learnmg The
.Monday~Thursday “schedule - fot | A—B,, and A—D was used. for- the)

three-day ‘separation,’ and .both lists wete learned in immediate suc-

_cession on Thursday for the zero separatlon Recall and relearning

. of A-—D occurred on Friday, 24 hours following its learning. The. .
" learning of A-B consisted of 32 .anticipation’ trials, with-A—=D "-.

learning carried to oné perfect tgial: The other d‘etzﬂls of the pro-

- Acedure were the same as in the predious expenments v
P

Results‘ o m S ?237

* > ) . _
The group learmng A-B or%day required 15.15 trials to reach .
on perfect trial, “and all except one of the 20 subjects reached. this '

cntenon within 32 trials. For A—D Jearning on Thursday, 9.65 trials
were required.to attain one perfect trial. For the group learnmg both
A~B and A—D on Thursday, the mean numbers of trials to reach

one perfect on A—-B and A-D .were 12.55 and 10.30 respectively.

~An analysis showed that only the difference between learning A—B
and A-D was reliable statistically. For the gapup with the three-day
separation between A—B and A—D learning, the correlation ‘between:
the number of correct responses- for the A-B pa1rs and the number
‘correct for the corrésponding A~D pairs was .50. For the group

& having no separation between A~B and A-D learning, the value was
.31. It had Been aricipated that A—B-and A=D item correlations -

" would increase when the two-syllable adjectives becamethe stimulus
terms. It is apparent that they did increase, but not to the level of
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T '-_the 1971 Llsts (69), ‘and “neither would ‘be Judged 31gmflcantly
s l‘dlfferent from zero by conventional tests. On this matter then, theg .
G ‘Tesults are somewhat ambiguous: .. b
--The recall results are shown in Flgure 11. Agam,,the three-day
T separatlon produced a COnSlderable influence on recall. The differ- .
' “ence between the two groups was reliable, F(1, 38) =8.88,p< .01, -
and ‘the. magnitude of the difference is almost exactly the same as‘ o
- 'found in' Expenment 8 as, exmblted m Flgure 10 The dlfference'.' :

. .?, ,_ '.,
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FlGURE 11. Percent recall as a, function of the: interval separatmg A-B and
. A—D learning (Experiment 10). e
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_reﬂected the differences in recall but was not‘statlstlcally reliable.
With the three-day separation in ‘learning the two lists, ther&av re

-;nterval between the two lists, the intrusions totaled 57.-

the 1968 L1sts has changed nothing fundatnentally; the effect ofthe
temporal separatron for.. these lists cannot be said to. have been
mﬂuenced by swrtchmg the- pOSlthH of the stimulus ‘émd response
f;terms ! : R o _ s £

m our chase Indeed
¢ .be able to Iook back on
', .We had made some hsegd-

e a 4:4-second rate. The 4A—D list was grv%n in precrsely the same
. way. There were two groups, For one group, A—D learning _followed

' immediately ‘the learning of A—B; for the other group,:a five-mrnute '
interval was Inserted between the leamlng of -tige two. lists. The'

retention interval (time between A-D learmng an®-its recall) was 5
" minutes for both groups. Teri, sub]ects were tested under each of the
" two conditions. The snb;ects worked ons the pyramrd puzzle during
‘the ﬁve—rmnute mtfm'als :

Sae REEEN 't? _4?,. ISR

 ECONOMY STEPS WHICH FAILED i 85 -

§6 Felearmiinig(4:65 trialsand-3:80trials) A=Dto-one’Per et trial —

,onlyu 8 1ntru51ons in recall and relearning, whereas, with. the zero :

It must be'. goncluded that the use of the turned-over versrons of ' ’

Techhlques for studymg,, short-term me%ry have the potentlai of
exhlbltmg the phenomena of long-texm memory, and,_ in so _doing,

they cén’ reduce days fo, mmutes' and. hours to seconds ft was CLUIte" .-
L ,natural ‘that we. should turh® to-""the use of s" rt-te'rm techmques'

if we could reproduce the basic

3 Lists. The A<B list was given for a
study trial and a single anticipatipn trial, the pa1 presented at.
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———The mean numbers of Correct anticipations in leaFning were 7.2
andh7 9 for A=B and A-D, respectively, for the group.with no inter- . .
etween 4—B and A-D lgarning. For .the group with the five-
i jlute interval between A—~B and A-D learning, the correspondmg*
= mifans were 6.2 and 7.7. After 5 minutes, °A-D recall averaged 8. 9"
correct responses, when there was no interval between the leammg
of A-B and A~D, and 8.8 when the interval was 5 minutes. Thus,”
there was no evidence that proact‘Ve interference was reduced w1th
the temporal sepa.ratlon of A—B and A-D.

In the second study a procedure patterned after the BrOWn-Peterson
techmque was émployed.: The subjects were presented the A—B pa1r-
~.for 1 second, followed by the A=D pair for 1 segen
" 'backward number counting for 20 seconds. At #he’ “the

~.second penod the subjects were asked to recall elther the - ﬁrs j.pam
... presented (4 —B) or the secénd pair (4—D). The subjects weré fally
.~ -informed as to the requirements. Each subject was given 24 pairs .-:{_
%7 of pairs, these being the A—B and A—D palrs from the 1968 ‘and
' 1971 Lists. The pairs from the two lists were ordered randomly. A  «;
further random .order was constructed for the recall requirements
'such that, on half of the tests, the subjects were asked to recall
_ A—B (the first pair shown) and, on the other half ‘to recall A~D
- (the second pair shown). ‘
- _The purpose of these procedures was to se% 1f the memory, for
. oyder of the A—B and A--D pairs from the 1971 Lists would be,
poorer than the memory for order of the pairs from the 1968 Lists.
"G'ianerally speaking, the memory for the correct pair (whether A~B
or'A-D) was somewhat: better for the 1968 Lists than for the 1971
Lists, the six subjects tested giving an average of 6.83 and 4.83 cor-
rect responses‘; respectlvely if the subject did not respond correctly, -
vlt would havé resulted from the failure to produce either the A~B ¢
~~‘or A—D pair, or by giving: 4 =B when A—D was requested, or vice ’
versa. Such jnstances wouyld indicate a breakdown in the memory
for témporal ordering. There were 13 cases of such breakdown for «
the 1968 Lists and™ 1 for the 1971 Lists. Even adjusting. for differ-
ences in number ot correct e onses, it appeared to us at the tlme
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EXPERIMENT 14— —F wm

Thls expenment was de51gned to study temporal codmg o .the 1968
-and 1971 Lists by use of a ‘within-fist design. In the baSlCCOI‘ldltlon
.. the study list. consisted of 48 pairs representing all of tﬁe A*B A——D
paus from the two sets of lists. In the study lists, the lag between
and A—D was systematically varied, there being 3,6,9,0r12 .
‘-~o er pm falling between the occurrence of 4—B and the occur-
'ce of A~D. On the unpaced test, the subjeétﬁ were g1ven the 24 .
-of A-B, A—-D pairs and were asked to: (]) indicate whether B
O '~B &t-A=D had occurred’ thost recer‘[’t]y in the list; and (2) Judge b
5 how manf‘ other pairs separated the two test pau‘s in the study hst
(lag Judgments) ‘
As is apparent, the. central purpose was to see if we cou]d detect _
» dlfferenCes in temporal discrimination—either by recency judgments,
. or lag Judgments’for the items in the 1968 and 1971 Lists. Given -
"that we_could, it would then be possible, perhaps, to turn to studies
. in whlc}lﬁertam of the differences in item. characteristics could be
~examined insa very efficient way. The full description of ﬂle experi-
ment (to be glven short]y) will show that in addition to pair differen-
‘tiation we asked also about stimulus-term discrimination and response-
& term discrirnination in mdepe?gllt conditions. <

A secondary purpose of th€ experiment was to inquire into the

" dggree to which a within-list tefporal discrimination can be acquired

S muitlp]e trammg and test trials. It was noted in earlier chapters

t within-list tempora] discriminations are, in any way of viewing

. th ‘results, very .poor after a single inspection trial. With long lists
of unrelated wdrds, there is sometimes no evidence that any tem-’

#poral discriminations were established (e.g., Hintzman, Summers &
Block, 1975). In Experiment 2, reported in Chapter 1, lists of 32

unre]ated words were used, and there was evidence of some discrim-
ination in both the recency and the lag judgments, but many subjects

erformed at a chance level. Across the four lists given the subjects

in that study, there, was no suggestion that the subject learned how

to- become proﬁcient.iﬁ»rhaking within-list discriminations. Insofar

e .
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u
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tnals When a smgle hst is’ glven multlple tnals I-de rapi
subject;s become pro_ﬁc1ent in Takmg lag Judgments and inm

'*Me’thov T e w

.

-

In. descnbmg the expenment (it will be usefnl to show the bale

vstudy list. This may" be seen in Table 3. An inspectiggiof the list.will.

_ show 24 A~B, 4D pairs, 12 from the 1968 List¥¥nd 12 from the

1971 Lists. For each:-list, three 4—B; {A~D pairs have a lag of 3,

three a lag of 6, three a lag of 9, and thrge have a lag of 12. (In fact

: #problems in estabhshmg appropriate lags resulted in.one 4—B, A-D -

s . lag being 4, rather than 3, and-one being 13, rather than 12). Roughly, .

“ " an A=B and A-D pall'@lt each lag occuss in each third of the list.
Two other pomts about the list -construction 1d be made Fust

¥ ( L o TABLE 3 \ :,.‘"-;;»‘.._‘
LT, Basnc Study L:st Used. m Expenment 1 . e

7 cotLgloomy doctor—question | : daily-—hunfan :

. Kine—gural " bug—double * * market—herself ¢

Sl jaw-const t ham—remote second—spirit )

" children—toward

market-—isla.nd
listen—degree

. tug—dirty ’

modér.p—decide ;
member—supply~ ’ "

P * ¢hildrengeriver .. ham—rotten mar’; £r
bug—enipty, sly=fruitful’ ‘gurgcspeedy |
_uncle—honor expre@zgentle Jid—sturdy &’
doctor—erijoy dmly—' Hdqes single—heaven *. ).
cot-playful . d tug—barren * ‘ .

F cle-—ﬂower
 outside—army

mar-—wmked .

7 express—effort
~ wig-"modest ey sly—heaIthy
S jaw-frigid » ’hsten«clty

gum—cheerful
member-fellow

5.
-u‘

Note The 48 pairs were pmﬂs}enged.ma single list, not in three groups.

24

<
a
-
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1ons Were exa y the same for the two sets of hsts

; so that, eeross’ the ‘two forms six dlfferent A«-B A-—D
rred-at ‘each lag. Secon,d pne buffer pair was used at the

,,;‘ln Ta’ble 3, and paxrs (P) were tested Thus, pn the test\.the subjects'
: Were shown.24 pairs of pairs and were asked {0’ circle the most recent -
..p.’ur in eaqﬁ pair of pairs. They were also to cn‘cle one number u{,
the SenZs 1 .through 16 to indicate the lag. For example

cot—playful cot-gloomy . 1234567891011 1213141516

- The subjects cucled the pair they Judged to havg been most recent in. °

the list and circled a number to 1nd1cate ‘the ™ Iiber of other pairs
falling between the two test paus _ .

Condition P—S. The study list was the same asefor Condition

" P—P but-on the test only the 24 stimulus terms (S) were shown, and

v "' the subjects made lag judgments: That is, a judgment was made of

the number of paits falling between the two palrs in }yhlch the
stimulus term appeared.

. Condition P~R. The study list was the same- as for Condjtion

P—P, but on the test the subject was shown 24 .paifs’of response,

- _terms (R),-each pair representing the two words ocdurring with a
ﬁeommon stimulus word in the study list. The subject malle a regency
Judgment and a lag judgment..

"-

&
Y

oy the *stimulus terms were presented for
study (the order béing. ihe sariie as in Table 3 for that form), and on

v the test the 24 words occurred singly with the subjects required to

' make lag judgments. '

v

e

91 . |

k4 . -

89',‘,54_";,?

e

Lxsts were mterchanged so that across the two’ forms T

i



and:t:on-R»—-R.v-Only-theA&reSponsékwdrdsuwerw 48
dy (the ‘ordet bemg the same ‘as:in Table 3 fohthat form) On
e sub]ect was tested as in Condltlon P-R.

ec rate The. test was, unpac d,. Bt pab;ect was’ requu‘ed to’
N mﬁke a dec1slqn for all 1tems ‘The order- of the test 1tems wagrandom
"7 with respect to study order and was subjeet only td' the restrictione
. that. each of the four lags be represented once m each sliccessive four
: test the

- most recent item or %ir'occhrred first_half the time and
‘the time. - - .

_three tr1als Before-

ist and the test list were exactly the same. on%zﬁ
e first. study trial, the. subject was fully infos
#'the ‘tudyghst and the'naturg of ‘the" teqt»tao be»g
test the siibjects were mformed that fﬁ‘ey WO,;Jld‘ be given a second
sjqdy trial and -a test.which were exactly the same as the first. Thrs
- 1nstructlon was repeated after the second test trial, E
Ejve 1ndependent groups, of 20 subjects each, were used to repre-
sent ‘the ﬁve,,condltlons The subjects were asslgned to. conditions
bya bloek~randomlzed schedule. All subjects were tested individually,
"a memory ‘drum being used to present the 1tem§ on the study tnal

o Y, o,
, <. C .

Recency judgments. The recency judgments given by. the sub-
jects in three of the conditions (PP, P—R, R~R) will be examined
initially. First, it m@,){/,be reported that the number of correct recency
judgments did not? differfor the 1968 and 1971 Lists, and these lists

- Rest‘;lts-

" Under all COndltlonS, three study-test cycles were given: | he. study“' .

7
/eT€ P sented for study at 440

-

did not interact. with any of the othkr variables. Therefore, the items

from the lists were pooted ‘%o exami
are shown.in Flgure 12, the upper one\showing the percentage of cor-
" rect responses as-a_function %f condition and lag, and the:lower one.
showmg the percentage of carrect responses as a function of trial ?
“lag. An unexpect¢d finding was the lack of influence of lag on t
recency judgments. Although there was a small upturn suggested at
‘lag 12, lag as a, main effeat fell appreciably short of significance -
. <.

L] [
3 ~

‘

lag and trial effects. Two plots -~

| tﬂ
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ents as a functlon of lag and

“condition (upper}panel) and as a functxon of fiag. and trials- (lower panel)

FIGURE 12. - Per, entage of correct recency _]Ud and
(Expenmegg 11). g

w ,,10) and it did not interact with any iariable. There was- -

boa sighificant effect of conditions, F(2, 57) . p =< .05; How-
ever, tested independently, neither of the two sets. of adjacent con-

ditions_differed reliably. The significant effect was largely due to

theSupe ___Avfir'of Condition P—P over the other two. This indicates

~ that tife presence of the st1mu1us terms facilitated, the recency
‘judgments. + - )
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T

a functlon ot; 1ag. No 'lnteractlon between ‘two variables evin ap- -

: '_'," proached statlstlcal rehabllltyv Although@aarmng was apparany, the

amount ShO\ﬂd rot be exaggera{ed Of the 60 subjects.in the ‘three 5.‘ '

‘ condltrons combmed 8 scored: below chance in ‘terms of total correct

responses across three trials, and we may presume-that an equal num--

ber scored above chance even though they responded randomly. As .
. may be seen ,ix Figure 12, on the ﬁrst ~tna1 th_e_sgores were only :
o shghtly above’ chance (50%) R : Lot

Lag /udgments *All five conditions zequlred the subJect to make
lag Juagments In order to establish the proper perspectlve on these
Judgments, a plot* of the overaﬁii res&tssls shown using a scale for-

" the ordinate that is appropriate for the true lags. This plot is shown
as Flgure 13. Statistically, there .was a lag functlon summing across .
- the 100 subjects (p = .001), but when plotted as in Figure 13, it i

almost .not discernablé. Furth(;rmore there was no increase in’ the

~ slope of the lag function. THat is, there was no learmng across the

three trials. The judgments at *short lags are a httle lower on; Thals -
ang 3 as should be expected if. learmng wiS .occurring; but with

¥,

SR |

K long"'lags, there wasno corresponding increase across trials in the lags : v

... assigned. In short, in_this s1tuatlon subjects do not appear capable

" of learning lag. dlfferenE"es

The next steps were taken to simplify- the data somewhat for. more
~detailed presentation. The data showed that lag Judgments would not

. be a $atisfactory way to d1stmgulSh betyeen possible dlscnmmab;llt)’
differences of the 1968 and 1971 Lists.In none of the conditions was a0t

there a difference in the slopes of the lag function for the two sets of

lists. We may therefore collapse across this yariable for further G o

examination of the data. We may. further eliminate Condition R—R
and Condition P—R since the lag functions for these two conditions

did not approach statistical reliability, whereas in all of . the other

three conditions the Iag-slope was highly reliable (p < .01, in each of

. the three condltlons) The distinction between the two sets -of con-
" ditions is that, in. “t¥¥%hree conditions in which a lag functldn was

' / obtamea (P— P S— S P-S), the Judgment could be“made on the

°

9f e



~ EXPERIME NT1 1_%_:.69-3_»

ment:

: Mean Lag

o

FIGURE 1&léljudgr’nents for all ondmons combmed as
* and tnals (Expertment 11) i

bility/ are plotted in Figure 14, Al
from trial to tr1al there is at bes{: ‘meager mdlcatlon that the slopes .
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,across: tnafs n®why, in ; nd¥fion PLR)
the v%lues assrgned to%all lags tend to decrease achSS tridlst and, 4n
oy anothea', they tend to mCrease (Condlt’ron P&S) x :
We ’had hoped to relate recency Judgments and lag _| gmen‘ts in
the three cbndltlons in .\(vhrch both respons&g were req ired® AHowg
’ ‘ever; slope m%asures gbta forsindividual- sub‘ects wer __
rur_lrellable We then exammed tag judg,rnent_ gi je€

N for sgbjec avmg Y low numﬁer of correct recen
- slopes did -not dlffer in fl‘?é exﬁected fnanner We’exa

.study hst and c,puld ﬁnd no ewdence f.a senal«posrtrogr curve o an"
“-other relationship that waséﬁystema and comparable across co
’;,_‘;ﬂ_dltrons Thls is to say. that fone~of our: mtern\al‘&maIySes helped in

understandlng the results as presented in Figures 12,13, and 14;

Qur Searcll for differences in: temporaL, dlscr;mlnatlons for* the

;1’968 and 1971 Lists’ was not aided by this expehmen-t' but we. .
_f"’,dlscovered two' facts whlch we have found -Sufprising; First;a subject’ e
~owill leam withindist recency relatlonshlps across: tnals but thlS

_leammg is. completely mde.pendent of lag-and occuirs slowly Second,,

f'-. lag ju,dgments 1m"prove very, littler across trials, and, wrth unrelatedé
. Words, true lag had no influence on lag Judgments on any trial: These
faéts must ~necessa-r11y enter. the p;cture when ‘we attempt to sum-
marize Yhe implications of our work in the last’ chapter For the time
being; the central chase COntlnues with 3 further experi ent .

o . "0 " EXPERIMENT 12 |
' : .. ' o# .

“Earlier.sl referred to a possible erroneous concllision' drawn from
‘s experiments in which A—B had been distributed Over several days
(Underwood & Ekstrand, 1966)."In Experiment 12, the validity of
this conclusion was tested. In order to understand the fissue, three
different conditions must be kept*in mind. Assuming that 32 trials

will be given on A—B, the three conditions may be shown as follows,



Thursday : i'{ Fnday
le 845D« Recall 4D
A~Bi32: A-D , Recalt A-D "’}
-' A’-B 32 A-D Recall A-D

S-a

§ -
, i e and because bofh ‘were much hlgher “than tecql -
“under -the; &M '_hedule it: had been concluded ‘thal tH8 s
;'._mEChamsm‘-x_ yasiffplved 'in ‘the’ ‘reduction in prdactive. ug:lbmon "_ '
" That is, so:‘ri‘e}‘f . of temporal discrithination was. estabffshed when
" A-=B leammg‘ was;either inifiated or completed on Monday, and this

d;fferentlatiqri ; bemg much hlgher than for the third condition,
- _;_rgsnlted_m Ie large dlfference m proactlve mterference between_the

PRI NP T

Our : 'ubsequent studles have shown that 1t is not adv1sable to com- A
;_:pare quantitative . valugs across experiments. when ‘the expenmental
fh,tstory B‘F the subjects is not- controlled ‘The_ samg quantitative out- ’
.-;come by ‘the dlfferent procg,dures may- have been’ qulte fOI‘tUltOUS
. and the underlymg mechanisins may be qulte dlfferent Or, it may be T
-Ahat there is some ‘overlap in the: mechamsms, bt it is incomplete:
' Fxnally, it may be that’ the omgmal. decision that both of the.first
two. condxtlons outhned aboveé bring in the same temporal discrimina-
tion was the correct decision. The results for the 1971 Lists showed
_# --DO effect of the temporal separatlon between A~B andA —D learn-
' ing. In Expenment 12, the A~B learning for these lists was spaced
‘over days exactly as indicated in-the.distributed ‘condition above.
’)The usual Zero- mte al cotitrol -was ysed (the third condition above),
in Wthh A-<B wayearned on Thursday, followed .immediately, by .
- the leammg of 4-D, Ifrecall does not differ for the two conditians,
it w111 be’ concluded that the original decision was correct. If a
sxgmflcant slope. is found, it will be-.concluded that the original
conclusion was incorrect. Further, given the later outcome and,
- to some extent depe‘rvdmg upon the magmtude of the lepe a con-




/underlylng the t

:phenomena are qmte d1fferen$ Y
i 'It@'ﬁﬁld be_noted t-hatfth'is expsl

‘«The method h.as been '9 /r
Q. subjects 1n the | B

iven 32 ant1c1patron trlaJs on’

T t‘hrough Thursday'./imrnedl,aél /after the £ A—B tyigl&were admlnls-'
- tered ‘on Thursday,/th' 4

) ect ‘trial; The 20 subject§/ inaghe MP Group
,Were given all 32 trjals ori .A—~B on Thursday sllowed. xmmedlately;

: 'by»A-JD,,- Both grou‘ps'“ha’d pa ed recall of A on Frld‘ay, 24 ho‘urs -

. ¥é
ot armed duectl;:/ at

Zday fOI'/fOuI"SllCCeSSlVe ays, M'onday'.

list was glven, withthe" cntenon of -

_ after leamlng All other proce' ures were th, 'ame as. 1n the prevlous .

‘experunents ' e . e SN

. Resuits o

The learning of A~B for the. two groups 0£ sxrb;ects rgay be com-

L pared -on the ﬁrst “eight trials. The mean tbtal correct responses
were 58.45 for the MP Grodp, 67.60 for the DP Group: The gor- -

responding mean numbers df trials to learn A-D to ong. perfect
trial were 8.90.and 6.20. Both sets of scores indicate thdt the per-

formance of the subjects in the DP Groups was better than that for .

-the subjects.in the MP Groups HOWever,-'nelther of the dlfferences
‘was reliable statlstlcally . .

 The mean number of correct respOnses on the recall tnal was

‘495 (41.3%) for the MP Group, and 5.50 (45.8%) for'the DP: Group
(F < l) The corresponding mean numbers of trials to telearn were,
4.10 and 3.85 (F < 1). The subjects in the MP Group produced 15~
»'1ntru51ons in rec@l and’ relearning of A—-D; the subjects in the DP
Group produced 3 L



et four days 4 iz
mporal dlfferentl i¢

r;severat" ys; produced/any’. ..
‘ ith types of’ opera—i L
-D for the' 1968 I

"/has been' d ‘that: ever; sbme Who partrclpate m the exhrlaratlon e
of a foxhu {t"are secretly’ dehghted when' the fox ‘ehides the hounds: .
and creeps away to be; the object of pursuit another day. 1 find that
mi% ed emotions attend the end of the present chases It would'not be . .-
,correct/t say that I ar, dehghted that our attempt to solve the case -
",the rismg slope Was essentrally a fallure At the same t1me,/ )

! ) 1./ééyond reasonable_, doubt one (or more) of the dlfferepces-.i
L among the charactenstrcs that drstlngursh the 1968 and 1971 Lists -
represents ' «.forrmdable variable in detenmning temporal codmg,
¥ hence in det,ermlrung proactlve interference. In one ‘case, Memory -

 for the order of -the two lists was an integral part of the overall.’
-} memory for. the words in the lists; in the other case, thig part of the
) memory was, never evident in the recall performance of the subjects.
2. The attempt to develop short-term procedures ‘to investigate
.more efficiently the influence of differences in word characteristics
“for the 1968 and ‘971 Lists was not fruitful. Yet, Experiment 11 -
* (which was the major experimént using short-term technrques), pro-
duced two ‘surprising (to. me) discoveries. First, recency judgments’
_ nnproved across jrials, but the nnprovement was,lndependent of the
& - Seps ration of the two target words (6r pairs of target' words) in the ~
"~ L lists, Second, the subJects were found to- be mcapable of learnir g
(over three trials) the degree to which the target words were Sepa-
7 rated in the lists. These findings, plus some of those to be reported
in the followrng chapter, have allowed me to repress #0 some extent :
. the memory of the failures described in this chapter -
00 ¢% :

.. : T oo
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It has been noted that, although. our 1nterest in temporal cod1ng was o

generated by the puzzle, decisions had been made to extend our: '_ '
- research beyond that instigated by the case of the missing slope. In L
- Chapter 2, various -attributes were discussed as ‘possible vehicles by, . -

- ‘Which temporal coding mlght be establrshed One of ‘these, whrch
- has figured prommently ‘in theoretical formulatlons for’ various ..
" phenomena, is ‘context. Simply stated, different contexts may o
become assocrated with différent target memories ‘and these contexts «; . f.
may be more easily remembered tHan the targets But, to- repeat what
was said in Chapter 2, there seems_to be no easy way to get context Nt
memones to mediate temporal dlscrlmlnatrons unless the contexts:
have ca]endarhke propertles or ‘are associated with memories with .
such propertles It does not seem that contexts,(no matter how ‘
m‘emorable, can’produce temporal ordering srmply because they are "’j"
remembered better. Still, -as has been seen, some experiments turn® ;' _
-very unexpected ﬁndlngs so the issue should not be severely pre- R
3udged o ‘ :

- Three experiments. will be reported on context effects and their

role in temporal discriminations. The first two involve between-llst
manipulations, while the third involves a within-list approach. A.
. fourth study'looked at temporal coding-&sa function of the number
of different events falling between targét items and at the r -

. ships among temporal codlng, frequency assimilation, and associative
~ ledrning: - _ . <y

. .

. ) . - ,

. EXPERIMENT 13
- S _ o ) _
It" has sometimes been suggested that ‘“internal” context represents
‘the most effective type of context manipulation when dealing with ~
relatively short tempofal intervals. This internal context might

include covert thoughts, moods, or emotions of the subject.which
) ,
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occur at the t1me the task is given: Ini Expenment 13 ah exammatron 3
- was made sof the:influence of a somewhat differerit type of mtemal, o
conteQ(t For lack-of a better term, I will catl gjs procesS contextor -
A mechamsm context: The approach’ carries the assumptron that the ' ’

R learnmg of drfferent -verbal tasks’ requires (to sdme degree at least)-*f'

. ‘different processes or mechanisms. Insofar as “fhese - processes dlffér s
sthey ‘wilJ-produce a. different mtemal context for the’ words OCCUI"r.
v ring-in the drfferen&tasks .. e R _
There is. some eV1dence in the 11terature that could be mterpreted o
to mean that: ‘process context can serve to dlfferentlate two lists. For
. example,- Shuell and Keppel (1967) asked about- retroactive inhibi-.
» tion when- the two lists: were learned as ‘serial tasks, when both were
learned as free-recall tasks, .or when one was learned as a serial task
and the- other as a free- recall task In short, the independent variable
“was thé same. or different type .of tasks. These mvestlgators found
o * ‘that retroActwe inhibition was less under. ‘the different” conditions .
- / .than under the same conditions. They pomt out that the mterpreta—;
=+ tion of the fmdmg is not:-without ambrgulty It may be that the dif- . -
- ferent - tasks. pxmmed better temporal dlfferentlatlon “under ‘the )
- .different condrnon than under the sa e condrtron or the’ results’
could be mterpreted tobé'a consequencg.of differencesin unlearning. .
. Nevertheless the results of this expg iment’ are suggestive of the
" .potential of ‘process context as a ‘means of producing ternporal
differentiation. - g . v N
* In the present expenment the subjects learned four successive
lists, following which they were” asked*to. indicate the list member-
ship for eath word in all of the lists. In the different condition
(Condition D), the four .lists weére constituted as .four different
“tasks: a verbal-dlscrrmmatron list (VD), a palred -associate list (PA) ‘
a serial list (SR), and a free-recall list (FR). In the same condition .
(Condition S), all four lists were of the same class If pror:esicontext
differences aid temporal coding, list identification shquld be superior
for the subjects given Condition D than for those given Condition S. '
. Two features of the experiment should be. em.pHasrged First, we
‘went to some extreme.to be sure that the list numbers (1, 2, 3, 4)
occurred several times during the learning @f a list. The purpose Qf
_ this was, of course, to estabhsh opportumty for assocratrons to\

!‘ : A ‘v
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élop amcmg contexts 1te;ns and a sunple. ordenng systefh.
d we gave three acqulslt;on tnals on, all hsts in order that 1t

Lorge. tabl

hsts was 1 through 4 as indicated by the above asslgnment For each

set of 16. words, the four types of lists were constructed.. ‘These.* -

EXPEIfilMENT 13 :10'1;’; .

words constrtuted a- random sample ‘of a Iarger random sample of, SO
two-syllable words with frequencies of from-1 to 10in the Thornd,l\-’ -

(.1944) The 64 words were.assigned randomly to.one
.of -four’. llsts of 16 words eacﬁ and the numbers 1 through 4 assrgned
‘to- the lists."ESr all conditions -of - the experiment,’ the:order of the -

’

consisted 'of 8 pairs of words for PA and VD and 16. smgle 1tems'_

" for FRand SR.

Cond/t/ons There were Six.. condltlons four representmg S
condrtlons and two representmg D CQndltlons w1th 20 snbjects in

each:of the six groups. asslgned to conditions by a block-randomlzed

schedule The four S. conditions may be: ldentlﬁed as. VD— S,.PA S,

,SR-—S and FR<S, In- these. condltlons a.given group leamed four a.,:

*z.successive lists of the same type There were twd| ‘D conditions, which
wﬂl be 1dent1fied ‘as D1 and D2+-In Condition D1, a subject learned
: four d1fferent types of lists. 'By varying thie order of the lists, w1tth
subgroups, ‘each list type occurred equally often (five t1mes) at each

., of-the four positions, When viewed acfoss all subjects.’ Furthermore, ,

in, no;case d1d a VD list and a PA, list’ occupy adjacent posrtlons

= wrthm -the series OF. four positions. Likewise; FR and SR lists néver
occupled adjacent posmons It seemed possrble to us that the lists
mlgh«t be dlStlngUIShed on the ba51s of pair presentation versus
smgle~1tem preséntation on the study tials.:In Condition’ D1, there-
fore, this confounding-of’ ad_]acenCy o\ list pos1t10n and context
'slmﬂaﬂty was. avoided. In 'Condition [}2, this confounding was
present. The order of the lists was zjran ed so that the SR and FR
lists were always adjacent (Pdsitions’ 1 4nd 2 dr Positigns 3 and 4),

"~ and the SMe was true for the PA and’VD lists. As can be seen,

EIORT U , : F,
S L
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o howewer, it was st111 possible to mamtarn the rule tha,t across the 20
. “subjects, each. hst type occurred equall often (flve tlrnes) at each of
' ;' - the fout pos1t10ns in the series. -7 {_ .

Pracedure “Thete-. wern “three’ study—test cyclé! for each 11st On

DR L ‘-

: . o

’; 4 seconds. per. piiT‘(ALlland PA) or two seconds per item ‘R’ and
’SR) The test for learnin , given after. each trial, was limjte one
mmute,, durlng whxch t: subject wrote. hlS/responses For tests on
- the-SR 11sts each recall sheet contamed 16 numbered blanks and’ the

: ', € subJect was aSked ‘to write the words in. the correct posrtlon For

Ll ~_tests on the FRlists, the sub_|ect wrote hlS .Tesporises on a sheet w1th

s o'16 unnumbered blanks. For PA, the 8 stlmulus terms were presented

‘i'j w1th a blank after each, and the subjeat was asked to- write in.the

: approprrate'response terms. For the VD tests, the 8 pairs were

shiown, and the subject was required to circle the member of the pair
, that had been un&d-erlmed (correct worgl) on.the study trial. The order
of the items or pairs- differed for each study tnal for the VD, PA,; and

_ FR lists, but of coeurse,’ the order was always the same for the SR *

= lists. A smgle order bf the parrs was, used for the three test trials for

~ ~‘the PA and VD tasks. , »
“In the 1mt1al 1nstruct10ns the sub_|ects were ¥ formed' that they

_ would be given three study-test trials on ‘eacfis our lists. The "

. * ‘nature of the tests for learning were also described. The experimen-
talist always referred to, each list by the appropriate number, and-

- the list number was mentloned before each study trial. Furthermore,
the list number appeared on the memory drum tape before each
study-trial and on each test sheet for each trial. At the minimum,

& therefore, each list number was given nine times, three times by the .
" ‘experimenter and six times by the notations on the tape and\)est

sheets. .

For the D conditions, it- was necessary for the experimenter to
~give new instructions for each sulicessive task. We abbreviated these ~

' instructions as much as pessible. To keep the interlist 1nterval about

the same for the S conditions as for the D conditions; the experi-
" menter srmplyzrepeated the original instructions for the particular
type of task after the completlon of the learning for each list 1n the S
conditions.

K . S . 10 e

v the study* tnals the rate. of presentatron on the: memory drum was ; ,-"'



After the third- tnai on. the fourth l1st each subJect was g1ven five

lnStructlons for. the list identification task were read. At no tlme_-
: vbefore this pomt had the subject been informed that such a test,,

or 4), to indicate the list membershlp of each of the 64 words The

; ."-'ft10n that one word -from each of the four llsts be represented in each’
s succeste block of four words. :

ok Resu!ts ST L—— S N
:. YY-L'eaming. . -As a’'measure of learning, the mgan total number of
. correct responses for three trials was used. F® Conditions S—PA

EXPERIMENT 137 103

o rnlnutes to work on the pyrarmd puzzle. Following, this mterval the . -
- “would be given: The test was.paced at a S-second-rate, .and the sub-
Jects.aw’ re forced to respond to each word with a number (1 2,.3 S

order of the items on the test was randomized, subJect to the-restnc— —

-+ -and S23R, performance from the first to the second list unpreved .

' SOmewhat (learnin -to-leam) and then remained roughly constant for

. the three lists beyond the “ﬁrst For Condition S—~FR, the learning:

. was -r'o‘-u‘ghly;cdnst
','."":-Condlnon S—VD.{Indeed, perfon'nance on the VD lists ‘was essen<’

- tially perfect on dll trials. Of the 20 subjects 1n Conditicii$=VD, 13
failed to make- an| error across the 12 tnals Summlng across the four
- lists, the mean tpbtal correct responseagzper ‘list were 23.74, 18’66,,

21585 .and- 26.00 for VD, PA, SR, and FR, respectively, with a
max1mum ‘of 24|possible for VD and PA, and 48 ‘possible -for SR

" and FR. After combining Conditions D1 and D2, the mean correct »

responses per list corresponding to those for the S conditions were

t ‘across'all four lists; and this was also true for |

‘found 'to be 23/58, 18.40, 19.78, and 28.38. Essentially, then, the .

levels of learning achieved unde } éOndltIOHS D and S were the same.
for hsts of a given type.

, L/st /dent/f/cat/on The mean numbers of errors made on each
of the four lists for the six conditions are shown in Figures15. For
~ each list, the maximum possible number of errors was 16, and sheer
guessing should have produced a mean of 12 errors. The results for
the four S conditions-are in.the left panel of the figure, those for the
two D conditions in.the right panel It may, first be noted that
summed across’ the four lists, there were fewer errors under the two ¢

105 o,
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| . FIGURE 15 Listident 1ﬁcatlon erTors On the our hsts a5 a function of learmng the same ype of llsts or
o differeatt ypes of it (Experiment 13) |
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' D condltlons than under the four S cond1tlons the means per lrst -

bemg)S 84 and 6.71, respec'bvely (t =3.96). This finding indicates
: that what I have called process context fac111tated temporal dlscnm-
matlon o - - .
Lookmg at the left panel it can be seen that there were d1ffer-
_' 'ences in correct. 1dent1ficatlon as a function of type of task, F (3,78)

T 'EermMENhs*!V 105 .-

=3 44, p-<. 05 “The.. effect is primdrily to be attnbuted to the . -

_:_Arelatlvely good performance.<under Conditjon S—PA ‘on the ﬁrst R
. two lists and poor performance ‘under Condrtlon $—-VD" on. lists 37 .

and 4..The number of errors was also influenced by the pasition of

" the list in the ser1es of four lists, F(3, 228) =4.53, P < Ol Generally

. peakmg, there were pnmacy and recency effects for lists, but these
-were not neat and clean for all list types. Although the. ﬁgure sug-

. gests an mteractron between type of task andgr‘st stat1st1cally, this.”

" interaction fell short of an acceptable level of si ificance (F = 1.30). -
The mean total errors across the four lists were 32.40, 38.55, 35.00,
. .and 35.40 for PA, VD, SR, and FR, respectively. Two subjects <
' both in Cond1t10n S—VD, scored worse than chance (48.00).-
- As_seen in’ the nght pa.~ne1 of Flgure 15 performance on theeﬁrst
v two lists for the D condltlons was abouf at the- same leyvel as-was that
“on the - first” two‘ lists: for Condition S—PA. The most notlceable
influence of the .context differences occurs on the last two: lists. In-

l ".recording the -data from the D conditions, it becamne quite apparent

' fthat many of the subjects had error scores that were well -within

" -the rdnge of scores for the S conditions. A distribution of the 40

" scores showed evidence of bimodality. The 40 subjects were divided
-at the median and, the means for each subgroup determmed these .
: .values ‘were 15.80 and 36.00 total errors. The latter value -approxi-

mates the mean of the 80 subjects in the S condition (35. 34).'As - v

.:.;would be expected in view of the above facts, the standard devia-
.. tions’ d1ffered for the subjects in the S and D. conditionsy being 6. 30
fors the 80 subjects in the S condition and 12.67 for the 40 subjects
in “the D conditions. To describe these results in sharpest terms:

About half the.subjects in the D groups were markedly influenced
' _.by- ‘the context manipulation; gbout half were not, influenced 4t all.”
We may ask about list-identification errors as a function-of type

/ 107

f list for the two D conditions combined. There were 40 subjects ’
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.:,‘

3',,"t'or each type of hst and smce hst ‘type was counterbalanced it 1s,"'
 permi sable to look at the four mieans representmg list types, each
b based on #0 subjects. The means.were 6.15,7.10, 6.68, and
-, 7.05 for PA, VD, SR, and FR; respeptWely (F < 1). Thus, the facili-

_tatron produced py context. was "about the same-for.all types of lists.

The next step is to ask about ‘error’ sources. When an error was -

made on a giverl word, with what list was it identified?- The mampula—f

. tions; in this expenment mvolved three kinds of similarity, each of
~which could be'a potent1a1 source bf ‘confusion. There is ,ﬁrst the

~as’ a discriminative: cue,

snmlanty produr:ed by the differences-in temporal closeness .of the
. lists; adjacent lists ,are more s1m11ar (closer- together) than are non-"

adjacent lists ‘Lists 1 and 4 represent the extreme (least, close). -
Second, the manipulation of process context in Condition D1 was

aimed atreducing the deleterious effect of temporal closeness on“

list identification. Third, with respect to Condition D2, insofar as_
pair presentation versus singfe-item presentation in the lists can serve.

g%}ror sources should be influenced. .The
parr—smgle variable mi Bt influence performance either because - of
the superficial perceptual differences or Because there is a concoin-
itant process difference, or both. We' have already seen that the total

 number of errors did not differ for Conditions D1 and D2. It remains

to be seen whether error sources differ under the two .conditions.
When errors -on -each list were plotted as a function of the list -
identified in the error, the plots closely resembled temp0ral general-
ization gradients. The closeness of lists was clearly seen to be @
determinant of error frequency. These gradients do not; however,
provide the best means of deprctmg the differences in error sources
for the various conditions of the experiment. An alternative method )
is shown in Table 4. These data show the percent of total errdrs.
produced by an interchange of errors between all combinations
two lisss, The values for the four S conditions differed very di and.
were therefore combined in, Table 4. The percegtages for Qpiiditions
D1 and D2 are shown. separately. _ )
A comparison of D1 and D2 shows that adjacent | hsts cons}ructed

-of pairs (Lists 1 and 2 or Lists 3 and 4) and adjacent lists i which

smgle items were-presented produced two consequences irst, the
errors increased between the two adjacent lists, and second, the

. R
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- efrors- between the firgt two llsts and the last two lists decreased The
ﬂrst result is glven by a cbmpanson of Lists 1,.and 2,and Llst and A
4 across the two COHdlthﬂ&. A compﬁnson of the two condmons on
*all of the ‘remalnlng‘ combmatlons gives the, suppoft for the" second
ff:f -conclusion. These - effects are prec,lsely ‘what,.should’ occux‘ 1f the
‘palr-sfn’gte manipulation was a re]e‘(an ,
produce - these effectg, ‘of. c'ourSe,;w jral ;closeness.- ‘-
\be involved., In effect the simila t
-and - the SR and FR lists increas§
closeness. . - .
< a There is at best onlyf suggestlve e\‘;‘ldence hat the pair-single
varlaqle had an influence when ‘not, supported by the highest level’
--of temperal closeness. (adJacencyr«n Condition D1, the pair-single
variable should, if-effective, have increased the mteachanée of errors
between Lists | and 3 and Lists 2 and 4. Comparing the percents
“'for Condition D1 with those for the S conditions shows that the
-errors are greater for Lists’] and 3 for Condition D1 than for the S
~_conditions, but this is not true for Lists 2 and 4. It must be empha-
. sized  that the error s¢ores in Table 4 are reciprocal within a con-
- dition: 1f ene category has an increase (relative to that cafegory in
another condition), some one or more other categones must show a
decrease. e might presume fthat- ‘the relatively high value - for Lists
. 1 and‘3 in Condition D! results from the pair-single variable, but
" . since’most of the decrease occurs for Lists 3-and 4 (asBpposed to

’

TABLE 4 .

Percentage of Errors between Pairs of Lists (Experiment 13)

List , K‘ Condttlens .

combinations D1 D2 . ]

1.&2 24 3 31.7 20.7
1&3 20.2 19.3 13.7
4.5 .43 < 5.6
26.2 139 27.7
10.7 ' 7.2 - 109
-14.0 236 21.5

)
Lot
o
<

.
e}
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belqg spread over all combinations), we & annotgbe sure just what

is reSpon5191e Nevertheless, v can be sure that the comparisons '
"~ for Conditions D1 and D2 show that the pair-sirgle vamable had
1 an mfluence on error sources. - : : +

o . -
| . . .

¥

R Leérn/ny and tempora/ d/scﬂm/nat/on N cond/t/ons “We will” -
.now. examine .the tasks used in the S conditions to seek relaion- .
-sths between performance in learning and perforrhance on the
_ list-identification test. Each task w111 be exagiis 'd in turn, starting
~with the PA hsts ' '

K

PA leammg and errors in list 1dent1flcatlo : "en vnewgd by sub-
jects. The correlation for the 20 subjects was —.46 (p < .05). It
might be expected that the act of responding (writing) a word
during the study-test cycles would lead to better list identification
than not respondéng. The only “clear” test for this was to ask
about differences in the identification of stimulus terms: versus
response terms. The mcan number of errors on the stlmulus terms
was 16.30 and on the response terms, 16.10. As a second way of
looking at this matter. \desknd if thers de a vorrelation between
the number of errors made on stimulus term$ and the number made
on the paired rcsm)/‘ﬁ-sx terms. This correlation for the 32 pairs ‘was
25, a value which i$ not significantly different from zero. Thus
there are three conclusions regarding list-identification errors for
.Condition S PA. First. subjects who are the better learners tend to
make fewer errors than those who are the poorer dearners; second,
association of items with lists is not dependent upon responding in
learning: and. third, the basis for errors made to the stimufus term
and to the respanse term in a pair is different. We have not discov- °
ered any reasonable explanation of why the performance on the first
two lists under Condjtion S PA was better than the performanc
those lists under the other three S conditions.

The tearning of the lists under Condition S VD was so high m&’h
little variability existed. Therefore, a correlation between total cor-
rect responses and list-identification errors across subjects or items
would have little meaning. However., we may ask whether the errors
differed for the underlined (correct) words and for the nonunder-
lined (incorrect words). The average number of errors made on the

)

i)
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- correct words by. the 20 subjects was 17.75 and, on the incorrect

s words, 20\80' The. dxfference was reliable (¢ = 3. 08). There is reason

. to believe that, in. learnmg < VD list, the experienced stibject will

.;develop a strategy of attendmg only to the underlined. word on

;the study trials. If this ’c?ccurred in the preseﬁ Study, the subject
--"may not.even have recogmzed a word On the test trials. that had nét = -
" -been underlined on the study trials. If 'the strategy of-ignoring these:

> 'words develops with ‘experience in learning- VD lists, it would be

anticipated that the difference in list-identification ¢ errors for correct |

and incorrect words s}tould,mcrease across the.four lists. This, in
fact occurred. On the/t“ . hsts a total of 189 errors was.made
to the underlined ogg oL

- incorrect words. T} "1 values for the third and fourth
lists combined were M ¥ This difference probably accounts
for the’fact that the overall’ number of errors on the VD lists (as

190 to the nonunderlined or

seen in Figure 15) remains high on the third and fourth lists. The

decrease in the number of 'errors for the correct words on these two
lists (relative to tm‘nrst two) is less thdn thermarease in the number
" of errors for the incorrect words. Had we required the subjetts to

pronounce both words on the VD study trials, it seems very., 1ikely '

‘that the results for the VD lists would have been much the same as
for the FR and.SR lists, * ;
Turning next to Condition S—FR. we first correlated the totai
correct tesponses given in learning the four lists by the 20 sub-
jects and- the number of errors made on the list-identification test.
This correlation was only --.12. We then determined the number of

times that each of the 64 words, was given correctly (summing across

subjects) during learning and correlated these values with the number
“eflist-identification errors for cach word. This value was ~.24, which
is of borderline reliability. Thus again, it appears that the association
of words with list numbers is not influenced appreciably by respond~
ing with the words during learning.

Finally the results for Condition S-SR (serial lists) will be exam-

ined, The total correct -responses given in learning the four lists for

each subject was correlated with the number of list-identification
errors. This correlation was .15. As a next step, -serial-position
curves were. determined Ry summing across subjects and lists to
obtain the number of correct responses given at each serial position.

¢
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o These values were therr ansformed to percentages 'based on the
,total ,correct responsas across all posmons “Then ®the number of

B errorSym “list identification made én words ,at each serial. position
' -';.'was determmed agam summmg across subjects and lists, and these .
.values were transformed to. pércent’ errors at each pos1t1,on based on .. -
‘total errors. at«all posmons The relationship between these two sets’

,:cf values’ is ShOWn in Flgure 16. 1t is vé’ry evident’ that the usual

- lists. It is equally clear that errors in hst identification have httle to
do with correct responding during leammg

_ . Tdaken as a whole, the results of the above analyses for the S

. caggnons arge: ‘arkable for the laclc of I%tlonshlps between

i-howed,. ske\vged curve for correct - respondmg was found for these'

9P
- 8
©°
= 7
M
&
e 6- /7
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& LD TEST
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Serial Position
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1

~. FIGURE 16. The relationship between, the number of correct responses at
“each position of a serial list and the number of list-identification errors made for
the words at each position (Experiment 16).
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A

' learﬁing measures and list-identification 'errors, whether viéwed y

" subjects or by items. Learning ability and ability in making temporal

o judgménts were moderately related for the PA lists;, but this rel{,,z{tio‘n- .
- ship was not evident-for either the SR or,FR lists, The fiumber of”

" “poral test:

tffnes an. item was correctly fr.ecalle;d i_n',lear_ning was not lated o+

its likelihood of being.correctly identified with its list on‘the tém- -
~ Learning and Temporal discrimination> D conditians, Whe;
*40 subjects in the two D conditions, were divided at the mgdian of
the distributiori of error scores, 10 subjects from each condition fet
in' the high-error group, and. 10 fell in the low-error group. in pursuit
' of.L6the_r vidence, which might distinguish between these two,sub-
groups who differed so_markedly as g functiofi of process contexts
we have made a number +:f analyses involving learning measures using
these two subgroups ot 0 subjgcts. At the s#me time, we made other
andlyses that involved all 40 s bjects. The results.of som of these
analﬁ@es will be desiribed blj-ieﬂy,as a series of points.

I. The correlation betweefi total corfect responses in |
four lists ana number of errors made on the terJ]poral test \yas ~§37
for the 40 subjects. Although' this correlation would- be¥y
statistically rzliable (p ~1-.05), * . imiount of shaged variance is
obviously iite 'ow. The corre._lions were. c;yzlated between .

learning sc¢  x - eac . task (excenting VD) an list-identification
errors: All . -cgative, but oniv one, that for SR. was relichle
(r=-.43). P ..

2. If the - .ksses. or mechanisms underlying the learning of

the four tasks .= lifferent (as assumed by-t}mfﬁotion of’prc)c?‘s
context), the cc rrel. + 2ns for number of correct responses in learning

. the various :z:k$ she .o be low. Of the three possible correlations

(again, -the V™) ta:» was not included), only the one between PA

. 'and FR was ' . different from zero (r = 45), suggesting that

these two ¢ .- udvg.more in common than do the other combina-
tions. The t,curs made in list identification .for Condition D! give
little suppor® ¢ this commonality. In identifying items from PA
lists, the dis..ypulion ¢ errors was 39.6%, 24.3%  and 36.0% from -
FR, VD, and &3 lists. respectively. For errors mz2- - ‘dentifying
A :

4
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1tems from FR ]lStS the values were 32. 4% 35.3%, and 32. 4% from
the PA, VD, and SR lists, respectively.

. The correlations between learnmg scores for. the three tasks were=
o -ualso calculated separately for .the two 'subgroups which_ had pro-
t 7. duced many and few errors in list’identification. Both groups showed "
oo positive correlatlons between PA and FR learnmg (:38-and 27), but .
-, - . the only substantial correlation was.a negative relatlonshlp between

learning the PA and SR lists (-.57) for the subgroup that made few
list-identification errors. When ‘this,correlation was fustcalculated it
sgemed obvious that an error incalculation had occurred. Recalcula-
tions and a scatiter plot showed otherwise. The correspondlﬁ'g correla-
tion for the high-error group was 04. 1t appeared that something
- unusual had happened ang that.it should not be swept under the rug.
A negati® correlation between learning mhe PA and<SR lists or
the subjects making few errors on temporal coding may be iffer-
preted in a number of Wways. The “nost direct and least theoretical
~ interpretation is merely to say that, among these subjects, the
possession of superior skills for performance on one task is accom- .
panied by possession of inferior skills for the performance on the
other. Since performance on either task dld not dgyiate appreciably
from the performance of other sybjects. it does not mean that the
subjects as a group were good- performers on one task and poor
performers on the other. Rather, roughly speakding, half were good
performers on PA learning and poar perfermers on SR learning:
for the other half, this was reversed. It may be noted that the order

N in which the PA and SR lists were learned was of no consequence.
" Indeed. because of some learning-to-learn from PA. to SR, and from
SR to PA, the true correlation is somewhat underestimated when all -
20 subjects were used to estimate the correlation. Looking only at.
.the subjects who had the PA list before the SR'list, the correlation
+.65: for those who had the SR list before the PA list the’ value

was —.70. .

"A strong.ncgative Lorrnldtlon could imply high discriminability
between the words in the two lists. Or, such a correlation mighe
imply-a positive affect for one list and a negative affect for the other.
Or, it might imply antagonistic proccs‘%cs or stratcgies for the two
lists. If discriminability is enhanced. error interchange between the

15
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Y two types of lists (SRﬂmd PA) onthe list- 1dent1ﬁcat1qp test should
- be rninlmal Wlth some trepldatlon 1 will repori that this expectation

. 18 glven strong suppoit by the data When an error in ‘list identifica-

-

tlon was made on a Word fr:»m a PA list, in only 8.8%. of the cases .

. ,was it assigned_the number of. 1he SR list. When an ‘error was. made.

. on’ ‘a word from" an SR list, in onIy 14.1% of: the caSes was-it a551gned o
' _the ‘number of the PA list. The' correspondmg values.for the high-

“error subgroup were 24.7% and 31.6%: The two values for the

low-error group were the two smallest values in the table-of 24 values ~

" showirig error sources for all types of lists for the high- and low-error
Jroups. , .
I simply do not understand why stibjects who make few errors on
11st identificatic 1 for all types of lists showed a negatlve correlation
between PA and SR learning. In addition to being quite unenlight-
_ened with regard to the negative correlation, [ am not confident 'that

anexpectation of fewer interchange of errors for the lists is proper. |

Nor am [ sure that the results could be replicated. Still, perhaps the

holm. It cannot be fol-»wed further in this book.

3.. The two subgro.ns showed né same relative number ot list-
identification errors on all four typen of lists. The interaction between
~ subgrouns and errors on the four -vpes of lists was less than.unity.
‘Good subjects were good on all hs: tprs poor subjects were poor
on all list types.

4. Plots for the 40 subjects showing errors as a function of posi-
tion in the serial lisix matched the results for the S conditions as
shown in Figure 16.

5. Pe-formance on e underlined (correct) and nonunderlined
(incorrect) words in the VD list did not differ for either subgroup of
subjects. This support: e idea tha: a subject must learn several
successive VD lists betore he will start ignoring the nonunderlined
words. o -

6. Neither subgroup .iffered on the number of errors made to
stimulus terms and to response terms rrom the' PA lists.

7. Performance on cach of the tour successive quarter of the
test list was eéxamined separately for the two subgroups. Tae sub-
group with few total errors Ahowced a reduction in crrors from

] )

.- finding represents alead that will eventuallytake someone to. Stock- -
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quarter to quarter for words from all four lists The subgroup with =

_many total_grrors showed a small decrease in number of errorsgfrom”
"..the first- to, the second quarter,- followed by successive mcreases for
.the fhlrd and fourth quarters. This m‘teractrdn between subgroups
and qua,rters was reliable, E(3 114) ='3:35, p < .05. It wis as if- ‘the"

a*

__Qmethmg' as they were being tested:. ‘The increasing, dlfferences
'-.lggtween the two. subgfoups from quarter to-quarter shoull’ not: be

k4 . ¥ . v
- e
. . . . . -

- Summary v A f L

-The'r s-of this experimerft indicated that process context differ- "
ences can se eto establish differentiating temporal codes for memo-
ries :)rmed ‘a®different points in time. The ability to drstmgursh the
temr&)‘ral order of items i the four lists was markedly enhariced by
process corjtext for about hdlf the subjects and was relatrvely impo-
tent for the other half. “his bifurcation. may suggest that the infor-

~mation available to the s:bgroups of subjects might nm&@i?fsred
greatly but that therc were®differences 1t the utilizatiOn oftthe

- informatign. However, "= ekperiment was not analysical with/
rzgard to this issue. The Sfferences Betwesn the two sub oups may .

mean that the associa® - nroccsscs differed and that the, test did
extract most of the ini-om stion available ‘o the subizcts concerning *
t1elist. membership of me words. .
Another finding to »c¢ <ept in nund 1s thai ¢ relationships
batween measures of iwar~ing and measures of list identification
were, at best. ‘weak. We ==l have an opportunity to Took at this
snatter in subsequent expe—ments and therLby obtain some idea of
‘' the generality of the findi: _. It {s. to be hoped that when all of the
‘experiments . are cvaluated n thg final &hdpter, some general princi-
pl=s may be educed. We arc 2qing to turn immediately to Experimient
14. in which the betwezen-list context mampuj(atlon dlfﬂ,rs from that
of £ penmcnt 13.

-~ “

overblp\lm the two groups differed wrdely even on the flrst quarter. A

subjectsg in thre subgroup makmg few ‘total errors Were learnmg

‘l‘.

<
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A "+ EXPERIMENT 14
; :Thlnxperlment was deslgned w%th threé purpoSes in mmd purposes
' l;.a,t« may best be understood by descnbmg the tasks given the’ sub-

ectedly) to 1dentxf)
ared. ® .

o ~The first purpose was. to
. for - each hs' sould mﬂuence list - 1dent1ﬁcatlon These semantic
' » md\lced by having all f the worcs in a list mem-
- bers of a sing] categor_y, with =1ght diffefent categ anesgrepresented
"« by the. eight lists. Each list was gn(ery twor study t-ials and -one test
trial.; The. aSSumphon was that; g gn
o 1mp11c1tly many times in the & ‘o ‘#earning and r=calling each list.
"« Therefore, the ’memory for the category name should be far more

.memcrable~than the memories for individual words: The memory

';‘fo: the ordering of the eight category names (if present) should

- mediate the ordering of the specific words. Fo eliminate the concept’

- 7

. each concept occurred in all elght liSts. .

The second purpose of the experiment- was to determine if exter-
nal tasks that were different from.edch other and distinctly different
from the free-recall task could serve as effective temporal coding

contexts for the words.in the free-recall lists. Thus, in some con--

ditions, eight different tasks were given to the subjects, one after
-each of the eight free-recall lists. These tasks will be.described la

f/}n control conditions, the same extemal task wjxs giverafter ot -

the fpee-recajl lists. S et
. The "third purpose of the study was to determme if the two types
. of contexts semantic and extemal) would summate or interact in
any way in their mﬂuence on temporzl coding. To this end. condi-
" ~tions were included in which- no externai tasks were admuinistered
between the Juccessive free-recall lists.
"In summary, there were three variations of the external context,
same (8), different (D), and none (N) Under cachw®f these three

"

vftermme iffa distinct semantlc context"’._.'.

"ﬁ?gory names vould be elicited .

fdame as a potent1a1 ordeting code in other condmons mstances of °

I
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contexts there were two semantic context cc '{itioﬁs:.one in w}ﬁch
all of t£ A list were instances of g same cont: -, or
‘unmixed Jn which instances of W te x t oocurrcd
in -each list 3. The six COndltIOH‘s may be.identified by

R -’two letters, the.- first re’presentmg the semantic. context, the second
",-repreSentmg the kternal contexf: UN, US, UD; MN, MS MD. If -’
" both context- mampulatlons are effective, maximal list-identification

performance should occur under Conmtlon UD, minimal perform- =
ance under Condition MN. -~ - .

.

Method

»

Lists. Eight categories were chosen frorh the Battig-Montague
(1969). norms, and, for each category, 11 of the most frequgntly
given words were selected. The eight categories were: alcoholic
beverage, weapon, spdrt, fruit, metal. ‘fourfooted animal, kind
of cloth, and occupation or profession. Eight of the 11 words in each
category were chosen randomly to form the eight lists to‘%e learned
as unmixed (U) lists. A single random order &f the eight lists was
used for all subjects in the learning phase, the order being as listed
above. The three words not used in the lists were used as new words -
on a recognitio“n test given at the end of the session. From among
the eight words in cach list. three were chosen randomty and used
as test words on the list-identification test Three additional words
were selected randomly and i uked as old words on ‘the recognition
test. = :

The mixed (M) lists were formed of eight words. with one word
from each category appearing in cach list. These were the same 64
words that were used in the unmixed hists. The mixed lists were
constructed so that the 24 ligt-identification words (three from each
list) were “exactly the same 24 words as tested from the unmixed
lists. The same reqmrcmcnt was imposed for the three words from

. each list used on the recognition test.

External context tasks. The cmht tasks used in the external
context manipulations will be described briefly. The order in which
they are described represents the order in which they were given to
all subjects in the different (1) conditions

%
d
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17 Symbo’( cancellation. Ten different nonletter typewriter

" characters or symbols were randomized in horizontal lines of 30

symbols each. In fr‘ont of each line, three of the symbols were givent
as those .to be crossed out in that line. The three target symbols

' differed from line to line.
" 2. Anagrams. The 20 scrambled words
countrie§, and thg subject was informed of this.

3. Arithmetic. Simple addition of sets of eight, two-place gum-
bers. e ' . R

4. Stroop test. A version consisting of five different color names
printed in inappropriate colors of ink. -

5. Search Task 1. This task was patterned after the one described

_‘by Kappauf and Payne (1959). Pairs of two-digit numbers (e.g.,
"39.64 were printed in a long column. The experimenter gave the

all consisted of names of

subject a two-digit starting' number to be found among the numbers .

to the left of the hyphen. When the subject found this, the number
to the right of the hyphen designated the next target number to be
found among the numbers to the left of the hyphens, and so on.

‘6. Alphabet printing. The subject printed the letters of the
alphabet upside down. moving from the right to left on the page.

7. Mirror star tracing. The five-pointed star was a double image
with a border six millimeters wide” around the edge. The subjects
viewed the star in a mirror and, starting at the lower right-hand
point; moved their pencils in the border. going counterclockwise.

8. Search Task 2. The numbers 2 through 75 were randomly
positioned on a sheet of, paper, with the number | in the center of
the sheet. The subject circled the numbers in order. .

As ‘noted - carlier. alt cight tasks were used when the external
context was different for each list. For the same context condi-

tions, a subject had_the same task after each of the eight lists. Three .

tasks were chosen from among the cight ‘(symbol cancellation,
Stroop, mirror tracing) to be used for these S conditions. An equal
number of subjects was assigned to cach.

Procedure.  The subjects were int‘orggd initially that they would
be given several short free-recall tists to learn. Those subjects assigned
to conditions involving external-context tasks were further told

7119
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that they would be ngen.other tasks for the purpose of discovering
how well people can do different kinds of tasks. Each eight-word o,

list was presented for two study trials. at a 2-second rate, with a
differént order of the words on each trial. Following the second
‘study trial] a 30-second recall trial was administered, during wh10h

)

subjects were told to write the words.in any. order they chose Ij; g

an’ external-context task was called for, 30 seconds were allotted
for instfuctions, followed by a '60-second test on the task. Although
the instruction time may. have varied somewhat, the 60-second
performance test was exactly timed. Imnrediately after the test
on the ‘external-context task, the next free-recall list was given for
two study trials, and so on through the eight lists.

In the two conditions where the external context was not given
(ConditionS'UN and MN), a-problem of method arose. Ideally, 90
seconds should elapse between each list to correspond to the time
required to administer the external-context tasks. What activity
should the subject be given during the 90-second interval? A pure
blank interval might have led to rehearsal of the lists. Filling the
interval with some innocuous task was precisely what was done in
the S conditions. The decision was made to omit the IV-second
interval. Thus, after the recall of a list, the experimenter immediately
gave the study trials on the next list. The consequence is that the lists
“were more temporaltly bunched under the two N conditions (MN and
UN) than under the other four conditions (US, MS, uD', MD) in
which externat-context tasks were used.

Following the cighth external task (or following the recall of the
eighth list for the N conditions), the list-identification test was given,
This was an unpaced test. There were 24 words on the test, three
from ecach list. The subjects were required to assign a number-
through 8) to indicate their judgment concerning the list membership
for each word. The subjects were told that all words had been in the
lists, but were nat told that the test included three from cach list.
After this test, the recogmtlon test was described to the subjects.
They were told that some of the words had occygred in the eight
lists. and that some had not (were new words). The 24 words from
thie:lists and the 24 new words produced a 48-item test, and the sub-
jex: Wure required to make a YES NO decision for cach word. As

©
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, descnbed earlier,;the list-identification test. and the recogmtlon ‘test
. were 1de.nt1ca1 forall six conditions. T Y .
"', One particular-aspect.of the procedures of this experiment should:
= "be emphasized. In contrast to the ‘method used for Experiment 13,
“list. numbess w‘eré’ never uséd to :identify the lists. If a calendarhke
ordering device was to develop, it had. to ‘be supplled by the subjecL
" Since the sub_]ects did niot know that'a list-identification test was to
'be given; there is o reason to. believe’ that “they would dehberately
set about to-dev%se an Ordermg system. ‘ '

Sub/ects A blobk randomized schedule was used’ to assign 24
college students to each of the six conEYmo“ns, For the two conditions
in which the'same external task was used throughout (Conditions US
and MS), eight subjects were assxgned to each of the three tasks.’

. .
) ' -

Results : - N

A
Learning. It would be expected that the rega of the words from
the unmixed lists would be higher than the recall from the mixed

" lists. No clear expectations had been developed concerning a possible
role for the external context-tasks on the free-recall learning. The
total correct responses mcross the eight lists was determined, and
these are plotted in teyns of percentage of correct of total possible
in Figure 17. As can Me seen, performance was better on the mixed
lists than on the urmixed (F = 38.45). The external tasks had no
influence onethe unmixed lists, but a clear negative influence was
ev1dent in the recall of the mixed lists when no intervening task
was given between lists (Condition MN). Under Condition MN
performance remained about constant across the eight lists, whereas
in all other conditions, performance increased across the lists. The
inferaction between the two variables was reliable F(2, 138) = 4.66,
p < .0S.

’ Performance on the recognition tdSk (given after the list-identifica-
tion test) vgis also better for subjects given the unmixed Jists than
for those given the mixed lists. Neither the misses nor false alarms
differed for either type of list-as a function of the external-context
manipulation. The number of false alarms (4.2%) was identical for
the mixed and unmixed lists. The misses for the 72 subjects given

~

v

121




O

ERIC

Aruitoxt provided by Eic:

- .
T .\v{ PR

120 5 BEYOND THE PUZZLE ‘ |

, s
N T . .
i ﬁgunmxsn -M:xs,nf ST
. :
L3
fgo_ e
L W P,
1. “t ’
-4
Auw
. » 1 s
Do I -
D, * Hud
0o,
- Q@
[ =
[ -
3
. 80
-
R~
S o
o
[ =N
o
a
70

None Same Different .

.. External Context

FIGURE 17. Lecaming of the cxghllnxcd Jnd eight unmixed lxsts as a function
of'lhc external context (Experiment 44).

the unmixed lists averaged 4.0°7; for those given the mixed lists, the

corresponding value was 9.1% (/= 22.79). Roughly speaking, the

subjects in the former group failed to recognize jyst one of the 24
old words *while the subjects in the latter group failed to recognize
two old words. It should be noted that the deficit present in recall

“under Condition MN was not present on the recognition test.

List identification. On the list-identification test, the 24 words
(three from cach sty were scrambled, and the subject was required
to circle a number to indicate thelist membership of each word. The

1y
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. uutlal response measure used was errors, there. belng a maxunurn of
_three for each list under edch ‘conditiom. The complete -data are ' ...
: shoWn in Table '5. The first step is to reduce these data to a more
manageable level. An~exam1natlon of the last column shows that the
.. external context tasks had no ‘influence on list identification for -
either the 'mixed or unmixed lists (F<1). Thereere, this® variable:;- -
may be dismissed fromiurther consideration. In doing so, however,
i 4t should be noted that although the recall of the,subjects’ under
"Condition MN.was less than for the other conditions, hst-ldentrfica—
- .tion performance .was equlvalent to that for the other two condltlons
. involving mixed lists. ‘ .
. " The mean values for m1Xed and unmlxed hsts show that, across aJl
~~eight lists, performance’ was better for the unmixed lists. For the
_first and last unmixed lists, list-identification was e§sent1ally perfect.
‘“On the other hand, with the mixed lists, the subjects committed
f -about 50% errors on'fh“‘ﬁrst““d last'hsts‘quth‘ehsff”“the‘mrddie—
'.' . of the series, performance was only slightly better than chance for )
the subjects having learned the mixed lists. - :
" We-had anticipated that list identification for the unmrxed hstsi :
WOuld reflect all-or-none decrslons by the subjects for the three
+

, - . : TABLE 5 .
o Mean Number of List Identification Errors {Three Possible)

as a Function of List Number and Conditions o
(Experiment 14) :

" Condition 1 23 4 5 6 7 . 8 Mean
- UN 17 113 208 221 175 2137 129 .04 135
e USe 25121 175208 192 188 1.63 . .13. 136

18)> JS 13 46 183 213 217 217 1.08 .13 1.26

Mean: .18 93 1.89 2.4 195 206 133 .10 132
MN 1.54 233 221 238 229 ~'.2~.25‘ 2.25 1.21 ..2.06
MS 138 242 271 233 242 221 233 133 "4
MD 1.50 213 233 238 238 250 204 133 207

Mean: 147 229 242 236 236 232 221 129 209
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;-words w1thm a concept That is, the three msvﬁin,cges of a concept :
~would all be. ass1gned to the same list; hence, all would be correct -
* or all would be incorrect. Of the 72 subjects who learned the unmlxed
. lists; “78%. .showed this pattern exactly. The assignments by :the
o remalmng subjects “suggested that they intended to. follow this --
S pattem but sunply made a few careless errors in carrying it out.
A One problem -we had not fully ant1c1pated was produced by the
A behavmr of the subjects given the mixed lists. These subjects a551gned

' - more. words to the lists in" the middle of the senes of eight than to
B ‘the lists on the ends. It was as if they assigned.middle-list numbers
;‘when m doubt For reasons that are not clear to ‘me, thlS tendency

- The central-tendency effect_ was most exaggerated in a Condition MN
-+ - There the mean numbers of words assigned to'the eight lists were, in -
- order, 2.46, 2.38, 3.33, 4.08, 3.83, 3.63, 2.42, and 1.88. The tend- . -

- . ency .was minimal in Condition MD where the values were 2. 83
- .2.75,2.96,3.38,3.13,3.46,3.17, and233 o Ry
", Various scoring procedures’ were used to make’ ad_]ustments for the -

.. different number of assignments made to the lists. In fact, no sub-

{, ~ stantial changes resulted from- these adjustments The only clear .
" . effect was to increase by a small amount the number of errors for - .

" the lists in the middle, but this.increase did not result in any clear
differences in performance for the three mixed-list condltlons ‘No
conclusion was changed. Therefore, I will use the error’ scores as

~ given in Table 5 to examine in somewhat more detail the differences
between the performance on the mixed and unmixed lists. In Figure
- 18, the error scores for the three mixed lists combined and for the
three unmixed lists combined. have been plotted to provide a visual
—-——m—plcture of theinfluence of the semantic context “Thevalues-are-given——
in terms of percent errors.
It seems beyond doubt that for the unmixed lists “ﬁrst list” was
~ associated with alcoholic beverages and ‘last list” with occupations.
Some subjects also had knowledge of the concepts involved in the
second and seventh list, but beyond this temporal coding was mini-
ma!.,l_f the subject had knowledge of the list numbers associated with
three or four of the concept names, performance on the remaining.
lists would not be judged to be a great deal better than chance. In

e
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"..FIGURE 18. Percenm.s;vi ~rrors on list identification as related to mixed
- versus unrnjxed lists. - - - - :nction of list position (Experiment 14).

* fact, it seems reawon 4610 assume that the, differences between the

mixed and unmazeed = {or thé middle four lists may be due to
differences assc.zaite: .+ guessing. Given that temporal coding for
-the end lists -3iferrs ..*v the mixed and unmixed lists, differential
probabilities «° <4r . essing automatically follow. Semantic
 context influe:.x: @ -ral coding for the initial and final lists,
. ‘but beyond thz :tss-kn i <sce Was of little consequence.

- It might be <z - ¢4zt the subjects having unmixed lists had an
‘advantage over T <”v.omects having the mixed lists. With unmixed
. lists, the subjec. " :w that a single concept. was represented by the

-
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-weards in a given list, and any one of the three wom‘s could ‘be uséd :

zranake the decision for all Lhree words: If a subje=t knewthat one
mmstige was in List 2, for’ example fhe ‘other twe instances would -

liew along. » [ doubt if this happened: the major \ait of memory

list _identificatior. was the Soncept ~ame, nc: the ‘mstances.

E’ms @ to sy that hsd =iy a s'ngle instance of eac’*_vonawept been
e «he results woulcé not ive change'd ‘Nor wd‘d “the results
hawe oA nged ‘had the eight v . ¢pt names been given on the test.

"{t gnains p0551b1e howswvz= that the test given tor the mixed
' Id have placed thes: -ubjects at a disadvantge_relative - to
; .en the unmixed list: Suppose that, on the t
Sras ii eight groups of three words each, each groe=eg
WO from one of the lists. The subject is told that . e Woras:
'3 group were in fact in the same list. In this cas« fone of trz
w07 was known to have —=en in a partxcula.r list, ‘tfio_ other two
*~ufd “follow alonge” In r<,trospect I rather believs that this pro-
_cyure Would have bzen more appropriate as far as rmaiihg the: tests -
easivalent for the mixed and unmixed lists. But if Zze reasomng 1s -
corr=ct, -such a test could only reduce the difference between the
two types-of lists, thereby reducing the magnitude ¢~ the effect of
semzmtic context on temporal coding. Also, it should ¢ remembered
the the two types of lists represented two extreme conditions:
U=:-oubtedly, as a subject went about the learning of  the mixed
concept names were implicitly elicited. These nzmes would. be
qi: -2 useless for temporal coding and may have prevented the devel-
om=nt of interrelationships within a list, which woild occur .had
_ui. - i:zht lists been made up of unrelated words. _

17

--rrelational (~3w’de'n(:¢s'.a‘}i In “xperiment 13, we found at best only

w % evidemce that the ability to learn the tasks was related to the

wsta-‘'ishment of valid temporai codes. In general, the same conclu-
<o» vas reached for the present experiment. For the tnmixed-list
c-oJitions, the correlations between number of words correctly
e -lled and the number of list identification errors were —.09, .18,
an. .15. none of which is statistically different frgm zero. For the
n-zed-list conditions, the values.were - .37, —.36, and —.34. The.
on51stency argues for a reliable relationship. It may be remembered
2t such a relatlonshlp was not found for the free-récall lists in
#(:Jenment 13. 196
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had no mﬂuence on temf)ru f'odmg. | S
s no apparen-t Feason why - P*L,M external o
, ; rifluenced ‘the temporal coding C Ihe word
' hﬁs‘Even 1f ;&mt_‘s saigé to themselves, “Oh, that worz 3 “rom the

- list“that c fat afirer that m1rror-t1:ac1ng task * thev in addition
: “would nee%ow wigeré mirror tracing came in the sevies af ’“lght . _' s
. ’ta‘sks, if the wivgg was t.. e correctly identified with its lisc.

I have arguel@-tat ti:: true: magmtude of the influence of" semantlc

_ con:text on “mmiara i‘dmg is' difficult to determine from the

*presént data. ¥ Jides se @ réasonable tc conclude that . «ifect was
present, laxe=vfimiied & the first two and last two hst<

53__~, i » 5XPER‘IM‘ENT’15'L_’““ o :

" The purpose m;:E&pe-iment 15 was o study the influerze ¢ f seman-
© tic contexi on wiiths-ifcs: remporal czding. The subject was presented -
lists of 27 wozdis o % single stuey “trzzl. Immediateiv zfter the
presentatl.q- of & ini. zits of words wemr shown the subjécts, and
- they evere equUeSty ghoose the most < ently preszniz=d word in
- each.pair- Of ties izt airs, only ore was . critical in svainating the'
~ influence of s=maar—i: .vuntext. The ogic =.- the expsnment will be

PRY

described witih refz=»~= -0 these cri.cal pu-

~ The two tmrst - worz: in the test pairs wzr= alway s neucral with
‘respect te :he sor~2: manipulation. These Tvo worcs al\ IS OCCU-
pied positicm: 7 xwne ¥ inthe 25-word lists. ~“ontext “was introduced -

.._b;L_placmg—mu,.%ms— ;)m—theﬁsame—eeagemvopc—a{;—*eﬁ—&feuﬂd—a—a—h
- target worc, wit: vn vrecedmg the target wurd and--we following -

it.. For exmple; - owder would e coats. socks, - xyzzn, pants,
shoes whe—= - . .;.: was one of th: two target wozds. It may be
assumed thi- rhe ce-:znt name (1= this casg, clothing) would be
implicitly elizyf:od+ - zral Ximes and, th=refore, would be more

readily rerﬁetf ered omn would ti: target word. The neutral target
word may teuome & ciated with .the concept name. If it does,
‘there are two T ‘Artizi sources of posmomnv information: informa-
tion associated w1 the target word as suc: and information associ-

ated with the :ooneeg? name. Thus, dnerely on a precbability basis.
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pos:tlon mforrnatlon may be better than 1f the conte a
- mot present. Furthermore, if both target words. were silflioy
uﬁismnchvely drfferent contexts, the posrtron mformatm
the words should be enhanced. . ' '

' If conceptual context can facrhtate acquISItlon ‘of mﬁn ﬁor—
- mation for a-neutral word, then it should be possitie -¢% prrogace - . -
interference with this 1nformat-10n If both target woris wem sur--
rounded by. mstanCes of the same concept any . positive efffect of the
context would be neutrahzed -and position information vspuid.ave

~ to be based on mfonnatlon -accruing to-the target wowds pese. .

The above analysrs determmed the four basrc condmuam f the

o expenment '

. *

Cbndltlon 0: No context around elther target wort .

”_Condltlon 1: . Context around one of the target worc:

- Condition 2D: leferent context around each. tarzet worx
Condition.2S: Sage context for both target words

- The. four, conditions- weré represented by four mdemrmmt gmms
Cof 20 subjects each, For each condition, the' subjects. wer: gam 10
-successive lists. The first list glv‘ the subjects in the fw -onnrirons i
illustrates the differences in list structure for the fomr :om:mons ‘
Thesé lists are shown in-Table 6. It should be notes-hat +== two
. target words (book and river) are the same for the four lists. In.
Condition 0, no conceptual context is presented fc-"»:::'fner target
~ word, For Condition 1, four context words (kind .2 “:uh) are
posmoned by the first tar et word, but there is no —mzwx - “or the
second ta¥get wgrd. _For Condition 2D, both target waor—t e set in
«—conceptual—contexts-but—the—two~co’ntexts-are-drﬁi.,‘.,,r —znds-of
. cloth and birds). Flnally, it can be seen that, for COI::L..C“, 25, four
instances from the same category surround each target &

‘Method

List construction. - Eight words from each of 20 diffzT=nt catego-
ries were selected from the Battig-Montague (1969) nc—s. In most
cases, these were the eight most frequently given res-cases to toe
category name. TheSwords . from these 20 Categories -=te used ™

“ 193
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“TABLE 6 ' Ll - ¢
lllﬂmtlon of the Lists- Useé—-ﬂ the Four: Cnndlmonsof Expenment 15 &
" - p—
%dinon %] Condition 1 Condltion D _Corniditiop =%
1. engime engine | - T emgima- engiqev
. oysezr Qyster | " oyszI: - oystez
= formmend forehend - - forshead ' " foretemat™.
A2 reczal , Tecital reccitail recits
‘5_ buseer satin Vg | sazir .
&, lawm linen lirem: lineer )
~T- (bmok). * (book) (boaky (bock)
8. pledge “silk - sifE silk
9. telescope - rayon e rayon
IO; ghmst " ghost, o ghost
1. monarch monarch . monarch’ mgnarch
.. 2. algebra algebra algebr algebra -
. a3; disaster » disaster * . disaster disaster.
- 14. meadow - meadow’ ‘meadow meadow
- *15. worm .. worm © “worm worm
& %16, party * party aluebird cotton’
" 17. caravan caravan mwk rvlon
:& (river) (river) * ) (ziver),
9, flag flag < Tparrow. wool
20. dayligh- daylight . eagiz’ cacron~ =
21. quart quart t quart
2. devil ™ devil et Gavil
23. goblet goblet godiat goblet
24. charter charter charter charter
25. pressyre pressuze pressure pressure

Note: Critical test words are in parentheses: context words are in italics.

’

_mplement the contex” manipulation. A further 20 category names
were chosezi from the -orms; from =ac> <et of responses, a =gle
high-frequency word vas chosen. T:ese 20 words were used a the
20 critical zarget words.

The lists for Condizion O were cozstructed fitst. As a firsc step.

the

AN c:::lcal target ‘words were

zcsigned randomly to a * v anc
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or-one of the two posrtrons (7 o1 18) within the hsts From a vanety
afssources, 230 other waors were beought together -and were assigned
mmriomly to the 230 postioms, remamuzﬂ in the 10 lisss.: These 230
wrrEs had varymg frequencies szt were of several form classes. A
wiord was not used in.the pool if 1z it into one of the 40 categories
* ws=d o obtain the target v»:)rd_ ind x,ontexr words. g
The liszs for -Condition . - ygere constr;ucted next. From the sets of
BIENE znstances for-each - concepts. 10 were chessen randomly,
aze then four words ﬁo‘mun set werz chosen ranzomly. For the
isin Zor Condition 1, the “w words from a concez replaced the.
. ‘fsr neutr words for Commmn,O around one of tku: Larget words.. -
T7as. as may be seen in Teiwe =, the four kinds of clcx: were inserted
=@ ysitions 5, 6, 8,and ¢ 2= five of the 10 lisz= ror Condition 1,
fine xontext words were Uz ar sund the second »==zz& word, appear-- -
m~mg--posr&ens—lé—-l—l—l: 4%2&%:&5&;11&4' ition .
1. the contaxt surrounded u2s arget word in tmsnmn 7 or position - -
. o foilows: 7,18,18,7, 0 7.7, 18,7, 18. .
in ccmstructing the conte.r or the lists of Conition 1, 10 of- the™ *
comrzpes were used: In macczz up the lists for Condmﬁon 2b, four
instanz=s from eath of the ¢ *::mmng 10 concept: wer= used to pro-
vids 1@ context for the 1( target words not -ntex: in the
iz~ of Zondition 1. Fina’r . for Condition g.slf"rr additional
insmances of the 10 concern used for the contex% . :- thelists of
Comdition ! wer:. placed ar:umd the target words n-t Ziven context
iz (Tgmdition 1. '

4 . N - . 4
Tiudy anc test procet “E All subjects were given a practice
"“"r"‘“—'fo#: therlO**‘(pL —men- srastsThe subjects-we se-fulby-idstructed
amout all aspects of o »-ocelure. They weTe asxed to mepeat the
“g i of “hme instruclion: o ine expe=mmenter to oe .ure there was
r misancerstand 4. as - wmat was —eant by the m . recently
~—oented word L . pew e instr.otons did no cnilude any
afs -mauon abc_ b .. of conzeotually relai--. watds in the
\ T li> ~ we s Tres . o fo thg sinz.: study tria 27 a 2-second
cul ,mrreil_,, afz:- e lex word .= the list vics shown, the
v —merTer wsd o na tEmst sneet for tszat list to trnesubjoct. This

fmie=: commminea e —air tf wairds, anc the subject —vas rec:ired to

9

-«
-~ ]

()




X
ey

, EXPERIMENT 15 '129

:__c1rcle the fmost recently ~presented weord. in each pa1r The order of .

the five paigs on-the: test sheer was random, as were the leizright

£ positions of the most recent warc: in tine pair. As soon as the subject

~.completed the unpaced ‘test fer u list. the nex: list was presented.,
“and the stops were repeated for =zs serizs of lists.- 7
One pair on each test sieet was. i course, the ‘critical test pair.

However, the other test pairs were -—on without interest for under-

~stahding temporal codir:. amw ther ﬂharactenstlcs_ will now b

described. .

1. Long lag. These pairs inciuder ome word from nezr the begn-
_nimg of the list and one from x::..:txu&d of the list. These long-iag
pairs were separated by 9. 20. " _ o1 12 other words These words
were identical for all-con-;iitions. "e pair tested from the first lists
(Table 6) consisted of oy:=rer and devil, the lag being 19,
———~-—"~—Shmf—~}ag~—"£he-}ag—for‘—thcs~tnmrs was 0; 1;-or 2-other worcv
and these test pairs weré identizu for all fom zvpes of lists.

_two words were always taken iT=m zear the rmiddle of the “:, -

for example, algebra and monarcr: Zrom the first fists.

3. Withm. Within refers to recmacy tests for two words from he
same concept. The lag was threz. and’ always imvolved words from

./

positions 5 and 9 or positions 16 zad 20, with five from each across
the ten-fists. Of course, “ar Condiz=n O, these tests could ror invoive
two words “from the sa—= concer:. but the test for words in cor-
responding positions for “onditicn O served as control -estz for the
influence of concept i~snuwy ¢m ~ecency judgments. For e lists
in Table 6, the =sst 0o:- for Condidor O weas relescope and butter,
and.. £Gr all other lists. ¢ pan- was ~zyon-and satin.

4, Between. Betwesrn oteis to recency tests for two words hav:ing
alag of 10 and bom f:iling within tk= positions occupied by the
context words. The test -or-.. came f-om =ither pos:,Jons 6 znd 17

or pesitions 8 and !+, -~ z= being used for five lisws. Ageim. the
tests mmay be dlusi :t=2 1um e Lzs ziven in Table 5: Coridiion
0, czravar i~d ifgwn: C aditon . _zmavan and linen; Corczitice
2D, hews cmd boors Doaditicn 5. s fon and (Fuen. Thes  tests
allow :ompariscn - of recwacy judgmernits for two words wit: a lag
of 10. woen bot. '=st words are from ~Ze same concept or ars from
gifferami cormcepls. :udgments of.zhe nz-:tral words w1th a laz =700

-fzom Cozdition O provide. 1 control basenze.
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Results - . ' .

- ¢

The mean numbers of ‘correct recen

" the decimal points one place to the right.

"~ .Although the mean f# the control (Condition 0) is lower than the
“other three means, statistically, the. differences - among the -four

. The results for the critical test pairs awe given in the. farst row. V

means were not reliable; F(3, 76) = 1.30, p > .05. Even the largest

1 cy judgments for all item types
. under each condition are ‘shown in Table 7. Because each mean is
" .based on 10 tests, the values may be changed to percents by moving -

e

- difference (Condition 0 versus Condition 2D) was ‘not reliable
statistically (¢ = 1.82). Thus, although the judgments were cozrrect -

- about 75% of the time. the semantic comtext had no influence om.

the recency judgments for the pairs of neutral target words.

- Table 7 shows that judgments for longlag target. were far
latter being only slightly™

more accurate than for short-lag pairs, the

" petter-than chance. The short-lag pairs provided further information

An examination of the results for thefw thin- and be en-item -

- types shows that they are a little complex and it will be weX to look

" were tested, the differences just met e .05 level of significance, .

- of interest to which I will return at a late:zai‘nt. : .
Wi
h

at the statistics of the matter initially. Whin the four within meams

TABLE 7 . i
Mean Correct Recsncy Judgmers for Conmi-tions and lterm Types
(Experirmant 15)

Cor:ditions
Item tvpes 0 1 2D ST “Mean
Critice. 6.8C 7.6 780 - 25 7,38
Short lag 5.75 5.3C 2.60 . 554
Long lzg 8.7. 8.33 .75 L3 8.60
Within 625 7.60 " .60 T15 7.15.
Between ©7.08 7.50 £.70 770 773
Mean: 6.86 7.23 " 69 728

[y
o
1)
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5 _..F(3 76) 2 80. The d1fference among the four means for the.
be:gum type .of tests was also reliable (F = 3. 32). However, when

both| types of -itemis were -inclided in an analysis, the interaction .

‘between item types and conditions was far from sxgmﬁcant (F 1. 33)
although both main effects were reliable..

. There are two facts from the abdve tests that are. judged to be of .
vsystematxc nnponance First, in the within' tests, performance ‘was :
enhanced when a Tecency Judgment -was -requested for two test

‘words from the same concept cluster (Condition O versus the other
three comditions): I believe this finding can be best understood in

. terms ofrserial learmng It is highly'probable that a subject rehearsed .
- the=clus#er of four related words in serial order, and the first word

-was usually known to have been the first word in fhe cluster. Given
this knowledge, the fact that performance under Condltlons 1, 28,

and 2D was superlor to the performance under Cond1t10n 0 would -

—beanticipated; T

The second fact concemns the between type of test 1tem¥ Per- .-
"formance under Condition 2D was far better than performance under *
Condition 0 (¢ = 3:09), Thismust mean that the two concept clusters, -

occurring in different sections of the list, facilitated -the temporal
coding of the instances of the concepts That is, semantic context
aided temporal coding for the words’ making up the context. The fact
that interference was not observed in the between judgments for
Condition 2S is taken to mean that the two clusters made -up of
mstances of the same concept must have had ordering labels associ-

ated, such as first and second occurrence of instances of the same

concept. 2

Changes in performance across the 10 lists were examined in

A}

——=eetail—The-only-consistent- finding-that-emerged involved theshort-- - —

2g tests, where performance on the first five.lists was at a chance'
. izvel (50.8%) but increased to 60.0% on the last five lists. The short-

ag tests included five tests of zero lag and five tests of pairs having

iags of 1 or 2. The change in performance between the first five lists
and the second five lists was examined separately for the zero lags
- and for the lags of 1 and 2 combined. The former increased from

:-45.6% to, 62.5%, the latter from 54.2% to 56.3%. Overall, the per-

- formance was essentlally equivalent for lags of zero and for lags of

j 133 .
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s 1 and -2.__Th._isf_ﬁnding' ég_ain suggests that serial leamil_lg may provide
~. valid information for recency judgments. Whether the increase inx-
- performance over Jists for pairs with lag zero was due’ to an inten-

+ tional strategy of serial learning is not known. "’

-

i

‘ _Summ_.aryi"‘ : : ~ i
. : 3
‘The within-list manipulation of semantic c:onteigf produced no ef{ect .
on the temporal coding of the neutral target words. This was true in '
. spite of the fact that there was evidence that the concept clusters -
‘aided the temporal coding of the instances of the concepts within the -
clusters. The logic of the experiment leads to the conclusion that the
neutral target words embedded within the concept clusters did not

\

become associated with the concept name. If suc\h. associations were
" established, the subjects -did not use this information in making
‘temporal judgments for tie neutral-target-words— : o

EXPERIMENT 16° -,

The final gxperiment to be reported had two purposes- In Chapter 2,

" it was pointed out that no studies on within-list temporal coding of:

_ verbal events have been donein which the number of different events

falling between two targets was the independent variable. Of course,

the usual lag manipulation represents a variation in the number of

"different events, but such manipulations are confounded with the

true time between the targets. The first purpose of Experiment 16

. was to keep the time between T1 and T2 constant while varying the

——e -number,ﬁof_d’ifﬂe,re,ng verbal evénts which occurred between them.
Basically, this is a manipulation of event frequency to-see-if recency--

- and lag judgments are influenced,thereby.

One of the classical findings of research on the judgments of the
_duration of short temporal intervals is that an interval filled with an
“activity=is judged to-be shorter than an equivalent unfilled interval.

. Loosely speaking, filling an interval with many occurrences of the
#) came .event wouldjcorrespond td?’g&p unfilled interval, and filling an
interval with many different event§; even of the same class, could be

Rl
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onSIdered a ﬁlled mterval Whether the analogy is appropnate is
early debateable ‘In any event, in the present experiment the
number- of different. woids falling between T1 and T2 within a list-
was: the ‘independent vanaf)le, there bemg three levels. Using the .
: w0rd repetmon to indicate mhltiple occurrences of any. frequency,
' we may speak of the density. of repetition as the mdependent vari-
. able, and; in the present experiment, the three density levels will be
" called low medium, and hlgh ‘Following the presentation of the list
for study, the subjects made . recency-judgments for T1 and T2, fol-
IOWed by a lag judgment. The empmcal quéstion is whether these =
*measures of temporal coding will change systematically as a function ~ ~
of the den51ty of repetltlon of the wards fallmg between T1 and T2. "
"The. second purpose of this experiment was.to study the. inter-
relatlonshlps among performances on three d1fferent memory tests
: taken after the study of a list. The memory tests, in addition to the
temporal tests, mcluded recall tests and frequencyjudgmg tests I

dlfferences in theory fon‘nulatlon (Underwood 1975). In the initial
- stages of our studies on temporal codmg, we attempted to nnplement
“-this. approach. Two experiments were. done on what we have called
. the. mtegratlon of discrete units in recogmtlon memory, when the
units were presented at different points’in time. For example the
E _t_wo words foothbrush and heartache were presented at different
. positions in a long list. On. the test, the subjects ‘decided whether or
 not the word toothache had been presented in the study list. It
had not been presented, of course, but could be derived from the
> elements (footh and ache) of words actually presented. 1t seemed
~ reasonable to presume that the likelihood of a subject accepting the
derived word (a false alarm) would be related to the separation (lag)
——of-the- two~inducing-words-in -the -study -list.- If- this-were- so, we ...
reasoned that subjects. with good temporal coding would produce
fewer false alarms than would subjects with poor temporal coding.
The test of temporal coding that we constructed at that titne was
reported in this book as Experiment 2 (Chapter 1). As was noted,
~we were unable to demonstrate reliability in our measures; hence, we
« were unable to proceed with the plan. As it turned out, the lag in the
recognition studies was not a relevant variable anyhow, and so ‘the
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: ':",4;,-entire" dpp;dach was ;completely;- aborted. The récognition data are

. " presented elsewhere (Underwood, Kafelak, & Malmi, 1976). =~

*. . In Experiments:13 and 14, learning measufes were ‘at best only
#. " "marginally related to between-list temporal coding..In the present
. study, we are asking about-the relationship for 'withix—l-list measures, .
i with the recency judgments used as the index of temporal coding, If, -
,as we ‘were beginning to suspect, recency judgments were based on
somie- form of ‘assotiative learning, a relationship - between_ recall
‘and. recéncy judgments should emerge. If the. density variable was -
" found to imfluence the recency judgments, the magnitude of the.
' effect amang subjects may be relatéd to the accuracy with which
- individuals peiceive frequency differences. . C S

Methqd VE

- .

~ -

The task given the subjects may now ‘be described. They- wére pre-
“sented a list of 18 word triads-(e-g--ought-climb-funny)-for.a single. _
_study trial at” the relatively slow rate of six seconds per triad. Two of
“the 18 triads constituted the critic;_a‘fl'ones:(Tl and T2) for deter- .

. ‘mining the effect of density of repetition on recency and lag judg-
_ ments. These two target triads always had a lag of seven; they weére
~separated ‘by seven other triads. The density of repetition varied.

among the words used to construct these seven intervening triads,
the number of different words being 19, 14, and 9 for low, medium,
and high density of repetition, respectively. The fully instructed

subjects were given 10 experimental lists. After each list they: (1)

made recency and lag judgments on two sets of two triads each (the
" critical target triads and two others having varying lags); (2) made

frequency judgments for three single words, with true frequencies
~————peing-0;1;-2;3;-and 4 when- zests,,acrbss all fists were considered;

and (3) -tried to complete a triad by’ recalling the missing word
“when two of the words were used as cues for recall.

A S .

List construction.,, The manipulation of density of repetition
between T1 and T2 produced a difficult decision because of a
potential confounding. Consider the difference between high density
and low density of repetitiorramong the 21 spaces in the seven triads’
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fa.llmg between Tl and T2 If denSIty is varigd ‘only among these
tnads and_held. constant among all others, then,-of necessity, the

total ‘number ‘of dlfferent words in the lists would vary. A proper s

solutlon would requlre (at the minimum) an orthogonal mampula-
"tion of the densny of - repetmon -among the seven critical triads

betWeen T1 ‘and T2 and the den51ty of repetition among the triads . -

outSIde the seven critical ones. ! Because I did not’ choese to urrdertake
an: exp% ent of this’ magmtude without havmg some feel for the
. effects offthe u'fdependent variable, I decided to live a little danger-
) ously. The number of different words in all lists was kept constant
for all conditions. With the condition of high density between T]
and. T2 ‘(List H), therefore, the density of repetition among the
other triads wgs low. When the density of repetition between T1 and
T2 was low (List L), the density of repetition among the other triads
was high, It was hoped that the results for the condition with medium
\ngsity of repetition (List M) between T1 and T2 would be of such
ture as to help decide the source of the density producing differ-
ences (if such dlfferences did indeed occur). In List M, the density of
repetition was the same thoughout all'sections of the list.
The practice list and each of the 10 experimental lists contained
18 triads (54 spaces) made up of 40 different words. A total of 446
five-letter words was selected. Of these, 421 were all of the A and
AA words listed in Thorndike and Lorge (1944), except for con-
" * tractions. This list was prepared by my colleague, Carl P. Duncan, to
whom I am grateful for its use. The remaining 21 words had frequen-
_cies of 40—49 per million. Of" the 446 words, 440 were required to
construct the 11 lists. The remaining six words were used as new
* words on the frequengy-judging tests for six of the lists. Al assign-
" ments of words to function, list, and position in ggrads were done
randomly. The only restriction was that a word could not oceur
" more than once within a triad. Repetitions, therefore, always occurred
among triads. .
Within each list, there were at least eight unique triads! in that
: each word in them occurred only once in the list. Two of these
. eight | unique triads occupied positions 1 and 18 (gnmacy and recency),
and two were used as T! and T2. These four unique triads had
identical functions across all three types of lists (L. M. H). The
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L posmons of the four temaining unique, triads dlffexed for the three
s types Of lists, as will be described shortly. The unique triads, mcludmg _
7. primacy and recency tnads ‘were used in recall tests and recen '
judgment tests. ‘ CK
. It'will'be helpful to examme he l1sts The ﬁrst expenment lists_
of the three. types are shown in able’8.. The construction of Eist L= !
C will. be described first. The eight unique’triads were first placed into-; i
pdsition; these included the primacy and recency triads, T1. and T2,
‘and four others falling in the seven positions between T1%nd T2.
_Then, a single’ word (about in Table 8) was positioned three times in
the remaining nine vacant spaces of the 21 falling between Tl and
T2. The remaining six vacancies were filled by six different words.
., Thus, between T1 and T2, 19 different words occurred, ‘of which
", 18 appeared once and one appeared three#imes. It was an intuitive
belief that, for List L, the seven triads between T1 and T2 should +
not have zero repetition; thus, one word occurred. three times. '
As a fina] step, the remaining nine words (of the 40 required for the*
list) weré used to fill the 21 spaces in the seven triads occupying -
~ positions 2, 3, 14, 15, 16, and 17. In doinf this, two words were
used four times each, two words three times each, two words twice
each,. and three words once each. This provndes a hlgh density of
repetition among the triads, which occurred before and after T1
and T2. -
List. H was constructed by simply movmg the triads of List L:
The triads in positions S through 11 were moved to positions 2, 3,
14, 15, 16, and 17, and those occupying the latter positi‘ons in
List L were moved to the positions between Tl and T2. List H,
therefore, has a high density of repetitioni between T1 and T2, with
* a Jow density among the triads occurring beforé and after T1 and T2.
o A slightly different method .was used in_the construction g)f Llst
' M. The primacy, recency, T and T2 triads were exactly the same as
for the other two lists. The other four unique triads were positioned
so-that one occurred in the positions before T1, one in the positions
after T2, and two within the seven positions between T1 and T2.
This left-10 triads (30 spaces) to be ingerted in the list, with five of
the triads being between T1 and T2, and five before T1 and after T2,
The 16 remaining words were used to fill these spaces. with two
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~TABLE 8

The First Experlmental L|s for Each of the Three Condmons of

Experiment 16

~

" List L List M List H
BOW ‘ought—-chmb funny ‘ought—climb—funny - nght—chmb—funny
- 2. match—table—fresh shor'e—match—fresh earth—sharp—about
.3. fresh—shore—match flock—scene—event about—flock-event
4. thick—check—small thick—check~smgll 'thick—check —small
5. earth—sharp—about treat—flock—watch match-table—fresh
"~ 6. about—flock—event awake—chose—grief fresh—shore—match
7.  throw—clear—treat humor—event—treat ‘awal%e-—early—grief
8. plain—cause—about flock—aside—throw match—shore—fresh
- 9. enter—scene—watch table—early—steel match—shore—grief
10. humor—aside—su plain—sugar—clear awake—chose—steel
.11, never—bless—tooth event—throw—enter shore—awake—chose
12.  carry—round—empry carry—round--empty carry—round-empty
13.  awake—early—grief cause—never—plain throw—clear—treat
14. match—shore—fresh event—clear—enter plain—cause —about
15. match—shore —grief about—earth—sharp enter—scene—watch
16. awake—chose—steels bless—flock—cause humor—aside—sugar
17. shore—awake—chose throw—tooth—clear never—bless—tooth
18. vader—field—linen under—field —-linen

under—field—linen

t

Note: The critical target items, T! and T2, are in italics.

[

words occurring four times each, two words three times each, four
words twice each, and eight words once each. The result was that the
density of repetition. was constant throughout the list as a whole,
with the average number of words (across lists) used in the triads
between T1 and T2 being 14. Thus, Lists L, M, and H had 19, 14,
—and 9 different words, respectively, falling between T1 and T2.
For the lists in Table 8, T1 and T2 occupy positions 4 and 12. To
avoid the remote possibility that the subjects might learn to expect
a recency test for the two tdads in these positions, positions 5 and
13 and positions 6 and 14 were used for T1 and T2 in other lists.
This was randomly determined. Positions 4 and 12 and positions 6
and 14 were each used in three lists for T1 and T2, und positions 5 .

and 13 1dent1ﬁed T1 and T2in four lists.

. 139



1Y 5. BEYOND THE PUZZLE

Tests. Recency tests (and the corresponding lag judgments) and
recall tests were always conducted using the unique triads. For the

" récency tests, T1 and T2 were always tested, of course: In addition,. -

"two other triads were used to form'a second recency test for each

. list. The lag for these varied from list to list across the 410 lists and- ‘.

. also differed for Lists L, M, and H. Three triads werée used in the =
‘. recall-tests for each, list; hence, a total of 30 correct resgonse's' was
"possible. Frequency judgments were made for three words in each -
. "1‘ist'(_i'n six lists, the third word was a new word). Across the 10 lists,.
the 30 judgments were made for six words at each of the five fre--
quencies (0, 1, 2,3, 4).

4 test sheet was given the subject immediately after the last triad
was shown on the study trial. The tests on the sheets wegg always in
the order of recall, recency and lag, and frequerey. ywever,' the
subject could make the decisions in any order he chose. For the
recall tests, two words were given, with a blank identifying the missing
word: noise- stood. For the three triads tested after each list,
the missing word occurred once in each position. For the recency
tests the subjects were asked to circle the most recently occurring
triac and then to circle a number from O through 138, to incicate the
18 “he order of the two triads on the tests varied random:y. Three
wo:-- were given for the frequency judgments, with the subject
req ... :d to circle a number (0,1, 2, 3, 4) to indicate the number of
tim .- =zach had occurred.

T = tests were unpaced, but a maximum of 2 minutes was imposed
to rrevent the subjects from spending an inordinate amount of time
triig to recall the missing words. It should be noted that the tests
for a list never involved the same words or the same triads; that is,

. the words in a triad given for a recency judgment never occurred in
either the recall or frequency tests. For some of the recall tests and
for some of the noncritical recency tests, the primacy and recency
triads were used. In effect, then, the subject could expect to be
tested in some manngr for words from every trad in the list.

N . .

Procedure and subjects. ('omplcl'e instructions concerning the
nature of study lists and the natug of the tests were given before
the practice list. The subject then r{[&utcd the gist of the instructions

3
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‘to the expenmer after the tests on the practice list, any further -
Tu“@‘fiﬁs were apw&ma the study trial for the first experimental
o list followed. The swtire procedure required about 50 minutes.
.. Three groups oi #€ subjects each were: assxgned to the three hsts,
by a block randomm::: schedule . v R

MY

i -ReSUItS‘ ‘ . 4 ‘ ’
Critical target words. Each subject made 10 recency judgments
for TY and T2, these target triads being identical. for the three list
types. The mean numbers of correct judgments were 7.25, 7.75, and
8. 05 for Lists L, M, and H, respectively. These values suggest that
correct responding increased as the density of repetition between
T1 and T2. mcregg,d but the effect lacked statistical reliability,
" F(2, 105) = 2.36, p > .05. Although it is remotely p0551ble that
~ contrary effects could have been produced by the reciprocal density
- (as discussed earli=~" the most reasonable conclusion seems to be
that the repetitior :riable was of little consequenc. ‘>r the recency

judgments. :
The true lag fo- he critical iirget words was seves. The mean lag
judgments were | 3. .54, anc 3.52 for Lists L, M. and H, respec-
tively (F < 1). Tix :ug judgmer:. were obviously not influenced by

the repetition var: An excination was ~ade of the recerncy
judgments and - . = iug judgr =ats from lis: o list. The recency
judgments-did r - _nge in any systematic wey across the 10 lists.
The lag judgme s .crgased a small amount. the increase being
largely confined -~ “irst three lists. )

The lag judgn. - il recency -uagments for the critical items
have heen exam: .= . several w. :. and all pomt toward two

__conclusions: The .. .ot~ had onli 3 vague

and lag judgmen .r: unrelatec o recency judgments. The IOl- ‘
lowing facts have .- - ::.iese conciusions: -

4. The standarc - -.rions for the 10 lag judgments were calcu-
lated for each sut <o il trate *he outcome, it was found that
for List M : -~ siandard de .tid#: -aried betweens.98 and 4.03.
Individual laz .«.:cm: - varfec 2twe=n zeroand 18, the two extremes _
allowed the s, ‘ P
Y E . »
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2. Lag judgments Werq essentially equivalent for corgact and.

_ -incorrect recency decision E
" 3. On'the sixth list, T2 {occurring as the thirteenth triad) con- .
.-, -sisted. of upp,_er-birth-love'r.. For whatever rgason, salacious or other-
" _wise, 106 of -the 108 subjects gave a correct. ecency judgment for .-
the- pair-of triads. For the fifth list, only 7%0f’ the 108 subjects: . : |
made a corfect recency decision for the crifical targets. Yet, the:. .-
mean lagjudgments were almfost identicat for the two cases:-5.95 and

"5.96. ‘ ’ _
4, The mean deviation of the lag judgments f*~m- the true lag
for each subject was correlated with the number .- .agect recen

. . judgments. For the three lists the correlations wez: 12, .17, and
-.23.

Other recency and lag judgments. The subject: uco .2 recency
and lag judgments for 10 other pairs of target trizds. Scm. of these -
triads had occupied the first or last position in the ist. an. the lags
varied from 1 through 14. For all of the lists ccmoin=z. = mean
number of correct recency judgments was 8.09. = cucr suoiact a

" rank-order correlation was calculated between tru= iz .nc cumated
lag for the 10 tests. Of the 108 correlations, 8; w=r= po. o= and
27 were negative. The overall mean correlation wa: .t wrint while
relia=iy different: from zero, does not indicate a .ory s smmal
relat . nship between true lag and the lag estimates.

F.2zall.  Each subject had the opportunity to recall 30 w rz. The

numoer recalled varied between O and 28, with a mean -7 0.i6
(33.9%). The three groups did not differ reliz~.y  “h: locus =i iz
missing word (first, second, or third positon in = riad) did not
—___influence recall, the values being 33.5;32.8,and 3. respectively,

for the three positions. An analysis of recall as a junction of the
position of the triad in the series of 18 showed there "o be noprrmacy
effect. The recency effect was limited to the last tri_Z.

Frequency judgments. The subjects estimate. nc rrequency of
30 different words, six at each of the five frequenc evels (0, 1, 2,3,
4). They were required to restrict their «estimate: to the values O
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through 4, Overall the Judgments showed the usual 0verest1mat10n o
“for 16w frequencies and underestimation™for high" frequencrey The=;~ -
prOduct—-moment .correlation between true -and estimated frequency S
for the 30 words was used to reflect each individual’s sensitivity to
frequency differences. The, mean correlations Were .69, .69: and 66

for Llsts L M and H reSpectlvely Only one of the. 10 .subjects

. IR
4 A. .?

Correlatlons among tasks It will be remembered thax ach sub- -
Ject made 20 recency jfudgments, 10 on the critical targetc and 10 on
targets having varying lags. We had hoped that reliabiizy of the
. recency judgments could be demonstrated by correlating tie number
- of correct’ responses on each set of 10 judgments, although, we
fealized that chance factors in the two-choice decisions cowid make ™
_this troublesome. The correlations were positive, but low {28, 32,
.07, for L, M, and H). Nevertheless, believing that summing the
number correct for both szts would reduce the role of chance facters
in the individual scores. .z proceeded to determine the correiations
across tasks.. As indicated. ~he total correct for the rece=cy judgments

was used as one measi.te _he other tw: easures were total reca’.
and the product—mo==r orrelations :.ulated from the fraquen. .
iudgments. Each -: ¢ individnal - —:lations =:c transfcrme:
t» a z' value before calc .lating . . - ations for the frequenc:
i_dgments across tasks

Initially, the corrzlati. s among the s:.ores on the three tasks were

determined for each list. These correlations were then transformed
to the z* measure, averaged for the three Yists;and then retransformed
to r. The correlations will be given fo: zach list in the order of L,
M, and H, with the average co_-elatlor in parenthesis: recency X
recall, .70, .56, .34 (.55); recency" ‘%: frequency, .37, .60, .27 (.42);
recall x frequency, .58,.73,.23(:55). These data support the conclu-

. sion- that within-list recency judgments are mediated by attributes
that are related to those involved in recall and in frequency discrim-
ination, particularly the former. It seems fairly certain tat given
more stability in the recency scores for individuals than was true in
the present data, the relationship between recency scores znd recall
scores would be high.
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DISCUSSIOI’I

o S - I

0

The mdependent varlable, repetltlon density, had no clear effect on
‘recency judgments. If, as the cumulative ewdeﬁce' is beginning to
suggest, recency Judgments are based on associative learning; then
- perhaps the repetition denS1ty would -not be expected to be of
importance. I will leave tonthe next cha;g.er some . speculatioris as -
to how associative leamm%?a\ nediate récency judgments.. It Was
probably more reasonable To beiisve that repetition der:::y would
influence lzz judgments more than it would. influenc: recency
judgments. 3ut. again. *tz cumulative evidence is poirtag to the
‘fact that iaz jiigmer ™ zre largely guesses; lag judgments cannot .
__be handled wizw any -,.:igf_w the memor attributes
available t= the bubjec_,

d

SUMMARY \
The description he 16 experiments designed to st ay factors
‘nfleencing temp == coding is complete. it .seems tha a ghastly
aapit  afflicts m = L\aenmenta! ~chologists & thew prepare

cheir manuscrip... 1 €5¢ MAanuscripts are usually sprinkled liberally
to use a cliche +:th the most deadening ‘batch of cliches ever
ased n ?omkmumcar ns among reasonably intelligent people. Some
examples: (1) “More research is needed'”; (2) “The results are more
compiex than anticiated” (3) *“This is a progress report”: (4) “The
exploratory nature of th: =xpenment is obvious”; (5) “Future
:xpe-iments shoulc ‘larii the matter.”” | herewith declare all of
these to be appropr:. 3 for the experiments reported here.

)=
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',-_In theory, it wouldfsecm all research has a natural or logiczal ending,
~«namely, - that pomt at wi ch the understanding of a phenemenon is
' _’~complete In’ practics, there is no end to research; there are only

-pauses. Solutions for natu]re s puzzles occur at a given level of analy- ~ -

"sxs and, after a pauss, "the work mmoves in new directions 1t to dif-
ferent levels of analysis. I rather dubt that any scientist ev: ~ became
unemployed because his understanding of a phencmenor vas com- -
- plete or total.
A pause in-the research represents the natural point fo: the iinal -
—_stage of any maior research 2:fort, that of making ths find:mas .
public through the writtenwrepcrt. Yet, for many reasors (not -1
=.of which are easilv d-fended). ~csearch is frequently published evin
. if it has not reachec a logical -»>int of pause. Sometimes we ev-1
commit ourselves to . report b=:3re we know fully about the charac-
teristics of the data t.pon whic: :he report is to be based. | menticn
these matters to reveal my awar=ness of the fact that a pause, rat" r
than occurring as = natural or lczical < nding tc : series of’studies. is
sometiines reluctantly declared. .

This final chapter will be concerned first wich a summary of the
basic findings in the three areas of temporal coding that have been
identified: within-list, between-iist short term. and between-list in
the long-term studies using the oroactive inhibition paradigm. These
summaries will be interwoven with: (1) a discussion of problems and
issues that seem to be associated with differences in methods of
studying temporal coding; and (' <3me >XPidNaIory N LONs.

WITHIN-LIST TEMPORZL _ CODING
Metrods and Findings

Three sets of operations have been used to measure within-list
temporal coding. First, a list of words is presented for a study tnal
after which the subjects are asked to identify the position held ny
/
‘ 13

. N
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each item 01\; the study trial. Experzmerts 4 and 5 used this ethod.
—~——Secends—after -a~Hst- ic presdfted for study. the subjects are given
- pairs of words from the list and are aw¢2d 12 choose the most recently

- ogcurring word in each pair. In the present series, Experiments 2. 11,

5, and 16 used this method, which 1 h.ve called the-discrete-list -

ethod. 'In the third procedure. the continuous-list procedure,'thé
subjects are shown a long series of v-ords and, periodically during
the showing, are asked for recency judgments on pairs of words.
This technique was not used in experiments reported here. In the
second and third methods. lag judgmgnts may be reques<ted in
addition to, or in lieu of, recency judgments.

One might think, as I did! oniginally. igat these methods must be
at least roughly equivalent for the pug-ose of measuring "cmporz:
coding. Having completed the studie® :nd having examined the ™
results they produced m conjunctior +1th the results .~ other
“investigators, | zm forced to conclude that " was some izl naive
about the matter. I should have known bette- Having ©:=n trained
in a functionalist atmosphere. | had no reason to foriz: the oft-
repeated dictum, ‘"The influence of an indeoendent v.iriable may
vary as a function of the methods used to avestigate 1.0 It now
appears to me that one of the central problénw that emerges is that
“these methods do not alvyays yield vquivalent estimates of the effects

of some independent variables 1 will review some o - - Zence
leading to this corclus.on.

[ have carlier descrped the first pro~:m Whensubjec: - ~ed
to make position jucaments of indradul words after .. e s
giver ror study ther decisions sho - o lear relationsh:r w- "7 Tue
position. However, v en pairs of w -d- .re taken from ¢ - and
lag judgments requ.ied. no relat. 1s: 1 evident he vz the o

i} judgments and true .z¢ (Hintzman, = -y & Block, 197 1 .o
jects had knowledge that allowed tner to madke reliable ¢~ iOn T
judgments, why cannot they make re: shle lag judgments 28
conéretely, if they could with some accui.. . identify the posit - of
T1 and T2. why cannot a difference score ne Jerived to mat 0 aE
judgment?

Obv10‘u:. subjz. do not seenn to - 2T T transaat o ton
informatt o for tw ites nto g ntemen o be ask out

O

ERIC
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o the number of other words WhJCh fell between*T1 and T2 rfiust meat}ﬂ
_.SOmetmng quite_different from being asked; about the ﬁomtton each

~ held in the list. In©onjunction with this problem, it should also be

' remembered that subjects do not operate logisally with regard to .
.lag Judgments. Logically, if a subject doesn’t know whether T1 or
"~ T2 was most recent, it would be proper to assign a short lag. That is,
it would be loglcal if the'subjects “believe’” that lack of valid infor-

’ ',f’matlon for making a lag judgment is "because T1 and T2 occurred
close together. Either they have not internalized the presumed ‘
vposmve correlation between apparent recency and lag or, if they
have, realize it is fallible. ,

A second pr‘o\blem arises because of the lack of relationship

) between lag and lag judgments in our studies. It is true that our-

— “expériments usually showed a slight and statlstlcally significant lag
i effect (Experiments 2 and 1), bufto find that the subjects could
not improve lag judgments over trials makes it highly likely that
the ‘small lag effects are the result of correlated information. For
" example, in Experiment 16, there was a positive correlation between
lag and lag judgments for noncritical items, but it seems possible
that this was due to primacy and recency information for the list.
Lag and lag judgments have bgen related in the continuous-list
procedure when the judgments were made for repeated items (e.g.,
Lockhart, 1969). In Experiment 11, repeated words were used arid
a slight relationship was apparent, but again there was no increase in
— the relationship across the three trials. Small effects have also been
found for repeated words in the discrete-list procedure when the lists
were long, but no effects were found for unrelated w_dtds (Hintzman,
~Summers, & Block, 1975). I think it becomes <lear why I now lean
~ toward the position that, in the experimental situations with which
. we work, lag judgments are simply, not appropriate for jndexing ,
" temporal coding. I restrict this to the expmmﬁcn—ﬁevmse —
the evidence from Experiment | showed that, when lags are measured
in- months for naturalistic memories, lag and percéived separation
re related. \ ? /
' The relationship between lag and recency jullgments also seems to
depend upon method; correct recency judgnients in the discrete
within-list method are not importantly determined by lag length.

~
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Agam in Experiment 2 there was a slight effect of lag.on' recency
"._Judgments in Experiment 11, this same slight relationship was foux‘id .
= for*somer‘of“the—condltlons—Several—blts -of-evidence-from-the- Jud S

L ments on the cr/uaal items of Experiment 16 indicated that recency - -
Judgments and ‘lag. Judgments were unrelated.and that the latter . -
Judgments were largely guesswork. On the other hand, in the con- .

- tinuous-list ‘procedure, correct recency decisions clearly have ‘been'
.shown' to increase as lag increases. For example, Galbraith (1975a)
‘found . this to be tflie with subjects from the third grade, from the
" sixth grade, and from college, for both words and pictures.

Thus, it appears that there are several problems posed by factual
disagreements, which apparently result from differences in the - -
methods by wl;uch ‘the facts were tecorded. In order to see if some

_____resolution of these problems can be realized, I will now turn to some
theoretical notions that I have found to be of some use in thinking .
about, temporal coding. The first theoretlcal idea is the recency
principle.

The'Recency Principle - AN

I have pointed out in Cﬁapter 2 that we are able to deal with verbal

units being studied at the moment without serious problems pro-

duced. by intrusion of other units of the same class, or intrusion of

units recently acquired in the same situation. This has been said to

be due to a selector mechanism. For the present, [ will speak of this °

capacity to isolate the material of the moment to be the recency

principle. As a first step in a more thorough explication of the

prmC1ple I want to look at it within the temporal coding context.

Suppose I present the subject a series of verbal units using ‘the

continuous-list procedure. Immediately after presenting T2, I show
W%{ﬁd P2 and-ask -which-was-most -Tecent—kt-seems

‘beyond doubt that we would get 100% correct recency judgments,

regardless of where T1 occurred in the list. Why would performance

be so high? Some might suggest that it results from the fact that TZ"

was in short-term memory and T! was not. However, I suspect that

if the T1-T2 lag was one item, so that both T1 and T2 would be

said to be in short-term memory by the usual convention, the recency

148
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,Judgments would still be 100% correct. The percentage will sure]y
;fall- as‘the interval between T2 and the test increases. The recency
: rinciple-is as_just:stated; Jmmedlately -after the perception of an_
1tem, temporal information for that item relative to “other items
* “-coming before it is perfect, but as tune passes the 1nformat10n

‘! avaﬂable becomes less and less reliable.

- A recency prmc1p1e or some pr1n01ple similar to 1t seems to me
- to be an absclute necessity as a means of. accountmg for orderliness -

g in behavior dependent upon the memory system. For example, I do
~ +not see how it is possible to ‘genergte 'spontaneously a series of
", sentences that are logically ordered as to meaning, unless we can

. distinguish between the last sentence produced and the other sen-'

tences produced prior to”it. Indeed, I suspect we muslt\distinguish
" between the last two or three sentences generated and those generated
“Tearlier, if the oufput ¥ to be orderly. Corsidér some ofher situations.
: _On aural free recall, we can be quite sure that, if a subject produces a
word twice, there will be a number of other words separating. the
- two occurrences. If we ask a subject to name as many different
" instances of a large category as rapidly as ‘he can think of them, I
\Nould be confident that the probability of repetition would be
glated to the number of intervening items produced.
~ In spite of the fact that I believe a recency pnncxple 1S a necessity,
there are problems attending its use as an explanatory concept in the
context of temporal codjng in general. Some of these prgblems must

be mentioned: ]
™

1. Although it is remotely possible that recency discrimination
has a fixed rate of return to a baseline, it is more likely that the rate
of loss of recency information is influenced by events that occur
after the moment that recency is -established at its maximum level.
Ignorance concerning the time parameters may Jead té an l{ndisci~

—plined-use-of recency-as an explanatory.concept. ... ...

2. I have no objections to the concept of strength when 1t is

used to describe the relationship between number of repetitions of
an item and the probability of recall or recognition. However, the
recency principle is not a strength theory in that sense, although

predictions from a strength theory and a recency principle may

overlap.

149 -
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3. The recency principle may be viewed entirely in the abstract.
- This is to say it may be postujated without identifying the particular
_content_of the memory that is involved. This is out of step with the
S general Stientationwithin which F-have-been working,-the .orientas
_ “tion involving attributes of memc -that are identifiable by analytical -
" experiments. The fact is I haye’not been able to remove the recency
" principle from its abstract position. If, then, I speak ®f thé recency
“attribute, it will be recognized that I am merely using an alternative - -
" way of speaking about the abstract recency principle. ' '

With the recency principle before us, I will now list the assump-
tions which will be use{tp; gee if some resolution of the problems
mentioned earlief can be achieved, as well as to account for other

" basic facts that have evolved""rfrom the experiments on\within-list
encodinmwill ‘be seen, except for the recency prirjciple; the
~T T assurnptions are really nothing but strong-empirical gengfalizations.

&

Basic Assumptions

. The recency principle identifies the only mechanism that
provides direct age information about memories.

2. All other temporal codes are derived from associative learning.

3. Temporal codes can be established by associative processes
only when a known ordering system is involved in the associative
learning. . .
. 4. The lag between two memories as manipulated in the laboratory
is irrelevant to temporal coding.

Associative Learning and Temporal Coding

' Itisnot my intent to explain how associative learning occurs. Asso-
’ ciative learning will be taken as a givens and the discussion will
revolve.around the particular paradigms of associative learning that
seem to me to be involved in establishing temporal codes. .
As was argued in Chapter 2. serial learning provides a basis for
inferring order of events. This cpnclusion scems se self-evident that

2
N
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we drd not seek analytrcal ev1dence on the matter And since serial -
learmng is- of srall consequence for. the explanatory problems faced '
‘the present, data, T will dispense with' any further discussion of it.

v
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importance in estabhshmg temporal codes is what I will cali two- -
category classrﬁcatron le mg ot much ‘work. has been done w1th
'"”"thls paradlgm, but’'s df thte ev1dence avarlable is quite startlmg

"I will- illustrate this by rewewmg a. study performed by Ghatala, -

~"Levin, and. Subkoviak (1975). Chlldren from. the fifth and sixth -
grades were shown 80 d1fferent words ‘at-a 4-second rate. Half of
the words were underhned ‘and.the underImlng was a slgnal for’ the
_'subject to- pronounce. that - word. When the word was not under- >

- lined,. the’ subject remained silent. After a single study tnal the -

" words were presented at'a 3-second rate, -and the- subjects were ‘asked”
. to’ 1dent1fy ‘the-words ‘that- they had- pronounced on the study trial”
(“Yes") and those théy had not pronounced (“No”). The subjects
- were able to; rfespond correcﬂy t0:86% of the words. In view of the
. fact that some-of the woids might.not even have been recogmzed on
the test, the Jlearning of the- proper class1ﬁcat10n for. each of the
words must-be considered to be qu1te high.

‘Now, we need to consider within-list expenments such as Expen-
ments 15 and 16. In thése expenments there were two cntlca} targets,

"

" gné in the early part of the list, one in the lattér part. Let'us assume =

that the subjects classified the items mto two or three categones
- such as “first part,” “middle,” and “last part Récency Judgments
may then ‘be mediated by this information on the test when T1 and
T2 are shown and a recency judgment required. The critical target
- words occurred in the first and last parts, and, if such, verbal labels
‘(or' similar ones) were associated with the target words, correct
recency judgments should have resulted? Furthermore, the classifica-
\hlon provides no.information for a lag Judgment or, at best, only a
-crude lag judgment. In Experiment 15,° recency judgments were
requested for short-lag pairs, which had occurred in the middle of

' category form of learning would not mediate correct T judg-

" the list; performance was only shghtly above chance. Eve?: three-

/ "ments for such tests, although, when the lag was zero, s 1 associa-

2

tlonscould_produce correct responding. - o ' b
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o When recency Judgments are’ found to be correlated Wlth lag, it .-
s my belief - that it results’ from a classification 1mp1y1ng order for -
‘one’or both: of the target ‘items. "For example, in Expenment 16, .
‘_‘“”"tlﬁfe_—was Some evidence that lag and” recenE“JUdgments were cor-" -
i related for the noncritical recency ‘tests, The long lags. mev1tab1y
X “ involved a triad that was near the end of the list and a triad near the -
e begmmng of . the ist. Under - these: circumstances,’ 4’ subject could
reach a’correct recency ‘decision by having classxﬁed only one ‘of the"
- targets. ‘Short lags, on the other hand, generﬂly involved two triads
*'that mlght normally be expected to be given the same classification.
- 5. The mdependence of lag and recency Judgments was mOst apparent .
' _in 'Expei"‘iment I'l. In the basic condition of'thisexperim t;the sub-
Jects studled 24 sets of A~B, A—D pairs, with the: lagvary glbetween )
. the palrs havmg a- common stimulus term There were other.c
-—txone—m«tlus -experiment, -but--1 assume the-same: .explanatiofi.
_ ! - cover all of them. The results showed: that the subjects had no gain 1n
: '“‘“"'»lag discrimination across three trials, and, although correct recency
: Judgments increased across trials, lag did not influence these recency -
- judgments, The’ quantitative aspe&ts of the learning should be reviewed.
A4 On the first trial, the subjects were neverscorrect more than 60% of .
' f"“ - " the time under any’ condition, with chance being 50%. On the third:
+ trial, performance was never higher than 75%. Thus, in any - absolute
" .. sense, performa‘hce was not hlgh initially, and correct - respondlng
" increased slowly
- Because the. items of dlfferent lags-were scattered throughout the
hst and there was no ev1dence ‘that position- in the list influenced
correct responding, it.is obkus that associative classification learnlng
b based on list position would not mediate correct’ respondlng How-.
+ ever, a two-category classification based on ‘‘first” and ‘“‘second,” )
corresponding to A-8 and™ —D, could be learned and ‘could bg .
1ndependent of the lag between two pairs. Furthermore, corr@gt,"i."i
'v recency judgments could be made if the subject learned the appro- -
pnate classification for either of the two test membeérs. - ‘
- The assumption that associative classification learfiing is prlmanly
respon51ble for ¥ecéncy judgments, hence for ‘temporal codlng, in the -
discrete:. witmn-llg experiments is consistent with the ﬁndlng Ahat
recall ‘and ‘récency judgments were ,p051t1ve1y correlated in Experi-
" ment ‘16, This is in contrast to the between-list studies of temporal
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oding where 1t appears that assocxatrve learnmg ablhty i§ at best' o
nly weakly associated with the tempora] codmg that occurs under S
mcrdental learmng conditions. " i
As a final step, we need to retum to the contradrctrons in fact that o
‘listed " earlier and seem to te assoclated wrth the method of
tudymg wrthm-lrst temporal ‘coding.” Do the assumptrons ‘made -
“about the processes involved in temporal codmg clarify the ‘apparent -
contradlctlons The answer- Seems to be that only :a modest’ amount L
s of clanﬁcatlon is added. One of the contradictions centered’ on. the R
.. fdct that, iri ‘the. continuous-list procedure, ‘lag is related to recency
jf:-‘,,;;"_]udgments, whereas it is not in the’ dxscrete-hst technique. I see no -
“'" reasonable way .by ‘which associative classrﬁcatxon learning can: be -
- invoked. to account for recency Judgments in the contmuous-hst :
- procedure. In most of the. studies using this paradlgm the T2—test .
_"”““tervar* § Telatively short“for'example' 31075 items:Tmust- assume"““ o
- ithat w1th1p such short intervals, the recency attribute is. involved. -
“The. longer the lag, the greater the difference in the recency attribute
- for the two test items. When the T2~—test interval is long and lag-and
4 recency judgments are still shown to be related (e.g.,. ‘Lockhart,-
- 1969), the recency principle. cannot reasonably be’applied. In fact, I .
L have no account for such results, other than to fall back on the weak
" idea that they may occur because the subject fails to recognize some
-~ of the T1 test items and that this. failure is directly. related -both to
) the mterval ‘between T1 and T2 and the interval between T2 and the
test. The T2 item gets chosen by default, so to speak. '
A problem that.I have been quite unable to solve has to'do Wwith
the fact that position judgments for items in a long list are made with
. consrderable accuracy, whereas recency ‘judgments for pairs of items
. from the list reflect no evidence of temporal discrimination. Even if
the position judgments are made on the basis of crude classification
learning, pairs of items with jong lags should be distinguishable on
- the basis of having been in different classes. Position- judgments
o mrght be mediated by frequency information identified in terms of
'the number of items that had occurfed prior to the occurrence of a
i'-_partlcular item. But, again, it is difficult to see why ! such information
4'4cannot be: translated into-a recency judgment that would differ as a
" function of lag. It may be that the subject cannot trarisform mfor-»
»matron concemmg position of mdmdual items (however denved) :

3
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mto posmon dlfferences Clearly, as ah expenmenter I could take "
- position Judgments from a.long: list and derive recency Judgments
that would be related to lag, _but apparently the subject cannot do
"this when asked dlrectly I'have.to 1eave this 1ssue in: the unﬁmshed-' .
busmess category This is anather way of saylng that the. theory that e,

has been sketched w1ll not handle a11 of the avallable ev1dence S

Y

BETWEEN LIST TE'NIPORAL CODING: SHORT TERM

Wlth Expenment 15, we were unablé to demonstrate any effect of' "
conceptuar ‘Context on within-list temporal coding of neutral words -

Thls waé true’in’ spite ‘of the finding . that, temporal -coding of' the_,’vf
concept instances . was. fac1htated ‘Experiments 13 ‘and’, 14 asked_“ :

about the-role of context on temporal coding between- lists of words.
These rédults will be summarized. In ‘Experiment .13, the context
was ‘identified with partlcular processes underlylng leammg of a
- given “type of task. To provrde a potential ordenng system, the list
numbers were given with high frequency to'maximiize the p0551b111ty
of establishing associations among list numbers, words,w1thrn the list, -
and - process context. It was assumed tHat these associations would be
Tess well established. when the process context was the same across
lists, than when it was different. The data gave strong support to the
notion, but an odd finding was that for only half the subjects was’
list 1dent1ficatlon performance aided by the diffetent contexts. In

ontext and conceptual context, 'the latter represented by having

l;:cpenment 14, two types of context were manipulated: external .

the conceptual:context unique for each. list or mixed across lists.

External context had no mfluence on temporal coding; conceptual

context did. : -
The learning underlying the temporal coding for Experiments 13

- and 14 was not appreciably related to the subjects’ abilities to learn

“the lists per:se, nor was an item that was learned easily any- mor&
hkely to be identified with the approprlate list than was one that:
was" difficult to learn. The performance test for temporal coding -
was 1nc1denkal in that the subjects did not know that they would be
“tested for their knowledge of list membershlp of the items. Thus, the

" subject did not inténtionally .set about to devise a calendarlike sys- °

1
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'-‘Indeed the. results for Expenment 14 are very sumlar to the results .
btained- by Zimmerman and Underwood for both mtentlonal and
mmdenta} conditions. . -
-7 When list numbers are not prov1ded in the learmng context for
. -several successwe lists; . crude classification learning will still oceur.
A That is, a subject w111 nnphmtly provide labels that -give order infor-
-+ mation for some of the lists, particularly the initial lists. The associa-
~tion between labels and the list items will be maximal when the °
% jtemsin a list can be characterized'ss & whole, (e.g., as ammal names). b
fIf a subject does’ not -kilow_how many lists there are.in the, senes,
mnovlabeLcan_be.apphe(fioiheJasthLasmbmngJeam ' R
.. fore; when temporal judgments for the ifems in thelast list are better-
e than, for those in the precedmg llst we must assume that the recency
o pnnciple is msponsmle : .

BETWEEN LIST TEMPORAL CODING LONG TERM

. In the studies that were responsible for my mterest in temporal #
- coding in general dlfferences in proactive inhibjtion were used as-
. the index- of '/'erences in temporal coding. Experimentet. pain
could have also been used as the index. I believe our studies have
.. made .it nearly certain that differences in word characteristics are
. critically involved in determining whether or ‘not the temporal
separation in the learning of two interfering lists will influence the’
. order fnformatlon for the two lists. Idle thoughts about this matter, o
' however have sometimes led to the frightening ideasthat some far
. more’ s1mp1e difference between the 1968 and 1971 Lists has been -
responsl,blg Qagd .that, my closeness to the experiments has blinded -
o IO tqu f#wgunld hope this is, s.tije and tHat someone With a different™ .
. perspective. will"seesit. 1. hbpe it Mnte&_ecause F believé that to take .
the gross @ffere’hces between tHe two sets gf lists as a pojnt of -
departure for analytlca.l tesearch would be like clearing a-forest -
with only a hatbhet ds a tool. In .both situations, stamina is likely -
" to be more useful Han insight. f .
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