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The maln purpose of thls serles of ten studles

Il

r'was to: determlne the short-term retentlon characterlstlcs

Hi mlne the constralnts and causes leadlng to a loss of

,'temporal 1nformatlon when forgettlng occurs.’ The method

"

‘ AN
jof reproductlon was used Temporal duratlons of 8 seconds

doryhess were:ut;lrzed., Two factors were 1nvest1gated
'§>)7ftime—in#Store, and (b) 1nterferemce (capac1ty,’
d-proactlve and structural) These factors were examlned

';under consc1ous tlme\estlmatlon and mental countlng cog—v
-jnltLVe strategles., BT ;Lw,?‘ ﬂw':f‘f'f ! ’n‘\

Results lndlcated dlfferent shortsterm retentlonthi

WVjcharacterlstlcs between very short temporal duratlons n‘“;1A e

'C(less than four seconds) and short temporal duratlons !
SR ST

o v
y(more than four seconds) under a. consc1ous tlmé estlmatlon

i
N

Vgcognltlve strategy.7 Very short temporal duratlons were

e

;not subjected to the tlme—ln—store factor.} Further, they

B \were not akfected by any form of 1nterference. Short

temporal duratlons were 1nf1uenced by the tlme-ln store i

factor., Further, they w%re subjected to structural B
: S

K ..\ PN

\\\\Agterference. These reSults were dlscussed ln relatlon “%;3J:ijqur

o

“'*;to{ (ar\\degradatlon of the trace when loss of temporal

1nformatlon was e

of temporai lnformatlon.@ A second purpose was to deter-\'ugj ity‘lf

R
Ve




y

-
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A : SR E ' o it

and '(b) the. use of dlfferent strategles on behalf of the

subjects ‘when loss of temporal 1n@ormat10n Was denonstra—'

ted under the lnterference factor (structural form) . -
Results also 1nd1cated that\the retentlon char—

acterlstlcs for temporal duratlons of 8 seconds or: less

¥
AN

under a mental countlng cognltlve st{ategy were<superlor

to those demonstrated under conscxous tlme estlmatlon

, cognltlve strategy Temporal duratlons (less than

four seconds) under a mental countlng cognltlve strategy

were 1nfluenced by the tlme—ln store factor when subjects

o

',_reproduced under a sub]ect—deflned rehearsal or’ ap ex—fj;"”

perlmenter—deflned rehearsal Further, those duratlons"

weré,not subjected to any appearance of 1nterference.;

Loss of temporal lnformatlon was ellmlnated when sub]ects o

i

recalled\th0se tempoial duratlbns under speCLflc lnstruc—h“

tlons uslng an experlmenter—deflned rehearsal
rfsults were dlscussed in- relatlon to the use ortjp”

'retentlon of tlmé.

e
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The experlmental study of human tlme perceptlon ”’TV-fvjf

T Y
began approxxmately one hundred years ago (Vlerorht, 1868),

. 1|(,.4

,but has not attracted much attentlon for some tyme. .Thus,

i “some years ago Adams (1964) 1n a rev1ew wrote "Pime .

;\ : "dtuperoeptlon is a venerable, tlred tOplC in’ psychology that

S '_lnterests very few estlgators any more, perhaps"”

-,

fbecause no ‘orie bothered to

prlore the: mechanlsms of tlHE

-."perceptlon and how 1t mlght.enter Lnto‘meanlngful lntefac—f
h,ftlon with otherwmechanlsms Kp 197) o In recent years,‘\xh
Pl _’however, lnterest in the. psychology of tlme and the. mech—ﬁ
e ﬁﬁanlsms of§t1me perceptlon haveylncreased cons1derably"fif:y?f_,,y

o L e

/’

’;_one trles to summarlze some of the 'ypotheses on_ the fund—s}f"

aq

“Qﬂamental mechanlsms of tlme perceptlon Wht h‘have been adass )
;4! R ¢ v ". - A / “ “
: Cussed or Wthh were lmpllc1tly aSSUmEdr one .'_l flnd tw0' =
o e SRR |
ba51c approaches.p--' ;j-k.im'~V* ‘[f :f~ ‘
g v cea = :

The flrSt approach PrOPOSGS a pulse counter mod—““f”f"'v

?on the hypothesxs that man experlences tlme v1a

S s -

hﬂia tlme keeper, drlven by phy51ologlcal or hypothetlcal ;ft;i' :
fyﬁperlodic processes (Hoagland, l933,}0rme, lQ69,,Poppel,£;\_bw
o A;f‘31972 Frelsman, 1963) Thedsecond 15 a cognltlve approach i -
Li yihﬁd;ha;;d.oﬁ{ah 1nform;tlonbprocesslng v1ew of han s behav10r ﬁff.%
} leﬁd:}ftﬁrankenhaeuser, }?59 chks, Mlller, Gaes and Blermah;yi;;:fﬁhkl
,T,""’.sr:j,,f:lg?? hichon, 1972, 1975’,2'“ Ornsteln, 1969 vroon, 975)
3f§9nftheoone*haﬁdﬁiti;e meansfrn;’rmatlon to the Subjecq
Saik .; S [’:_ el ’|/ i wol ﬁ _,,N B ‘v./‘, P : p .
?s, : s f;;f?\ihii o / ‘¥ifﬁéri; o
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(MlChOn,’l972) and on the other han& lt is suggested that
.subjectrve time is a dlrect functlon of ongoxng processes
‘in the encodlng,storlngand retr1ev1ng of 1nformatlon

3

.(Ornsteln, l969) -

Although there has been a rev1val in the study of

”~problems of the perceptlon of tlme, llttl
B

: lS know‘on the .'.'?-' "
memory of tlme and no governlng theory see s to: ex1st for

litemporal lnformatlon. Furthermore, despltj -an effort for the

L S
Q@‘the study of lOng term retentlon of time (Block 1974

R

4lFralsse, 1967 Klng, 1253 Ornsteln, 1969, foung and

*r.Sumner, 1954), llttle work has been done concernlng the
;7“short term retentlon of tlme (DuPreez, 1967, Hawkes, Ray :
T, \ o
. 'jand Hayes, 1974 Kowalskl, &943) : As for the l'

“-

studles on tlme estlmatlon to date have not led to the con—,f"

C S i ;
',c1u51on that the memory for tgme fades over a retentlon e

: -~
"1nterval (Du?reez, 1967; Kowalskl, 1943,_Poppel,_l973)

R

>5=;f}Nor does there appear to be a 51gnlf1cant effect of 1nter-»f7”
?“”ference on the to-be remembered 1tem (tbrl) (Hawkes, Ray '
1

'mand Hayes, 1974 Kowalskl, 1943) for tlme.:fﬁ“7

eover,,basrc o

ﬂ'questlons pertalnlng to the enCodlng, retentlon and retrle—f‘yf

=,

”ahn\g;!val of that type ofllnformatlon have not really been

s “;answered (Bq;;lett and Tulv1ng, l974 *Guenther and Llnton,
»1975, Mlchon, 1975) ’;Therefore, rf\a clear understandlng

iyof how the human performer deals w1th temporal 1nformatlon ,[}j.:“’

"i_“tOWards answerlng the above questlon.iﬂ'"_i ‘

L



Consequently, this series of inves igations will

be on the. efperlence of time (duratlons whic are less
‘than,lO~seconds).' More partlcularly it w1ll e -on the

"”short;term memory of‘tlme (srngle item) . Fran'enhaeuser

“fllllng thé tlme rnte val, memory is an 1nherent character—

‘f_fflstlc of tlme as lt is experlenced However,_lt is. dlffl~»’

S AL

:cult to dlstlngulsh perfectly between the m!mory and the .
perceptLOn of‘tlme‘(Fralsse, 1967) Therefore, throughout

thlS program of experlments, the perceptlon of tlme will

.refer to the more or less 1mmed1ate experlence of short
L
utlme 1ntervals whlle the memory of time w1ll refer to the
'n;experlence of tlme 1ntervals ln retrospect‘(retentlon

i

:11ntervals whlch are less than 60 seconds) (Fralsse, 1967;

-

Fralsse and Flores, 1956, Frankenhaeuser, 1959)

r

e _l‘_ f There are three basig justlflcaﬁions for study—iv

flng short term memory of tlme.,-(a)' here have been few

A

. Qstudles on thlS tOplc, (bfﬁ most &f those studles measured

the mean reproductlon whlch is generally con51dered the

D poorer of a’ number of assocxated measures, and (c) in ..

[ N

";?fjﬂthose studles, no one examlned whether temporal and

-1movement lnformatlon have the same retentlon batterns,
Short term memory of tlme has recelved llttle

ﬂresearch 1nterest when compared to movement lnformatlon

.‘,L

whlch has been the most closely related, contlnuous dlmem;’

'EL;*SLOn 1nVestlgated for srngle tbrl.‘ The way that scholars

R T



‘have Eraditionally approached the motor‘short-term memory
1problem will be employed throughou¢ this series of 1nvest-
'_lgatlons. The typical experlmental paradlqm they used for
the eXamlnatlon of short~term retentlon was the presenta-
tlon of a crlterlon ltem, a retentlon lnterval Whlch may
Oor ‘may not 1nvolve a distrator task, and then recall of the
crlterron ltem, This paradlgm was lnltially utlllzed by
Brown (1958) and Peterson ‘and Peterson(l959) in the'ver—
bal domaln, and 1ater by Adams and Dl]kstra (1966) in the \
motor area. Follow1ng thelr lead, numerous researchershave
1nvest1gated * retentlon and 1nterference effects. ln
~short term motor memory (Ascoll and Schmldt, 1969 Posner,
1967; Stelmach 1969) and more»recently, the encoding and
retentlon characterlstlcs of movement attrlbutes (Dlewart,
”.1975 Hall_andeeav1tt;gl977; Laabs, ;973; Marteniuk,

. o |

B ,Thejmajoritw\of lnvestlgatlons in the motor do-

maln have examined the retentlon characterlstlcs of dls— .

. y \\

tance and\locatlon movement attrmbutes ln some detall

rdCollectlvely, the research on dlstance, and locatlon 1nfor- '

\\

matlon warrants several ~general conclus10ns. Locatlon is

T B
-

4encoded ‘in memory so that\relatlvely accurate reproductlon
"_1s p0551ble, and locatlon 1nformatlon[dlsplays retentlon
characterlstlcs 51mllar to VlSual 1nformat;on. However,
Adlstance is encoded 1n a manner whlch does not permlt\lt to
S v

7

‘be utlllzed for movement reproductlon w1th the same deqree

e



A

.of accuracy as location information., Furthermore, with

respegt to retention characteristics, distance information
§ ‘ v

has produced some very conflicting results. In some cases

distance has been found to spontaneously decay over a

retention intérval and in other studies the retention

of distance has conformed to that of location:

Short-term memory can be defined simply as a mémf

ory system that rapidly loses information in the absence of

]

ustalned attentlon of that material. It is thought to

L
N

1nvolve about the first 60 seconds followxng presentation

of the 1nformatloh) after which it is either lost or trans-

ferred to long-term memory - (Marteniuk, l976f. As mentioned

prev10usly, in order to study‘the basic short—term memory

' phenomenon for temporal lnformatlon (single item), the

'Peterson procedure should be employed Therefore, the fac—

torsaof interest in the follow1ng lnvestlgatlons w1ll be

f(a) ‘retention intervals gtime—in-store) and (b) inter-

P
’

ference. Retentioh intervals can Vary in length from im-

_medlate recall to any time up to about one minute. During
_ the retent10n 1nterval the 1nd1v1dual can thlnk about or

»actually rehearse the 1nformatlon presented to hlm, 1n

whlch case he is sald to be attendlng to the lnformatlon.

Alternatlvely,elther he can be made to- perform. an, lnter—

polated taskwthat is unrelated to the to-beqremembered

2

lnformatlon (capacmty 1nterference),for he can be made to

\

perform some task that is thought to 1nterfere w1th the

N



presentad information (structural Interference).. In elthor
condition, the individual cannot attend to the to-be-remem-

bered material, and any decrement in its recall can be v.
. ' L g

attributed either to lack of attention during tho retention
interval or to direct 1nterfercnce from xnformatlonipre-

sented durlng the retentlon interval. It appears, :there-

¥

fore, that some of the forgetting ln short~term-re€vntion

may be‘gttrlbuted to either capacity lnterference ﬁm,

|
_structural lnterference on a glven trial. Forgett&ﬁ.:
also be ascrlbed to lnterference from prevfa;s rla@ﬁST‘
active lnterference) or to factors other t * ;e A
Nt
(decey). - ' : -_ L o

| Conseqnentiy, these two factors (time—in—etére
and lnterference) w1ll be. examlned in the :ollow1ng program
of experlments. Certalnly there are more than two factors
L_that may affect the short—term retention of temporal
lnformatlon. Howeéer, it is of prime 1mportance to know
how long temporal 1nformatlon can be stored in short term’
fmemory and to dlstlngulsh between the causes. of the decre—
ments in recall due to ltemsv;;esented on a given trial
(related and,unrelated lnterpolated tasks)'and on success~
ive:triéls (pfoactive ;ntetferépce). 'Suchran.epproach

“for the study.of the snort—termztetention process has been

v . BN

used oefore in the verbal and motor domains. The retention

wcharacteristics'of'diffefent temporal,cueé_muet'be obtained o

if the memory for time is to be understood. Moreover, some

LY



~knowledga of the limitations for the short-torm memory

2

cthe human performer for time is very important |

%
\

|
procass of

+ |
3

if one wants to communicate those theoretical conclusions K
in terms of practical situations. ' |
'Thorefore, to further advance the understanding
of how the human performer deals with temporal information, \
two questions will be answored:‘ | h
1. what are the short-teéerm retention charact-~
eristics‘pfldifferent reproduction cues, and
2. if forgetting occurs; what are the con-~
séraints or causes leading to such a loss?
The reseérch‘to be reported is an effort to
answer these two questions. Few real life situations
fequire immediate reéponsesyﬁb signals beé@use of the re-
quirements of other.auties. ﬂfét if ghe4memory for time
-is important, suchldelays~and-dutieé hﬁst not: affect the
‘memory for timé'unduly. -
» The fo%lowing program\of experiﬁents was divided‘
into four seéﬁions. The pérceptual_éharéctéfiStic$ demon_

strated in human time estimation under conscious time est-

imation as opposed to experimehter-defined coghitiVe strat-=

©

egies are examined in Section lA(Experiment ) .- -The - ““f’;“

'effécts of time-in-store, and tapacity interference factors

°

o

'on‘time.estimatidn appear - in Section 2 (Experiments 2, 3

and 4). Rehearsal and proactive interference are the two

-

factors cohsideréd in Sectiqn*B,(Experiments 5, 6 and 7). N

> . . - I3
w :



Finally, tha aflects of gtructural interferencs on time
Y £t S15 renen

astimation ara questioned in Section 4 (Experiments 8, 9

and 10),

-

The above factors weare investigated under con-

sclous time estimation and mental counting cognitive strat-

¥

eqgies,

Each scction consists of; (a) a genaral purpose,

(b) the various experiments, and (c) a summary. A

general discussion of this series of studies follows

Section

4.

L



Apparatus Calibration

Temporal durations of eight seconds or loas
were used in this research program. The temporal durations
used were either one, two, four or eight seconds long. The
Hunter Decade Interval Timers used in the following exper-
Iments had prior to its calibrationea value of Y 3% absol-
ute accuracy for ‘those durations. Based upon these scores
and in order to improve the absolute accuracy of the tem-
poral durations, the setting on the Hunter Decade Intqrvél

Timers was adjusted prior to ecach experiment within ¥ 1%

: ' : 4 :
of the desired temporal durations. Thus, sé%eral trials
were run until the range of the temporal durations was

approximately equal or less than t 1% of the duration

magnitude. s

P,
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uncertainfresults 1n tlme estlmatlon studles.

12,

I N , 3
b o RS | ' L
. ) |
» o . .
S Wl i R S
e %;,-“*""," e . i N R
r:,%. e ~‘3i S L A Vj;“if L
B “,, The general purpose of Sectlon l (Experiment;l),

@ . b

the characterlstlcs demonstrated 1n human tlme estlmatlon

o
!

‘"3 under conscxous tlmé estlmatlon as opposed to experlment—-i; L

a I
‘ J

"Q er deflned cognltlve strategles (tlme aldlng techlques);‘j]

On the other hand, experlmenter deflned cogn}tlve

No

® - e . .\

thelr estlmat 'S of tlme length and thus yleld tlme estﬂ.f‘J

N . / L

1mates whose characterlstlcs mlght dlffer ﬁrom those where#}f

i

no tlme aldlng»technlques are permltted.' Jg
. : ,
“

[T
s1ble dlfferences between the'varfous performance modes,

e

these data w1ll serve as a ba51s for separatlng and ]; *”;

‘v

In addlthn to provxdlng some lndlcatlon of pos—fgaﬁﬁ,’

&,

controlllng the use of the,reproductlon cues ln the other_‘ﬁ"

v

experlments.h Fallure to,adequately control for the “use -

Jfof dlfferent cﬁes-ls bound'to lead to confllctlng and

NPT - A°-' B

: i o
: Y N .. o K4 A
e . ’ . >
s ° i " —- -~
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) | B ' K : © o ; \.

e Many mechanlsms have been proposed to explaln

Lo - i

“:how a sub]ect keeps tlmei(for a rev1ew see Doob 197lm :t{v

-[Orme, 1969 and Vroon, 1976) In—s1tuatlons 1nvolv1ng

motor taSkS' it has been hypothes;zed that proprloceptlon ,ﬁ:'

\ - PR

»can serve ‘as one p0351ble tlme—keeplng«mechanlsm 1n the

\' - B e

-"accurate ant1c1patory tlmlng of movement responses (for a.”

‘3.rev1ew see Chrlstlna, l9Z§ and chklnson,ul ﬂ4) ‘ <4K‘

'Furthermore, 1t lS becomlng evxdent that alteratlons ln.gﬁ’”

» the temporal component of a motor response can occur as:a
Y .
‘result of several cocnltlve strategles.' By-products

— [

"}Such as; verbal;zatlon (Ellls, 1969), proprloceptlve;f"°

Tmedlatlon (Adams and Creamer, 1962 Ellls, Schmldt and

19

-Wade, l968 rand Schmldt 1971) or: countlng (Buckolz and
" Gerval\s,il976,, Buckolv and Guay, 1975 and Getty, 1976)

'fmay be used by the,Subject to estlmate tlme. As‘a

..,/

{consequence such cues remove the subject from the realm :
5 . 1_ DI I :

of tlme-keeplng or consc1ous tlme estlmatlon (Buckolz and yr

Guay, lé%S)vand usually produce a better performance by

o
7o N

1ncrea51ng the accuracy or reduc1ng the varlablllty of the

‘ AT K S I
estlmates. 2 N R I R jif, S B
) . oo Co ) ’ ) »A', Y

'i R The fact that tlme-aldlng technlques amellorate

=

14,

s ﬂll/;"“'

performance of tlme estlmatlon can be seen to be lntUlthe— (f

N

\'ly obv1ous.‘ Nevertheless, the 1dent1f1catlon of the most

vvvvv N

"adequate cognltlve strategy lS a more dlfflcult problem.f"é

Sl Cemd ] e . SR L
N . _x, . n AP .
A AR LS . - X ¥
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\._I\j‘: -

‘..’Chrlstlna (1971) and EllJ.s (1969) In Chrlstlna s (1971-)

»“study, subjects w1th a hlgh level of movement-produced

TN

‘dIt 1s even more dlfflcult to determlne whlch cue or cues
:’are the most effectlve : Few studles have been done ln
;'that dlrectlon (Ellls, 1969 ElllS,lSChmldt and Wade, 1968

'Goldstone, Boardman and Lhamon, 1958 ’Schmldt and Chrlstlna,.

¢ N b

’<1f1969) Goldstone, Boardman and Lhamon (1958) compared the
"effect of two forms of cognltlve strategles The flrst was

f'fstrlct A mental countlng strategy The subject had tO‘\

N

\<b3est1mate an lnterval of 30 seconds by countlng to hlmself

NG - =

at .a rate of one count per second : The second strategy was

L

'Wout l\‘d\and the subjects could use flnger and feot tapplng

f;"Accordlng to the above authors,_the latter form of cognlt—a.

SRR

'"“.lve strabegy permltted the subjects to use proprloceptlve»

D

‘.fcues, namely the mOVements of the llpS at regular 1nter—hwff

ﬁ[vals Thelr results 1nd1cated the superLOrlty of ‘a cog—;7~ 7

¢ A

lln thelr study audltory and proprloceptlve cues were, g
‘:confounded.” Several years later, ElllS, Schmldt and

Wade (1968) found that a long movement (65 cm ) produced

7vthan dld a. small movement (2 5 cm ) They concluded that
"7lthe greater the amount of the proprlocéptlve cue,‘the

. better the estlmatec Slmllarvresuﬁ%s were obtalned by X

0,

\::ffeedback ant101pated temporally w1th greater accuracy a.

jtlme length/of 1. S‘Fécond than dld subjects w1th a low

. )
\-.': -

15.

"fldentlcal to the flrst except that the seconds were counted ;7>Q

‘.fnftlve stranegy W1th a proprloceptlve character | However,,:;f°*’a

a:better performance for estlmatlng a two seconds tlme length vf



T

level of movement produced fe dback In Ellls. (1969)

. / T l\ p .

study, subjects were more accurate ln\reproduCLng a two .

"seconds tlme length,whlle sﬁelllng three and four letter

/
/

words than they were\whlle spelllng €wo letter words,;

2

Sl

1|However,’a hléh level of proprloceptlve cues dld not

always results ln/a better performance (Chrlstlna,’l970

“Schmldt and’ Chrlstlna, 1969).. ¢, : " R AP R
L " Ir o . . A “\l\

: | Accordlng to the above studles the follOW1ng :
/. . S Ll

concluSLOns are of lnterest (a) -an: 1ncrease 1n the
number of cues ordlnarlly results ln a better recall of o

the to-be remembered ltem (tbrl), and (b) an rncrease:d
) ;

~in - the level of a partlcular cue normally produces a. c;ng o

-ED . l ¥
better recall of the orlglnal crlterlon ‘ Few studles

v »~|’,"v_
have been dlrected toward 1solat1ng the cues that sub--*

'V'"serve temporal lnformatlon.; Consequently, the purposes T

of thlS study were to explore the valldlty of\those oon—th’

‘w

clus1ons and to determlne whlch cues w1ll recelve morei.
tt ntlon 1n the follow1ng\exper1ments.. In order to»
examlne thls valldlty, four forms of cognltlve strategles,

"\~,"

each lncrea51ng

.\. , - l
!

"ﬂthe number of cues and short/tlme

.cr'» .

L

”-;:f-3u Twelve volunteer graduate students ln physrcalf“

16,

l,/ef“’fvﬁwy

‘j;educatlon at the Unlver51ty of Alberta were used 1n the rf‘yfi'

el

, R R N s R\ AT R e N e




L

_experiment.

Apparatus and Task

-

A tlme estimatlon reproductlon task was used

<
B

(Blndra and Waksberg, 1956) ThlS requ;red the subjects >

I

to 1n1t1ate the occurrence of the tlme 1nterval to be

estlmated (crlterlon) and then, 1mmed1ately a#ter the

presentatlon of the crlterlon, to lnltlate and termlnate _p'"

/the recall of the to—be remembered ltem\(tbrl) ‘Thefr

R self paced task for the presentatlon was employed because

; .offset a motlvatlon decrease ln the sub]ect~(Buckolz,"‘

"h‘obtalned (TreLSman, 1963)

of the p0551ble 1nterference of an experlmenter paced

. task for the presentat&on\w1th short duratlons and to’ help'

-~

1972)., Ih addltlon, rlgld PaClng (for the present—!717

:“fﬂ"’atlon and the response) nermally used 1n tlme estlmatlon

) /

studles may have accounted for the lengthenlng @ffect | p*’

Y

‘ ,

The subjects sat fac1ng a table upon whlch two*?ﬁthdsw

plstol grlp shaped handleslweretplaced thlrteen lnches

/ s

po

'*=vapart. Each grlp had a trlgger that was dlrectly connect—‘”«

SR

ih small red n

ed to a m1crosw1tch prhe left/grpp and trlgger operated

| by the subject s left hand was connected to an lnterval = j,h

v

tlmer (Hunter LDO C) whlch in. ‘turn was connected to a’ ;?,-hf?i

When the subject

depressed the trlgger ln a squeeze—then—releaséimanner,,

P e . /;.

the 1nterval tlmer turned the red llght on.w The llght SR

:- . A ,.vft
remalned on untll the lnterval tlmer turned lt off
S T e e T Y :sz‘ SRR A

PN

iy



i

;

followxng the prescrlbed crlterlon tlme length whlch was"

pre set by the experlmenter \The rlght plstol grlp and f

-

trlgger, operated by the subject s’ ilght hand was connect— N

/

ed to a clock: (Hunter lZO—d) set for mllllsecoqu. 'AM

! small red colo&red neon lamp (Snapllte) was connect?d ‘ej'
in parallel w1th the clock\and came on‘when the rlght .
trlgger\was squeezed Bothlthe red crlterlon tlme length"

llght and the red "recall of the tbrl" llght were placedj;
1n front of the subjects and p051tloned nearest to- thelrbl

respectlve trlggers Accordlng to Brown and Hltchcock

(1965), modallty of stlmulus presentatlon and of repro-7h

\.

&UCtIOH had no con51stent effect on- tlme estlmatlon.v:
Prev1ously, lesh, Bllger andeeatherage (1956) had :‘T“i

found\no audlo—v1sual dlfference u51ng the method of re—:~

. /

f productlon Wlth short duratlons.; Cihsequently, the v1sual

.“ -
« ©

presentatlon—v1sual response was utlllzed 1n the present

Bl “ N

study.wa NP

v
N

_TX' Note that to obtaln the crlterlon tlme length,\‘w
the subject had to merely squeeze then release the left»v

I

\trlgger and grlp In order for the subject to reproduce
to crlterlon at recall he had to squeeze anthold the
P

rlght hand trlgger for the full temporal length of the |

tbrl Only V1sual cues were prov1ded to the subjects.p:\\W

E{f{For one of the four cognltlve strategles

descrlbed below, a tone generator (ElCO 377), an ampllfler.
‘ -

and a set of earphones were used as a ClECUlt , ThlS

v -

'_Qp.:
>
[

N . : N CE o ’\ v._‘“‘ . ’ ! . R . . g

N c1rcu1t was utlllzed 1n order to mask audltory cues by '3,[*



Procedure . | . ““f_ T L

’asked not to use any tlme—aldlng technlques when such

"Design - o ‘ o g

- Four levels. of cognltlve strategles were used
(a) consc1ous time estimation (CTE), (b) -mental countlng

MC), (c)° counting aloud“withOUt audltory cues, (CAWOA).,

‘,and (d) COuntlng aloud Wlth auditory cues (CAWA) These_

+

four levels of cognltlve strategies were combined =

_factorlally in a treatment‘by\subject\s desrgn w1th three

'levels of crlterlon time length, .namely;l, 2 and 4 ‘sec-

onds.n Twenty-flve trlals were glven.for each'of»the 12~

' treatments o Of those trlals, flve were warm—up trlals and

the last twenty were experlmental trlals and subject }‘ d

e

 to analysis. - - . . .

¢ N » . o ) L

The subjects were glven ‘a number of trlals to

.famlllarlze themselves w1th the equlpment . They at&énded

!

three separate se551ons of approx1mately 60 mahutes each.,‘\

The 12 treatment condltlons were aSSLgneB to the subjects

~ I"'

'(4 treatments per se551on), w1th the order of’occurrence
*determlned by a random 12 X 12 balanced Latln Square.f
-The 1nstructlons to @he Subjects concerned four p01ntS’

'(a) the subjects were asked to be as\accurate as poss1ble,

i
~

'1(b) the sub]ects were asked to express and demonstrate

H

fthelr understanding of the task, (e)' the subjects were -

‘;

.\\ -5 N . REENEY ,'\\

AN
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: |
instruction was given under conscious time estimation
cognltlve strategy (i.e. the experimenter explained

thor0ughly what was meant by tlme—aldlng technlques.

1

g1v1ng examples of the various kinds),$and (d) the

subjects_were asked to use the experimenter-defined

\

cognltlve strategies (mental countlng or countlng aloud)

when such cognltlve strategles Were experlenced (i.e.

N »

the experlmenter explalned thoroughly what was meant

by mental countlng and countlng aloud) . . i

Data Analysis . =~ S

-~ - THe dependent vardables used were4 (a) © average
s " 5 / s .
 (méan) performance (AP),, (b)- absolute error (AE) or ¢

fhnsigned.error, (c) 51gned constant error (CE) or mean °

signedWalgebraic error,~and (d) ‘varlable error (VE) or

ﬁ the Standard dev1atlon of the CE or AP S : " .
Results ‘ﬁ\sh\‘NN\“ﬁ“\ws_“_-‘_“
)
—
‘Raw Data’ __;;a S
‘ Lo T

;Théeraw time;estimationadata:forfall treatment
condltlons ‘and - for each sub]ect were v1sually 1nspected
In only a few cases dld the data show a. lengthenlng or

shortenlng effect whereby tlme estlmatlons become

:longer and longer or shorter and shorter as’ the'number

of tr&als lncrease (Falk and Blndra, l954, TrelSman,
\ / : -

- 1963) . Consequently, the twenty trlals for each subjectr‘

~
v\:, s -
. .
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were’reduCed to a simple mean.§ This simple mean for
\ ]

each subject under each treatment condltlon was termed
average\performance. From average performance 1t is .

\

cossibfe to calculate the constant error (constant errort
equals average performance minus the approprlate crlter-
ion tlme length) Average performance touches brlefly on -
the~concept of accuracy while constant error is a measure
of aCcuracy and directionr' In the‘presentastudy, average
;performance_was'considered as a measure’of discrimination.

>

Time Length

Average performance lncreased 51gn1f1cantly,

g»(2,22) =-4382.92, p = .01, as the tlme lengths in-
"creased a relatlonshlp whlch held for all levels of

jcognltlve~s\yateg1es as ev1denced by the non- SLgnlflcant

1nteractl n_between time lengths and cognitive strategles
y . N ) : N / . - N . ' ' i ! . .
(p > .05). A Scheffe's test for the time-lengths'-main

effect revealed that the three timeflengths were signif-

.

icantly different from one another (Qgﬂé .65). This rsug-

gests that squects were able to maintain their estimates

' \
of one, twor and four seconds as dlstlnct events over
experlmental condltlons, and that when ‘errors ‘arose they -

' were not due to the, subjects conquLng the three time

lengths perceptually

A sagnlflcant effect for absolute error, F- (2q22)

\\

"= 2876, p = .Ol, was fOUnd for tlme lengths. Slgnlflcant “\\

_ S

differences between all time lengths were revealed by the

\ \
,\\ . ~ - W T R

- I - Ty



Scheffé's test‘(g - ,05). Subjects produced larger
errors as the time lengths increased. However, there was
» an interaction between time length and cognitive strategy,
F (6,66) = 5.98, p = .01, in the absolute error analysis.
As illustrated in Figure 1, the interaction effeCt was
'almost totally due to the two and four seconds time lengths
;when held in memory under the mental countlng (MC) , ‘
counting aloud without auditory cues (CAWOA) and counting
aloud with auditory cues (CAWA) cognitive strategies.
: ‘A_signifiqant effect for variable error scores,

t

'g_(2,225 = 35;64, p = .01, was found for time lengths.
‘ : 5
Significant differences‘between all cime lehgths were
" revealed by the Scheffé's test (p = .05). Subjects were
~more variable as the time lengths -increased. However;. |
an "interaction between time'lengthvand cogniflvé strategy-

‘also occurred, F (6,66) = 11.14, p = .01, in the variable

— , . . .

-errdr analysis. The lnteractlon effect .was almost totally
due to the‘four seconds,tlme length when held in memory
under the,mental»counting (MC), counting aloud without
auditory cues (CAWOA) and counting aloud.with auditory
cues (éAWA) cognitive'strategies (see Figure 2);
| | With resoect to the constant error measurement,
-~ a significant effect, F {2’22)v; 6.71, p = .dl, was
“found for time length A significant difference between,
vthe two and four seconds time lengths was revealed by the

.Scheffe s test (E." .05) .. Subjects over-estimated  the

two seconds length to a hlgher degree than the four seconds
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CAWOA = counting aloud withoéut
auditory cues; CAWA = counting
aloud with auditory cues) .
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time length, ‘The interaction hetween time length and

cognitive atratogy for CE wag not significant (p = .05).

Cognitive strategy

A significant effect, ¥ (3,330 = 4.37, p == 05,
was found for average performance across the cognitive
strategies. DBecause of the non-significant time length by
cognitive strategy interaction noted earlier, a Sehet{d!s
test (p = ,05) was run on the main elfect ol cognitive
strategy. The signiticant difference for «ll time lengths
was between conscious time edtiﬁation (CTE) And’cmuntinq
aloud with auditory cues (CAWA) (see Figure 3).

The main effect of cognitive strategy was
significant for absolute orvror, F (3,33) = 9.70, p = 0L,
Because of the significant time length by cognitive
strategy interaction noted earlier, a Scheffe's test
(p = .05) was run on the simple main effect. The sigip
,nificant‘differences were between conscious time estim-
ation and all other cognitive strategies for the two and
four seconds time lengths. Subjects were less accurate
under conscious time estimation. |

The analysis of the variable error scores
"resulted in a significant cognitive strategy main effect,
F (3,33) = 16.13, p = .0l. The siqnifica&t time length
by cognittve strategy interaction réported‘above necessit-
ated the calculation of simple main effects using Scheffée's

test (p = .05). Conscious time estimation was signific-
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ﬁf; cues for the two seconds tlme length‘w In addltlon, cOn-ﬁ’

sc10us tlme estlmatlon produced 51gn1f1cantly more
_;varlablllty than all other cognltlve strategles for the&
H‘four seconds tlme l;ngth "v l‘ﬁl’ »l"h 7»f f ’ \;
» §§ﬁ’?,n A 51gnrflcant eﬂfect F (3 33) 4 27 B < .05

;was found for SLgned constant error across the cognltlve
‘ ; Vo

strategles.i A Scheffe 's test (E. = :OS) was run ‘on the 1fh5"

o

maln effect of cognltlve strategyuand revealed 51gn1f1cant

-

dlfferences between consc1ous tlme estlmatlon (CTE) and //'

countlng aloud w1th audltory cues-(CAWA) er all tlme

-

o

lengths.. As 1llustrated 1n\31gure 4 subjects over—est~ ;‘:

. __’4

it \\‘
The varlous error 3cores for each,tlme length

a el

'1’~‘and cognltlve strategy are summarlzed 1n Table l .fff

IRV T e T T RN

" Discussion L e

lmated to a greater extent under consc10us tlme estlmatlon..“‘

L R i . ° < - : be

R

", Tlme Length ;J;:d»;ffh;f-,{:ff Lo e
‘l‘ ;'h' The fact that average performance dlffered

51gn1flcantly for all contrasts of tlme lengthSolndlcates ’

@

4

e

that the subjétts were capab]e of rellably dlscrlmlnatlng

the tlme°length5'used Thls may be useful for future |

deslgn,purposes, . fl~ vsg[t “f~ B f. . S



MEAN CE(MSEC) = =

CGTE MC _cAwoA cAWA

FLgure 4

BGGNITIVE STRATEGIES

Méan constant error (CE) for sub—

jects recall ‘performance of tlme&'f

“lengths. as'a functlon of cog~ "
“nitive  Strategies "(CTE = con—v
sc10us time estimation; MC ‘

.mental countang, CAWOA =

counting aloud without audltory:

cues; CAWA: countlng aloud w1th‘Q 7

audltory,c )



Mean VE AE AP and‘FE in Mllllseconds for-

a ! : e

‘Table 1‘

o

: Tlme Length and Cognltlve Strategy

29,

N
Pl

Bal, -

o

\ .
b -

4

'=534»Seconds.,f"

: Time, ~ Cognitive.
. Length-

' Strategy® . . VE

. AE

‘Dependent Medsure®
AP

l'Seceﬁdfe’.

CTE . . . “'1lle
SoMC o 900
./ CAWOA - - ::> 80

. CAWA . 76

. 225
- 155
.- 84L

1189
1142

1049
1067

189
© 142
49 -

‘. §7:.;H,% ‘

2 seconds -

~MC o v 157

- +CAWOA- 129

cre’ | 240

. CAWA. - 104

REL
1159 .
‘164
125

. 2324w,G
/2105
2081 .

2063 ..

324"
.'105

.8.1
63

CTE" . . 526
cooMet 197
CCCAWOA . 175
cAWA ¢ 179

-

566
174
©208

o214

© +'4208
3978

4110

3937’

4 -.208

S 3cTE

. cawa
by -

AP

“CAWOA

o

‘nhrn_n

Alulgu

-

\

varlable error
.absolute error D
average performancef;

constant error '

fconsc1ous tlme esthatlon'
mental counting ' .
fcountlng aloud: WLthout audltory cues\
«countlng aloud w1th audltory cues

i maan o i o,




SR estlmatron and the other three levels of cognltlve p@,ff“

; -vfseconds tlme length only CAWA was dlfferent from co sc10us

Cognltlve Strategy and TLNe Length 7-: '°'V.d' R g Y

Ei'fﬂ Flrstly,_when comparlng con501ous tlme estlmatlon

‘_to the other three levels of cognltlve strategles, the’f, i,' ’lhﬁ{

lfollowrng observatlons were of 1nterest. The effectlveness;ig
o ." S ,

of mental countlng (MC), counting aloud wrthout audltoryiw
cues (CAWOA) or countlng aloud w1th audltdry cues. (CAWA):'f“

ln,prov1d1ng better cues for tlme estlmatlon appeared

‘£to depend upon the length of tlme belhg estlmated : Thls ;\

\

.flndlng has been reported prev1ously by Buckolz and . lp"ﬂq;':d

‘Gervals (1976) ’ The present lnvestlgatlon revealed that;-‘

)

. MC CAWOA and CAWA 1mproved tlme estlmatlon accuracy (AE ’»‘f“.ﬂ"”'

R

51gn1f1cantly when compared to consc1ous tlme estlmatlon
for the two and four seconds t;me lengths.y Moreover,l,i- R

,,51gn1f1cant»reductlons in varlablllty between conscrous
: — S b

2 - S
[

C“tlme estlmatlon and MC CAWOA or- CAWA dld not occur;ﬁbrpjil

fall tlme lengt S. It Seems that as the tlme lengthf”ﬁ
“hfdecreases, the varlablllty between consc10us tlme i
. strategy tends to stablllze.. The varlablllty of the twohjﬁf'”
ihand four seconds tlme length estlmates was reduced under fih#

i

'fsome levels of cognltlve strategy, whlle the one second

\

"v tlme length estlmates\dld not 1mprove (1 e. there were no

3f;d1fferences between the‘vfrlous cognltlve stategles) ’Aﬁf

L

‘51m11ar flndlng for the one second tlme length Varlablllty

- was reported by Buckolz and Gervals (1976) f For the two

l" _"\.

'tlmevestlmatlon, whlle the latter dlffered from MC CAWOA

AR i mbp BNbg rn ah e e
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. ~,

and CAWA fOr the. four seconds tlme length.: .

a0
L

,j It is perhaps not surpr1s1ng that all subjects

.H

are . lneff1c1ent 1n us1ng Mch CAWOA or CAWA benef1c1ally

G

|

W1th thls fact are’the results from a study by Dav1s (1962)

: who pornted out that the rate of countlng 1s an 1mportant

factor in estlmatlng tlme. For example, some\subjects
‘ e S

\

mlght have usEd a rate of 3 unlts per second -whlle Dav1s
»& .

(1962) showed that a rate of 2 unlts per second is more

accurate and less varlable @hlsstlme fllllng of 2 unlts‘a

. L~

per second was also found 1n a study done by Ellls (1969)

Secondly, for a number of subjects, a subject deflned

" cognltlve strategy mlght be more effectlve than the"

SR

experlmenter deflned cognltlve strategles'used°1n the

N 2

present study Flnally, the potentlal of an 1nd1v1dual
: \) .

e \'-" B I

'.Q\\ln the reproductlon of tlme (range of 0. l to l 0

L
and the lntroductlon of a cognltlve strategy mlght have no.
=51

o

effect or perhaps produce -a negatlve effect (poor perform—wf

When comparlng mental countlng, countlng aloud
w1thout audltory cues and countlng aloud w1th audltory

RN

._,cues,:the follow1ng p01nts were of 1nterest.7 For all

dependent measures of performance there was no dlfference'g-

; 3
i

‘sults are not supported by Goldstone, Boardman and Lhamong}lt

I

(1958) who obtalned dlfferences between mental countlng e

L . ) L
. il . . . Sy R .

L when estlmatlng short lengths of tlme. Flrstly, compatlble

‘second) mlght be: obtalned under con501ous tlme estlmatlon\'

: between the above three cognltlve strategles These re-,_‘

31,

7
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(MC in’ thlS study) and cdunting‘aloud (CAWA in this study)}' : :‘i
The dlscrepancy between the two studles ‘is probably due hu o i
to the tlme-lengths usedx\ " Perhaps one . ml%ht expect that *i“l S
'as~thefk1me length 1ncreases, one klnd of cognltlve strat-

egy>has an advantage over the other._rConsequently, the Y i

o

rate of cquntlng as well as the number oflcounts whlch

/ . . Lok
s o . L

“correspond to a partlcular tlme length seem to be the-

’1mportant cues used by the subjects for MC, CAWOA and~CAWA
J i
cognitlve strategles Whether the rate’ and the number

et e e e s b

Sy
b
<h

' ~

are. obtalned under mental countlng or countlng aloud w1th s

K .
or w1thout audltory cues - 1s not very 1mportant for the: - Ces

‘tlme lengths of the present study ,Q R ,h e I

Moreover, the present results lead us to’ belleve

~

that the 1ntroductlon of proprloceptlée cues (speech . SN
N D >
-muscles for countlng aloud W1thout audltory cues) ‘or the X

equlvalence of proprloceptlve feedback glven by thlS

act1v1ty does not result in better recall of .the- to-be-i

‘ :
remembered 1tem compared to. the mentalwcountlng Wthh may
not prov1de such cues.‘ However, Aarons (1971) prov1ded

a further compllcatlon to the problem when he stated thatj

- muscular actlv1ty frequently occurs 1n the laryngeal 'i o

L

area durlng subvocallzatlon and that such act1v1ty mlght
not be present nuall 1nd1v1duals. Therefore, proprlocep¥uE
| tlve feedback mlght have been present and lf dlfferences ‘b
were to be obtalned ln a later study,r1nd1v1dual-d1ffer-' - u"f'f

ences should be - controlled -'flfbﬂ.‘fu RO ;’:n# _— o




w‘ln the number of cues ~does not necessarlly produce 2 better}

'ular cue does not produce a better performance‘

[ ’ .

V‘The addltlon of audltory cues did not produce .

a better performance over' MC and CAWOA cognltlve Strategies.

_Perhaps thevmajor reason was the lntelllglblllty or :-artic-

\

ulatlon of the ‘words . used ln this- 1nvest1gat10n.‘ Words such-’

as one, two, three, four“, etc. are common to all subjects

o~ .

and the audltory feedback is not of _prime 1mportance. 'Forz

{
example, one mlght questlon lf dlfferent results would bev

/

‘obtalned between CAWDA and‘CAWA 1f the subjects were asked

/\» L 3

.to count aloud ln German and for longer tlme lengths\

The general conclu51ons of Experlment 1 are:

fi ) the effectlveness of men'tal countlng, countlng aloud
w1thout audltory cues and countlng aloud w1th audltory cues

‘ over conscious time estlmatlonrln terms of accuracy and Var—.

1ablllty depends on the tlme length used, (b ~an 1ncrease

performance, and (c) .an increase’ ln the: level of a partlc—'

\ : ’ ™

N
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Summary of Section 1 ‘.\ , a B /

1n further detall in the followrng sections. Alth\agh

\a wide - array of lnformatlon is’ avallable to aid in

leferences between the perceptual characterls—

tics demonstrated in' human time estlmatlon under consc1ous

tlme estlmatlon as opposed to experlmenter—deflned cognlt—'

§

ive strategles for. short time lengths were determlned ins.
: \
Sectlon 1. In terms of those results, consc1%us time

'estlmatlon and mental countlng cognltlve strategles were

DN

chosen as the two performance modes which will be examlnedv'

temp-
SN\

oral reproductlon, studles of temporal short term me ory
have glven llttle attentlon to - the spec1Flc cue (or cues)
the subject may use: durlng recall Researchers might have

attempted to 1solate these cues,vbut dld not determlne

RN

thelr retentlon characterlstlcs. If dlfferent reproductlo\\
\

»

cues have dlfferent retentlon char CterlSthS, then fallure

to adequately control for the use of dlfferent cues is

bound to lead to confIEEETE§*and“uneerta;n_results.

e T 1

w N
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L

General Purpose of Section 2

S

/
The purpose of Section 2 (Experiments 2, 3 and 4) .

was to determine the short-term retention characterlstlcs
of temporal information when subjects experience time
under a ﬁynSClOus time estlmatlon cognltlve strategy

(Experlments 2.and 3) and a mental counting cognitive

”strategy (Expefiment 4) condition

The questlon of whether or not temporal lnform—

\

ation 1s lost as a. functlon of time (unfilled interval)

is a cruc1al one for the development of a theory of

\

temporal short- term memory and will ‘be investigated. an

analysis of what happens‘to‘temporal information ‘when

a non—temporal interpoléted task (capacity interference)

ation.

is presented during the retention interval will be con-

sidered. Results will also\be compared to motor *inform-



Experiment 2
Conscious Time Estimation
and

Retention of Time

37.
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The retention of to-be-remembered motor items
may depend upon the manner and depth to which those itemy
are gncoded (Lockhard, Craik and Jacoby, 1976): The
result is that different types of encoded material may

have different and unique retention characteristics

(Ellis, 1973). The type of information that may be encoded e
into a singlewto-be—remembéreg item (tbri) includes

velocity (Marteniuk, Shields analCampbell, 1972;

Woodworth, 1899), timing (Marteniuk, Shields and Campbell,
1972), acceleration (Hall, 1977), torgue (Wilberg, 1969),
direction (Hall and Leavitt, 1977), distance, and location, -
among others. These various movement(correlated charact-
eristics appear to enhance or‘distort the sd?ject's

-

ébility to reproduce {(recall) tbe specified &ovement items

3 -
from memory. l

Unlike movements, temporal items may not neces-

sarily haQe the vériety of_;grrelated information available
for encoding into the tbri. Consequently one may‘question
whether temporal and motor information have the same
retention patterns, ahd if differéﬁt magnitudes affect the
fldellty of the tbri. g _ \ﬁ

A varlety of operatlonal technlques have been

developed: verbal medlatlon (Ellis, 19697,”proprloceptlve : TS
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mediation (Schmide, 1971), or time=-filling using motor
tasks to keep track of temporal information (puckolz

and Guay, 1975). Unfortunately the usa of such techniques
confounds both the astimacion and retention of temporal
items with those of movement (Buckolz: and Guay, 1979),
‘tharuby removing the subject from a purely taﬁporal task.
This is particularly true when time-keeping is the temporal
task demanded of the subj&ctﬁ; Buckolze (1975) obsecrved
that under such conditions the extent to which time-keeping
conﬁ}ibuted to the temporal component of a given motor
respoﬁse caﬁnot be assumed. It ig unlikely, however,

that an absolutely pure temporal task could be establishe

L} N .
cated instance it i1s the

since even in the least comp

- , s . .
subject who must physically: -ghlnate the reproducticon of

b d

the time interval being red W ; -Consequentlyh a complete
description of the subject's théical involvement in the
tempéral task is a minimum'fequirement if the retention
characteristics of time aré to be interpreted.

| Temporal delays, though common in real-life
situations,.seldom‘apéear in studies of time where the
effects of retention are considered important (DuPreez,
1967; Hawkes, Ray and Hayes, 1974; Hawkes, Worsham and Ray,
'1973; King, 1965, 1966; Kowalski, 1943; Richards and Liv-
ingston, 1966; and Vroon, 1970). " One might expect the
memory fof‘time (Ehe time 'intervals being referred to

are those of SQOrt duration, i.e. less than 10 seconds)

to have retention characteristics, over an unfilled

TON

oy

e

BT Ry %

R S aplion o s
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Q’ . .

SRR _delay 1nterval of 60 sehonds or less, 51mllar to those round o
oA “l"~;in verbal (Melton, l963 Peterson and Peterson,_l959),and B

g v ? -
hhmotor (Glrouard 41975 and Hall and Leav1tt, 1977 Marten—.

e 1uk 1973) memorw.w That ls, 1n the Qresence of sustalned
. ‘ ) la N .)"" T B R

R

1¢}fﬁa-__attentlon the tbrl 1s usually preserved over the delay

'1nterval prlor to recall."However, when an lnterference

g 3task 1s 1nterpolated durlng the delay lnterval, the tbrl

S

_ﬂls usually affected resultlng in La deterloratlon of

,vaerformance at recall ’V,“i‘xf*} .@

Vo

'ffhf‘nfif erf Studles Op\tlme estlmatlon to date have not led:

;~:‘_ _3to the concluSLOn that the memory for time fades over a

. v o
(RS %4 a
65T e

o (retentlon lnterval (see Table 2) -,Retentlon 1ntervals

"Hfrom 0. 4 up to 120 seconds were used by DuPreez (1967;,

2 . " v . 1

‘thawkes,,Ray and Hayes (1974), Kowalskl (1943), McNutt

‘ana’ Melv1n (1968) 5 Pb'ppel (1973) ' RlChardS and. L”mgswn
. \

’”f(1966) and Vroon (1970) - Nor does there appear to be a E .

,'s1gn1f1cant effect of 1nterference on the tbrl for tlme

'(Hawkes,lRay’and Hayes, 1974 waalskl, 1943) The manner

szln whlch the subjects were controlled durlng the 1nterfer—\b_'

}ence condltlons of the above two studles lS, however, open

v | RS

;Qi:f to questlon;, Both studles left open the p0581b111ty that\ .

Wooof

the subjects may have actually rehearsed the tbr1 during -
. ,O, ) AR : \

»the retentlon lnterval f*Recall could then be based=upon

"'n._the ‘by- products of varlous rehearsal strategles or of tlme

U B . . -

fllllng

, , Few real llfe 51tuatlons requlre 1mmed1at%%vﬁ.;‘g.7 ’
K3 Co [ ’, -} . - K '-')t ‘ - N /"’ e
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k Studles on ShoréLTerm Memory of Tlme
' under the Method of Reproduction -

( :
cy .
L Studles - ° ';iﬁe Length,

RIZ

. .“. } O :Ib'..,.,U_C"

. Kowalski«(1943)®
. T 16.20 sec.
2.0 to

(1963}
R ,32.0‘sec.

Chattefjea-

15.0 to
'60.0 sec.

1.5 and

(1965). -
o s _2 0 sng

*King

O.S tO‘

' King (19%6)' L
S 3,0 sec.,[

0.48 o ©

10.33 to -~
10.83 sec.

’6qg9 sec.d;~

lechards and

'iﬁ"fDuPreez

 McNutt
 Melvin

”.le1ngston (1966)

(1967)

:and,

(1968)

2. 0 to

' 16 O secL

1. O to

’16 0 sec.

' -«47

‘l 0 to .
29n0qsec.

xi2 0 to -
25. 0 sec{

Ad”5¢0 to" ..
. 60.0 sec.
N
1.0to
©29.0 set.

(1970)”' “. 3.0 sec.’ C 2.0 to!

“.Vroon

Worsha? ' -lO O to -
sec.

sec. '0.4;to

to ' 20.0 to

- Hawkes, Ray 7 b"O@ 0.
8 ‘GO.DASec;

5
_and Hayes;;'1974)g 8.0 see.

30.0 sec.

"fv50+o,se¢\.

S 2.5 o
. 30.0.sec.

I2O 0 éec._7 o

20 0 to

60 0 sec.

Immedlate.
Unfilled. e
Filled;
Fllled task =
- Significant a
‘Filled: taskx‘

.RI ; Retentlon In;?éval.'

o

&1c»4

gédor a- geometrlcal de51gn.1

work on. arlthmetlc problems 35

.......

‘the 0.05 level (mean judgments)

RO

fglﬁ.‘f
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‘duties.‘ Yet 1f the memory for time is 1m§ortant suchfﬂw“
delays and dutles must not affect the memory for tlme
unduly ‘ '.f.n e

. , fhe‘follow1ng study was an lnvestlgatlon of the’
retentlon of temporal 1nformatlon where the to—be\remember-
‘ed item- con51sts of tlme estlmatlons of short duratlon

The experlmental protocol employed was the lnterference

paradlgm generally credlted to Brown and Peterson, and k.

popularlzed in the motor memory llterature by Posner

and Konlck (1966) ' The paradlgm was used to dlstlngulsh

between memory loss due to-h'(al length of tlme the tbrl

|

Vwas stored and (b) the 1nterference effects of lrrelevant

T

'\materlal whlch the subjects were requlred to- attend to .

durlng the retentlon lnterval

: 's"u,b'jects_
7 Twelve volunteer graduate students lﬁ phy51cal '

v educatlon at the Unlver31ty of Alberta were used in thlS

experlment T 3 . -

";‘ ! -

| . 3 . Ll e

;

Apparatus and Task

W

y?helapparatus and task were 1dent1cal to the

" . .

anvExperlment l w1th the follow1ng addltlons.,r

ones employé%

- Four of the s1x retentlon 1ntervals descrlbed

¥

below were controlled by two decade 1nterval tlmers



TN )
[

-(Hunter 111-C and lOQrC)J These: tlmers were connected to .

a‘tone generatorv(ﬁico 377)‘ ampllfler and speaker.v When ;i

the circuit controlllng the crlterlon tlme‘length had

lh cycled through its pre set tlme léngth 'lt started the
tlmers controlllng the retentlon lnterval,j"A contlnuoqs.
'; audlble tone ensued for the full length of theTretention;
1nterval prov1d1ng conflrmatlon to the subjects of thel

h passage of tlme:. The sub]ectsrwere asked to recall the
»to—be remembered 1tem,hmméﬁiately follow1ng cessatlon ofd

*«\(Jvl..b
L the contlnuous tone. ”'“‘.

Design \ |
i a Six . levelsiof retentlon. f(a)‘ lmmedlate (),
:ﬁi;(b}; self—paced (SP)*~t§) 15 seconds of rest (R 15),‘T§)
- 30 seconds of rest (R 30) (éy’ 15 seconds Of 1nterp6f3tedit?:

. act1v1ty (I 15), and (f) 30 seconds of interpolated

act1v1ty (I.30), were used These srx levels of retentLOn;

o were - comblned factorlally 1n a treatment by subjects
.de51gn w1th two levels of crlterlon tlme length , namely ~:n:afﬂ;f
l and 4 seconds.- Thlrty trlals were. glven for each of |
the 12 treatments.}‘Durlng the self-paced retentlon .~. m;:;f'
u.wﬁxlnterval the subjects were allowed to recall whenever'g
they w1shed. The term tlme gap (TG) has been applled
1n the past to thls 1nterven1ng perlod between the present-l;d

atlon of a tlme length and the subjects subsequent repro—

ductlon. ThlS 1nterven1ng perlod (Chatterjea, 1957)

N
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Sl N e Lo o o
~Procedure o \\_‘g»v Lo Co e I

‘,;famlllarlze themselves w1th the experlment and the varlous\f
:;retentlon demands.‘ They attended four separate se551ons,
y'each approx1mately 70 mlnutes in length f The 12 treatment
'-condltlons were a551gned to the subjects durlng the

- flrst three se551ons,‘w1th the order of ‘occurrence- de—' -

,differs from a pause of passiye state. in/that.the'amount

' of tlme taken was left to the sﬁbjects.‘ Hence, the TG v

'

seems to be a- spontaneously consumed tlme whlch an lndlv—

ldual apparently feels ‘he’ needs before reproducxng the

‘tlme,length (Chatterjea, 1963) The SP retentlon condltlon

- was utilized'because.several'authors (Buckolz, 1972 Euck-

olé‘andwcervais,zl976 Buckolz and Guay, 1975 Chatterjea,-
'\‘KL : .

‘1963, Woodrow, 1930) used thlS retentron condition with

dlfferent presentatlon procedures and no attempt has
.'\\ ‘

g been glven to compare the results w1th the 1mmed1ate re-

tentlon condltlon In those retentlon 1ntervals requlrlng

T
an 1nterpolated act1v1ty, the subjects were asked to turn_ o
over a card from a small stack Ain- front of them and ‘

commence countlng backwards by three s from the number f

’prlnted thereon (Petersongand Peterson, 1959)

!

" The subjects were glven a number of trlals to
f-‘:

— .‘ N
’,
see

PR
~

=~

htermlned by a random balanced 12 X 12 Latln Square and w1th

v

4 treatments per session. ,f'rf (RERETRER

The 1nstructlons to the subjects concerned three

”points:~p(') the subjects were asked to be as accurate as

.



[;tlmes;

pos51b1e,!(b) the subjects were asked to express and

!

demonstrate their understandlng of the task, and (c) the
sub]ects were asked not to. use any tlme aldlng technlques
at<any time. The experlmenter explalned thoroughly what
was‘meant‘by.tlme—aldlng technlques, glVlng_examples of
‘the varlous types ‘ | v

o One(week follow1ng completlon of the thlrd

_seSsion,'the subjects returned and were given 30 trials

\

of each crlterlon tlme length (One and four seconds)

' -under the lmmedlate and self paced retentlon condltlons

In this SeSSlon, the subjects were asked to use mental
. -
'countlng as’ thelr cognltlve strategy The . treatment
order glven to each subject was agaln varled accordlng to !

L

4ha random balanced 4 X 4 Latln Square de31gn repeated three'

vData Analy31s
 The dependent varlables used were (afhiabsol-’

'ute’error (AE), (b} 51gned constant error (CE)‘ (cé}nyarlé
‘rable error (VE),'and (d) aVerage'(mean) performance (AP).vi
'af., 1}. A number of studles on the retentlon of time :
lhave used only the mean recall performance as thelrv
dependent measure (Hawkes; Ray and Hayes, 1974 Hawkes,’:;
~~ Worsham and \Ray, 1973\ ng, 1965, 1966,'Kowalsk1, 1943,
hLVroon, 1970) ; ThlS dependent varlable termed mean ‘repro-

: , \
o ductlon is generally con51dered the poorer of a number

“

I
|



ormance error, they will be used 1n ‘the present studies. .

‘First Three Sessions

of associated measures (Schutz, 1974 Schutz and Roy, 1973)
and cannot supply the reader with more than a 51mple mag— )
mitude estimate of-memory loss. The absolute magnitude
measure touches bruefly on the concept of accuracy and

[ [

can say nothing‘at all about prec1s1on (varlablllty) More.

'.,is to be gained with the utlllzatlon of dependent varia-’

N

bles such as 51gned constant~error, absolute error and var-,

lable error (Schutz and Roy, l973) These variables have

'-been used in the motor short term memory llterature to

describe the effects of retentlon 1ntervals .and lnterfer—

ence factors. Consequently, on ccount of the common /

‘acceptance of these statlstlcs a Valld measures of perf-

r

N

Results *

'ﬁaw Data -

. ' yi,: For each" subject and each level of the two fac--

tors - (tlme lengths and retentlon 1ntervals), the 30 trlals

‘g‘were lelded lnto 6 blocks of 5 trials each Twelve one-

way analyses of varlance (blocks by subjects) were calcul—

ated for average tlme estlmatlon~ one for each’ treatment
D

vl COndlthn. The blocks ‘main effect.was not smgnlflcant

'1,(R~=- L 05) for all treatment COﬁalthnS. The effect was

quallfled statlonary ‘or fixed anc the 30 trlals for each

subject were reduced to a 51mple MEATL.

¢
1
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Tlme Length

culated for each treatment condltLon and each subject was

‘_termed average performance. ‘The subjects were able to

”._malntaln thelr estlmates of one and four seconds as dis-

tlnct events over experlmental condltlons,‘g (l 11) =

ﬂ;185 41, E." .01. ThlS suggests that when errors arose they

were “hot due to the subjects confu51ng the two tlme lengths

,elther perceptually or in memory . The 1nteract10n betweenﬂ

-tlme length ‘and retentlon 1nterval for average performance

was not 31gn1f&cant (p ’-.Oﬁjn‘ ,’ .

\\ - o The main effect of tlme length was found to be

“‘SLgnlflcant for both absolute error, F (l 11) = 73109, ..

'p - .01, and varlable error, F (1, ll) = 130. Sl, p = .01.
:The subjects produced larger errors and were” more varlable

.in their estlmates of the four seconds tlme length’as com-—

t

pared to the one second time length However, 1nteractlons

between tlme length and retentlon lnterval occurred for

absolute error, g (5 SSTt——3—69—\E - Ol, and'variable

-

error, F (5(55)

'which'were’almost totally due to the four seconds tlme'
—/r”

.length when held ‘in memory for 15 seconds or more, can be

-

seen 1n Flgures 5 and 6.
The " subjects did not show any s1gn1f1cantly con=

'51stent dlrectlonal blas in thelr estlmates of elther one

or four seconds. - The method of prov1d1ng subjects with at'

least 130 trlals of one tlme length before pgﬁ?entlng them,.

The_ -mean (30 trlals) raw . time- keeplng scores cal~ -

5.78, p = .01l.. The 1nteractlon effects"

| 47.
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MEAN AE (MSEC)

S
o .
=

4 SECONDS

Istcdunsss

IM\ © SP - RIS R30.. 115 130

Figure 5

RETENTION INTERVALS

Mean absolute error (AE)" for the 1 and 4

seconds time lengths as a function of the

retentlon intervals (IM'= 1mmed1ate, SP

= self-paced R.15 =15 seconds/of rest;

R.30 = 30 seconds of rest; I.15 = 15
seconds of interpolated. act1v1ty, I.30 =
30 seconds of 1nterpolated act1v1ty)

48 .



1000

800

. 4 SECONDS

600}

MEAN VE (MSEC) .

400

200

=

1M SP ‘R15  R.30 1.15 1.30°
| R‘ETENTIUN- INTERVALS

Figure 6 Mean variable error (VE) for’the'l,ang 4
L ' . seconds time lengths.as a function of the
. " retention.intervals (IM = immediate; SP = . =
self-paced; R.15 = 15 seconds:of rest; =~
R.30 = 30 seconds of rest; I.l5;= 15 sec- '
onds of interpolated activity; I.30 = 30
seconds of‘inteiéolatgd activity)

i



with 30 trials of the second very likely eliminated the
usual development of a central tendency or range effect.
The time length by retention .interval interaction Eor

constant error was not significant (p = .05).
2 : :

Retention Interval , ' | /

A significant effect, g‘(S,SS) = 3.47, p = .01,
was found for absolute error across the retention intervals.
Because of the significant time length by retention inter-
val interaction noted\earlier, a Scheffe's.test on the
simpletnain effect was run. Alhe significant differences
Were that the immediateland’the self-paced retehtion
intervals resulted in smaller errors (p = .05) than the 15
“and 30 second retention intervals (filled and unfilled) for
the four seconds time length; | | |

| Variable error scores analyzed across . the reten-,
tlon lntervals also resulted in a 51gn1f1cant main effect,
F (5,55) = 8. 16 p = .01l The 51gn1f1cant time length by
retention lnter&al interactlon reported above resulted ln
the calculation of a second simble main effect using a
Scheffe's test.  Significant differences were'found bet-
:Qeen’the‘following contrasts for the four seconds time

length only: "immediate and self—paced retentlon intervals

/

were significantly less variable than all other retention

intervals (p = .OS)

24

Signed constant error scores dld not produce sig-

nlflcant ‘main effect across retentlon 1ntervals



(p == .05). The lack of significance can again be attrib-
uted in part to the procedures used. Those procedures
ware devised to suppress the development of central ten-
deney effect. ‘

The F ratio for retention interval obtained from -
average performance measurements was not significant
(p > .05). The various mean error scores for each con-
dition of time lénqth and retention interval are summarized

in Table 3.

Fourth Session A .

-

The 12 treatmeﬁt conditions were completed for %
all subjecté in three testing sessions. A fourth session
wag added in which the subjects were asked to Lz mental
counting as their cognitive strétegy The data gained

from this session was used as comparison data against some

of the consciou; time estimatlon conditions. This com-
parigon was used’to.ensure that thé subjécts had actually
refrained from using some sort of time-— aiding technlque
durlng the first three sessions.
) Analyses of variance were carried out on absolute
\\xeiror,'conStant error, variable error and average perform-
ance. Two levels of cognltlve strategies:' (a) mental
éounting, and (b) conscious time estimation were used.
These two levels of strategies were cqombined  factorially
in aﬂtreatmentbby subjects' design with two levels of

criterion time length: (a) one second, and (b) four

E3



Table 3

Mecan VE, AE, AP and CE in Milliseconds for
. Time Length and Retention Interval

Retention Interval?

Time
Length IM 5P R.15 R. 30 1.15 1.30
Variable Error (VE)
N a é\‘
1 second 172 202 218 193 226 238
4 seconds 456 4895 827 750 . 129 824
Absolute Error (AE)
1 second 226 272 268 235 231 242
+4 seconds 671 661 1173 1125 9990 991
Averége Performance (AP)
1 second 1071 1225 953 981 1085 1058
4 seconds 3851 3853 4073 3554 J3899 >+ 4243
Constant Erfor (CEI
1 second 7 225 - 47 - 19 .
4 seconds - 149 -~ 147 73 - 447
a IM = immediate
SP = self-paced
R.15 = 15 seconds of rest
R.30 = 30 seconds of rest '
I.15 = 15 seconds of interpolated activity
I.30 =

30 seconds of interpolated activity




seconds; and two lavels of retention interval: (a) fmm

moediate, and (b)) sol f-pacad,

y
[

Raw Data | o

All raw time @ﬁﬁimupv data galned in the fourth
session for cach treatment condition and each subject were
visuilly inspected. In only a few cases did the data show
a lengthening or shortening effect, Aagain the 30 trials
for each subject were reduced to a simple ‘mean.

»

Time Length

The subjects were again able to halntain their
estimates of one and four seconds as distinct events over
experimental conditions, F (L,11) = 1133.82, p = .0l.

A significant effect of time lendth was found for
both absclute error, F (1,11) = 53.38, P - .01, and var-
iable error, F (1,11) = 109.44, p = .0l. The subjects
produced larger errors and were more varxable in their est-
imates of four seconds as Eomparﬁﬁ to their estimates of e

L

.the one second time 1ength However, interactions between

time length and cognltlve strategy ocgqurred for absolute

R egyor, F (1,11).= 15.03, p = .01, and for variable error,
fzy‘;a; g’(l,ll) = 26.33, p = .01. The interaction effects which
% were almost totally due to the four seconds time length
when the subjects were asked to -use mental counting as

‘their cognitive strategy, can be seen in Figures 7 and 8.
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The maln effect of tlme length was. 51gn1f1cant

for constant ‘error,. F (1, 11) ; 10. lﬁa Q:-: .Ol. Sub]ects

“overeStlmated the one second tlme lengﬁh and underestlm—

ated the four seconds tlme length R \
»Retentlon Interwal l:7;(f;f. #]k'
‘ The maln effect of retentlon lnterval was only.rj
751gn1f1cant for varlable error measurements,_g (l ll)
.'8 5, E." .05 Subjects were morewwarlable under the.
7'self paced retentlon 1nterval than the lmmedlate retentlon ;L
V;d;nterwalu -hb'*fllf;d ?ff’f“,‘lf‘fvv u:‘ | y '3: |
S R . Sl W?, thhj,
1Cogn1tlve Strategy o .
o A 51gn1f1cant effect,.F (l ll).=x36Q74‘.§ - Ol,
"h;of coénltlve strategy was found for absolute error scores., 5@54'
'}wBecause of the,SLgnlflcant tlme length by cognltlve strat- -
’Jﬁegy 1nteractlon noted earller a Scheffe s test: (E.-=‘.655f’:
v°&0n the 51mple maln effect was rég.‘ The031gn1f1cant :il’f”
ﬂqnfdlfference was that mental countlng resulted in. smallerfv
'errors than conscxous tlme estlmatlonz¥gr the four seconds::
tlme length r' - o R o r
T Varlable error scoresvfor cognltlvelstrategy 3

e _;_],«c:,f;_r*-.,.w; :




e

'Flrst Three Se551ons -

{Tlme Length and Retentlon Interval

v
V'they become less accurate and more Varlable thanilf they

"gpace,,or 1f the ltem to be re'

L

L

Slgnlflcant dlfferences were found between men-—

i

tal countﬁng and conFC1ous tlme estlmatlon for the l and

4 seconds tlme lengths (E. - log).. Subjects were. less

- varlable ‘under ment%l counting for both tlme lengths.

.The F ratio for ‘cognitive strategy obtalned‘from constant

error and average performance measurements were not -

'51gn1f1cant (E = -05) .

No other srgnlflcant 1nteractlons were observed

\

~in any of the four dependent measures., The means of the

- time length, and retentlon lnterval are summarlzed ‘in

- Discusgion

.

The 81gn1flcant maln effect of tlme length

along w1th ltS srgnlflcant lnteractlon w1th retentlon ln-;,

PR

terval for both absolute and varlable error, suggest thatﬁ

_sec0nds ln memory for a perlod of lS to 30 seconds of rest

,V‘ )

“Hrecall the ltem. H(aﬁ, lmmedlately, (b)f at thelr own.

Ty

_meered is only one secondj"

;varlous error scores for each level of. cognltlve strategy,,'

_subjects retaln tlme lengths of one and four seconds dlf-A“ 

bferently When subjects hold a crlterlon tlme of four “tffﬂ

r

-

57.

lx.long.\‘When a non structural ﬁnterpolated task (backwardhi»“

L
rg
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S { Mean VE, AE, AP and CE in Milliseconds for

Q.&g a Cognitive Strategy, Time Length and Retention Interval‘
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g S Time o o Rétehtidh IntéfValf‘,‘ : .
' Length - Immediate'.,Self:paced' - Immediate Self-paced

¢ i&;"Q_ ﬂi~ ’§1 L "Vaf;abie}ErfOr-(VE) ;{’\ o ?
i3éecbﬁd.f.f 172j'  e  ;£02’ o 90:: ﬁ , 106
'{4§§eC§hdéfi;§ éss‘v_‘ _4 ' 485___?" 204 235
-fﬁk'v ”. 7Q Lo e T . Absolute Error (AE)
v e SR . R

1 sécond . -

N
N
-

()Y
~J
e

4 séconds . 661 280 - 239

v
.

W?% ' AVérége Performance (AP)
g \ Y . T

-~ % 1 segond . 1671 o l22s . __Amie 1116.. \¢
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ffllled retentlon interval for both durations. ' S i

’length under an unfllled retentlon 1nterval was in llne

_"1nformatlon

'”proposed whlch could account for these results. ~One

v

counting) was required durlng the retentlon 1nterval, its

effect was srmllar to the results obtained under an un--

Similarities between the results of thls lnvest-

»’1gat10n and those obtalned for motor short -term memory
'were the follow1ng. (a) the reproductlon of a:-one- second
' tlme length under an unfilled retentdon 1nterval was quite

‘srmllar to the reproductlon of movement 1nformatlon when

locatlon was the only rellable cue (Alaln, l974 Dukes;'

y1970 Hu%hes, 1969, Keele and Ells, 1972 Laabs, l97l Wll~

,berg, 1969), (b) . the reproductlon ot~ a four seconds tlme

w1th the reproductlon of movement 1nformatlon when dlS--~

tance was the only rellable cue, 1nformatlon of thls type

- seems to spontaneously decay (Adams and Dljkstra, 1966

1Laabs, 1971 Posner, 1967 Posner and Konlck l966)

and (c) ‘the reproductlon of a one or four seconds tlme

'length under a fllled retentlon lnterval (verbal 1nter—

‘polated task) was qulte like the results of Posuer (1967),\

Posner and Konlck (1966) and Wllllams, Beayer, Spence and -
Rundell (1969) who found that no dlfference ex15ted between

an unfllled and a fllled retentlon 1nterval for movement

A

' A theory of temporal memory has not yet been e

< 6?2-"' 2
Sl B
b SRRy

l

_’could speculate that tlme lengths pf four seconds or

\

~more exceed 1mmed1ate memory span and suffer accordlngly




Such a. speculatlon would lndlcaqe that there is a time

»

length constralnt on temporal short -term memory (STM).

When exceeded, the~memory for the particular time length
is‘degraded' The concept of a memory buffer with ‘a flxed

size may belH}yeak but near analogy. 1In thlS instance, the

maximum length of any glven temporal,event, as wellvas.the

)

—

total number of to-be-remembered items may be limited.

While we do not have any evidence supporting a speCific

time length event capac1ty for temporal STM the data

suggests that there could be a maximum temporal memory

span for any speC1f1c tlme length event
The.results of‘the analyses of the three error

scores are equivocal in their support of the Slngle and/or'

&

Athe dual memory trace theorles. The'retentlon-character—

istics for the one. second tlme length are in line w1th the
s1ngle trace model whlle the lncreased varlablllty and

decreased accuracy of the four seconds tlme length across

-retentlon c0nd1tlons sSupports the dual trace notlon.

Some verballzatlon undoubtedly is 1nvolved The
introSpectlve reports of the subjects obtalned after'the :
experlment lndlcate An all condltlons the use of crude

\J FE

verbal labels, such as very short, short, 3 seconds, ‘and

‘80 on. It may be p0551ble that the tlme lengths are

encoded verbally as well. ’4.' 'f . ?.L" E T L .;\

';§’Q'j




Fourth Session -

Time ‘Le’ngth and Cognitivgtrategy

The 51gn1flcant maln effect of time length along
w1th 1ts significant lnteractlon w1th cognltlve Sstrategy
for both ahsolute. and varlable errors suggest that subjects
were able to use a cognltlve strategy, such as mental
A countlng, as an effectlve method of redu01ng errors in the
recall of the to-be- remembered item. Subjects were again
more accurate ‘when allowed to use mental countlng to keep

track of tlme for the four seconds tlme length " A similar

finding was observedwln Experlment l The mental countlng'

cognltlve strategynresulted in less varlablllty than

conscious tlme estlm;tlon for both duratlons.. Such a

f_result was ev1dent for the four seconds tlme length but not

N

for the one second time length in Experlment l; The‘rea—
SOn/for a 51gn1f1cant dlfference for the one second time
length of the present study was due to the‘subjects

performance under ° consc10us tlme estlmatlon.. These est—

lmatlons were worse than the ones obtalned by the sub— o

l

Jects of Experlment 1 for the 1dent1cal cognltlve strategy
It would appear ‘then that - the 1mp031tlon of some form of

dlscreteness (by means of mental countlng) on the contln—"
L3 .

uous nature of tlme results in- more a0curate and less

varlable performance The data obtalned durlng that fourth

se551on prov1de ev1dence that the subjects actually Te-

6l.



frained from using some sort of timeeaiding techniéues
during the course of theﬂfirst three sessions.

| Although a few answers concerning‘temporal
short-term memory under variations of conscious time

estlmatlon were prov1ded in Experlment 2, very little ls

known about the length of tlme a to—be -remembered ltem may EE
be stored. Consequently, the aim oquxperlment»3 was‘to-~;

determine the perlod of tlme that a partlcular time length,f

. could be stored 1n memory Ln order to achleve that

4

purpose, four time lengths and five retentlon 1ntervalsf;f*

were used. Subjects were again askedkto consciously

estimate time.: ; o .

62.
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Experiment 3.
d 'Conscious Time Estimation

§ : .and

Retention of Time over Unfilledeempofal Delays
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On account of the unfilled tempofal delays
(15 and 30 seconds) used in Experiment 2, one might
question at what partiQular‘delay i%teryal does the
£o—be—remembered item (tbri) become le§s‘accurate and
more variable. Also one might ask;if that particular
delay interval is the same for all time lengths when
.\sigﬁificant results are obtained. 1In order to answer
;ﬁése quéstions the following study investigatéd'tﬁe
retention of time where the ﬁbri.conSistéd of short

timé lengths under very short unfilled delay intervals.



Method

o s Y

Subjeéts

Twenty voluntter undergraduate and graduate

students in physical education at the University of Alberta

-

were used in this experiment.

Apparatus and Task

2

The apparatus and the task were the same as

were used in Experiment 2 for unfilled retention intervals. -

Design

Five levels of retention: ‘(a) immediate (IM),

(b) 2 Seconds offrést (R.2), (¢) 4 seconds of rest . (R.4);,

(d) 8 seconds of rest (R.8), and (e) 16 seconds of rest

(R.16) were used. These five levels of retention were
combined factoriaily in a téeatment by subjecﬁs' design
with four levels-of critefion time length; namely 1, 2,
4 and 8 seconds. Twenty trials were given for each of
the 20 treatments. 3
Procedure
The subjects were given a number of trials to

familiarize themselves witﬁ the equipment and the various

retention demands. They attended four separate sessions

Of‘approximately'4d minutes each in length with 5

K .
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time lengths was uged with 5 subjects per row, One g

length of ‘time was used per session for each subject.

Another random 5 X 5 Latin Square for retention conditions .

; . , &

wag used with each row repeated under ecach time length in a
combinationswith one subject of each row of the time ) o
length 4 X 4 .Latin Square. The instructions to the

subjects were the same as Experiment 2.

Data Analysis 3

The error scores examined were similar to those

utilized in the previous eéxperiments.-
Results .

Raw Data

For eaéh subjéct and each level of the two
‘factors (time length and retention interval), the 20 trials
were divided into 2 blocks‘of 10 trials each. Twenty one-
way analyses of variance (blocks by subjects) were cal-
culated for, the éverage performance dependent“measu£e, one
fof'each éreatmeﬁt condition. The blocks' main effect
.was not significant (p = .05) for all treatment condi-

tions. Therefore, the 20 triéls for each subject were ’ A

reduced to a simple mean.
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A significapt effect of time lenqth'WAH found

M)
= o

xfor average purformanéé, F (3,57) =7262.93, p = .0l. A
. A )

pu t hOu antly.iL.z u~ﬂxm the Scheffe's test (p = .0%)

indicatad that #he four time lengths were significantly

distinct events, one from the other. This suggests that

when errors arose” they were not due to the subjects

confusing the four time lengths either perceptually or in

memory. An interaction between time length and retention

N B

interval occurred for average performance, F (12,228)

5.57, P =< .0l. As illustrated in Figure 9, the interac-

tion effect was almost‘totally due to the eight seconds

4 i
E s

time lenqth when held 'in memory for 8 seconds cor more.

A Slgnlflcan effect of time length was also

".n,‘

;found for. ébsolute error (unsxgned error), F (3,57) =

e «

. ra
'l6l“37 E ;: .01. Further analysis by the Scheffe's test

B

‘(E < 05) demonstrated that subjects produced 51gn1flcant—

4

jy 1arger errors for the elght seconds time length as

" , )

cbmpa;ed to the One,(tWO and four seconds time lengths.

:.f"fa ] i 1.

Mean&ngful dlfferenCes 'were also obtained for the four

. ® + . él L4
"

f'segqus t;me length compared to the one and two seconds

a tlma Eeagths. .The lnteractlon between time length and

.
* A

i

ifetentxon lnterval for absolute error did not reach the
Coe e SR . ,

?'COnVQntlonalsleveL of significance.

b

® h
=

of the constant error or of the. average performance), the,

:gﬁ' For varlable error scores (the standard devxatlon

67,
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ffect of tlme length Was agaln\51gn1f1cant,
F (3 57) 127 96 E <' Ol Employlng the Scheffe 's test

(B, - 05) lt was demonstrated that the subjects were‘-‘gt' :
T - o

the exceptlon that the varlablllty between\the one and i
. - . - .

\ two seconds tlme lengths was nearly ldentlcal An 1nterac—.

&

for variable error, F (12 228) = 5 52 E. « Ol ‘xThe.

i ("\

1nteractlom effect was almost totally due fo the fo% i
"_-"" Qdu'

;d('.and elght seconds tlme lengths when held in memory §o ém

f«Q-S 59, E‘ncp.Ol As 1llustrated ln Flgure ll, thlS 1nter-ﬁ'ﬁ

Seconds or more (See Flgure lO)
- i Wlth respect to 31gned constant error (algebralc-

"-error), tlme length was once agaln‘found to be s1gnrf1cant

-y

(3 57) 9 03, E .< l; A post hoc anaIYSls u51ng

the Scheffe s test (E < 05) lndlcated that the one, two

"'and four seconds tlme lengths were 51gn1f1cantly dlfferent

‘q"" "

’than the efghtmseconds-tﬁgemléngth Sub ects had/a nxfm_'.ﬁnﬁ.

(]
SR

i Ay Ro o 3 ' e
: tendency to overestrgagg the one second tlme length and tol»g

0 J g \

underestlmate the two, four and elght‘seconds tlme lengths

\

o 1 o \‘
»*{ actlon effect was almost totally due to the elght seconds_il\

.\\

P {

tlme length when held 1n memory for 8 secends or more.:{Qv

and retentlon rnterval!for constant error, F (12 228)[=m‘hg5“

h”d‘SLgnlflcantly more varlable as tlme length 1ncreased w1th~‘"
. ‘. ,51‘ e \

tlon'between tlme length and retentlon lnterval occurred‘° >

There was a 51gn1f1cant 1ntera¢tlon between tlme length \_fff’

e
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fhiinterval for all tlme lengths (see Flgure 12)

Retention Interval‘

|

A 31gn1flcant effect F (4 76) =

\

lntervals. Because of the 51gn1f1cant~t1me lengthvby

-~

retentlon 1nterval lnteractlon noted earller, a Scheffe S
test (E < 05) was run on the Smele main effect."?he'
lmmedlate and the two seconds retentlon 1ntervals were
found to be- 51gn1f1cantly dlfferent frOm ‘the g and 16

seconds retentlon lntervals for the elght seconds tlme
. //

length AVerage performance scoreséggre greater for the
latter two retentlon 1ntervals under the elght sec0nds

ledgth
. - :
“The maln:gffect for AE retentlon lntervals was.

«‘: ‘ . "vd

v

3
Y&
>

also found to be SLgan@cant F (4 76) = 3, 40, E."‘ 05. ¢‘3/

A Scheffe s test‘(g_ < .05) was run qﬁ.the maln effect.

(

‘ai

N lnterval was more accurate than the 16 seconds retentldﬁ

-

/ .
A s1gn1flcant effect F (4 76) = 22 50 p < Ol

i

. The 51gn1flcant dlfference was that the 1mmed1a$e retentlon :

"ﬂrwas agaln found for varlable error 3cores across the ré-.ww-”7'

:“_tentlon 1ntervalsu_ Because of the‘51gn1f1cant tlme length

'by retentlon 1nterval lnteractlon noted earller, a .

AL

Scheffe 8! test (E." 05) was run on the 51mple maln effect.f.'>

\ v

A number of 51gn1f1cant contrasts were obtalned.,“3The7

1mmed1ate retentlon 1nterval was less varlable than the 16

-“seconds retentlon 1nterval for the four seconds tlme

» o SR O

length ‘ In addltl@n, the 1mmed1ate and 2 seconds retentlon'L:‘

::v [<..

Sy

oy
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Mean‘absolute error (AE) for subjects :
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I 0 0T (IM = immediate; R.2 = 2 seconds of rest;.
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'

llntervals were less variable than the 8 and le seconds

retention 1ntervals for the eight seconds tlme length

Flnally, the 4 Seconds retentlon lnterval wa

A r

than' the 16 seconds. retentlon lnterval for the"e,ght T

9 8¢

seconds tlme length . "7~'

. |

Finally, a significant effeot 3_ (4,76) ='5fd2,lh

E - Ol was found for constant error measurements*acrols f-;
)the reteht&on 1ntervals é?ecause of the 51gn1fLCant tlme
length by retentlon interval lnteractlon noted earller,'u
a. Scheffe S. test (p < .05) was run on the 51mple mean

effect The 51gnlflcant dlfferences _were that the 1mmed— '; ¢

1ate and 2 seconds retentlon«lnterxpfs were less accurate

7

o

“}than the 8 and 16 Seconds retentlomglntervals for the"

iy

elght seconds tlme length That is, éhder the flrst two

levels of retentlon 1ntervaf’sub3ects underestlmate the o

ahe

8 seconds time length more than they do _under - % la_tter
'Vtwo retentlon lnterval condltlons.‘ '

L

The varlous error scorés for each level of time

v s -
length and retentlon 1nterval are summarlzed in Table 5
v o
| o g
Discussion -
" Time Lepgth and,Retention Ihterbal
/l
! Lo
LA On the one hand the smgnlflcant effects of tlme
' : “sgh L R
arlength and retentlon 1nterval along w1th a non 51gn1f1cant ol

'Llnteractlon between the above two factors for absolute f-*‘° SR

o

AT
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G. rd
Table 5
Mean VE, AE, AP and CE in Milliseconds for -
Time Length and Retention Interval
_Time ‘Retention = Dependent Measure
Length Interval® - . VE AE .o AP CE
1 second M 13 184 1106 106
S o R.2 ©7.149 2R3 0 0 (1166 166
) ~R.4 » = 153+ 248 o 1149 ‘149
R.8 - X770 249 -1094 - 94
~ R.16 . 159 o241 ‘1049 < 49
T ’ IM © 186 261 . 1841 - 159
T R.2 ' 212 . 318 - 10
ARy R.4 254 375 45
'R.8 (.. 284 . 455¢ 52
R.16 Lsizge. . 431 F
i _ CE B i T
4 seconds e IM W 393 664 ~ 463
i R.2 @457 746 ° - 373 .
R.4 T T 486 882 - 232
R.8 7 544.- - 906 - 146
’ R.16 659 1006 - 46
‘8 seconds M 866 1665 . 6608 -1392
‘ | R.2 - ©904 1950 6624 -1376
R.4 932" . 1747 7039 - 961 -
‘R.8 - 71118 1671 7419 - 581
R.16 S 1292 0 1991 7437 --563"
& 1M =.Immediate .
: 2 seconds of rest.
4 seconds of rest - /
8 seconds of rest _
16 seconds of rest
b yg = variable error
» AE = absolute error T
. AP = average performance - = o
; CE = constant error o

I
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error scores, 'suggest that subjects retain time lengths
of one, two, four and eight seconds in the same way. When
subjects hold criterion tlmes of one, two, four or eight

seconds in memory for a perlod of 16 seconds, they become

.
less accurate than if they recall the item 1mmed1ately

"It can be- concluded that subjects reproduced time lengths

of 1 to 8 seconds with less accuracy after a short perlod
of tlme (16 seconds) than 1mmed1ately even when there was

7 .
nothlng restralnlng the subjects from devoting their at%gn-

These results are partly

m‘,»v ﬁ K g0 L
: ﬂrn conformancenw1th those of Experlment 2. In the latter

L

1nvest1gatlon, for the one second tlne length, 1t was foundvl'
’;.,," . B
that the snbjects reproduced as Well after 30 seconds as
. én
meediatehg The data for the four seconds time length

:obtalned ln Experlment 2. are in agreement with ‘the present

s

study.” . o : g;fa_ ' R

= on the other hand the 51gn1f1cant effects of tlme_’

length and. reténtlon 1nterval along w1th a significant
lnteractlon between- tlme length and retentlon 1nterval for
varlable error measurements, suggest that subjects retaln

tlme lengths of one, two, four and elght seconds dlffexent—

&e oo

;rlyy: When sub]ects hold a crlterlon time: of elght seconds

in memory for a period’ of 8 or 16 seconds, they become ‘more

-

varlable than 1f they recall the 1tem 1mmed1ately or after
2 seconds of rest For the subjects holdlng the four

/

seconds to—be-remembered item for a perlod of 16 seconds,

. i . . : .
i S, . 5
' N . »
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more variance is denoted than if they reccall the item
immediately. Finally, when one and two seconds time lengths
are-used[ no evidence of significant variability is present.

JSimilar findings for the one and four seconds time lengths

of the present study were obtained in Experiment. 2 for the

-

variable error dependent measure. ' .v
W '
ﬁ%.,. Similarities between the results of this “invest-
1gation in terms of variabllity and those obtained for

-motor short -term memory are the follow1ng (a) the repro-.

. -
duction of a ohe or'two seconds time length under ‘an . -

A

unfilled retention interval was quite similar to the repro-
- duction of movement information when location was the only

reliable cue (Alain, l974, Keele and Ells, 1972; Laabs,
@

¢

1973), and (b) .the reproauction of a four or eight seconds

time length under an unfilled retention 1nterval ‘was quite

~ i »
el
Pyw

similar to the reproduction of movement information when'
'.distande was* the only reliable cue, informathn of this
.type seems’ to spontaneously decay (Laabs, 1973)

A theory of temporal'short—term'memory‘Was . .
.proposed in Experiment 2 which speculated that tlme lengths
_of four seconds or more exceed immediate memory span and |
suffer accordingly. The present results support the notlon'

3 \
of a time length constraint ‘on temporal short term memory ..

o

=y

The eight seconds time length degraded or faded. -sooner-

than the four seconds time length'across the unfilled f pooom
. ’ ’ ¥ - | ‘ . T . .

retention intervals.
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o

. terms of short —term retentlon characterlstlcs. _Exper—

18,

The results of tho analysis of the variabloe
crror scores are tqu1VOCdl in thoxr snpport of the single
trace and/or the dual memory trace theor . The retention
characteristics for the one and two seconds tiée lengths

are in line with the single trace model, while the increas-

- ed variahility of the four and eight seconds time lengths

Supports the dual trace notion. As in Experiment 2-, some

‘Verbalization was involved and crude verbal labels were

employed. . =

On the basis of Experiment 1, conscious time
estimation and menta; countlng were the two cognitive
ﬂ‘y a}s = . o

-strategles-chosen to be examlned in further detall in s

~

‘ 1ments 2 and 3 provided a few answers on the ort—term

retentlon of tlme when subjects were under Bcious
tlme estlmatlon cognltlve straﬁégy The purposes of- . @
Experlment 4. 'were to 1nvestigate the short-term retent;gm;,u“%uWQm

of time when subjects werelunder a mental counting cog-

nitive strategy aﬁd to determine if the short-term

retention of time under such a cognitive strategy was,

different from that under conscrous tlme estlmatlon.

T8
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Experiment 4
Mental Counting
and

\
|
RetebtiOn of Time
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The retention of to-be-rememberced temporal items

» Mmay depend upon the manner and the depth to which thoae
items ‘are encoded (Lockuart, Craik and Jacoby, 1976%.

Echriments 2 and 3 provided results on the rotention of

time when subijects were under the performance mode of

conscious time estimation. Absolutely nothing is known

about the retention of time when subjects are asked to

use a time-aiding technique. Such a performance mode

(time=aiding technique) may yield different retention

.

characteristics of the to-beé-remembered item.
The followihg study was an investigation of the
retentlon of temporal lnformatlon where the to-be-remem-

t‘s.-

be:ed‘;;em (tbri) consists of time estimation of short
o » duration. Thevexperimental protbcol'employed was again
0 i
the Brown and Peterson 1nterference paradlgm This

,paradlgm was’ used to dlstlngulsh between memory loss due

P
%ot

to: (a) the length of timé the tbri was stored, and

(b) the interference effect of irrelevant/matef;al which
‘the subjects were requifed to attend to during the
r_reteutibniintervél.. The majer distinction between the .
V‘preseﬁt stuay and Experiment 2 was that subjects in the

¢ present study were able to use a tlme-aldlng technlque.
T The experlmenter-deflned tlme-aldlng technlque employed.by

~the subjects was: a “nental.- countlng cognltLVe strategy. S

P -3
vp‘t,.a_. ‘. y
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Subjecta. - . o0 0 '- :
Twelve volunteer gradgate students in physical
education. at the Pniversity of Alberta were used in this

experiment,

Apparatus, Task, Design, Procedure and Data Analysis

The apparatus, the¢ task, the design, the
procedure and the dependent variables were the(sqme as
those described and used in Experiment 2 (first three
sessions) with the following change in the third

e . : \ . ) e .
lnstruction given to the subjects (instruction-c in the’

procedure): (c) the subjects were asked to use a mental-

counting cognitive strategy. The experimenter explained
thoroughly what was meant by this term.
: s / L -

Results

Raw Data

For each Subject and each level of. the two

# I

'factors (tlme lengths and retention 1ntervals), the 30

e

trials were divided lnto 6 blocks of 5 trlals each.

Twelve Jne~way analyses pf v iance (blocksqby spbjects)
i3

were calculated for average time estlmatlbns, ane for o

‘each treatment COndltldn. The.blocks"main:effecv was

me“.d RN

;4-.\-'\;

g1,



not Slgnlflcant (E. = 05) for all treatment condltlons ‘;1<yj
‘*W‘ CoL e
- The effect was quallfled as statlonary or: flxed\and the .k;/e
.'[A: \‘ \ b’ o » Ll ' . .‘ -.
' 30 trlals for each\subject were reduced to a srmple mean';f"ﬂ,][ff-~

fj;ﬂ-rj;t" ?a’ii The mean (30 trlals) raw score was calculated S A
SN " S . , (5
”‘for each‘treatment condltlon and each subject's{average -
- \

s performante was termed : The spbjects were able to

’?fmalntaln thelr estlmates of one and four seconds as zfgf”

'f\dlstlnct events over all exp rlment\T condltlons Fh(l ll) \‘ﬁf
9831 75, E"‘ 01 | Thls sE o

ggests/that when some errors

i “ ¥ L ' ‘_ 1“ R ,‘-“
V;arose they were not due to the\subjects conquLng the ;Xg:

:A srgnrfrcant:main effect of tlme length
SR - ) ) ) N \vo. ;_‘-_ ' Lt
;;F (l ll) 49 86,.2 < Ol was found for the‘dependent "

.f Tl PR . » °
varlable, absolute\érror;‘

The subgects prodiced larger };:Tf*f'

/

'errors 1n thelr estlmates of Ebur seconds than they dld ;%X;j:
T N O R e
‘“twhen estlmatlng the one second tlﬁé lengths. The tlme \hf'f"' '

’ length“by retentlon lnterval 1nteractlon for absolute:,¢13#ﬂ””t

"5fF;Kl:ll) 91 so,

.7var1able‘1n the four seconds than theﬁone secondvcohdltlo_gr




'l . ) . il - « \ " g ) .
} N The 1nteractlon between tlme 1eng£h and retentlon,lnterval
‘41' [ »....,..‘ PN

by vfer varlable error was also not SLgnlflcant (E_ ? 05)

R
¢ + . . 5

N ,'s

[

v w

[ERPRPSR : '

S

'g\ S Wlth reSPeCt to constant error scoxes, the main, 1

N
effect of tlme lengt Was 51gn1f1c (F (l llﬁ —\33 43

/ Vv

P < -Ol The subjects demonstratedta consrstent dlrec—.‘m

1 1

‘;tlonal blas\ln thelr estlmates of the one sécond (over—ed"
',Qfestlmators) and the four seconds (underesaimators;‘tlme » fwf .
Cslengths.djThe lnteractlon between tlme length and reten—‘

‘tlon 1nterval for srgned c0nstant error/was not smgnlf—Vf' }~ :
""..“;'u;lcant (E > .05) ' S |

ST

:/3.;‘ﬁu,;;_i; A slgnlfloant effect F/(5,5§Xga 7 04, E - .Ol,n

e X !

_dx.»;,Retentlon Interval

'hwas found\for varlable error measurements across the

f”fretentlon'lnterv/;s.- A.Scheffe S teS

o M

'éaled SLgnlf;fF"

'.F,Mwere leSS varlable than those 1n the other retentlon 1nter—.:f

Sl / '
v val condltlons w1th the exceptlon of the self-paced

:?ﬁcondltlon (see Flgure L3)

The retentldn 1nterval maln effect was not
‘“f?51gn1f1cant (p >l 05) for absolute error, constant error T\«f”+

-F'and average performance.
RN ; . -\

-y -
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i g

VE' (MSEC)

N
Q
=}

L Ae

vy ;

4seE6ndS

. tsecond |

Mean varlable ‘error’ (VEV’for- he l and

: _4 seconds time - lengths as a. function" .
v of ‘the' retentlon lnte als (IM = 1mmed—5,'”
. -“iatej SP = self—pace "R.15.="15 sec- - .

.onds Of rest, ‘R.30) = Q_seCOnds of rest;

I.15-= 15 seconds of lnterpolated act-

;5F1v1ty, '1.30:="30 seconds of knterpo—i'bﬂ
‘:gaated act1v1ty) N

RETENTION INTERVALS I |



Mean VE,

Table ‘6 .r _ T

‘AE, AP’ and CE in Mllllseconds:

Tlme Length and Retentlon Interval

\

for

. Time
“Length -

S

IM.

8P,

LI

' R. 30

|
!
[

Retsn ion" Intervala :
'['A(R.l'%

\ I‘.l'S«l"" | .

L second

l second

4 seconds
4 seconds

90

172

,A*204£’*'
ase

Varlable

"1067’>
202

235

485‘f

121
~ 218

262.

- 827

Error (VE)

148
193

. Qu288; M:

. 150

\

\141.
1226

270
799 .8

i"i’l second

4 seconds

Absolute Error (AE)

J148

'“13239-;]3.

,".131»Q

25

157

; 306

\\ // o

158\\

g 292j,

A

185

©, 1L second

.. 4+seconds’

Average Perfoﬁmance (AP)"

“tlllsif
3960

1019“

1060.

3927h

1101{'”

3985?!

f3OL79:“

1071, o

3955 .

1 second -

e L

'+ 4 seconds-

fConStant

Error (CE)

?597}377

73

15 -

'iM L

P00

- SP.
R. 15
"R.30"

. I.15:
'1:30

0 uuplrn;u,-

flmmedlate .
fself—pacedg'
15 seconds
30 'seconds

15 seconds:

;30 séconds.

-Of)

;of rest -
of rest i B
teppblated acthlty SRR
of lgterpolated aCthlty a-j'

v

cg b Varlable error scores obtalned in. Experlment 2 underlﬁc
consc1ous tlme estlmatlon cognltlve strategy e



»uhr_two, three‘:-itj The suggestlon 1s that subjects are.

o fthe results of Experlment 2 for the same tlme lengths and

'ngfcountlng cognltlve strategy 1mplles that the subjects?“f*‘

‘

I
: \ R
’ [ DlSCUSSan
!
:;‘) g Do ' ' ~

S The SLgnlflcant maln‘effects of tlme length and '
MDA ¥
ﬁretentlon lnterval along with thelr non- 51gnlflcant '7f4f’

r

“nlnteractldn for varlable error scores, suggest that subwl“‘

jects retaln tlme lengths of one and four %econds 1n

; B ty,
{ 3

a srmllar fashlon. When subjects held crlterlon tlmes of f‘*"
"one or fopr seconds Ln memory for a perlod of lS or 30
Zn"seconds w1th or . wmthout 1nterpolated act1V1ty, they were

jmdre Varlable than lf they recalled the 1tem 1mmed1ately

o
[T

Qyor at thelr own pace.?f“fl{yf"j' i
SR All subjects reported that the act of m%ntal
jcountlng was the cogﬁltlve strategy whlch they had used
“fWhen questloned\further,gthe subjects explalned that when
.ifaced W1th the task of reproduc1ng a tlme lenéth theyl
‘fﬁsuhd1v1ded the’ 1nterval 1nto a sequence ogwséhrt duratlons t3£.~
}(sub]ectlve tlme unlts) by countlng rhythmlcally "one,iftv‘”

“fless varlable when allowed to use a\subdlviSLOn type of T

'strategy along w1th countlng The flndlng c01nc1des w1th

et 1

"Aﬂreténtlon 1Ltervals under a conSCLOus tlme estlmatlon cog—,f5:“

2 : e

'.fnltlve strategy (see Table 6) V'i“f”;yef
The memory of a’ tlme length under a mental
”ugretaln-f(a) A number of subjectlve tlme unlts, and

=




T e

(bi the 'length' of the subjectlve tlme unit (Countingf

‘;retentron 1nterval of 15 seconds or more, the length of . the

fthe subjects.;“r

o . B
I

”.rate), ‘The retrleval of the number of subjectlve time 3

unlts by the subjects 'is ea51ly satlsfled and results rn

“.a decrease ln varlablllty across the retention lntervals.

v

‘There is no ev1dence that the 'length'vof the subjectlve
"tlme unlt is remembered (Vroon, l976) Accordlng\to the

fpresent data,,rt seems that after an unfllled‘or ?llled

[}
\

fsubjectlve tlme unlt 1s retrleved w1th more Varlablllty by

Cn

leferences in terms of varlability between the

vy ) .

'fg results of thlS lnvestlgatlon under a mental countlng ‘ t f}

o jfour seconds tlme length under mental countlngporfcon— E

*vyscrous tlme estlmatlon, they followed the

s &'

’Cognltlve strategy and those obtalned ln Experrment 2 h'y

f;under a’ conscrous tlme estlmatlon cognltlve strategy

""J»Were the follow1ng ﬁaﬁ' when subjects rePrOduced a i}f;"

‘7i‘fcharacterlstlcs (subjects were more varlable\"

3

i

tfllled or fllled retentlon 1nterval of 15 seconds or. more.wr7*""

;ithan was the caSe when they reproduced lmmedlately or.

Hf[{at thelr OWn pace) There was less varlablllty under

.~5fVar1ablllty across the retentLOn condltl\\s)was present
| it . - : N "b’ o ] _‘,1‘

‘ﬂduced a one second tlme length £

fjmental countlng than under consc1ous tlme estlmatlon for g, N

|

g]all retentlon condltlons, and (b) when sub]ects repro—?

Sa . -

retention~character1sr;Qg‘

%LthS were dlfferent for the two performance modes

”\[- ‘ E ‘ k ‘ .

e
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under mental counting while such a tendency was absent

under conscious time estimation. The variability of the
"~ one second tlme length was less under mental .counting
cognltlve strategy for all retention Condltions.

o

Slmllaritles between the results of theﬂpresent
-study and thoSe obtained for motor short-term memory
were the follow1ng i(a) the reproduction of a one or
four seconds tlme length under an unfilled retention
‘interval was quite 51mllar to the reproduction of movement
lnformatlon when dlstance was the only reliable cue,
A lnformatlon of .this type seems to’spontaneously decaf
' (Laabs, 1 973)- and (b the reproductlon of a one or
~ four seconds time length under a fllled retention interwval
'(verbal lnterpolated task) was qulte SLmllar to the,results'
of Laabs (1973) who found- that no drfference ex15ted '

:'between an”unfilled‘and a filled retention 1nterval for

~movement information (distance) .



«

Summary of Section 2

The results.of Section 2 clearly indicate
separate memory functions\for very short and short time

lengths when used in temporal reproduction under conscious

ey

e e
time estlmatlon ‘cognitive strategy. Short (greater than 4

strategy appear to spontaneously decay, while very'efﬁf! '

time lengths seem to be rehearsable in some manner even.
: . . . - R N
- when processing capacity is not available. Furthermore,

the results also‘distinctly reveal a unique. memory function

A

for time lengths under mental counting cognitivle strategy
.wben used in temporal recall ‘TimeAlengths under such
strategy appear to spontaneously decay e;en when '
processing capacity is available. Flnally, the retentlon
characteristics demonstrated nnder‘mentai countlng'cognlté

ive‘strategy were~better than under conscious time

estlmatlon cognltlve strategy.

' The. constraints leadlng to the presence oﬁ\decay"

-

for both modes of performance w1ll be lnvestlgated in.
'Section 3. Could the rehearsal process or proactlve

,1nterference be the major caosegof forgettlng temporal
1nformatlon?' This problem w111 be anestlgated in the

fbllowing'Sectlonr



Section 3

90.



A

\

General Purpose of Section 3 '

N )
Section 3 (Experiments 5, 6 and 7) was performed
A A

in order to dotéxmine why temporal information was not
retained under cenecxoua time estimation aﬁd mental count-
ing cognitive stratpgles in the previous experiments.
Rehearsal (Experihegt 5) and proactive interference
(Experiments 6 and 7f‘were the two processes investiqated
in that section under EQnscious time estimation and

mental counting cognitiGe strategies.

The results oszxperimentS 2 and 3 were that,
for time lengths of four and elght seconds under a con-
scious time estimation cognltlve strateqy, subjects became
more variable-after an unfilled retention interval of 15
seconds or more than if-they recalled the item: (a) im-
mediately, or (b)1 if the %tem to be.remembered was only
one or two secondehlong. further, the results of Exper-
iment 4 were that, for time lengths of one and four
seconds under a mental ‘counting cognitive strategy, sub-

|
jects became more variable after an unf;lled retention
interval of 15 seconds ot more. In these studies, a
subject-defined rehearsal was used. Subject—defined
rehearsal was present when the subjects recelved no
specific 1nstructlon as to what to do during the rest

e
rétention interval, except to wait quietly.

91,
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Fugi

Cne might question what the results of the abovae
three ntndiéa would be if the subjects were instructed to
usge an experimenter-dafined rehearsal instead of a subject~
defined rehearsal during the rest interval, Would this
former kind of rehearsal improve, maintain or interfere
with the Qu-b0~remembar¢d ftem aftar a certain period of
time? The purpose of Experiment 5 was to answer this

question. : o
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Experiment 3
Types of Rehearsal
and

Retention of Time



iy

fFaychologiscs in the verbal domain have
propased tws ®ain funclions of the relearsal process;
(3l 1@ ropnew information ih #ghort=term memory zo that
st is not forgotten, and (b te sransfer information
about the rohearged ftems to long-term Mmooy, Lhus

building up the atvength of the information lang-term

menory projorves (Atkingon apd Shiffrin, 1968: lHorman

p B, e d o oy B v o 5 e o g % ey e A 3e -
and Kumolhary, 1970, Wauagh and NGrman, 1365 . Furthorsore

. P B P S AU P - T - .
a4 number of invesgtigations have led to the naed o postu-

. T I g - i . P . - o y
late more than one rehearsal process {(for o review sea

internal representat:on of a given perceptual input may
asgsume differont forms, depending upon certain operations

performed upon the input Or on its representation in the

memory store. Then it is logical %o assume that the xind

cf renearsal.process is closely related to the nature cf
the representation cof the to-be-remembered item (tbri) in
memory. The effectivegess of a rehearsal process may

depend on the nature of the information that the subjects

are processing,

In order to examine the effect of rehearsing

temporal informaticn, the follcwing study investigated the

S retention of temporal! information under two forms of

*

94 ,



"; fehearsal:,g(a)~,subjeﬁt deflned rehearsal and Ob)

| ‘ ' L
‘experlmenter-deflned rehe rsal and two forms of cognltlveg,:ﬁ
: il SN i \
e strategy (a); conscrous tlme estlmatlon, and (b), mental
‘4" ! { '
s_’countlng, where the to—be—remembered ltem consrsted of

f’fshort tlme lengths, namely one and four Seconds reproduced:f

"d'after a retentlon 1nterval of lS secos?s.w u;hf'fﬁffpﬁﬁfbﬁfﬂ .
I T §fype I rehearsal dr a’ malntenance (rev1v1f1ca—‘dj -
£7‘tlon) process as proposed by Gta%k and Watklns (1973) was': 5

-fﬁﬁi};used rn thé pré?ent\study as: opposed to Cralk and Lock—'”
K

cIt lS assumed that an~

3dhart R (l972) Type II rehearsal;{

.ﬂdType I rehearsal process malntalns lnformatlon by rote dw?.ﬂ?‘V?Tr

Q ES

-EL}repetltlon at a glven leveI of analy31s for the duratlon

fofftdeﬁpfoce531ng act1v1ty

fThe rote repetltlon may takefnlf[fﬁ15

rfgjfvj;wo forms" overt, and (b) covert _xOvert rehearsal

‘:_fls analogous to repeatlng thlngs out loud or by 1nternal
3*if”speech (Norman, 1969),’whlle covert rehearsal (somethlng

s ,/ A R : ‘/2 ) Q
ﬁllke concentratlon) lS subconsc10us 1n that the rehearsal T

a.

fprocess cannot be read*ly 1denthf1ed In the present(il




‘fjincond%tlon and then tested under all levels of the other

e

Y

v

;“-ApparatUS and Task N -[“* ,55 L "" | f ? |

gects were aSSLgned to one of two levels of rehearsal \jw

two factors, namely cognltlve strategy and tlme length

Lh~;and (b) experlmenter-deflned rehearsal (EDR) The t‘o

V?the 4 trea%ment condltlons}f"

NE V . ':/‘ . \‘“’,‘ . " ;,.,' - s . ' ) ‘(‘I‘-.: !
IR A A '>. Method . -

. N /

Cdr e R . K TR - B . N B .
S o : R R AT - R ' s ! v
N ST : o .

O \/ . B Y . . . N i C : . ! S

'hsubjects" RNV

/ - . . \] K - . ’ ' \ ~..

Elght volunteer graduate studenbi\;: thSlcal

¢ ,
educatlon at the Unlver51ty of Alberta were _ed_ln,thls g

experﬁment."=,' LT ,;h‘ '.f.»f

.[,j’ S P S R

"'w;d»hvuThe apparatus and the task were the same as those,ﬁ_~’

N

&

descLibed 1n Experlment 2 forlan unfllled retentlon 1nter—'

-of 15. SecondS--’ﬁi }‘5;7‘;‘2 L fﬂ;ﬁ‘;“"7»x RIS

Vil vA factorlal de51gn (2 X 2 X 2) 1n/wh1ch 4 sub—f
. = ok

a5 o

were uSed 1n the present study The two levels of rehea’

sal used were'7-(a); Sub]ect-deflned rehearsal (SDR),,,t‘;:7’

, .

._\

levels of cognltlve strategy were-ﬁ?(‘) consc1ous/;1me

estlmatlon (CTE), and (b) 'mental countlng (MC and the

tWO levels of Crlterlon tlme length were“"‘”

and (b) 4 seconds.l Thlrty trlfls were“glven_for each of

) I Second

; I . d

96.




‘v'gdlng examples of the varlous klnds, (d) the subjects were

"Procedure - Fl Y

'famlliarlze themselves with" the equlpment and the retentlon

E,to the subjects concerned flve po ts. f(af, the subjects
. bipts:

VWere asked to be as accurate as p0551ble, (b)l the sub-

‘;tlme'estlmatlon cognltlve strategy were asked not
'-Vany tlme—aldlng technlque.r-The experlmenter exp al

lﬁkhthoroughly what was meant by 2. tlme—aldlng technlquw

tasked to-use: menthﬂ countlng when asked to do so.(g¢heﬁr

,experimenter explalned thoroughly what was meant by g:gﬂj,
~T_mental countlng (countlng to hlmself) and ( jw.théi‘,u
:‘isub3eCts under the exPerlmenter—deflned rehearsal COndltlon

h{:were asked to rehearse (rote repetltlon) the crlterlon l_f

/
The subjects were glven a number of trlals to o
. v‘\A ;

!

! . /‘

.Hllnterval They attended one se531on of approx1mately 60

lenutes., The 4 treatment condltlons under each level of

V

‘rehearsal condltlon were a531gned to the subjects, w1th

7 .

“the order of occurrenc% determlned by rotatlon in a Latln

._Square. The rotatlon ln the’Latln Square was s1mllar @or»“

‘fffboth levels of rehearsal condltlon. The task 1nstructlons

/

”f]ects were asked to express and demonstrate thelr under—“ﬁ'

f:standlng of the" task, (‘)v the subjectgaunder t e, consc1ous

Hv'_‘giv
{ sy S

,3.» T

R . .'v)\,.,.'

0

s

}ﬁwere asked to rehearse the v1sual tlme length (Covertk”

!_ \\ o

rehearsal or lnternal speech) The sub]ects under the;‘h

97,

'ktlme length durlng the retentlon 1nterval lTeif{*;theyhv*-,"“

/; rehearsal or concentratlon) or. the mental countlng (overt S
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ST . | o '-,v“@ﬁl bf‘fj‘ |

‘ \subject deflned rehearsal conthion'WereApdtagiven-this

'1nstructlon : * o ,.':_1"!" e ‘
&

. \
A

'-Data‘Analysis "

/

The dependent varlables were the same as those

\
\
Yo 3

. descrlbed in prev1ous experlments.' ,iyﬁ'l;f'."7';,rh, e
T \ . s Lo o / ' L i Coe L
SN . 1:‘ . o _ - o . o o S
R N ... Results e Cal L
B T S SR
9.Raw.Datal‘7, L, »
The raw tlme estlmatlon data for all treatment

u*COndlthnS and for each subject were vlsually 1nspected

In only a few cases dld the data show a lengthenlng or

kif;"shortenlng effect Consequently, the thlrty trlals for

R Average performance analy51s revealed that the

h:,;f_each subject Were reduced to a Smele mean ; :
T ’ y . o
p ) o A e
. V;tTlme Length o Lo e f‘o . . ‘
NS NN U SR LTS :
%

\"‘

 fsub3ects were able to malntaln thelr estlmates of one—and
T»four seconds as; dlstlnct eVents over experlmental condl—f.-*

'.,ﬁ"“f.,i"'tlons,jF (L) 6) 1001 57, P_ - -01 ~This: suggeSts that

’hwhen errors arose they were not due to the subjects con—lr_&

R DS

x-‘fusrng the two tlme lengths 1n memoryafﬁa f-;@f'-_”jif A

”B"Q%T A slgnlflcant'effect of tlme 1ength£was found for

?Labsolute error, F (l 6) =. lﬁ 92, 9  < .Ol, and for varlable

e error, F (l 6) =‘43,66, gi < Ol The sﬁbjects produced -

ES



'larger errors and were more varlable 1n their estlmates of

four seconds as- compared to one second However, 1nter—j

"-y actlons between tlme length and cognltlve strategy were

.*'leates of elther one or four seconds., Thls suggests

(v

‘ﬂg;dependent measures between consc1ous tlme estlmat'

\”hffnoted earller on the absolute error (AE) and Varlableﬁ

f51gn1flcant for absolute error, F (lyﬁ) —\8 09, p = .05,
»and Varlable error,,g (l 6).— 9 E - ; 5. These
‘;1nteractlon effects were almost totally due to the four

seconds tlme length when held ln memory under the mental

,

'1count1ng cognltlve strategy (see Flgures l4 and 15)

¢

Wlth respect to constant error scores, the tlme

‘length maln effect was not 51gn1f1cant (E. = 05) _he

:,lsubjects dld not show any dlrectlonal blas in their est- . '

>

i

*ftthat there was not a develoément of a central tendency - v@.~

/\ B . N

'o}: ranqe effect m the pres n\Study. T

FURPI

b et T

-*“Cognitive Strategyfff"

There were no 51gn1f1cant dlfferen‘

‘ RQ
"Qmental countlng (E. > 05) However, because of the ,4§§;;ff

l

'?31gn1f1cant tlme length by cognltlve strategy 1nteractlons

SR ) , ' it
“f.error (VE) scores, a Scheffe s test (Q_ < .05) was run on_

N

f‘the 51mple maln effect for AE and VE scores A 51gnlflcant

-llncrease 1n accuracy and reductlon in varlablllty for the‘f

potn : : "'/'V., s

1*35{5{-4 seconds tlme length was revealed when subjects were
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Flgure 14
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B
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a functlon of the tlme lengths.“';

lo0c.

[



fa:
bt
-«
=
Vot
i
R
- -
- ¢
m .
TE‘

600

400

f‘Eigure l5 

con

estimation

‘mental -

scious time -

_counting ORI
! VR g T

0.5 .10 2.0 . 40

'TIME LENGTHS(SECONDS) LOG

3

Mean varlable error’(VE) for
conscious time estimation and
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d_tdeflned rehearsal:

Subjects reproducxng the one sedond time length either

‘under conscious tlme estlmatloq/or mental countlng

prxovided SLmllar results in terms of accuracy and,

)

varlablllty. : ‘ o o

o

Rehéaréal

+ " '

4ﬂ:, - For all performance measures, there was no '

e

‘SLgnlflcant dlfference between the two rehearsal condltlons

t

(p = 05) Furthermore,-no 51gn1f1cant lnteractlons
anOlVlnq thls factor were noted 1n the present invest-

;gatlon (B; > .05). Subjects rehears;ng“under an experi-

?_meterfdefined condition with.time lengths of"one or four
'seconds elther under conscious time estlmatlon or mental
‘dcountlng durlng a retentlon lnterval of 15 seconds old not

.produce dlfferent results from subjects under a sub]ect—

o

The varlous error scores for each level of time

‘length cognltlv strategy, and rehearsal condltlon are

i

‘isummarlzed 1n Table 7.

~ Discussion

Tlme Length and Cognltlve Strategy

102,

The present results under an unfllled retentlon =

- 1nterval of 15 seconds revealed that mental countlng dld
‘ llttle to, 1mprove tlme estlmatlon accuracy (absolute) or

:varlablllty relatlve to consc10us tlme estlmatlon for the
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Table 7

Mean VE, AE, AP:and CE in Milliseéonds ‘
for Time Length, Rehearsal and Cognitive Strategy

e

Rehearsal?@ ' ' 1 ‘Cognitive’Strategyb

!

MC ! - CTE

1 second 4 seconds 1 second 4  seconds

' variable Error (VE)
EDR : : 121 203 » 151 . 692

SDR 165 432 231 . 627
| = . absolute Error (AE)
EDR = - 127 . 173 158 - 782
SDRL ‘ 195 . 343 o528 946
o : Average performance (AR) .
EDR. - o 1060 3962 1123, 4533
. spr . 1109 4117 1457 © 4815
\*ﬂ B i b ’ - ,_<- . . ’ C = -
R S “!% Constant .Error (CE) .
.  EDR - o . "0 . -39 - 123 533
SDR 109 <117 . . 457 .. .815
y o T o " S b2 .
3EDR = exPefihenter—defined rehearsal '
. SDR' = subject-defined rehearsal
- bMc = mental -counting p )

CTE = conscious time estimation ' . .

~
s



e

recall of the to—be—remembered ltem (tbrl)._

one second time length. lowever, significant reductions
in variability and larger improvements in accuracy were

found for the four seconds time length.

4

Rebearsal

v I 1

.
Subjects produced similar results under an i
. .
experimenter-defined rehearsal process and a subject—m_v

Lol

defined r hearsal process. The expcrlmenter~definedﬁ ‘A
5 ned

rehearsal process dld not enhance or interfere wjith ¢

i

i ,
varlablllty (VE) for reCall of a'to-= be—remembered 1tem of o

. four seconds under conscious time: estlnatlon and ‘a subject—-

defined rehearsal condltlon was obtained in Experlment 2.

°
o

Such a dlfference was not found for the one second time
length It was expected in the present study that the/

experlmenter—deflned rehearsal process for a time length

of four seconds under consc1ous tlme estlmatlon would

\ i

" improve the results 1n the dlrectlon of an lmmedlate recall

and that a dlfference between the two levels of rehearsal

-would be present. Such a dlfference was not obtalned in

a

this 1nvest1gatlon. Perhaps the subjedts under the - sub—

-]ect deflned rehearsal might have. subconsc1ously (concen—

tratlon) rehearsed the to-be-remembered ltem and conse-

vquently equallzed the performance of the experlmenter— j'

104,
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daefined rehearsal group, i.e. subjectu do not need to be
ingtructaed (exporimenter-defined rehearsal) because they
are using such rehearsal under gsubject-defined rehearsal. \

As for the one second timo'length, the experimenter-
defined rehearsal did not interfere with the to-be-remem-

bered item, , .

’ - . \a

When subjacts were under a sub]ectwdeflnod re-
hearsal condition and a mental countlng cognltive strategy
for time lengths of one and four seconds, differences
:between an immediate and a retention” 1nterval of 15 sec-
onds, ln terms of variability, were found for both dura-
tlons 1n Experlment 4. 1In the‘present study, mental
countlng aither under experlmenter deflned or subject~'
defined rehearsal malntalped the tbri at a smmllar level
\,of performance after a period of 15 seconds. The exper -
imenter—defined reheareal condition difl not improve tne,
recall of the tbri. °

S In summary, we mlght conclude that the utiliz- . '

.

atlon of an experlmenter-deflned rehearsal has no greater

advantage than a sub]ect define! _rehearsal technlque, and’

that such lnstructlon,has no particular implioapion in’ . N

.“ .

.\_—"——_/I ' 3 .
the studies on the memory of trme. However, the‘utlllza—

t .
tion of an immediate retentlon 1nterval ln the presentw - -
\ Rt

\
o,

,study might have modlfle

these flndlngs.

The factor under lnvestlgatlon in Experlment

'6~was,thev’total=t1me *or 1nter—stimulus interval (ISIif. .
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An inter-stimulus interval was defined ag the sum of four
time periods: (a) criterion time langth, (b) retention
interval, (¢) recall period, and (d) intertrial interval,
Thé goneral purposa of that experiment was to ecxamine
proactive interference under various Jjnter-stimulus inter-
"vals. To achieve that purpose, three small experiments
were done with each, including a particular criterion time
length and. a particular recall period. Subjects in Exper-

iment 6 were asked to consciously estimate time.

*
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Y Experimmnt 6
Proact%ve Interference and Intertrial Interval

in

Temporal Short-Term Memory under Conscious Time Estimation

=,

rm——



One axplapnacion foy Targetting what We once
- )
tearped 1d Lared on the phepotienon of inteyfeorence .  ‘the

atudy of proactive inhibivion (PI} provides a hatter

{
Cpportunity to observe speciflc interfaerence due ro sim-
‘ &

tlarley, sinee proactive malerials Ao not act Lo prevent

-

vehearsal (Posner, 1967)
There has boop uunﬁ;darnhiv rancareh offorn in

verbal, motor and nonverbal ﬁﬁﬁrawzﬁrm mesaory devoted Lo

examine the interfering effocts of proeceding marerials

o\ B N 3 . o p r e e ‘ i -
an rotention of a oritaerion ftem {Ascoll and Scohmidr,

1969: Keppel and Underwcod, 1962: Moudell, 1977}, The

evidence in verbal shors-tverm merory (Feppel and Underweod,

1962; Loess, 1964; Petersgn and Gentile, 1963) provides

strong support for PI as a major cause of fargetting.

Proactive interference effoes was demonstrated with only
cne prior item and the efféct increased with each succes-

Ld

sive 1item entering memory. Several studies in motor short-

Ea 1

term memory have reported an interfering effect of prior
movement experience (Ascoli and Schmids, 1969; Burwitz,

1974; Dickinson and Higgins, 1977). Herman and Bailev

{(1970), Montague and Hillix (1968), and Schmidt and\ascoli

{1970), however, found no evidence of PI for motor short-

term memory. While in ncnverbal short-term memory, a

build up of PI was found by Meudell (1977), Wells (1973},

-

108,
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o f; | Lo iaﬂ £ Lo
- Yarmey (1974 and Yullle and Fox (1973) Proactlve-ﬁ“ 3
2 lnterfErence was found for a long retentlon lntervalland
" PI reaches a max1mum after one trlal ln Meudell s (1977)
e 4 v,study That is,. one’ prﬁor ltem stored in memory cau%es JEOR NN
ot . . oy . ¢ : PR i . .
Ders t . t e . . ‘v“. R g : : X
S e \ _hhfﬁdas two prlor-stored ltems ®oo
.i,ﬂn”u,"_ P L ; e”.;: R -
s S Slmllarltles 1n the three storage systems w1th
: *_respect to PI are not llmlted to the number of prlor 1tems

-

: and retentlon 1ntervals for 51mllar1t1es also ex1st w1th

K

Tfh respect to the effects of the length of the lntertrlal /;}i?:'aifﬂff
lnterval .iPdoacthvellnterference 1s 1nversely related to o Isj’

& 'T"the length of the lntertrlal lnterval 1n Verbal memorjv'd B Ayvl
é- f}Cermah, 1969 Ellrs and Aﬁders,,l967 Loess and Waugh,‘ﬁf“' O

ét qudl) whereas lt was found to have no effect in produc1ng 3 : :

{L l"terferenceiln motor memory (Adams and Dykstra, 1966, f‘ :

”nd Hllllx,

1968:

Schmldt and Ascoll,,l970)
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Vi 5h‘ Slmllar'results, .
¥ 3 v
N were found when the 20

Etto the unfllled rétentlon lntervalsjan Experlment 2. were‘ifjaginfd
'}that subjects were‘more varlable and lessWaccurate (absol—f‘u B
f;ute error) wheh‘they reproduced/a four seconds tlme length.ﬁ
f. - Ti#after 15" and 30 seconds than lmmedlateﬁy.i The flndlngs
1 & illn Ex;erlmentv3mwere that subjects were more varlable when
'di?they reproduced/a four or elght seconds tlme lendth after .

R 16 seconds than mmmedlately and less accurate (absolute '

"

‘Tferror) when they reproduced a one, two; four or elgn

< Wavseconds tlme length after 16 seconds than lmmedlatel e e
Ve el ,_5/,.‘,, T e
‘”‘;{both experlments.<fgﬁrt,j~rﬁﬁw_d$jg e
. Inter stlmulus lnterval (ISI) was varlable»:“d
2 e s 6'\'

*'7w1th1n each 1nd1v1dual tlme length ln Experlments 2 and 3.5

fjf}*d}fff;[The varlablllty of ISI was created by the varylng length

”fgthose experlments. To obtaln a constant ISI, in the'v ‘ Ll
: R ‘ '. 4.f=\/ /;;ga R
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1ntervals and 1ntertr1al 1ntervals on the retentlon of tlme

\

Mlth such a’ procedure - o 'l-f! : vkke/“

N

The role of PI- effect ln temporal short term\

memory was to be examlned in the present study ‘ Poollng
data across successrve blocks of trlals in Experlments
2 and 3 prov1ded no ev1dence or probably masked PI effects.i“

'.,{ If a trlal by trlal analy51s of the data had been made 1nA\

those studles, perhaps PI effects would have been found

. v

'7e£j“f ' Such effects were. demonstrated in the Verbal and nonverbal;

short term memory after only one prlor rtem (Keppel
“ l [ S 22 SN
Lol and Underwood 1962 Meudell, 1977) More preCISely,

- e AR ST

¥
\

| three questlons were to- be answered in the present lnvest- _ i:m{’
~ Vo
v \tlgatlon.‘ Flrstly, could PI be the major cause of forget“

o

tlngqln Experlments 2 and 37 Secondly, 1f PI lS operatlng
_'ffln temporal short—term memory as the number of trlals.’}ﬁ?f"

o A
A 7 N - S

anreasedy then there should be lncreaSLng error over

;*3 trlals for subjects w1th a’. short lntertrlal 1nterval and no

trial effects or a decay of Lnterference for subgects-f" Y fiV

w1th longer 1ntertr1al 1ntervals., Flnal&y, the crltlcal j_tl

'“~iﬂy§'/ 1ssue rs whether or not verbal short term memory, motor ,x”._‘“
S : l ‘ \‘«.n . -
'ﬁzfgi short—term memory, nonverbal short term memory and temporal

,G,.

~ short term memory w111 requlrewfundamentally dlfferent ‘

”tlnterpretatlve or1nc1oles.~

~ ° . R R

L The purpose of thlS 1nvest1gatlon was* to answer
b e R SR L

ol ,these questlons.‘ To achleve that purpose, three crlterlon

R AL KA :
> ’ LV R SR . S .

tlme\lengths, three retentlon lntervals and three N,&}f“
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A b A" ‘?Tj-‘ o -

3

'"glntertrlal lntervals were utlllzed under a consc1ous tlme
- estlmatlon cognltlve strategy : Three separate experlments

: TR \(one for each craterlon tlme length) were run u51ng the
T - . - e . ARV I
\” _;;,e‘bsame subjects.~ SR “_f . AV M N

RN © . . Method .z.

Loeeteie o Bubleets o T S '

a.

Elghteen Volunteer students 1n phy51cal educatlon
fatkthe Unlver51ty of Alberta were used ln thlS exper1ment.~];

N o \’ .
— Lo AR

i - . LTS e -r / ThE S : Sreel s el
K ) Lo ) ) 3 ! ! S - . oo g »

Apparatus and Task }V o 7‘-,7{,fnf~!';lv“ _“4;‘*'

S ‘ DR : o N
_ R o ;1v°,‘-The apparatus and the task were the same as those'
i, T S Y ‘ - O A .

;."dQSC?ibed in- Experlment 2 w1th the follow1ng addltlons.

- -

n_;~hf"kTwo addltlonal decade 1nterval»tlmers‘(Hunter-

i "

"‘lll C and lOOrC) were used.: These trmers were connecteﬂ to;7f

AT ey . i

- et e IR e
*wj e S ad tone generator (ElCO 377) amollfler\and speaker When

. . > R
'the c1rcu1t controlllng the crlterlon tlme length had cy—i'
;cled through 1ts pre—set tlme length, an audlble tone

'f"Was prov1ded to the subjects after a- perlod of tlme.- Fol—

low1ng the tone, whlch 51gn1f1ed the end of the retentlon

: A . \
s _;nterval the subj%ctstwere asked to reproduce the cr1—~f
L L. (f‘L‘ B . 4\_" L

Bvil7‘; f'terlon tlme length Then the sub;ect%#here asked by the_f

'experlmenter to walt for a second tone'to be prov1ded be—w'“W}

0.

-Kf,f ,‘fore they operated the left trlgger ln order to recelve gtfz

'i-~,f§j'another crlterlon tlme length The second tone marked
» - ;ythe end ef the lntertrlal 1nterval whlch refers to the '?/gf~’*”
Iy § Sy ORI B S A
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. . {) ’|
ot B N
i 1

a

s ‘i‘ i % perlod of tlme between the end of the recall perlod and

the ready srgnal precedlng the* next trlal RS

'_“Design”1' T : L :lw\f‘;_"‘“' Ry | S e
Lo Fbr each tlme length (a) one. second (b)) -four
ik ta : g

3

:seconds; and (c) elght seconds,,three retEntlon 1ntervals'} L e

i 55_;nk d were used: (é)‘ 1mmed1ate\or one second (R l) '(hf ‘15 ,\" _‘l;ﬁ
i _f*nf rseconds_(R lS),and (c)r 30 seconds (R 30) These three e

o

leveis of retentlon 1nterval were comblned factorlally ln ;V

A

wf' a treatment by subjects' de51gn w1th three levels of. :_‘ il

1ntertr1al 1nterval (af‘vlmmedlate or one second (ITIAlf,
‘ﬁff(b) lS seconds (ITI 15),>and ( ) 30 seconds (ITI 30)
’ s ‘ . i ~~" : y‘

"

SlX trlals were glven for each of the nlne treatmentSv_

v,‘

(see Table 8) o ‘ . ;; o ‘_ h\ Wt

D | f,ﬂ, S RSN _
: ’ ’ E \ ;4 - " N : g A‘v,‘ ;'v _"," T A‘.”' \ e o

Recall Rerlod _ f'.‘ l".'( .411_3>Mﬁﬂ, -rgh:f'nt'f';],*fb.\il

SRR f'iht'ﬁ : The recall perlods for each crlterlon tlme le- h S
. . EEN : B - 7‘ . - X

were determlned by u51ng the results of Experlment 3 on

average performance andfvarlable error scores. It was -

dec1ded that the recall perlods for the one, four and

g elght seconds'tlme lengths of the present study would befﬁf ﬁfuffﬂ”

:\two, 51x and ten seconds, respectlvely “nWhen the subjects"ff“

another ﬁf”ﬁf

\

h\ reproductlons exceeded that perlod of recall,\
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.'/'\;’
: oo e Table 8
S - DRI A o T
' ' ‘Treatment Condltlons (9) for the -
—JOnefﬂFour and Eight. ‘seconds Time Lengths

Treatment conditions:

1234t s 671 e lel e

4

CoTre
. RIP

171d o
ISIe

RPN

ITT

;"IISI~—‘F\.‘~

.AhﬂcTLfy.fﬁn__v
ORI

RP. -
ITI

v ISI

r5"

15

1

fLiih-f NH N

wlw

PN ISR

'1h33‘

15

SEPR
15

48

10

Cowsfeo T

o o - e

S 30 -

— 40

10
R S

I 0. 34 49 34 . 48 63 .

. . » . . ' '
‘ L R R
“ o . S

LN

'b a<)01mf R R

'Crlterlon tlme length lh secondS\' SR
1Retentlon lnterval in seconds ' BRI

}Intertrlal 1nterval ins seconds
:Inter—stlmulus 1nterval in; seconds

R S

Recall period in seconds.
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l

h » ) ,
4 . o St
- 1 v
E . - ' . P . ) . i »
Procedure , A R N SR
S e il ST S , . o

. The'subjeéts were given a7number of'trials to -

!
famlllarlze themselues wrth the equlpment and the demands”

of the task They attended three se551ons¢3f approx1mately‘

Y ,»: : : o '

! ‘

70 mlnutes each ln le\gth @ne tlme length was, Tseﬁ

w1th1n each se551on. S&x orders of,crlterlon tlme length

dwere:useda (53’ one,.four; nd eight seconds, (b)* four,v%b
elght and one second,}(c}hlerght, one’ andvéour seconds,
'(d) 'onehvelght and\four seconds, K:)‘ four,‘one and
elght secohds,ﬂand (f) elght -four\and one’Second.ﬁ PR

¢ -t
]

Three subjects were a551gned at randon5ror each order.

\ .

Each subgect was glven nlne treatment condltlons (retention~

1ntervals by lntertrlal 1ntervals) or 54 trlals (6mtr1als Tk

per treatment condltlon) per seSSLOn.¢ }n ordef to have...
z/', ‘,\_>/ . L I (. 1 :

<Ueach treatment,follow lmmedlately after everv other

.‘\

Latln Squares, each row of each square correspondlng.to one.

-~ \ B o -~

subject -A‘rest'of.two#minutes

,\;,,

treatment condltlon.sd

/

/ ‘/v' ) E ‘x;l : ‘\ . -
1 .'. 7'7/ S

lls.
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/ . ' ~

.tlme aiding technlque at’ any tlme The experlmenter

1

g‘ R “_iexplalned thoroughly what was. meant by a. tlme aldlng
-technlque, glVlng examples of the varlous klnds,’and
(e)‘ ‘the" subject was asked to walt untll he heard a flrst

tone in order to recelve the crlterlon time’ length and

7

another tone before reproduCLng the to- -be - remembered ltem..

\ ~

AR ] .
1- rd
1

| = at

Data AnalysisV, R T ‘ y
‘ N DI R o

oy The dependent\vartables used were (a) signedf

. constant error (CE) (b)é absolute error (AE),‘and (c)

Ca ,varlable-error (VE%{ For- CE- and AE dependent measures{d
Lo .‘_'three‘factprs’were consldered: (a)  retention 1ntervals, ;Li;'f
Ol o Llﬂb)/jintertrial interwals, and\(cl“ trlals.‘ If a bulld up

vof PI is. to be obtalned lncreaSLnd error w1th trlals,'

1ncrea51ng error for lQnger retentlon 1ntervals, and an

[

S
yanteractlon between retentlon 1ntervals and trlals shoukd

N o
*’/\’: be found in the present study Whereas,-rf a‘decayﬂof h L ’t__"

1nterference 1s to occur, lncrea51ng error W1th trlals,

‘e

B ;t L ~’1/ R - SN S BT \

o lncrea51ng error for shorter lntertrral 1ntervals, and an f<n
NN PR .\ .

lnteractlon between 1ntertr1al 1ntervals and trlals should

r‘_f,,igﬂy appear in the present 1nvest1gatlon._ When Q@|dependent

N measure was cons1dered' only two factors were used (a)

retentlon lntervals, and (b) intertrlal lntervals The~

\ ‘_\, . .J.'

latter measurement was used ln order to compare the present ﬁ'i

T S
results w1th those of*Experlments 2 and 3.-- IE '

L. ' W . -..:1 g R - . ,‘;', K .. i/
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oo ' ... Results

‘One“Second Tlme Length

‘Constant Error (CE)

conventional level of 51gn1f1cance (p - OS)

Recall Perlod

. All subjects' reproductlons of the one second

time length dld not exceed the two seconds period of

a

'recall, Only one trlal was repeated

4

A srgnlflcant effect for CE F (2 34) = 5. 86 !

w3
o -

p. < 'Ol, was found for retentlon 1ntervals. A Scheffe s

RN

test (p_ - 05) on the retentlon 1ntervalsl maln effect

ly dlfferent from the 15 seconds retentlon 1nterval All

other main effects and 1nteractlons dld not. reach the "

[ -

Subjects tended to overestlmate the- one- second

ftlme length ‘with an average error of +l68 mllllseconds

’

There was a tendency faor” thlS degree of. overestlmatlon

/\\
»,\.

to. decrease w1th an lncrease in retentlon 1ntervals- Thlse

B ~

flndlng,was contrary to. the predlctlon expected 1f PI were

;operatlng. A bulld—up of PI Should haVe caused 1ncrea81ng?.

error w1th trlals, 1ncrea51ng error for longer retentlon

. //, -

/ . ‘
lntervals,_and an 1nteractlon between retentlon 1ntervals

'Tand trlals : The presence of lnterference was not supported

o

for CE" and the one second tlmeflength ,The¢tendency foundv

was run. The 1mmedlate retentlon 1nterval was 51gh1f1cant- -



1le.

: ) ‘
above for retention intervals was also present for each

individual intertrial interval. There was also a tendency

t

for thlS degree of overestlmatlon to lncrease sllghtly
with an increase in lntertrlal lnterval . An opposxte
result should have occurred lf decay of lntenference were
present. Decay of interference should‘causetlncreaSLng

error with trials, increasing error ‘for shorter intertrial N
,\/ ; ' ) - . \ )
intervals, and an interaction between intertrial'intervals

) : s

and trials. Decay of lnterference was not supported for the

the present results. The CE scores for the one second< S
: g n ‘

time length.as a function of retention intervals .and

intertrial intervals are summarized in Table 9. e ; \

'Absolute Error (AE)Y | .

‘AIlAﬁain eﬁfects_and interactions foryAE scores”fc
were not found~to-be-significant (E. > .05)f |

.

Subjects estlmated the one second time length T

w1th an average error . of 269 mllllseconds.' As w1th CE, the -

_lack of an 1ncrea51ng AE w1th 'trials and retention lnter— g

'vals, and the lack of an l%seractlon between tnlals and ; ';JJ,“

[P

retentlon lntervals failed to provide support for ‘the >.f"”"‘ LN

K

" presénce of 1nterference.” The\lack’of'an'increasinq AE
N - . \ - / N

r.with'trials and intertrial interVals, and the lack of an

1nteractlon between trlals and 1ntertr1al 1ntervals falled

e / .

~also ‘to support decay ‘of 1nterference. The AE scores for .

)
- \

the one,second time length aSca functlon oi-retention

.\‘(
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g . . Table 9

The various Error Scores in Milliseconds for the -
One second Time Lerth as a functibn of
Retention Intervals and Intertrial Intervals

™ EY

Intertrial Intervals@

... CONSTANT ERROR ITI.1 - ITI.15  ITI.30 = MEAN

N

222,  + 227  + 222
111 + 141 + 121
146 +157 ,  + 161 -

e Retention _R.1 + 216
intervalsb: R.15  + 110
- R.30  + 181 ..°

S

v

'MEAN + 169 160 .+ 175  + 168

\ -
AN }

' ABSOLUTE ERROR  ITI.1  T7T1.15  ITI.30 . MEAN .
. Retention  ° RIlL . 279 . 260 - . 308 . 282
. intervals .  R.15 ' 234 240 ¢ . 258 244
' e CR.30 279 277 c 289 - 282

“MEAN - . 264 ' ° 259 . © 285 . 269

~_ VARIABLE ERROR ITI.1X  ITI.15 _ ITI.30— ~MEAN ~ .

e T Retention o RiL——= oo 172 LA
, . w7 Timtervals—7 R.15 . .o les

=1 second = . oy .
“ITI.15 = 15 seconds ... <. . 7.
= 30 seconds . : o S

[ » -

o = l,secbnd' < T
. "R.15 = 15 seconds -~ | . . L ) .
_R.30 = 30 seconds L e L

. - . [ L }~‘ -
N 1.
N . I
7/ v - L
. . W
A o
. " ) . - ».
o 5
—_ r~> - 1
/ . - - W\ -
> ) 1 ~
[ : L < ]
= i3
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l\

120,
lntervals and intertrial intervals are summarized in
1 i

1\1

. -

(:‘\(/ eﬁA‘ “;‘ B

!
Varxabie‘Error (VE)

",
\,

main

. .""\
effects.

Retention intervals and inttrtrlal intervals
and the lnteractlon

between retention
‘intervals and 1ntertr1al intervals were not found to bL
N
significant (p_ > .05).

Subjects estlmated the one second tlme length
w1th an average error of 156 mllllseconds.

~

~

for the ohe second tlme length as a function of retention
Qable 9 |

The VE scores
intervals and intertrial intervals are summarized in

Inter-Stimulus interval (ISI)
,,-~ff’”f~

°

~.

An increase of ISI produced a sllght decrease
ln the degree of overestlmatlon for the 15 Seconds
retention lnterval

The decrease was not demonstrated
for the 30 seconds retentlon lntevyal. The tendency could
not be con51dered as a general phenomenon.

dependent measures.

of ISI produced no partlcular trend for  AE and VE

‘An 1ncrease

Discussion

The present results provzded no support that PI

effects were. operatlng in temporal STM for the one second/



L
&

time length. ft seéms clear from the present findings
that the reason for the lack af PI over trials and reten-
tion intervals was not~ralated to the intertrial intoervala
for even when th@.inﬁertrial intwrva;s in the present
investiqation'werc shorgenéd to 1 sccogd‘ no PI could be

demonstrated. Increasing ISI revealed no particular trend

for the one second duration.

Similarities between the results of the present |

study and those obtained for Experiments 2 and 3 were the
following. Relative to CE scores, there was a slight
"tendency for the degree of overestimation to decrease with
én increase iﬁ\retention intervals (Experiments 2 and 3).
No differences were found betWeéen the various retention
intervals in terms of AE scores (Experiment 2), a findiﬁg
cqgtraxy to Experiment 3 where a decrease'of accuracy was
found after a retention interval of 16 seconds. 1In terms
ﬁof VE, there were‘no,differences between the various
‘retention €@tervals (Expériments 2 and 3). The present:
. results, for all dependent measures weré quite similar to
the results obtained in Experiment 5 underAa similar
rehearsal\condit}on. ‘

-

_Eour Seconds Time Length ' ‘ ¢

Recail Period

All subjects' reproductions of the four seconds

<

time length did not exceed the sikX seconds period of re-

o

. call. ‘Only one trial was repeated.



Conatant Lrror (C6)
All main o:fcﬁnn ang interaccions tor CL seores
were not found to he significant (p » ,05),
Subjectas tended o underestimate the foul
Acconds timao longth with an average ervor of =338 milii-

deconds,  There was a tendencoy (nov significant) for this

rr

daegree af undurastxmation T decreane with an increase n
retention intervals. Thiz finding was contrary vo the pre-
dictions expectoed it PL wth operating.  The lack of an
increasing CE with trials and retention ;ntuquls, and

the lack of an interaction between trials and retention
intervals failed tc provide support for the presence of

interference. The lack of an increasing CE with trials

-

and intertrial intervals, and the lack of an interaction

support decay of interference. The CE scores for the )
four seconds time length as a function of retention inter-
vals and intertrial intervals are summarized in Table 10.

>

Absclute Error (AE)

All main effects and interactions for AE scores

were not found to be significant (p > .05). ﬁy”’

™,
,
1

Subjects estimated the four seconds. tfme length
with an average error of 844 milliseconds. The results

provided no support for the prasence of interference and/or

i @
decay of interference. The AE scores for the four seconds
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Y P Varlable Enror QVE).'”‘T.; B R :;;< Lo \~(' -
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-K, ‘_A 51gn1f1cant effect for VE F (2 34) £~8f56«ﬁ¢zﬁle

Q '< (Hd wa: found for retentlon 1ntervals ‘fA—Scheffe s

test (R < 05) on the retentlon.lntervals maln.efﬁect

'v ,’.

Subjects were less varlable when they

l

, '"'.lO

¢
K _-‘“.:

'fIntereStlmulus Interval (ISI);:”

lncrease of ISI p* ‘uced an’ }ncrease 1n VE

-

N scéres. The increase was totally due to‘the retentlon

'jtintervalsffound prev1ously 31gn1flcant (see Flgure l7)w
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‘_onds. The present lnvestlgatlon supported the 1ncrease 1nf

" increase of the retentlon 1ntervals S f_ w35 it
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S - .-} ‘Dbiscussion - .
by '. The present results provrded no support to state _
o o e i o

that PI effects were operatlng in temporal STM for the four'

seconds tlme length It seems clear from the present R 3"f§’

W

A
findlngs that the reason for the lack of PI over trlals ’
x . -IL - , . j/‘

and rétentlon lntervals was not_related to the "p ertrlal

Y ___»_/._.. . s

Lntervals, even when the lntertrlal 1ntervals in the pre-- 9

sent lnvestlgatlon were shortened to one second PI couldx

L4

not be demonstrated VSubjects \est;mates were more varla-'i,g7' :
:\' ST LR o

ble as ISI 1ncreased and such tendevcy was the result of an: -

N N - .

BENa . . A : ! Cot ' .
R . | R AR

N 7‘ Slmllarltles between the results of the present fﬁff;ft A

-

7

study and those obtalned for Experlments 2 and 3 were the fgﬂnfl}ff

7

follow1ng _ Relatlve to CE scores, there were no dlffer-'r;

ences betWeen the varrous retentlon lntervals (Experlmentsv‘
-t = p‘-a .

2 and 3) In terms of AE, there were no dlfferences : _i;*
between the varlous retentlon lntervals. A flndlng

- o

contrary tp Experlments 2 and. 3 where a decréase of ‘4 ',:*f‘uh"“

accuracy was found after a. retentlon 1nterval of L5 sec— T

’

varlablllty found between the varlous retentlon 1ntervals o '\f

N

in Experlments 2 and 3 The present results were qulte
51mllar to the results obtalned 1n Experlment 5 under a

51mllar rehearsal condltlon w1th the exceptlon of the CE

|
i
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jElght Seconds Tlme Length

RSN e g
,shhject. The d;strlbutlon of thq repeated trlals were ast

(trials for R 15, and<ic)';eight\trlals for

%htest fg_¥-=;05)-0n the retentlon 1ntervals maln effect‘was:y'f

’idlfferent from the lS and 30 seconds retentlon 1ntervals
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dependent measure.. Subjects undereStimated“with an R

average error of —370 mllllseconds in the present study- Vo

Jot- 4 A

Lol . . . y .
‘ | ’ LN

whlle they overestlmated w1th an avérage error of +531]?

| - - N L ) _
rmrlllseconds 1n Experlment 5 : a\"~¢/~ o R Sh
oo 47 . SR : . ' . L o
L s ‘
B "frﬁ_”; S .3;-1., SRR
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\

Recall Perlod N
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Thlrty of those trrals’were the results of one partrcular-'

E B
\ . _..\

follows; ;') elght trlals—for R:1, (H

;\

i
‘\‘,\/";_

% Lo e

- ‘ \\ - (’) o I . j‘ RN ‘ i . -
Constant Error (CE)‘ ‘ ' L

B IR Ve
oA s1gn1f1cant effect for CE F’(Z 84) ="7. 58,/

- .“\,

/s

"E < 01 was found for retentlon 1ntervals. cAFScheffe s

\ 3 B "
A . N I- PN L~

.

-

1 o iy

7rung‘ The 1mmed1ate retentlon lnterval was 51gn1f1cantly
i //\-—-l{ . =

SN »J'i

(see Flgure 18) All other maln effects and 1nteractlons N ey

"dld not reach the conventlonal level of 51gn1f1cance “% L ‘_inn/
' fc 0 - SR L jf ST ' . R
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S ECRR AL R B D o
'f‘rf_' Subjects ténded to underestlmate the eight T T

seconds tlme length w1th an average error of -1319 mllll—-
i b - L i . L
. seconds. kTherelwas a<tendency for“thls degree?ofgunder-\ . o
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1 second“(
. R.15 =15 seconds, “R.30 = -
- 30 seconds)“" : Coe o

SRS HETENTION INTERVALS(SECS) )
_ Flgure 18 \Mean\constant error (CE) for‘, - o
o ' the: 8 seconds: time length as.
: ‘a functlon of the retentlon- E T



estlmathP to decrease w1th an lncrease in retentlon . )
\ 1\_\‘ P . {
lntervals,h a flndlng contrary to the prediction expected

) ™ -

[
-~

s

S

SN
\ T ‘1
a N %

i

“in Table ll R }:' B : ~:“'s‘, T 4{; /

fis a flndlng contrary to ‘the predlctlon expected 1f decay

“were not found to be srgnlflcapt (p-. .05).

if: PI was operatlng A hulld up of PI should cause in-

\

\crea51ng error with trials, 1ncrea51ng error for longef

retentlon lntervals, and _an lnteractlon between retentlon

' J

lnteryals and trlals. The presence of 1nterference was

not supported for CE and the elght seconds tlme length

/

The tendency found above: for retentlon 1ntervals was also

present for each lntertrlal 1nterval There was also a

tendency\for thlS degree of underestimation to lncrease

sllghtly w1th an increase of 1ntertr1al 1ntervals.\ Thls

: \
.of lnterference was present. Decay of 1nterference should~

cause lncreaS1ng error w1th trlals,‘ 1ncrea51ng error. for

shorter lntertrlal 1ntemvals,~and an 1nteractlon between
A < -
1ntertr1al lntervals and trlals;J Decay of lnterference

was not supported for the present results. The CE scores

for the elght seconds tlme length as a functlon of reten— f’

' JE——

Absolute Error (AE . ;,”’ '
AN > - ' ' o

A

- - Subjects estlmated the elght seconds tlme length

A

w1th an average error of 1700 mllllseconds. .The lack of an.

- . I 3 -

All maln effects and lnteractlons for AE scores D
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o | | h ‘Table-il

AN S The various Error Scores in Mllllseconds for the -
: Eight seconds Time Length as a function of , 1
Retention Intervals and Intertrial Intervals

-~

. Intertrial Intervals®
e (

/. CONSTANT ERROR\ ITI.1 ITIL1S  ITI.30  MEAN
Retention  R.1  -1529  -1524 -1652 -1568
intervalsP ;'  R.15 -1156 . =1340 -1219 -1238

L ' R.30° -1098 .. =1173 -1184 . -1152
MEAN . -1261  -1346°  -1352 . -1319
ABSOLUTE ERROR® ~  ITI.1  TPI.15 _ ITI.30  MEAN
o A |
Retention R.1 - 1826 . 1785. - 1807 1806
intervals R.15 1514 1791 - 1699 - 1668
' R.30 1619 ‘1611 1649 1626
, MEAN .. 1653 . 1729 . 1718 1700
VARIABLE ERROR - ITI.1. ITI.1S _ITI.30  MEAN
"Retention R.1 710 713 807 © 743 .
" ihtervals . R.15 = = 94y - 872 967 928
] © R.30 308 954 890 - 918
T MEAN -~ 854 846 -  8gg 863
— - - |
8 ITI.1 = 1 second
ITI.15 = 15" seconds -
ITI.30 = 30 seconds
b r.1 1 ‘second °

R.15 = 15 seconds " ‘ S A A
= 30 seconds E '



'increasin@ AE. w1th trlals and retentlon lntervals, and -

Y

the lack of an lnteractlon between trlals and retentlon
1ntervals failed. to prov1de support for the' presence of
1 N \

lnterference. “The rack of ‘ah 1ncrea91ng AE Wlth trlals

e “ N \

!

- and lntertrlal intervals, and the "lack of an lnteractlon

ESC I

between trlals and lntertrlal 1ntervals falled to support

N

decay of lnterference The AE scores £ the elght sec-

\

. . onds tlme length as a functlon of retentlon lntervals and

lntertrlal 1ntervals are. summarlzed in Table ll

~ N . e

- . v |
N

i

; ' Variable Efror‘(VE)‘ S o | -
: A 81gn1f1cant effect for VE, F (2, 34) = 3.37,

. . I,
P = .05, was found for retentlon 1ntervals. A Scheffe's
B . /

test (p .= lO) on the retentlon 1ntervals main effect
was run. The 1mmed1ate retentlon interval was Slgnlflcant—

ly dlfferent from the 15 and 30 seconds retentlon intervals

; ‘ (see Flgure l9)"_ Sub]ects were less variable when- they

reproduced after an. lmmedlate retentlon 1nterval than the
bother two retentlon lntervals., The maln effect of 1nter—

trial. lntervals and the 1nteractlon between retention

-~

intervals and 1ntertr1al_1ntervals did not reach the con-

ventional'le§el of'significance (p = .05). VAR
: _'gg ' Subjects estlmated the elght seconds time length

w1th an -average error of 863 milliseconds. The VE scores

“for the elght seconds\tlme length as a functlon of reten-

~~

tion 1ntervals and 1ntertr1al 1ntervals are summarlzed 1n,

e T



'VARIABLE ERROR (MSEC)

133.

Rl RIS R.30
RETENTION INTERVALS (SEcs) =

Figure 19 Mean variable error (VE)
for the .8 seconds time
length as a function of ~ ‘ ‘
‘the retention intervals : K

oA ‘ (R.1 = 1 'second; R.15 = ’
' '15 seconds; R.30 = 30.
seconds) o o
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Table 11.

Inter-Stimulus Interval (ISI)
| -’ Subjects were more variable in their estimates
as\ISI increased (see Figure 20). Fﬁrther, an increase
obeSI produced a decrease of constant error scores, i.e,
towards the zero point or indifference interbal (see
<;Figure 20). Both trends were due to the retention inter-

%) . - ' .- . : i
vals found previously significant. For AE scores, no

particular trend appeared with an increase of ISI.

<

Discﬁssion
The present resuits provided'no support to state
that PI effects were operating in temporal STM for the .
- eight seconds time length. It seems clear from the
pgesent findiﬁgs that the reason for the lack of PI over
_. trials and retention intervals was not‘related-to the in-
te:ﬁrial intervals;;'even when the intertrial intervals
. in the present inQeSéigation were shorﬁéned to70ne.seéond,
no PI éohld‘be‘demonst;ated. Sgbjects' estimates were more
" . accurate (CE) and mdie.variab}é (VE) with an in:reaée of
ISI. - | B | |
| ' ~Similarities between the résdlts of Eﬁéfpresggg;
I,stﬁdy and those obtained for Experiment 3 were the—lelgy:;_w,;mJ .
iné. Relative to CE\scores, thefe wés a tendency for the Y
degree of uﬁde:estimation to decrease Qi£h an .increase Ln‘
.

ST Tt e

\—‘_/_’—’—/ :

o e e T
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Figure 20 Mean constant error (CE) and variable
’ error (VE) for the 8 seconds time
length as a function of the experi-
. mental treatments (RI = retengion

" intervals;’ ITI =. intertrial intervals;

"ISI = inter=-stimulus intervals)
: Y
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W
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retentlon intervals,  In torms of AL, there wafe no
differencoes between the varjous retention intérvnlﬁﬁ 'Thiﬁ
finding is contrary to Experiment 3} where 4 decrease of
accuracy was tound after a recention ;Acﬁﬁval ef 16 seos-
onds. The present investigation supported the: increase in

variability found between the various retention intervals

in Experiment 3.

The present results, using both CE and, AE,
dependent measures, under conscious time estimation

cognitive strategy for the one, the four and the elght

.

o

seconds time lengths provid‘.wno support to state that

PI effects were operating'§; poral short-term memory

(STM) . The lack of PI or ble decay of interfer-

L3

ence was not caused by the use of long intertrial inter-

-vals:; even when the intertrial intervals were shortened

to one second, no PI could be demonstrated. The absence

of PI could be ascribed to the following'reasons: (a) the

experimental conditions did not produce ény PI effeéts,
(b) PI effects were operating but were not detectable,
and (c) PI effects were.produced but due to the experi-
mental procedures a release of PI occurred. " The first of
these three Teasons would seem to be more approprigte for
the'pfesent study.

" There appears to be a fundamental difference

f

13a,
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'cp»ln the way verbal, nOnVerbal motor and temporal materlalS"
ﬂ“*;d are forgotten.~ Proactlve 1nterference effects weren"ca”

T:fﬁ,‘ demonstrated for ve@pal, nonverbal and motor materlals

};;:—’Meudell\ l977), and no measurable PI effects for temporal_‘

responses. The present experlmental condltmons were not

analogous to those commonly used for verbal, nonverbal

'and motortmaterlals (1 e._there was an opportunlty for

LA T e DN <

, o ./

;f;ifi rehearsal duslng the retentlon 1nterval 1n the present

_\'

study)w, The maln reason for the dlfferentlal condltlons

was the result of the data obtalned\ln Experlment g under'

i

o unfllled and fllled retentlon lntervals.. No dlfference

between the results obtalned under an opportunlty versus %

- L

”'no opporfﬁnltY‘for rehearsal durlng the retentlon lnterval

-"‘I { .

iUnder such a flndlng,,lt was concluded that

0

was observed;-

(-l.-

. Ly 1'“
'eSt

produced SLmllar results to those obtalned under\a“

(subject-deflned rehearsal) retentlon 1nterK?l
. 1,

nonverbal,

R The results obtalned under verba
. ‘A’ . R .\\, ‘.[

0'

motor and temporal condltlons were qulte 31mllar.,fThe ;f”

do not; follow the same laws.j The verbal,'nonverbal and

© , ' > “

motor systems, belng governed by 1nterference‘ and the

R temporal system by some other‘mechanlsm, p0551ble trace ﬂ{l;
5 f?/» decay.; The present flndlngs in terms of CE and AE scores lf';u

-

- dlffered from the results of Experlments 2 and 3 where
S D s A e e DR L R e -i]ﬁ *»",'< e
e ‘,. —.‘ B ( : '_: B - )‘, l\ Y. o l/)4 B ; . o A\;@ af;g.rm‘ =3

(ASCOll and/Schmldt l969 Keppel and Underwood 196 ,‘». SRR

a non—strucéural lnterpolated task (backward count1ng)if7f7d'€;f"“

xemptatlon 1szt? concldde that the dlfferent STM systems flgff(tn

5
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dlfferences between the varrbus retentlon 1ntervals were ,}‘ T

P e - Sy

obtalned under both cepen ent measures.' It lS possmble'fm

\A’fthat one of the lnstructlons glven'to the subjects was:fx_,*; Afﬁg?

i

L

‘Cffthe prln01pal fac _51n produc1ng such results and tha
r//e

*rehearsalVLS'of p lmportance. The Lnstructlon to‘f:t~

: - ‘\

R concentrate on the lnput (experlmenter—deflned rehearsal)

0

PR 1f'dur1ng the retentlon lnterval would change some conclu510ns.o'

'

"obtalned in Experlments 2 and 3 If the experlmenter-f

v,

e deflned rehearsal @attentlon demand) is powerful 1t should;'

not produce greater varlablllty as retentlon lntervals Q”,V-';_wa

b"'

,1ncrease.. ThlS was not the case for the foumggnd elght

'seconds'tlme lengths Consequently,_the present results e

[

v,for the four and elght seconds tlme lengths under con501ous’
.‘_.. .

14t1me estlmatlon seem\to follow a trace decay explanatlonl_

Inter stlmulus 1nterval produced dlfferent jlif"

s

&‘results only when there was an 1ncrease in retentlon ‘in- SR SR

ecame more varlable as ISI 1ncreased Inter-stlmulus “_‘

n
[

;fﬁl sufferoaccordlng y. The present results support the notlon '

[ .o
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-demonstrated The presence of these trends @epends on

’one obtalned by Buckolz (1972), Buckolz and Gervals (I976)

IR

Agaln, the results of the analy51s ofﬂthe VE

- scores are equlvocal in thelr support of the 31ngle trace

4

and/or the dual memory trace theorles._AThe'retentlon.f/ur

{ v') [r.

characterlstlcs for the one second tlme length are 1n llne

a

w1th the sxngle trace model whlle the 1ncreased varlabll—'

lty of the four and elght seconds time lengths supports

i S

the dual trace notlon.4 : ;3’ ff ;r‘“'“:. n

. o e Lt ).
‘»/',\'f"’ R o

‘-J! , It lS now well knOWn in tlme\estimatlo

N - ' . r-‘ . ,.
o ‘studies

that the)number of trlals (trlal effect) may p'oduce»onef’

of/three klnds ofnphenomenon or trend (Buckolz, l972
Yo IR
Buckolz and Guay, l975 Trelsman, l963, Warm, Morrls and

o-,‘_-;/"_ ‘\

-Kew, l963) ‘ A lengthenlng Xlncrease of judgment from'*'

‘one " trlal to another) a. shortenlng (decrease) or an

' ’.

N o g
asymptotlc (no lncrease and no decrease) effect may be

Y X

varlous factors Under the method of reproductlon and an
experlmenter-deflned pace, the present results demonstrated'

an asymptotlc level. The present trend lS 51mllar to the‘

v

and Buckolz and Guay (l975) Those studles were dbne w1th f;r

“a,

the\method of reproductlon, w1th tlme lengths w1th1n a
I :

, range of 0. 5 to 8. 0 secondsh and w1th a self-paced proced—‘k'

v ) )‘

ure (i.e. the subject controlled the 1n1t1atlon of the‘:‘

crlterlon tlme length to ‘be estlmated and the judgment to

be reproduced ?hey concluded that thelr results may be

‘ lnterpreted as ﬁgglcatlve of self—pac1ng as destroylng thev'

lengthenlng\or shortenlng effects as well as the effect

- . . L. - Ll




)

_strategy°; The follow1ng experlment Wlll 1nvest1gate that

L o i
.

‘of boredOm.' The phy51cal 1nvolvement of' the sub]ect for__n

o

'?the criterlon and the judgment in. the present study appear

suffLCLent to destroy those effects found in tlme estlm—‘

)

V.gfatlon studles.‘ There is reason to belleve that such in-
“volvement in a 51mple task llke reproductlon lS enough to

-destroy the effect of boredomu‘

|

”NJ g Proactlve lnterference was not found under con-

v

5501ous tlme estlmatlon cognltlve strategy and short tlmeuv

‘v

alengths 1n the present sﬁu@x? Could proactlve lnter—‘

-\\“ _,, ‘a._t_.' .'

pference be demonstrated'dndervmental countlng cognltlve

/

questlon‘-» ‘;-,i;:,«':, o ';er Vo

‘140,
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Results on the retention of tlme under\a mental
countlng cognltlve strategy and w1th unfilled retentlon A

lntervals were obtalned 1n Experlment 4 It was demonstra—
/ .

ted that subjects were more varlable when they reproduced

v the one and four seconds tlme lengths after 15 and 30 \J

seconds\than 1mmed1ately» - The lntertrlal lnterval used

¢

ln that study was approx1mately of one, second's length
Thlrty trlals, in that experlment were glven for.each of -
\ the 12 treatments (tlme lengths - é‘ by retentlon 1ntervalsi»
_1_6). When the 30 trlals Were lelded into 6 blocks of.
5 trlals each and a one—way analy51s of varlance was cal- ,

~_culated for each treatment, no dlfferences betWeen the

.

: blocks were obtalned for.all analyses of varlance on aver—'

i
- . . PR
RN . Y

" age performance dependent measure.

The lnter—stlmulus lnterval (ISI) was’ varlable

w1th1n each 1nd1v1dual tlme length in Experlment 4. ‘?he'

':varlablllty of the ISI was created by the varyrng length
3of the retentlon lntervals. ‘At the ‘same tlme crlterlon |
time. length,.recall perlod and lntertrlal 1nterval were
) 'held constant. To obtaln a: constant ISI for certain v
condltlons w1th1n each 1nd1v1dual crlterlon tlme length
- :::'varlable lntertrlal lntervals were lntrcduced in the
.procedure of the present study.i bne mlght questlon whatr

ﬁ"the effects would be of retentlon 1ntervals and 1ntertr1al

. \H:'
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"in Ekperimentﬂﬁ. i

1
/ N

4

‘ 1ntervals on the retentlon of tlme lf such a procedure

was utlllzed. The. prﬁcedure used was the same as the one*

-

The purposexof_this investigation then, was to
L K ' s

‘address ‘that question. A second purpose was to detect

v\

the presence of PI effects w1th a detalled analy51s of the

[

Etrlal,factor. To achleve these: purposes,,three crlterlon

“time lengths, three retentlon intervals and three inter-

tr;al 1ntervals were used under a mental countlng cognlt—

"1ve,strategy Three separate experlments (one for each

crlterlon‘t;me_length).were-run_uSLng_the same subjects\

= - . . v

\ .

' Method o

Subjects - [,‘“’, ; . d T e

o

| Elghteen volunteer students in phy51cal education

at- the Unlver51ty of Alberta were used in thlS experlment./‘

o o n @

~

Apparatus, Task, Design)uRecall“Period,”Procedure7and -

Data Analysls;--’*

The apparatus, the'task, the design, the recall

,period;‘the;procedure and the data analysis were the same

- as those de crlbed in E!perlment 6 with a few. modlflcatlons

;o D
in the lnstructlons to- the subjects. These changes occur-

;red in 1nstructlons (c) and (d) from the prOCedure section

of Experlment 6 and.were.as follows< (c) the_subject was

\ ~

~:\ ' S . . N e

143,
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asked to rehearse (overt rehearsal) the crlterlon time
length durlng the unfllled retention 1nterval, and (d)

.the subject was asked to use a mehtal count;ng cognitive
strategy. %he EXPerimenter explained thoroughly,whatvwas:
;meant by the lattert Moreover, the subﬁects were told

that the memory of a tlme lenigth under a mental countlng
\tognltlve strategy 1mplles that they retaln a . number

of subjectlve tlme units as well as the 'length' of the
.subjectlve time unit (qguntlng_rate)., The subjects were
told to pay1attentioh to both Variables; The subjects wereh
also aihed th give the 'number' of subjectlve time units’

used after each recall.

Results

T

Recall Periods

v . . i '
All, subjects' reprpductions of the one, four and

eight seconds time lengths:aid no exceed'the two, -six and
ten seconds periods of recall, respectively. \ :

One Second Time Length - - . ,). Am~f4‘

Constant Error (CE)

v

slgnlflcant effect for CE F (2,34) = 3.91,

. / ;o

<] = .05, was found for retention intervals. A Scheffe's
test (p ° <.054 on the retention intervals' main effect

- was.run. No meanlngful dlfferences ‘were Obtal?%§ ~ The



main effect of intertrial intervals was also found
significant, F (2,34) = 5.23, p = .05. Significant
differences were round_between the onevand 15 seconds,
and the one and 30 seconds intertrial interyals using the
SCheﬁféts test (p ‘<.05) (seevFigure 21). The trials'
main effect and all interactions did not reach the conven-
tional level of significapce (p = .05).

Subjects tended to overestimate the one second
t ime length wlth-an”average error of +56 milliseconds.
There was a tendency for this degree of overestimation to
decrease w1th an increase in retention intervals. This
flndlng was contrary to the expected PI ef}ect. The pre- .
sence of lnterference was not supported for CE and the
one second time length. The tendency found aoove Eor -
Aretentlon lntervals was ‘also ‘present for each 1nd1v1dual
intertrial interval. »There was also a tendency-for;thls
vdegree of overestimation to increase wltn an lncrease in
intertrial lntervals./.Once.again, the ﬁinding was contrary
- to that ekéected had the interference‘decayed. Decay of
1nterference was not suppozted for the present results.
The CE scores for Jhe one seccnd time length as a functlon

of retentlon lntervals and lntertrlal 1ntervals are

summarlzed ln Table 12
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CONSTANT ERROR (MSEC)

146.

ITLL. IT115 ITL30

INTERTRIAL INTERVALS (SECS)

: Figure 21

Mean constant error (CE) for -
the 1 se€cond time length as

- a function of the intertrial

intervals (ITI.l1 = 1 second;

-ITX.1l5 = 15 seconds; ITI.30 =

“

30 seconds)

f



The various Error Scores in Milliseconds for the

Retention Intervals and Intertrial Intervals

(-

Table 12

One second Time Length as a function of

Intertrial Intervals@® //

CITI.L

|
ITI.15

0 seconds

CONSTANT ERROR ITI.30 MEAN
Retention R.1 + 80 + 81 + 112 + 91
intervals R.15 + 7 + 65 -+ 46 + 39

R.30 - 10 + 61 + 67  + 39
MEAN + 26 + 69 + 75 + 56

ABSOLUTE ERROR , ITI.1 ITI.15 ITI.30 MEAN
Retention R.1 129 151 ~— 145 142
‘intervals R.15 151 144 140 145

R.30 152 156 125 144
MEAN 144 150 137 144

VARIABLE ERROR ITI.1 ITI.15 ITI.30 MEAN
Retention R.1 109 118 113 T 113
intervals R.15 148 103 124 125

R.30 145 136 114 132,
" MEAN 134 119 117 123
& ITI.1 = 1 second

ITI.15 = 15 seconds N

ITI.30 = 30 seconds Pt A
b R.1 = 1 second !

R.15 =15 seconds R

R.30 = 3

147.
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Absolute Error (AE)
/
a/ - ALl main effects and interactions for AE scores
wer

not found to be significant (p = .05).

Subjects estimatgd‘tho one second time length
with an average error of 144 milliseconds. Absolute efror
scores failed éo provide,support for the presence of inter-
ference and decay of interference. The AE scores for the
one second time length as a functién of retention intervals

and intertrial intervals are summarized in Table 12.
|

.

Variable Error (VE)

éetention intervals' and intertrial intervals'
main effects, and the interaction betweeh regention Qﬁu
integv;ls.and intéftrial intervals were not found to be
significant (p = .05).

Subjects estimated the one second time length

with an aVerage error of 123~Qillisecohds. The VE scores

for the one second time length as a function of retention

intervals and intertrial intervals are summarized in Table
. ¢

12.

Inter-Stimulus Interval (ISI)

-Increasihg.ISI produced an increase in the
degree of overestimation due to the intertrial intervals
foung previdusly significant (see Figure 22) . Subjects'

estimates were more accurate (CE) with an ISI composed of

/

L48,
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CONSTANT ERROR (MSEC)

149,

" ITL] ®—e ITII5 ¢—& IT1.30

+120
+100
+ 80
+ 60
+40
+20

=20

Rl (secs) |
ITI(secs)_l

ISt (secs) 5

Figure 22

3 4 5 6 1 8 g
EXPERIMENTAL TREATMENTS
I 15 15 15, 30 30 30
31 45 3 115 30
34 19 33 48 34 48 3

Mean constant error (CE). for the 1
second time length as a function of ’
the experimental treatments, (RI =
retention intervals; ITI ="inter-..
trial intervals; ISI = «dnter-stim-
ulus intervals) : IR




\ 150,
a one gecond intertrial interval,
]
Subjective Time Unit ‘STU)
. - . ;
The mean average performance and variable arror
of 5TU recalled by all subjects for thoe one second time
length were 1.9 and 0.6 units, raspectively.  Subjects
demonstrated a very strong stability for both-dependent
measures within all experimental condition$ (see Table 13).
/

A coefficient of variation (variable error divided by

average performance) of 11.65% was obtained for the

{t

one second time length. The calculation of a coefficient

of variation was performed in order to see if the relative

variability (Weber fraction) remained constant over the

various time lengthstof the present study.
Discussion

The present findings provided no‘support to
: : T s
stateé that PI effects were operat}gﬁ in temporal STM for

. ~the one second time length. The lack of PI over trials
%% and retention intervals was not related to the intertrial

“-% " inte®als; even when the intertrial intervals in the pre- .

Ve E" sent investigation were shortened to one second, PI could

not be demonstrated. A particular trend was observed for

° .

i ' the one second duration under the CE scores whén,ISI in-

; crease. The one second intertrial interval produced better
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The means. Average Performance and

Varlable ‘Error of subjective Time Units for the i - o
One, Four and Elght seconds Tlme Lengths SRR T A

Py

v s

’*,i:sEFoNodv

*. ~Retention '-
g E -
P intervélsb

B dRetentlon;f“
/
«;1ntervals-

,f@*SEQPNDSon'

SO

Retention =
‘intervals::

e

i, :
R
'

VQ i N o °

"Iﬁtertrialwinterﬁalsa,’”VQ'a‘o . ey

. “ITR.1S
19407y

0 1.9¢0:3)

L ITIL30

1.8(0.6) -

1905

"*IiiQisfﬁ}aylri;joﬂfff

- ‘\V eIrns Y

‘jR 1 }o 43, 6;_
©"R.15710:4(3.5)
~R:30 10.2(3.5)

ST ‘
ITI 30 /:;MEAN'

Ll0.4(3.6)
10.3(3.5) o -
10.2¢3.5) "+ %

10.3(3.7) 10.4(37s)
10.2(3.4) 10.2(5.5) *
SEC

- MEAN 16"1'-,:,-‘3«-23‘?1'5 )

10.2(3.5) 10
10.2(3.9) 10.2(3.5) 10.30.5)

l second
15 seconds
30 seconds

-1 second
.=.15 seconds
_30fseconds>“

AVerage performance P eI
Varlable error.ii~ A

*/e‘.’fr
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results than the 15 or 30 seconds 1ntertr1al lntervals

‘,9 L Slmllarltles between the retentlonfcharacter%s—

g SRR Yo

thS of the present study and those obtalned in Experlment

l

4 were ‘the follow1ng In terms of CE and

- cdres chere Vr:‘g

“

:.tlon lntervalsg.;

were no dlfferences between the varlou:@;

- The present study revealed no ‘ncrease. 1n‘var1ablllty as
retentlon 1ntervals lncreaSe.L ‘The latter result could be e

A, .
N i R

attrlbuted to an experlmenter ﬁeflned rehearsal as opposed
K l . ' o
to a subject deflned rehearsal usedlln Experlment 4 ‘The
/ present results under an experlmenter—deflned rehearsal /1
U =

foriall dependent measures, were qulte 51mllar to the re— S

'//svlts obtalnedlln Exper1ﬂent 5‘ nder a 51mllar rehearsal

S

dependent measures when 'ubjects used approx1mately twol '

STU to tlme flll the Onv second duratlon. Subjects wer

oy
N

N N
, : P
. more accurate and less arlable under a mental countlng ,/d;.g/ S

e cognltlve strategy tha' the subjects of Experlment 6 under..:i'

; '\ 2 1 e N N

a a consc1ous tlme estlm tlon cognltlve strategyy L R

- q N \J/ :

. gﬂ j . o / = _ , - ‘?

e TE SE S N EL e ETR S /f\ S AR TR N S Lol
~Fourfseconds‘T1mefLen Bhoo o e T s e e
Constant Error (CE) " f,;fif;é\

o' i & 4 B ) (

-

. ' -/
,(All maln effects and 1nteractlons for CE scores.

were not found to be srgnlflcant (p = .05) ' :‘ 1 | f'yf (/_d
o |

-f‘j._ Subjects tended to underestlmate the four T ff;ﬁe;
. i - A}
I

seconds tlme length‘w1th an average error of —139 mllll—.

) o~ e : .
> N - ‘ AR }
A ! DRISIRN o L 5 - -
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'Absoluterﬁrror (AEl71 L »C\ e

'et¢$~:(2 . .05) on«the retentlon 1ntervals maln effect

o seconds. ‘The results failed”tOvprOVide support for 'the :

presence of lnterference and decay of'@nterference .The
CE scores for ‘the four seconds tlme length as a function. .
A

’»‘of retentlon lntervals and lntertrlal 1ntervals are.

i v -

7-summarlzed 1n Table l4

’
Y
RN

All maln effects and lnteractlons for AE scores

‘were not found to be 51gn1f1cant (p' > .05)

+

1g'g“‘ Subjects estlmated the four seconds tlme length

‘;w1th an: average error of 304 mllllseconds.f The resultsllfn

'
B

“Balso falled to prov1de support for the presence of vfi&;-

'wflntervals and lntertrlal 1ntervals are summarlzed in Table )

sl “
. . ~",-

P

‘4'Var1able Errorf(VEfisﬁ 'ﬁfi,pl]'fpfv-:gf ‘ y__: e oo

e

Al smgnlflcant effect foﬁQVE F (2 34)'5'3;49)4l

/)'

'1»51‘ < 05,Lwas found for retentlon 1nteruals.” A Scheffe s

o Ty S B i

7§wa«‘run.: No %eanlngfull dlfferences were obtalned at that o

e

partlcular level. The maln effect of lntertrlal 1ﬁtervals

xand the lnter‘ctlon between retentlon lntervals and 1nter-

i”ftrlal lnterv ls dld not reach the conventlonal level of

153,

l-lnterference and decay of 1nterference.v The AE scores ;_~"'

.for the four seconds tlme length as a functlon of retentlon ﬂ:
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J‘ : . Table 14. L o R i
The varidis Error Scores in Mllllseconds for the‘
Four' seconds Time Length as a function of.
Retention Intervals and_Intertrlal Intervals

v i . ) o ' \

— . i B . )

Lo N -“Y,InterErial Inte;yalsa

"% CONSTANT ERROR - . IfI.1 . ITI.15  ITI.30  MEAN
// ‘ . . -.ﬂ\ ) - . ) '[ ‘
Retention . 7 R.1 201 - ~—'149 . - 95 = - 148,
. intervalsbk- | 'R.15- <160 - - 43 - 90 - - .98
D . R.300 - 196 . -190 - =123 - -.170

K-t

MEAN =~ - 186 127 =103 - =139

ABSOLUTE ERROR ~ . ~ITI.l . TTI,15.  ITI.30 MEAN

 Retention- . R.L 326 274. - 242 .-281 "

_ intervals~ = ‘R.15 291" 248 . ~.309 . 283
S0 U R.300 0. 389 8. 353 . 305 ... 349

e ... MEan . 335 292 -7 285 o304

i ?eﬁfVARIABLE'ERROR Q"/fZITI.l.'}‘IT;;LS~' ©ITI.30 MEAN

 Retention - “R.1 . .250 . 251 - 237 7 246
A llntervais' - R:¢l5 - . %252 333 - 283 - 289
e R30 . 306 287 302 . 298

MEAN S 269 290 274, 278

-1 secqnd SRR oo R L :
15 segonds - L e s S
= 30 seuonds e LT : Lo .

)
+
H
g
o

il

o470 U RIS'= 15 secphds 0oL
s =/30 secondsﬁ'~ U e e S

N
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R Subjects estimated the four seconds 'time length

u

with an average error of 278 milliseconds The-VE scores

"for,the fo r seconds time length asia functlon of- retentlon

o

i : : .

lnterval7 and lntertrlal 1ntervals are summarlzed 1n Table

14l

3 S A . ! .
ﬁnter Stlmulus Interval (ISI) : f , - "k e
woo ] - S, » '
»% [ » Forx all dependent measures, .an 1ncrease of IST .
‘produced no partlcular trend.v EER : ‘
‘ S B \ | ‘ L

A S _(

’ ; _ R LN
Sublectlve Time Unlt (STU) RO \ S

il i

’3~-~d The mean average performance and varlable error
: 7§ . l o
of- STU recalled hy all sub]ects for the four seconds tlme

~

length were 5 2 and l 7 unlts, respectlvely Subjects

!

'demonstrated a. very strong stablllty for both dependent

H

.measures W1th1n all experlmental condltlons (see Table 13)

| nA coefflc1ent of\varlatlon of 7 20% was obtalned for the
; / | ) | L
four se%onds tlme length

o
. . i . . R : . v -
. B L o . « E . o
N . ° . M : 3 o -~ ' P LT
I R . : £ > N

.

i < -+ Discussion

tlme length. The lack of PI over trlals and retentlon

‘'~
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of the present study were more accurate and less varlable.

under a mental countlng cognltlve strategy than the

Acognltlve strategy ‘for all performance measures

an. lntertrlal 1nterval one second long was used The"

o

'subjects estlmated did not produce any partlcular trend

w1th an 1ncrease of ISI for all dependent measures

Slmllarltles between the retentlon characterls—.

Ctics of the present study and those obtalned in Experlment

\

4 were the follow1ng Relatlve to CE and AE scores, there

'

.- were no dlfferences between the varlous retentlon 1nter—

B

vals. In termsrof VE,,the present study revealed no

1ncrease in varlablllty as retentlon 1ntervals 1ncreased

Agaln,.the latter result could be due to an experlmenter- -

deflned rehearsal used 1n the present 1nvestlgatlon as.

\opposed to a subject-deflned rehearsal utlllzed ln

~'deflned rehearsal ‘and all dependent measures,.were qulte .

similar to the results obtalned iny Experlment S under a
51mllar rehearsal condltlon. ‘ -_j e

. Retentlon abllltles were demonstrated for all

fdependent measures when subjects used approx1mately flve

" sTU to tlme-flll the four seconds durgtlon.\ Subjects

§
\,

subjects of Experlment 6 u51ng a consc10us tlme estlmatlon

7

L2 S ) , T -

15s6.

o

'Experlment 4. The> present results, under an experlmenter—"'



Constant Error (CE)

'Table 15. PR S

‘1ntertr1al 1ntervals, and e 1nteractlon between retentlon

L¥ ' ¥ L ‘ ) . I ) 1573"‘

Eight Seconds Time Length

(. .

All main effects.and interactiOns for CE scores
, -

were not found to be srgnlflcant (E. > .05) .

Sgﬁﬁects tended to underestlmatefthe elght
. . *d..x L
seconds tame length w1th an average error of —278 millisec-

Y

onds . The results do not support the presence of inter-

ference or. the decay of lnterferdnce. ‘The CE~scores for‘

“the eight seconds tlme length as a functlon of retention

1ntervals and 1ntertr1al 1ntervals are summarlzed ln

/Table 15.

. R

Absolute Error (AE)

All maln effects and 1nteractlons for AE scores
were not found to be 51gn1f1cant (p_ > ,05).

Subjects estimated the elght seconds tlme length

~w1th an average error of 608 mllllseconds. Agaln,,the

‘results failed to provrde support for the presence of

.

) 1nterference or decay of 1nterference The AE. scores for

,
\ Y

the elght seconds time length as a functlop of retentlon //_

'1ntervals and 1ntertr1al lntervals are sqmmarlzed in.

Variable'Error.(VE)v o ’ . - ' e R

I * ) s ) e ) » N i ) ,‘}
Thermaln effects of retentlon 1ntervals and S ot

B . At
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‘Table 15

The various Error Scores in Milliseconds for the
Eight seconds Time Length as a function of
Retention Intervals and Intertrial Intervals

Intertrial Intervals®

- CONSTANT ERROR - 171.1 ITI.15 . ITI,30 MEAN .
Retention = R.1 -~ =319 - 359 . 397 - 356
intervalsh R.15 = 414 .- 323, - 159 - 299
‘ . R.30 - 112 - 246 - 179 - 179
- MEAN - 282 =307 - 245 - 278
_ ABSOLUTE ERROR ITI.1 ITI.1S "\ITI.A3O‘ MEAN
Retention R.1 ) 614 - Tg70 668 651
intervals RIS 7 733 649 517 - . 635
. RI30 - 572 566 478 539
MEAN - 642 628 ‘554 . 608 |
VARIABLE ERROR - ITI.1  ITI.15 . I7I.30 MEAN L
Retention | R.1 378 339 . 326 348,
intervals R.15 . 369 415 431 1057
o R.30 338 337 401 379
MEAN 362 384 3ge 377
@ ITI.1 = 1 second . S o )
ITI.15 = 15 seconds o
“w ITI.30 = 30 seconds o
o "3 ! . -
b'Rr.1 1 second

. R.15 = 15 seconds
= 30 'seconds
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|
intervals and intertrial intervals did not reach tHe con-
'ventional level of significance (p = .05).

Subjects estimated the elght seconds tlme length
w1th an average error of 377 mllllseconds The VE scores
for the eight seconds time length as a function of reten-
tion intervals and ;ntertrlal intervals are summarized in/

Table 15. - T P ' °

Inter-Stimulus Interval (ISTI)
- Increasing ISI produced no particular ‘trend for

all dependent measures

5

1
1
L

|

Subﬁective Time Unit (STUj
| » The mean averagefperformance and Variable errOr
of STU recalled by all subjects for the eight seconds

time length were 10.3 and 3.5 units, respectlvely
.Subjects demonstrated a very strod% stablllty for both
dependent measures w1th1n all experlmental condltlons (see‘
Table 13). A/coeff1c1ent of variation of 4.88% was_ob—

tained for the eight seconds time }ength;

T g
Yl
Discussion

' The. present findings do not support the presence
: e . 6
of PI operatlng in temporal STM for the eight seoaﬁas time

i A {: .

length The lack of PI over trials and retentlow%%ftervals

. v
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was not‘related to the intertrial intervals. Proactive
interference'could not be demonstrated even when tne
1ntertrlal interval was only one second long. Increasing
“ IS8T had no partlcular effect for all dependent measures.

| Retentlon abllltles were demonstrated for all
dependent measures when subjects used approx1mately ten -
STU to time- flll the eight seconds duration. SUb]ECtS‘
ln the present study were more accurate and less variable
under a mental counting cognitive strategy than the sub—
jects of"’ Experlment 6 using a consc1ous time" estlmatlon

b

cognitive strategy for all performance measures.

LB
¥
§:

i Geferal Discussidn

] )

! /
The present findings under ﬁental counting‘cog-
nitive strategy;formthegone,fthe four and the eight seconds
time lengths‘proyided no support that PI effects were -
Operatlng in temporal short-term memory (TSTM) 'The_iack
of PI was not due to the intertrial intervals. Proactive

1nterference COuld not be demonstrated with a one second

intertrial®” interval. The absence of PI could be aSCribed

»to/the'following'reasons: (a) the experimental conditions

t

did not produce any PI effects, (b) PI effects were oper -

‘ating but were not detectable, and (c) PI effects were

produced but due to the experdmental_procedures'a release

of PI 0ccurréd.- The first of those three reasons seems to
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be more, appropriate for tﬁe‘prescnt study.

The :etention charqctepistics of the present
study are)quite similar to those found for verbal (Melton,
1963; Peterson and Peterson, 1959) and motor (Alaih; 1974;’
Laabs, 1973) materials. The similarity was the result of

u

the instructions given to-the subjects. As opposed to a

Y

subject-defined rehearsal used in Experiment 4, an experi-

menter-defined rehearsal was utilized in the present

investigation. The subjects were asked to use overt

rehearsal and were told that the memory of a time length

under a mental ibunting_coghitive strategy implies that

Y

they retain a 'Aumber' of STU as well as the 'length' of

the STU (counting rate) (Vroon, 1976) . Differences bet~

ween the various retention lntervals were not demonstrated
for all dependent measures under such 1nstructlons.A Al-
though the present results glvehno evidence that the
'length' of the STU was remembered, it may be concluded
that when subjects were.toid to pay attention to both
variables, they.;etained time lengths of one, four and .
eight?seconds in a similar fashion.

The one second was the dnly time length affected . !

by an increase of ISI. The pargicular trend .observed was

that the subjects' estimates became less accurate (CE) as ' i
ISI increased. If accurate results are to be obtained‘in
time estimation studies, short intertrial intervals should.

be utiliied'd%der the one second time length.
. ' . /
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t

The present results, within the range of time
lengths used, indicate that mediated (mental counting) time
estimation variability increases when the mean estimate
increases. The variability does not remain a telatively

constant proportion of the mean as was the -case in Davis'

'(1962) study and Experiment 6 (see Figure 23). The rela-

tive variability }Weber fraction) in Davis; (1962) study
remained ‘constant for time lengths of 2 to Btéeconde an&f
with a rate of counting of two STU per second. These
opposite results couid be explained by the different

procedures used in both studies. An"experimenter—paced

i

mental counting condition was used in- Davis' (1962) study.

. R
as opposed to a personal or self~pdced mental counting
in the present study. The pPresent results demonstrated

that the coefficients of variation (coeff1c1ents of

. Proximity) were smaller than the ones obtained in Exper-

iment*s under a conscious time estimation cognitive
strategy. 'Personal tempo is a very important attribute

in temporal behavior .and also in motor behavior (Smoll,
1975). The number of STU used in the present study was.
not the same from one s@bject to another and from cne
time' length to another. Further experimental attention
should be devoted to exploratlon of the nature of personal

tempo and its role in- temporal and motor behav10r.

<
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summary ‘of- Section 3 s N

The general purpose of Section' 3 was. to determxno
‘ - . ‘ 4 = &‘h . i ' . " " -
the causoes of fo#jetting in temporal short-term memory un-
der conscious time estimation and mental counting QO?hlthg
strategies. Proactlve interference and reh-arsal were the

two processos investigated.

o . s
The loss of temporal information in short-ternm

memory under conscious time estimation cognitive strateqy-
for short time lengths was not due to proactive interfer-
ence or Leh%?rsal processes. Time lengths greater than

Lcur seconds under such cognitive strategy seem to follow

2 trace decay ekmlanat10n- Again the results, as in Sec-
0 ,,gf\ﬁlon 2, supporﬁﬂghe notlon of a time length constraint on
| Q:h‘temporalasﬁp;t~term memory.
’  _jw V Proactlve ;nterference under ‘mental countlng
T T T V 1

‘cognxtlve strategy and short tlme lengths was not the

' p . 4 L I

rocess le &1ngfto a loss of tem ral 1nformatlon. The
P ? po
‘ ':,4{-’6 A' .

rehearsal process, however, was the factor of importande
1 2oA ! S ) ,t .
cauSLﬂgxforgettlng of temporal information. When subjects

1,,‘_ ,.4,

were %nder an experlmenter-deflned rehearsal and speczflc ’

e X
B ( . 0\»:

lnstructzons, no forgettlng of temporal lnformatlon was:.
5

(1

denoted Overﬁ rehearsal ‘was the experlmenter-deflned
;1» “”,‘ -

rehearsal. Ehe speC1f1c lnstructlons were that the sub-

jects should retain a 'number' of‘subjective time units

Y



\\
o

aS\well as’ the 'length' of the subjectlve tlme unlt

A

b AN AN
i It appears, therefore, that some of the forget—

\ ' @

v

‘tlng 1n temporal short term retentlon must not be attrlb—'

Yo

R ;'5ﬂ“;* uted . to lnterferenoe from QreVLous trlals (PI), but to

e . S v _“1.

/ . : p N S
: gufffwt{} ' factors other than\interference (decay) Perhaps i
.j gbﬁayi“f"forgettlng of temp;;ai materlal could be ascribed to‘ 
g ~§f‘ﬁfmf interference among 1tems presented on\a glven trlal :
1}A“. ;il(struotural 1nterference) The folloulng\sectlon w1ll

(countlng rate) under mental countlng cognltlve strategy.Afz

1nvest1gate structural lnterference on_ temporal short— _usf-“
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:% Generdi vurppse of Sectlon.4~‘“
i o The general purpose of Sectlon 4’ (Experlments
' i; ;’ \@ﬂ 9 and\IO) was the lnvestlgatlon of structural 1nterfer?h4 .” - ;
B ence (i. e. related 1nterpolated task) The reasonswto
v»dlstlngulsh begween the causes’ of decrements in recall due'b
to unrelated and related 1nterpolated tasks were as/follows.
When lnformatlon enters;short—term memory 1t assumes ome
klnd of psychologlcal structure and 1f 1t is to be ain—f“
talned, some or all of the llmlted proce351ng capac ty must o
Ze-devdted to attendlng.to or. rehear51ng that lnformatlon._ |

RN

J".ﬁff:'fj An attentlon—demanﬁlng lnterpolated task (1 e unrelated

1nterpolated ‘task).. was used ln Expermmeﬁ@s 2 and 4 There
_f~may also be an addltlonal cause of 1nterference dependlng L
‘; P i . : Q\r‘
- L‘f on the nature of 1nterpolated ‘task. If thls task, when

;ﬁVif:T : fenterlng short term memory, takes the same psychologlcal

'Vf;egrjg ucture as the tbrl structural 1nterference occurs and

i 5 P .

,ij”f-ifu recall of the tbrl 1s hlndered The study of 1nterference

Co Lind temporal short-term memory of the structural type was
G Ve . 3

lnvestlgated 1n the follow1ng experlments. . The factors

governlng thls 1nterference w1ll be descrlbed lf such

lnterference occurs.,_**

S The effects of temporal lnterpolated act1v1t1es
R R ¢,

':&on temporal short—term memory were examlned ln Experlment 8-v-15-di
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Temporal lnformatlon under consc10us,t1me est&ma— .

,tlon and mental countlng cognltlve strategies appears to
have - dlfferent retentlon characterlstlcs.n Temporal
'lnformatlon for tlme lengths greater than 4 seconds under
consc1ous time estlmatlon cdgnltlve strategy is rapldly

lost. as a functlon of a rest perlod,'and further, removal

,tof subjects attentlon durlng the retentlon 1nterval,
R . /

‘ri'does not hinder recall performance any &ﬁ?e than a 51mple

rest (Experlments 2 3 and 6). Slmllarly, temporal infor-

" matJ:.”}for Qhort tlme lengths under a mental countlng cog—

‘nltlve strategy As losﬂ qulte rapldly over a very short ’Qf.A

Yo _
, tlme rest lnterval (Exper;ﬁbnt 4y Further, when a sub- oy

Ls

ject s attentlon .is completely occupléd ny hav1ng hlm in-

'dulge ln a verbal lnterpolated task durang the retentlon

//‘lnterval, recall performance will not be affected more tha§J

'Vl,by - 51mple rest (Experlment 4) However, under a: mentalvv

o / R

countlng cognltlve strategy and w1th approprlate lnstruc—

'tlons, subjects 1n Experlment 7 demonstrated no loss of E
'temporal 1nformatlon*after a rest 1nterval. " R
B’ ¥ - :

The 1rrelevance of the materlal (verbal lnterpo—‘d

\

'Tlated act1v1ty) used by the subjects durlng the retentlon

{7~vg lntervals in Experlments 2 and 4 mlght be one of the rea—.

s

fsons for the absence of an 1nterference effect ' One could )

‘ﬁfquestlon what klnd of 1nterpolated tasks mlght 1nterfere o

g‘.
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with the retention of time. For example, would material
(temporal 1nterpolated act1V1ty) which.is more relevant
#

~and more- 51m11ar (structural 1nterference) to the crlterlon

R

produce lnterference ‘on the to—be—remembered ltem (tbrl)? fﬁ%f

L

The pgrpose of the follow1ng experlment was to

investigate the effectfof temporal lnterpolated:act1v1t1es§

‘on temporal short-term memogy of time'lengths of one and S
i ‘o

four seconds, reproduced under two forms of cognltlve ¥

~

.stratng; namely, consc1ous tlme estlmatlon and~men%3%'
counting. o ‘

o
B N £
Fhge - LY

o ‘ .
experlment. L

3

.Apparatus and Task

'-\ ~ The apparatus and theggask were the same as those

descrlbed 1n Experlment 2 w1th the addltlon of the fol—

’H,:ff 4low%%g @ Ra ;
. o P . .
' The flve levels of temporal lnterpolated act1v1tyv
R 41‘,.:.'%‘“_'. - el "
‘ descrlbed below were 1ntroduced after the operatlon of two

‘decade 1nterval tlmegéj(Hunter lll—C and lOO-C) -These“

>//

",,- v . 5

) tlmers were connected to a tone generator (ElCO 377), am-"’
fpllfler and spea When the c1rcurt controlllng the"

-



. . .
"\."ﬁ‘:' T
A

. 171.

;jcrlterlon time length had cycled through lts pre—set tlme
s - length, an audlble tone was prov1ded to the subjects 0. 5
second after the pre~set tlme.length Follow1ng the tone,' X 7*‘Qﬁi
the'subjeqts agaln depressed the left trlgger ln ausqueeze— 5(
\then—release manner to .Obtain another time length whlch
acted as- the temporal 1nterpolated act1v1ty Then the Tng
| Voo e

subjects were’asked by the experlmenter to reproduce elther :

u, b

'the first time length (crlterlon) or the second time. length7

(temporal 1nterpolated act1v1ty? The latter was a catchAHJ

trlal 51tuatlon The lnstructlon by ‘the experlmenter was

t i .
K . N

-approx1mately of one second s duratlon f S P
* ", \S." ’
' s ' ‘ Lo o g «4:- "‘;'
Design S T e : L .
» - Five levels of temporal 1nter901®§ed aCthltY

(a) 60% (IT.1), (b) 80% (IT. 2) (c) 1008 (IT.3),

© 0 (d)°120% (IT.4), and (e) . 1403 (IT 5) of the crlterlon :

. ) . . \ T 55 5 ,’ s ity
wtime length*Were &Qed These flve levels were combl

ffactorlally in a ‘treatment by subjects de51gn w1th two ‘,f\'

levels of cognltlve strategy- (a) consc10us't1me estim- -

e

““atlon (CTE), and - (b) mental counting" (MC), and;two’le¥§'

B

els of crlterlon tlme length, namely 1 and 4 seconds /”f;

'Thus, for the l second " tlme length the flve levels of:

~r

2

.ftemporal 1nterpolated act1v1ty we%e 0;6 0. 8,,1 0, l 2 and
- i 1.4 seconds, and for the 4 seconds time. length they were :

”2.4, 3. 2,»4 0, 4 8 and 5 6 seconds Flye_trlalsrwere»@V".‘
e RS ERE AR A N
_-glven for each of" the 20 treatments B L Tk P 'f/

X ‘ M
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.Procedure
L y " The subjects were given a number of trials towfamF’
'5“r1_\ lllarlze themselves with the equipment and the demands of 4

the task They attended one session of approx1mately_

GQ mlnutes.' Four series of 25 trials eachswerelaSSigned_
to=each subject~during‘the sessiOn.‘ Each serles‘was Q
comblnatlon of one level of cognltlve strategy with ohe

level of tlme length.h Four treatment condltlons (two = = *Q

"&u“

cognltlve strategles by two crlterlon tlme lengths)fwere

Ry _faSSLgned toi'{subjectsg w1th the order of occurrence de-
ERE R T P . Lo :
ff‘ﬁ»termlne&kﬁyyaﬂrandom 4 X 4-Latln Square._ Thelother 4

N ‘subjects used the reverse of -the ‘same randomf

1 .‘_{ a, .

© g wydy
ey iy 5;... Lo
Aﬁ .

Square. For the former 4 subjects, unden a level of tlme
ey -

length awd a level of~cogn1t1¥§-strategy (29”trials);.a ,
‘ ; ¥ -l , ‘ ; R ,

hrandom 5 X .5 Latin Squarewas uSedeor the interpolated
levelstwhile the reverse of the same random 5 ? 5 Latrh_f“
Square was utlllzed by tﬁe latter 4 subjects. Five catch
trlals were lntroduced and lncluded in each serles of 25

trlals, one catch trial for each temporal lnterpolated

‘fact1v1ty~ Ascendlng (former 4 subjects) and descendlng

“(latter 4 subjects) order catch trlals were used accordlng
[ ' /o
~yto the levels of temporal 1nterpolated act1v1ty

The follow1ng lnstructlons were read to each /

suhgect: (a) the subject was asked to be as accurate as

’”possible, (b) the subject was asked to express and demon-

- C +

"strate his. understandlng of the task, (c) the subject was".

told that ‘he would hear the experlmenter call out a number,;'

&7,
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"one" or "two" after the presentation of the second time
length in a trial. When the experimenter said "one", the
subject was asked to make a recall equal in’ lcngth to the
flrst presentatlon (crlterlon) and when the experlmenter
said "two" the subject was "asked to make a recall equal
‘in 1ength to ‘the second presentation (1nterpolatcd act3v1ty
stlmulus), (d) the subject was asked not to use any tlme-‘
,aldlng technlque at any time (conscrous time estlmatlon)'

»unless asked to do SO The experlmenter explalned thor-

oughly what was meant by a tgke-aldlng technique, giving

,examples oprgﬁqvarlous klnds, (e) the subject was asked

to hlmselfT‘whenraéggd‘to do so.' The experimenter‘ex—
T \

plalned thorogghgy what was meant by mental countlngv_agd\\<\\

(f) the sub]eci was asked to walt untll the experlmenter

. e

sald "ready" before the beglnnlng of the next trlal.

[
Rt

_Data Analysrs

3o ' : . . :
o - The dependent varlables used were:  -(a) - average
(ﬁean){performance (AP),‘(b) absolute error (AE), (c)
signed COnstanthrror,(CE), and.(d) varlable error (VE).

R i,

~Results
, =R ES

" Time Length

When average performance was analyzed ' tHe

i . 4

.subjects were able to malntaln their estlmates of one and s

P ‘Q?'

AN .

15



four seconds as distinct events over experimental -
conditions, F (1,7) = 400.03, p =< .0l. This suggests
that when errors arose they were not due to the subjects
confus#ng the two time lengths in memory. |

A significant effect of time length, F (1,7) =
38.56, p = ﬁdl, was found for variable error. Subjects
werﬂimere variable in their estimates of four seconds than

one second. However, an interaction between timexlehgth

and cognitive strategy occurred in the variable error anal-

174,

ysis, F (1,7) = 7.41, p = .05. As illustrated in Figure 24,

s

the interactiop effect was almost totally due to the'fohr
‘seconds time-length when held in memory under a ﬁental
: coﬁnting.cegnitQVeFStrategy. |

| The main effbct of time length was net signific-
ant (p ® .05): for either the absolute error or cohstant

= i

error scores. A three factor lnteractlon (tlme length by

FoL

'cogn;tlve strategy by temporal 1nterpolated act1v1ty)
occurred in the absolute error analy51s, F (4, 285 g 3 2,

/p = .05.

Cognitive Strategy
A significant effect of cognltlve strategy, F

(1,7) = 7 74, E - 05, was found for variabke error. .Be- *
\

cause of the 51gn1f1cant=t1me length by cognltlve strategy
\

1nteractlon noted earller, a Spheffe s test (E - .05)/was_‘

run on the simple main effect. The" SLgnlflcant dlffereqce

S R
. e
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500 :
A 3}
400
300
' F.
ROOF= - o e
4 £onscious time )
estimation -
mental
100 counting
[
. A Sy
&
R PR L
0.3 1.0 2.0 ' 4.0
TIME LENGTHS (seconds) LOG .
Figure 24 Mean variable error (VE) for
' conscious. time estimation and
merital counting cognitive strat-
egies as a function of time ‘
lengths (1 and 4 seconds)
~ "\
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was noted between conscious time estimat10n§§&d mental
counting for the four seconds time length.
The main effect of cognitive strateof was dlso

significant, F (1,7) = 6.72, p = .05, for absolute error.

Subjects were less accurate under conscious time“estimation

than they were when using mental counting. Because of the -9
sxgnlflcant time length by cognitive strateqy by temporal
interpolated activity interaction noted earlier, a

Scheffe's test (p = .05) was run on the simple main effect.

—

.

"\The‘significaht meaningful difference was between conscious
time estimation and mental counting for the four seconds

time length.

Temporal Interpolated Activity h : "f‘>
| The temporal'interpolated activity main effect -\
was- not 51gn1f1cant for any of the dependent measures h\
. (p > .05). When reproduc1ng a one second tlme length
'under consc1ous tlme estimation or mental counting, sub=- '
jects did not show any lengthenlng or shortenlng effects
. -over all temporal 1nterpolated activities with‘ﬁgtention y
| intervals of 2.1 to 2.9 seconds. A similar stetement could

be made for the four seconds time length and both cognltlve

strategles w1th retention lntervals of 3.9 to 7.1 seconds.

;

a

The means of the ve;Lous error scores for all

, cognltlve strategles, time lehgths and. temporal 1nterpola& Jw’r\/iai

ted act1v1t1es ‘are summarlzed in Table 16 L _‘,;“
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Taplc 16

“Mean VE, AE, AP and CE in'Milliseconds for
Cognitive Strateqy, Time Length

and Temporal Interpolated Activity ' (
Cognitive Time Temporal Interpolated Activityb-
Strateqy®  Length k@fk-\ IT.2 IT.3 IT.4 IT.S
, \‘Vériable Error (VE)'
. MC 1 second 1ol 130 115 159 + 129
4 seconds 184 214 206 243 268
CTE 1. second, 262 192 162 144 1&7
- 4 seconds 465 438 . 374 506 475
. ) Absolute Error (AE)
- MC 1 second 187 - 199 199 190 190
4 seconds, 215 271 206 262 332
. CTE - 1l second 422 - 403 288 363. 339
: 4 seconds 598 -+ 599 753 554 627

L : Average Performance (AP)
MC Y rsecond 1163 1165 1092 1138 1139
+ ~ d'seconds 3986 4026 4046 4076 4085
CTE 1

o second 1333 1361 , 1230 1331 1300.
e 4 seconds = 4152 4022 4219 4232 4115
: L " Constant Error (CE) S
MC-., - 1 second 163 165 91 138 139
ol 4 seconds - 15 25 | 46 76 84 )
CTE 1 second 333 361 230 331 . ,300
1 4

seconds 132 22 219 232° 115

%.MC = Merital counting ,
CTE = Consciqus time estimation 5 »

b 7.1

60%'0f'the'criterion time length

+ . IT.2 = 80% .of the criterion time length

. * IT.3 = 100% of the criterion time length

. IT.4 = 120% of the criterion time length
IT.5 =

"140% of the criterion time length




Catch Prial .

*

‘4!1(3:\ rilxla‘)«*cﬂt; 5 2\.1<1 ( o repPoduce’ the aee !)li(l *a:,ixxx~

S ulus lunqthh(tumporql Lntcrpoldtwd activity lunqth), %lq~

i

'Becagse of this’' interaction, a Schefﬁé's test (p = .05)

»1nteractlon effects noted earller for absolu@e and

\’d"

nificant effects were found: for aVuMage pertormante {(AP)

_acrogs the time lﬁnqﬁh“ r(l,7) = 7l?.?5, p = .01, and

across tha tumpoxnl intarpolated activitias g (d4,28) =
279250, p = .0l. However; an interaction botween time
length and temporal interpolated activity occurred in the

AP analysis, F (4.28) = 57.14, p .= .01, (sece Figure 25).

was run on the simple main effect. Significant differ-

ences were obtained between all levels of temporal inter-

¥

- polated activity for the four seconds time length, and

between IT1 vs IT.3, IT.1l vs IT.4, IT.1 vs IT.5, IT.2 vs
IT.4, IT.2 vs IT.5 for the one second time length;

The mean for aVerage performance (AP) scores on
the catch trials for all cognltlve strategles, tlme lengths

and temporal lnterpolated act1v1t1es are summarlzed in

‘Table 17. ' ‘ /
) /
Discussion Ce ;o

//

. Time Length and Cognltlve Strategy o : ’A '/ﬂf

In?terms of the 51gn1f1§?nt main effecys aqd
\

varlable errOr measurements~ the followlng concluSLOns are‘f

« . “,-.' . x‘\ &Y ~Yfg' ,}»

of lntereét when the crlterlon tlme length was stored ‘with

>
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"ffas a function Of temporal lnter—
:°epolated activities: (IT.1 = 60%: of

=3 crlterxon tlme length IT.2

S
o

BEIRN FE ! B

;o

.Mean average performance@(AP) ﬁor

; f the criterion. time lengthpf_;
SIT.3 =T '1008%° of the criterion time ~ 7| .
‘“‘length; IT.4 = 120% of the crl—ﬂ-fxﬂﬁﬁ.“-
~oterion - time. length,.IT .5 = 140%
“g*of the crlterlon-tlme %/pgth
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“Mean Average Performance 1n Mlll

'.,  Table l7 v »-/?a‘fj}t5l

1seconds for

I -Catch Trial under: Cognltl Strategy, .
IR Tlme Lengtn and Temporal Inter lated Aqtlv1ty

Al

x\Cognltlve
'QjStrategyé,

Ti;e$\\_id. Temporal’Interpolated @ct1v1ty§,»'

“Length "\ IT. 17 IT2 1T, 3. IT.4  IT.5. =

omMeo

“‘l'second - 58& /864- 1125 1250»x.£495{7r”*

’f;4jée¢6aasﬁﬁ’2456 /3122\, 3843‘-54739 5598 -

.
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. 1" gecond. 704 822 \‘1'1'38:11" 1351 1414 0 a0
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?60% of the crltefaon tlmexﬂgngth’ AR S ORI S
- 80% of the. crlterlon time length B

lOO% “of the’ crmterlon time length
-120% of the crAterlon time length:

= 1408

of the crlterlon tlme length ;3'f 'e'"ef’f

e

| /3875» -'4677.__, 5406
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o X ",another duratlon' (a) ,subjects are less accurate and more -
varlable as tlme lengths lncrease when reproducrng under ’ o

consclous tlme estlmatlon,y(b) subjects are more accurate

t

and less varlable when reproducrng the four seconds: time =

length under mental countlng as compared to conscrous tlme‘-

»

'»estlmatlon, and (c) subjects holdlng a crltiiaon tlme of:f/"

jone second ln memory under mental countlng are 'as accurate'

- //. . . o ‘

~and varlable as they are when they recall the to—be~remem— '

o /'
bered ltem under conscrous tlme est1mat10n., The present %@ s

| - o i

Vo résults w1th the exceptlon of the latter conclu51on 1n4

el

N

-

terms of varlable error scores were obtalned in Experlment"

' 2 under anfammedaate retentlon 1nterval and only one tlme,f‘

e
S

R /length étored. e B O I B PRI

: . |

b

Temparal Interpolated Act1v1ty R ‘3’, : Loy "_' !

th/The lack of s1gn1f1cance for the maln effect of fﬂw
: g ; Ve ! - 'Iv'/ o
temporal anterpoéated\agt}v1ty aldng w1th ltS non—srgnlflc— N

. ant lnteractlon/WLth the other facnors for both absolute

-

error and varlable error . suggests t at subjects retaln tlme

'lengths of one and four seconds 1n.a 51m11ar fashlon.

F&Furthermore, when the present data (two tlme lengths pre—'L’[v V'\

¢

'lysented at 1nput) are compared w1th results of Experlments N

,2 and 4 (lmmedlate retentlon 1nterval and One tlme length, S
e o LR

'ented at 1nput), some observatlons iif'be madeu' When_y';

i'subjects'hbid the crlterlon tlme length £ one- second for‘”

1

a. perlod of 2 ,.to 2. 9 seconds and the crrterlon tlme length



‘terms of varlable.error scores. Moreover, the*results of'

4the{' present study obtalned under a mental c%untlng cog-r

,/ )

tlmmedlately

.eof four seconds for a-period of'3;9 to 7.1 seconds under'_‘

consc1ous time estlmatlon, they,were (for thelr respect--‘

'
B

ive time lengths) as varlable as the subjects 1n Experlment

-

.

2 when they recalled the duratlon 1mmed1ately \ ThlS lS~

-\suggestlve of ' the fact that~the§51mllar1ty of the stored

g

.materlal does’ not affect mmediate recall performance 1n:>

nltlve strategy were 51mllar to the varlable error scores

'of Experlment 4 when the subjects were asked to\fecall

/.
--However,,ln terms of absolute error\(accuracy

',cy) the equlvalence of the present results w1th those ob—

-

talned w1th the 1mmed1ate retentlon 1nterval of Experlment

i one lS stored under elther cognltlve strategy o

P e T e R , ,
'fn,fecalled almOst at aﬂﬂevel of ‘an 1mmed1ate retentlon*

“,.However, such speculatlon was’ not tested and th

/

.:2 (consc1ous tlme estlmatlon) or Experlment 4 (mental

countlng) 1s less eVLdent for the one second tlme length“

’;f7falthough clearer for the four seconds tlme length. L £
fseems that, for the one second tlme length, subjects arerfp

“?less accurate when two tlme lengths are stored than when:

.

The structural 1nterference (5 levels) used ln[m

~__the present study had no part;cular effect on the to-be-

FEENEN

Qi rememberedfltem‘(tbrl); ‘the tbri was‘stlll-avallable‘ande'/A

a’ c R : o Y.

A
A
l

 _COndlthn when compared w1th preV1ous studles. Confus;on

’seems to have occurred when the subjects stored two tempor-

AN

.

) // Y v .

i’_al lengths 1n memory for the present retentlon 1Zzervals.;1Qﬁﬂl

B A N T

T B u # :
R : .- ; o

S, .remains -

’ .18‘2.'3'



ﬂfCatch Trlalsxtf - i':" T %V\ :

. : "
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‘ o i » | | ,0
. | . N

x"

to be ‘answered. One mlght questlon whether the storage

L

tcapac1ty of the Subjects can accommodate at least two

‘,temporal lengths. -If so, we could conclude that the

subjects were operatlng w1th1n the llmltS of thelr memory

\
Fale

'span.\ When two tlme lengths were presfnted to the subﬁects,

both tlme lengths would be stored 1ntact o ‘ u
- B T

R S -

:therhapsr lf two or more tlme lengths were pre-f.

“"ysented as the temporal 1nterpolated act1v1t1es durlng the

.\ i
retention, 1nteryal, 1nterference would appear as a conse—

v

»tendenc or- range effect betWeen the varlous tl e lengths.
v §

Structural 1nterference méy also be demonstrated w1th

”retentlon 1ntervals longer than the. 2 9 seconds (one sec~4

"7ond tlme length) and the 7.1 seconds (four seconds time

o

. ' Y
length) of the present study The tlme-lnjétore factor,»

"u5when two tlme lengths are stored togethér, remalns to be

o

1nvest1gated

/

~,;_.., -

Subjects, when asked to reproduce the temporal

B 1nterpolated act1v1ty lengths, were able to d;fferentlatev‘

"fthe flve Jevels used under the 4 seconds tlme length

N some of the levels of temporal 1nterpolated act1v1ty
'x}Therefore lf confu51on ln the recovery of the to-be—remem-»g
e bered ltem is to be prevented in future research,-greater

*'percentages of the crlterlon length under consc10us tlme"

‘ ‘?7 ‘
3 KR

hguence of 1nf0rmatlon load or perhaps because of a central"

‘fHowever, for the one second tlme length sub]ects confused‘hﬁ
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el

estimation and mental counting~should be used for the one
i
‘second tlme length ln order to assent the dlstlnctness

problem."

\ A

A number of questions were ralsed in Experlment
- v o
8. Flrstly, what is the effect of the time-in- store factor -

.

i

\ i 1
,ondly, could a second time length be loaded into metmory

when two tlme lengths are stored together at.rnput° Sec-

w1th0ut 1nterfer1ng w1th another time length already‘an

store’j These two factors were 1nvestlgated in Experlment

u

184.



Experiment, 9
Time-in-Stare, Similariﬁy and Retention of Time
under - - .

Conscious Time*Estimation S



A

The time-in-store factor when only one time

)

~—

length was stored under COnsciousvtime egstimation was

studied in Experiments 2 and 3. It was demonstrated that

¢

the four seconds time length was lost quite rapidly over

a very short rest interval (15 seconds) and that the one
~ N
second time IEﬂqth was not affected more by a similar

period of rest than with an 1mmed1ate recall:

5

When two time lengths were stored togesﬁi 1)
conscious time estlmatlon_ln Experlment 8, .1t was .proposed

that ‘the 51mllar1ty of the stored material does not affect
C /
immediate recall performance. Such a suggestlon was pro—

vided wheh the results of Experiment 8 were compared with

? : ) ! ‘f
‘those of Experiment 2. However, an immediate retention
T : - v v :
interval was not included in Experiment 8 and, as a result,
\ ‘ . "

one might question the validity of those observations.
Thus, such a retention interval was used in the present

, - . S /. '
investigation. . . .

Furthermore, lf two time lengths are stored

toéether, an interference effect (structural 1nterference)

. may be more apparent_after a delay 1ntervalAthan w1th

.immediate recall. If the 51m11ar1ty of the material does'

e —a

— B
not influence temporal éecall, perhaps the time-in-store.

hed

may be‘an important factor.

Consequently, 1n terms of the results of Exper-
o N P

s R : . ©
: k]
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. iment 8, the present study was designed to: (a) determine
whether the immediate reproduction of a time length changes
1if, at input, a temporal—interpolated duration is presented
. Just prior to _or just after the‘criteridn time length,

(b) detérmine@%hether a‘temporal~interpolated duration
affects recall performance of a criterion time length when
hdth are held in store for a‘perrod of 15 seconds, and '’

(c) determrne whether the subject's recall’performanee

3

fof a particular time length is the same when -the time -
length to be recailed is‘bresented first as when it is
Rresented‘second kprder effect). 1In "the.present invest-—
igation the subjécts were tested under a conscious time

estimation cognitive strategy.

Method

v

Subjects .

o

ElghtuVOIUnteer subjects in phy51cal educatlon
at the Unlver51ty of Alberta were used in thls experlment

A ]

Apparatus and Task o Ty

I3

‘

’

The apparatus and ‘the task were the same’ as those
descrlbed in Experlment 2 when the input COnSlSted\Of only
one tlme length When two time lengths were stored at
input, two additional ‘decade 1nterva} tlmers‘(Hunter 111-C
"and'1007C) were used. Theee'timerslﬁere connected to a

jtbne generatort(Eico 377),‘am§lifier’and speaker. When the -

Y . . . <

)ﬁ,“ ‘



”

cirouit contKOLlinq’the tirsg timd length had cyeled
thronqh its pre-set time length, an audible tone was pro=
vided to the subjects one secohd atter the pre-get time
slength, \gollowing the tone, the subjects again depressead
the left Qiiqqor in alsquouze~then~rclca5e manner in order
to obtain the second time length. Then the subjacts were
asked by the experimenter to reproduce immediately or
after a period\of“ls seconds either the first or the sgoc-
one time length;\ In order to ensure that the subjects
stored both time iengths for the purpose of recall, a
post-cuing procedure was used. When the subjects had to
reproduce after a retentlon lnterval of 15 seconds, a tone
indicated the end of the interval. The circuit used for
the production of the fdrst»audible tone which preceded
the second time length was used again in order to signify
the end of the rest period.

- : . Y

Design

H

| Four levels-of retention interval were used:
(a; immediate recall (1 second) of the criterion time
length when only one tlme length was presented at input
(IM 1), (b) immediate rec;}l (1 second) of one of two time
lengths presented at lnput (I%‘Z), (c) * recall of the

criterion time ‘length after 15 seconds of rest when only

one time length was presented at input (R.1l), and (@) re—'

~call of one of two time lengths presented at input after

15 seconds of delay (R.2). 'These four leveis were ‘combined

2

148,



factortally in a treatment by asubjecrs' design with wwo
levels of time length: {(a} one second, and (b)) four

seconds (see Table 18). Six trials were given for each

of tha 8§ treatments.

‘Tairing
For two of the retention interval levels thg
input consisted of two time lengths presented 3ucc¢53ive1y.
The pairing of these twe time lengths was done as follows.
£
Two durations were used (1l and 4 seconds) and two pairs
were created, namely, l1-4 and 4-1. Each pair was repeated
six times in order to obtain 12 pairs, one per trial.
Further, for both the 1-4 and 4-1 pairings, the subjects
reproduced the one second time length on three of the six
trials and the four seconds time length on the remaining
.

three trials. Thus, each subject reproduced each time

length a total of six times.

%
5,

AN
Recall Period >

The recall periods for the one and four seconds
time lengths, as in Experiment 6, under the IM.1 and R.1
‘retention intervals were of 2 and,§ seconds,, respectively. .
The recall periods for the one and‘foﬁr seconds time
lengths under the IM.2 and R.2 retentionzintervals were

of 4 and 8 seconds, respectively.
g ' -

149,
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Table 18 \
, * .,
Retention Conditions (4) rfer the \
Y oOne and Four daconds Time Lcnéthn
Retention Conditionsd ™.l M2 ¢ 1.1 R.,2
Time longth in 1 4 1-4 or 1 4 i~4 or
seconds (TL) : §~1 $-1
Period in aseconds 1 1 i 1 1

between two time
lengths (p)

Retention interval 1 1 1 1 15 15 15 1%
in seconds (RI)

‘Recall period in 2 6 3 g 2 6 4 1
seconds (RP)

Intertrial interval 26 19 19 15 22 15 15 11
in seconds (ITI)

Inter-stimulus 30 30 30 30 40 490 40 40

interval in
seconds (IsI)b

& IM.1 = Immediate recall
IM.2 = Immediate recall when both criterion duration
and interpolated duration were stored
R.1 = Recall after 15 seconds
R.2 = Recall after 15 seconds when both criterion
duration and inte?polated duration were stored
B ISI for mM.1 ana R.1 = | 7L RI_| mp Il l

ISI for IM.2 and R.2 = |[TL[P]TL] Rl [Rp |
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i

Procedure
The subjects were givern a nusber of trials to

Tamiliarize themselves with the cquipment and the demands

Of the task, They attended one session of approximately

10 minutes. Each subjeces %éﬁ givan 40 triasla during the
session.  Four series of 12 trials each Were asdignhed €q

gach suﬁ}&@g during the session with a4 two minutes resc |
betwaen each Series. Each series was a colbination of B

of the levels of rorention interval with both levels af !

time length,  The four levels of retention intuarval waran

da8igned to four subjects with the order of peLurrence ~

]

Ly

3

4 X 4 haila

49
[+
re
ol
ry
i
-
b
]
fo
r
|+

wCed Latin Square.  The ather

T
-

four subjects used zhe same 4 ¥ 4 balanced lLacin Square.
“In each daries, the subjeces racalled the one-second ©ime
length %ggéix trials and the four seconds time length on
another gix trials. Wi:ﬁin each serYes an intertrial
intervaleas used (see Table 1a>; According to the reﬂults

cbtained in Experiment 6, the intertrial intervals could
] :

~Qccur within a period of time from ! to 10 seconds, When

»

the subjects were under the IM.l and R.1 retention interval -
conditions, the one (6 trials) and fcuf {6 trials} seconds

time lengths wére randomly assigned to the subiects within

each series. On the other hand, whe; the subjects were un-

der ﬁhe IM.2'and R.2 retention interval cbnditions, the 12A'
_pairs (see Pairing) were randomly assigned to the subjects

within each series.

The following instructions were read to each

»
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/ ‘ . .‘.
| /i / | K i X
,/‘ "y ) i "
. u;sub]ect (a) the Subject was - asked to be as. aC¢urate .

) ?
“5;demonstrate hlS understa

S

f"as p0451ble,’(b) the suiject was asked to express and
‘ Aatd N

dlng of the task,,‘ ) the Subject ’?if;r

3 "7dpwas asked.to concentrate (covert rehearsal) on the‘input .:f”' :
I;kfﬁf}ff(one or two tlme lengths) durlng the perlod of rest,. e “ '
" . lu(d) the subject was told that he kald hear the eXperl-_fftht
. omenter call out a number“uﬁone ‘h ‘"two ’after’the present-fﬁ
‘,oi.j1 ﬁ.atlon of two tlme lengths.\ yhew the experlmentér Fald | Qéf
7 J?Qa; one, the s&bgect was asked to make a recall equal 1n | 1;
3lfﬁ;flength to the flrst presentatlonjand\when the experlggnter‘; ’
 :?;;;i;Sald "two" the subject was asked to make a. recall equala}n ld‘-frh‘

‘ehgth to the second presentatlon.. Thls 1nstructlon was: "';gffpff;

;one Second Long, "Ke)“ the subject was asked not to use

v

‘_“iz_ S
—aldlng technlque at any tlme.: The experlmenter fF

- A

”fffdf;h‘explalned th,'oughly what was meant by a tlme—aldlny\

‘5J”technlque, glVlnd/exampies of the varlous klnds,»and (f)dt" _ ‘i
//:“\ ©
-}fThe dependent varlables used were?zl(a):paveraéegf
"-(méan) performance (APL, %b)ﬂ*absolute error (AE\; (c) ‘

slgned constant erronr(CE), and (d) varlabl b




"\{vfof varlance (tlme length by retentlon lnterval by subject

o and varlable error. j,fﬁ):“

. " \.\4 v ) ,"\ ’ P B o~ . o o " o :
[ > . Results
;Order df Responses U L . ‘ *.‘~,-'
Y S ‘ S - : : S
[ ' Four 4—way analyses of varlance (tlme length by

.:VA N B g
oy SN

retentlon 1nterval by order by subject) wége conducted on
“the dependent varlables.. average performance, absolute,j
‘lconstant and varlable error ' The maln factor of lnterest

dwas the order of presentatlon of two dlfferent tlme'

'b‘enths._ The purpose of thls analySLS was to determlne if

-

e 7subjects recall performanoe of a. partlcular tlme length

ifdwas the same when the tlme length to be recalled was

> 1
I B

‘.,presented flrst as when lt was presented sebond ’;_f[’v‘

. . i. .."Av:vv M . \
: _A,lt For thlS factor of 1nterest the analyses of.
variance ylelded non 81gn1f1cant F values for averagej5,

.1 ‘/

*performance,.absolute, constant and varlaHle error scores.,

N

- i :
.T'No lnteractlon was observed ln any one of those analyses.\\

'p{The\data were therefore collapsed and four 3—way analyses

4

bffiwere Falculated for average performance, absolute, cons antg

|

\U}Tlme Length g4f‘ ' i,}ﬁ"

;‘r The mean (6 trlalS) estlmates calculated for each '

_ﬁtreatment condltlon and each subject was termed average

,performance.; The sub]ects were able to malntaln thelr
‘ﬁestlmates of -one- and four seconds as dlStlnCt events over

‘experlmental,condltlons,.;_(l 7) =98, 74, p. < .Ol Thls

193,




[,between tlme length and retentlon lntervaI\occurred for

‘error, T (3,21-)_ = 2-‘.83‘, E = .06.

JCSLStent dlrectlonal blas in thelr estlmates of elther one

“length by retentlon 1nterval lnteracglon for constant error

suggests that when errors arose they were not due to the ,

subjects confu51ng the two tlme lengths elgggr perceptually
Vo f

L or 1n meqory The 1nteractlon between time length and:

v,

retentlon 1nterval for average performance was, not 51gn1f~'-'

oo

1cant (p > 05) ‘f'

The maln effect of tlme length was found to be S

\ o \

31gn1f1cant for bothw@bsolute error, F\(l 7):i'= 14 lS,

. b = (H. and varlable error, F (l 7) —‘28 39 p - Ol

The subjects produced larger errors and were more varlable

ispared to the one second tlme length. However, 1nteractlons‘

hfabsolute error,_§‘(3,2l) 2. 88 p. < 06 and varlable fg

.

when held ln memory w1th the 1nterpolated duratlon for'i;

15 seconds (see Flgures 26 and 27)

™

-,or four seconds., The usual development of a central ten~'"

| was not 31gn1f1cant (p. = .05)

Ay

P N

vRetention‘InterVal ;;{r‘,\l ¢f‘pw"ff o 5‘?f'.._ 1

.

A 51gn1flcant effect F (3 21) = 3 90, E " ‘05

i

'was found for absolute error across the retentlon 1ntervals.

v o

. T ’ ' . ‘
’ ' : ’ [ ) o .
v { . ‘ ' ,
N . . : - )
' . N ] ' s : . f
. . ' : . } . e b . i
: : A g .
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in thelr estlmates of the four seconds time. length as com-*”"

dency or range effect was not demonstrated The tlme, f~' ﬁ?ﬁf;
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ME A‘ N AE (MS E/G)‘?;‘/;‘;

4seconds

ST -, RETENTIDN INTERVALS

t Figufe'26: Mean absolute error (AE) for the l and
ST/ 4 seconds time lengths as ‘a- functlon
. of ‘the retention 1ntervals (IM.1-

' S~ immediate récall; IM.2 = lmmedlatefre ,/
R '~ . call when both criterion duratlon and’ /
o SRR 1nterpolated durédtion we#e stored; R. % =

. recall after 15 seconds; ~ RE2 = recab

after 15 seconds when both crlterlon/
- duration and lnterpolated duratlon g
‘ were stored) R e S

195.
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600
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Figure 27

o

e

.vals (IM.1l = immediate recall} 'M:Z

4 seconds

Mean varlable ‘@rror .
and 4 seconds time lengt
~function of the retention 1

1mmed1ate recall when both crit
‘ion duratlon and 1nterpolated dur-

‘ation were stored R. 1 ="recall" af--,

ter 15 seconds; R.2. = recall after

15 seconds when both criterion dur- -
atlon and 1nterpolated duratlon werej
smxan . B T A PR

IMZ gy Bl - R2
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/ N \
Because of“the~significant_time length by retention inter-

W
N .

val interaction-noted earlier, a Scheffé's.test (p = .05)
,on the smmple main effect was run. Significant differen-

N A}

ces were found between the followxng contrasts for the
four seconds tlme length only ‘The 1mmed1ate recall
~retentlon 1nterval resulted ln smaller ‘errors than the
'"frecall after 15 seconds when both crlterlo;‘duratlon and
‘jlnterpolated duratlon were stored retentlon lnterval
ﬁ.Immedlate recall of ‘the- tbrl when both crlterlon duratlon
:and 1nterpolated duratloncwere stored retentlon 1nterval

-resulted 1n smaller errors than the recall after 15 sec—

'onds when both crlterlon duratlon and. 1nterp

] I

atlon were stored retentlon 1nterval

'f’, Varlable error scores analyzed across the

-Iretentlon lntervals also resulted in a 51gn1f1cant malnv”
“1 - g

effect, F (3 21) = 2. 33 P =.10. The srgnlflcant tlme

'length by retentlon 1nterval 1nteractlon reported above
":‘resulted in the calculatlon of a second Smele maln effectv'
C o

.,5u51ng a’ Scheffe 5 test (E = . 05) Slgnlflcant dlfferences K

were found between the followxng contrasts for the four

‘~}rseconds~t1me length only.' Immedlate‘recall of ghe tbrl

1.

eresulted lnﬁless varlablllty than the recall of the tbrl

»

- after 15 seconds when~two tlme lengths were stored at 1nput

L 1

.,The 1mmed1ate recall when both crlterlon duratlon and_"

. -t
'flnterpplated duratlon were. stored retentlon 1nterval was

vd;less varlable than the recall after 15 seconds when both

' crlterlon duratlon and 1nterpolated duratlon were stored '



b3

' marized in

retention interval. The recall after 15‘seconds retention

stored retentmon 1nterval .
,Signed constant error scores did not produce

l . i ' 1y
significant main effect across re\gntlon intervals

'(E t .OS). The F ratlo for retentlon 1nt >rval obtained.

ot

from average performance measurements was hot 51gn1f1cant
(E ': .85) .- The ‘various mean error scores for each’

condition~of time length and retention interval are sum-

’

%

-Discussion

Fl

Time Length and Retention‘InterVal

-]

’ The 51gn1f1cant maln effect of time length along

w1th its 51gn1f1cant 1nteractlon with retentlon 1nterval

-

for both absolute and varlable error,bsuggests that sub—
jects retaln tlme lengths of.cone and four seconds dlffer-

ently. When subjects hold a crlterlon tlme length of four

polated duratlon, they become less accurate and more var-

°
I

.lable than if they recall the item: »(a)t'lmmedlately,

;(b)_ 1mmed1ately when both crlterlon duratlon and lnter—

polated duratlon were stored, or 1f the 1tem to be

R o . 4

o remembered is only one second long. Furtherﬁ subjects'were'

s

'seconds in memory for a period of 15 seconds w1th an- lnter-f'

°
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Table 19

Mean VE, AE, AP and CE in Milliseconds for
Time Length and, Retention Interval

* Time Retention . :
Length - Interval? VE - AE AP CE
1 second .1 192 ' 310 1264 264 |
I 199 250  il92 192
R 241 370 1331 . 331
R.2 . 212 .3?9 1255 255
r~ : — - ‘
4 seconds ._ IM.1 - 438 566 3660 -340
.2 508 780 3600 - -400
R.1 496 902 3688 -312
R.2 735 1278 4055 55 °
a .1 'Immediéte recall

Immedlate recall when both criterion duratlon

PO

IM.2
7 ‘and interpolated duration were stored
R.1l ='Recall after 15 seconds
- R.2, = Recall after 15 seconds when both criterion
. duration and. interpolated duration were stored
b VE = variable Error - _ i : )
‘AE '= Absolute Error - : ' C S
AP = Average ‘Performance : : . e
= Constant Error ' '

CE

k]
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more variable when two time lengths were stored during a
15 seconds retention interval than an unfilled tptentlon

interval of 15 seconds for the four second™ the length.

Immediate Recall Performance

The immediate- recall performance of the one se-

cond and/or the four seconds tlme length was not different
when the crlterlon was stored Wlth another time length.

This 1is suggestlve of the fact that the 51mllar1ty of the
stored materlal does not affect lmmedlate recall perform—

ance. These results’ are 51mllar to the data obtalned in

Experiment 8, although somewhat dlfferent from that found

by Turchioeb(1948).f‘For tlme lengths.of 0.78, 1.01 and

1.39 second, the latter study denoted dlfference between

the 1mmedlate recall of one time length versus two time

lengths retentlon41ntervals. e, o

T e

The'Timefin-Store Factor: only One Time: Leng~h is Stored .

The results of thlS study show that tlme —~in- store

was not a factor affectlng the recall of temporal inform-

\

atlon. Indeed, when only the crlterlon tlme length (elther
_the 1 second or the 4 seconds time. length) was stored,_‘

".recall performance after 15 seconds of rest was not stat-

1st1cally dlfferent from immediate’ recall performance for

. all dependent measures. Therefore, in thls partlcular ex-

perlment tlme had no apparent effect on the recall of tem—

poral 1nformatlon.~ This is not-in accordance w1th the

200.
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results obtained in Experiments 2, 3 and 6 for the four

seconds time length, -

The Time-in-Store Factor: Two Time Lengths are Stored

ISy )

Together ‘K
“ ( o
' §

o In proposxng his acxd bath theory, Posner i

§

1966)

: Ly
.felt that tlme—ln-store would enhance lnterference ig that
the JnJQrmatlon would decay over time-in- -store and hé ce,

g
,would Be more susceptlble to lnterference. Applledﬁt

" temporal lnformatlon, thlS reasonlng would pﬁ@d_@t Eﬁﬂ§uk

if two tlme lengths were stored together, L@&@&fefen7

R
effects aould be more apparent after a delay interval: ‘than
N (U

at 1mmed1ate recall
| The results of thls study support Posner S lmp—
lications for the four seconds time length When two time
- lengths were stored together, the reéall pefformance of the
’crlterlon tlme length after 15 seconds of rest dlffer from
'fthat of 1mmed1ate recall for the absolute and varlable

0

dependent varlables Such results are 1ndlcat1ve of the
PR

&

.fact that time-in- store dld actlvate 1nterference between

the stored items as would havi been predlcted from Posner s‘

acid bath theory Q - ' “Qp“f;‘ f*n : o S

Although the analySLS of constant error scores

s

",revealed nothlng signlflcant, it was lnterestlng to note

that when subjects recalled’one of two tlme lengths

a

lmmedlately or after 15 seconds retentlon lntervals, two.

opp051ng forms, a581mllatlon and contrast were operatlng.



The formar was denoted when subijnets reproduced the four
soconds timg Luﬁqth immediately with an average error of
~400}milliaccondn (i.0., they underestimated), The latter
was fouhd when subjects recalled the four geconds time
lenqth after 15 soconds of rest thh an average Qrror of
+55 mllllgcconds (l.e. thcy overestimated). The tlme—in—

store factor was responsible for those two opposing effects,

Differential Effect of Time-in-Store when only the

Criterion Time Length was Stored as 6pgosed‘to when Two

Time Lengths were Stored ,

When two time lengths were stored together, time-
in-store affected recdall performance quite differently
from when only the criterion time length was stored for the

four seconds time length. A 15 seconds rest significantly

affected recall performance when two time lengths were

”stored together as shown by increased absolute and variable

errors at recall whlle the same retentlon delay had no
effect on the recall of the criterion time length when only

one time length was stored. Based on this ev1dence, one

a

could be tempted to conclude that the acid bath model pro—

posed by Posner is representatlve of the laws governlng the

loss of temporal inférmation. X

The systematic differences obtained could also be
representative of the fact that the subjects used quite

<

different strategies going from one condition to the other.

.



Such gtrategied were determined partly by the object ive
conditiopns of the x‘zxpczrirem{\t‘;md parcly by the actitude of
the subjeces,  When only one time lepngth was stored, the
subjectn bad to operate on the basia of temporal inform-
aticn alonoe and x:t‘vx‘zf’-uquﬁn!il‘,", the subjects retained the
time length as well after 15 seconds retention interwval

as on ifmmediate recall retention interval. Alternataly,
whien two time longths were stored together ‘at., input, - the
subjects had thr,Opgortunity.to either operate an tha basis
of temporal infotrmat;:ii)r"x alone or on the basis of a differ-
ential judgment between the two time lanqﬁhﬁ that were
presented. For instance the subjects could have used crude
ldbels such as "the first one is the longer time length"
and "the second one is the shorter time length"} wWhen

asked té reproduce the first or the second time length
stored, the subjects would make sure that the tbri he had
identified as being longer was really longer. The results
obtained when both time lengths were stored tend to support
such an interpretation for the four seconds time length.

It seems thét su?jects were operéting on the basis of a
differential judgment @hen’they héd to recall after 15
seconds. - Subjects were capable of operating on the basis
of temporal information when they reproduced immediately.

) Another alternat;ye coul§ be that some verbaliz-

ation was involved in all retention conditions. As was

mentioned in Experiment 2, it may be possible that time

:03;



lengths are encoded verbally, 7 this 1s the ¢ase, the

varbal codes when one time longtih was stored as opposed po

the storage of twa it lepgehy would bhe pare maanipngfal,
Lasg meaningfuvl verbal codes aueh as “the rirst one is the
longer time length" would carry mora upcertainty for the
reproduction of longgr than short time lengths., Further,
the upncertainty would be nore noticeable after a certain
period of time, The results of the present study tend to

gupport also such an explanation,

Order of Responses ’

The results indicated that, when two time lengths
woere stored together, subjects' recall performance of the
criterion time length was the sgme whather it was presentead
first or second. This implies that subjects' storacge

capacity could accomodate at least two time lengths. This
*

verification was necessary to determine whether of not, in

S

B

the successive presentétion of the ﬁyo time‘leigtés, the
second one could be stored ihtact. ~Itwéan be cbﬁ;luded
that subjects were operating within the liﬁits of the mem=-
ory spaﬁ and when two time lengths wére'presenfed to the
subjects, both time lengths were stored intact.

The purposes of Experimént iO were the same as

those in the latter experfment. However, in this‘s udy the

e
subjects were asked to use mental counting as theit

.

cognitive strategy.
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Experiment 10

i

Time-in-store, Similarity and Retention o

under

Mental Counting
skl

¥
-~
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The tlme—ln store factor was studled ln Experl—

S : Tl i
‘mfment 4 w1th only one tlme length stored us1ng a mental

“:countlng~oogn1t1ve strategy : It was demonstrated that the-- ,
hone and four seconds tlme lengths were lost qulte rapldly

¢

‘;'?;3?over a very short rest lnterval (lS seconds) ‘However,»

7:¢1n Experlmentv\7 such results were not found “fpgf

When two tlme lengths were stored together under:”

.hgmental countlng 1n Experlment 8,.1t was proposed that thed'

3.51mllarlty of the stored materlal does not affect 1mmed1ate

o 037 .
,/recall performance. Such‘% suggestlon was prov1ded when

-tthe results of Experlment 8 were compared wrth\ﬁhose of -
‘fExpeerent 4 - However,'an 1mmed1ate retentlon 1nterval R
{~fwas not 1ncluded 1n Experlment 8 and as such oneumlght ﬁ--“

';questlon the valldity of those observatlons. Thus, 1n thé }
;present lnvestlgatlon such a retentlon lnterval was 1n—-' ‘

'ﬂcluded o e

\.
5

Furthermofe, if two tlme lengths are stored to— :‘§¥33
,'vgether, an anterference effect (structural 1nterferenbe)‘r o
i;iémay be more apparentkafter a delay lnterval than w1th
7_1mmed1ate recall If the 51mllar1ty of the materlal does
not lnfluence temporal recall,,perhaps the tlﬁé-ln-store .

'may be an 1mportant factor. -{
Consequently, in terms of the results of Experl-
«*ment 8,'the present study was formed 1n\order to:

. . .
' 0. “ ' _-'. B B L ' o f
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' ; Ve
4y : g

- (a)~ getermlne whether the lmmedlate reproductlon of a time
;length changesflf, at 1nput a temporal 1nterpolated dur— ‘.i

_Ylatlon 1s presented just prlor "to or just after the. crlter—

“1iion tlme length, (b) determlne whether a temporal 1nterpo-

«lated duratlon affects recal ¢
. § ,S Tl
tlme length when both are held in store for a perlod\of 15

«,} el

seconds,‘and ( ) determlne whether the subjects recall : T‘¥g]

‘.1

i
'erformance of a crlterlon

: .Q ';33 : .
performance of a’ partlcular tlme length lS the same when

/as presented flrst as. whenﬁl‘
L | ) AR
']'ltﬁls presented second : In the present lnvestlgatlon the,.:~

k3 ’ £

the tlme length to be recalled

.subjects were u51ng a mental countlng cognltlve strategy

cel . : . . P SN
. . . . - v : . /

N . VA

3

. Méthed - . A

©" Subjects .. . o ‘:ﬂﬁi

"SuhjectswinVExpérimentéécWeré‘uSéd'aQQiﬁ:id;thiS“”;-~

RETIRN

experiment.

W

Apparatus, Task:=DeSi§p, Palrlng and Recall Perlod

‘The apparatus, the task the deSLgn, the

palrlng and the recall perlods were the same as those :

"

descrlbed in Experlment 9. o

a

1

" Procedure

B Thé‘prOCedure wassthe’same’as that described,in
Y4 : .

Evg

Experlment 9 w1th the follow1ng modlflcatlons.,.Instructions [

f.(é)!and (e) in the procedure sectlon of Experlment 9 were jﬁ_ﬁl]fﬁ

" ~




RN

o

;-tovboth.yariables.p*v
1,wData Apalysrsﬂfh’.' - ;t/

_*those 1n Experlment 9. \f;,‘vf'ﬁi;h‘

. now as f0110wér E(c)\ the subjects Were asked to’ rehearse
Jnow a4 +OWS) CJ .

RN

f(r@te repetitioh) the crlterlon tlme length durlng the

unfllled retentlon lnterval, and (e y the Subjects were

asked to use a- mental countlng cognltlve strategy Thef

'{“experlmenter explalned thoroughly what was meant by the

latter. Moreover/ the subjects were told that the memory

o

cof a tlme length under a mental countlng cognltlve strategy‘

Tl ] ~,t

\ . \

unlts as well as the 'length' of the subjectlve tlme unlt

if The dependent varlables uged were the sane as

e - |

lOrder of Responses Sl _cn:, fv S TN e

I TR L
Four 4—way analyses of varlance (timeﬂlength“byh

the dependent varlables-i average performance, absolute,

constant and varlable error. The maln factor of lnterest

N _”{v

'.blmplles thatafhey retaln a . number' of subjectlve tlmei' , }7

,(countlng rate)}' The subjects ‘were . told to pay attentlon S

‘retentlon 1nterval by order by SUb]ect) were conducted on“"'

was the order of presentatlon of two dlfferent tlme lengths.f,r>

The purpose of thlS analy51s was to determlne lf subjects'

»recall performance of a partlcular tlme length was’ the same

Y IR

- e

.

7]

i



: o ' i "9' .
.when the tlme length to be recalled was” presented/flrst "v“i

N

as when 1t ‘was presented second ‘:‘f ‘\3
oo For thlS factor of 1nterest, the analyses of
: . . . ’ e .
varlance ylelded non 51gn1f1cant F values for average per—~

v a

formance, absolute,_constant and varlable error scores.

. ,No lnteractlons were observed in any one of thOSe analyses.wi

’l7lsuggests that when errors arose the Eff7ﬁ
L ‘\ '

*The datsz re therefore collapsed and four 3—way analyses

S

’Lof varlance (tlme length by retentlon 1nterval by subject)

. were calculated for average performance,‘absolute, constant "

~

“and varlable error vna‘"iT‘}:)ff-_\;"\*" ". o l:“'g-,fﬂﬁ
T - R A R _ TR ;,, i

-Tlme Length

«‘/ g

: The m;‘an (6 trlals) estlmates calculated/

;.performance.é The subjects were ab e to malntaln thelr j"l
-ﬁyestlmates of one and four seconds a f
' cf . _

fexperlmental condltlons,lg (l 7)

v »v\ . .'. § ,“ ,',:_~- o . . . ] N V ) : \*_ ) »_ ,_‘l ’ .. :"“
1cant (E. > _OS)s . f”'ﬂ"; p : Mf%,ﬁg%é> =,;Lfmﬁ*- ;,-;r»‘f“vw

The main effect of tlmefle§gth was found to bel . ﬁ‘°”

S

' s1gn1f1cant for both absolute error,/F (1, 7) ll 63, T5

- E ‘< 05 and varlable ‘error, F (1 7) : 18 50, E <5’01




. f,between tlme length and retentlon 1nterval for absolute

:u Retentlon Interval

.f“marlzed 1n Table 20

*'lA{held crlterlon tlmes of one or four seconds ln memory for

compared tOlthe one‘second”time length The 1nteractlons

’ [N

\

'and varlable errors were not 81gn1f1cant (E_ > /jﬁqf’—

The maln erfect of\tlme length was found to pe

i

"~51gn1f1cant for constant error, F (l 7): = 7 84, p = 05.

Subjects overestlmated the one second tlme length and

underestlmated the four seconds tlme length ' The 1nter—

'<stant error was not 31gn1f1cant (E. > 5),'

PN

¢

The F ratlo for retentlon 1ntervals obtalned

from all dependent varlables was. not 51gn1flcant

A - A

'T(E ;>,.05);f The Varlous mean error Scores fOr each

condltlon of tlme length and retentlon 1nterval are sum—,g

T e B R
e ;-;‘ﬁv‘;TL];~DiscuSSion»ﬁff_‘ '

The 51gn1flcant maln effect of tlme length

‘;ww1th the non-51gn1f1cant maln effect of retentlon 1nterval

1hxand thelr non—SLgnlflcant 1nteractlon for alr%dependent

/ (

~ﬁmeasures, propose that subjects retaln tlme lengths of

%one and four seconds 1n a 51mllar fashlon. When subjects

/ o
a perlod of 15 seconds w1th or w1thout 1nterpolated '

v

.....

: actlon between tlme length and retentlon 1nterval for con—'

- 210.
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b Table 20,
L b . RN R /.
Mean VE, AE, ‘AP and CE in Mllllseconds for

- Time Length and Retentlon Interval

ime - - .;‘ Retentidn’b . “Dependent MeasureP
 Length = Intervald "VE.  AE - ap CE, - »

1

'\‘N,;L,gécond*_ . IM1 T ade 58 1183 183

IM.2 . ‘1400 189 | 1168.  1gg "
R1 177 239 1201 201

N CR2 149 297 1285 . 285

4 seconds - pu1 2570 280 3872 g
| AM.20 323 497 3716 -284
WR.L T 405 427 3907 - 93"

SRz 387 442 3978 -~ 22

Immediate recali-

Immedlate .recall . (two tJme lengths at: lnput)

Recall after ‘15 seconds o

Recall after 15 seconds (two tlme lengths at. lnput)

NN

Mo on _II

' Varlable Error SR g/ ST B f‘."'r‘ T )
Absolute Error ‘ ' L S Co e
Average Performance. =~ . R _— S T
Constant Error = . R ~>e1g;‘ s S

Y

n‘-g' o
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I ‘ "

duratlon, they 'recalled the item as well as the immediate
recall with or without interpolated‘duration.

. . ‘ \ -
Y L » , I o - ’ ¢
Yo

Immediate RecallWRerformante ' o J

The immeéaate recall performance of the 1 sep%nd
'and/or the 4 seconds tlme %ength was not dlfferent when the
criterion was stored w1th another time. length The sim- |
1lar1ty of the .Stored materlal dld not affect 1mmed1atel
o recall performance.b These results are- s1mllar to the data |

obtalned in Experlment 8.

el

_The.Time—in—Store Factor° only One Time. Length is Stored

The results of thls study show that tlme—ln—store‘
Cis not a, factor affectlng the recall of temporal 1nforma—»

tlon Indeed when only the crlterlon tlme length (elther
/ ‘

the l second or the 4 seconds tlme length) was stored

v\; i
N recall performance gfter lS seconds of rest was not stat-

1st1oally dlfferent from 1mmedlate recall performance for

all. dependent measures.f Therefore, tlme has no effect on

N . o

the recall of temporal 1nformatlon. ThlS 1s not, 1n accord—
\ N3 .

) \//_:_’_’7/.‘; ‘ N “v-
- i ance w1th the results obtalned 1n Experlment 4, butacertaln-
N

ly supports the data found 1n Experiment 7 As 1n the lat-;.'.""
S N\
‘¢ter study\ when subjects reproduced tlme lengths of one U : k@l'-

7and four seconds under an experlmenter—deflned rehearsal
'fand spec1flc 1nstructlons, no dlfference between an 1mmed—

71ate recall and recall after 15 seconds retentlon lntervals'“
; K \

AL . . B ) . . S . ’4 \ :

g o N . \ . . . : . A - L
. z V N . i g .
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was-%emonstrated.

(‘" - R . [ C
N ‘ ‘ QT

\

“

The Time-in-Store Factor: Two Time Lengths‘are Stored

?

Together- a - o : o . .
" In proposrng hlS ac1d bath theory, one reason

Posner (1966L felt that time~in-store would enhance 1nter-

ference is that the 1nformatlon would decay over tlme—

" in- store and hence, would be more susceptlble to 1nterfer—

ence. Applled to temporal 1nformatlon, thls reasonlng would

predlct that lf two time lengths were stored together,

.'v

~lnterference effects would be more - apparent after a delay

interval- than at 1mmed1ate recall o | e

.\ X Lo

Interference effects were not demonstrated for

both tlme lengths When two tlme lengths were stored

ttogether, the recall performance of the crlterlon tlme

length after .15 seconds of rest dld not dlffer from that of

.1mmed1ate recall for all dependent varlables Such results

‘Order. of Responses

are 1nd1cat1ve of the fact that time- ln store dld not

actlvate 1nterference between the stored 1tems as would

+

_Vhave been predlcted from Posner S ac1d bath theory.

g

R When two time lengths’ were storedmﬁogether,‘sub--t

jects' recall performance of the crlterlon tlme length was

'_the same whether 1t was presented flrst or second Sub-
fjects storage capac1ty could then accomodate at least two_

*étrme lengths. A Nerlflcatlon was necessary to determlne

\

213,
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whether‘dn not, in the successive presentation of the two
time lengths,.thé second one could be stored intact.

e

214,

The subjects were operating‘within the limits Sf the. memory

.

épan and when two time lengths wereAprésented to them,
both,time\lengths were st@réd intact.

plt



Summary of Section 4 /¢

The effect of temporal Lnterpolated‘act1v1t1es '

o

, on temporal recall wer 1nvest1gate ln Sectlon 4. Hope-
fully, if temporal 1nterpolated material 1nterfered ,with
prev1ously stored temporal lnformation, the factors gov—

ernlng thlS 1nterference could be descrlbed

3\

The effect of 1nsert1ng an interpolated duratlon

under a conscious tlme estlmatlon cognltlve strategy pro-
.

duced interference on the' reproductlon of a four seconds

_ time length after a retentlon 1nterval of 15 seconds ,The

systematlc dlfferences obtalned when two tlme lengths were

S

stored as opposed to when only ‘the crlterlon tlme length was

21

stored were representatlve of the fact. that the. subjects use

"

dlfferent strategles g01ng from one condltlon to the other

Q . The effect of an 1nterpolated time length under
~a mental countlng cognltlve strategy dld not activate inter-
ference between the stored ltems for short tlme lengths

| The subjects, using consc1ous tlme estlmatlon and
mentalrcountlng cognltlve strategles, could.aCcomodate at
least two tlme lengths.‘ Consequently one‘couldvassume that

they were operating wlthin-the‘limits of immediate memory-

span. . o SRR L,
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W%, . )
dQ)hn main purpose of this series of ten studies
was to determine the short-term retention characteristics
of temporal information. A second purpose was to determine
jthe cenatraints and causes leading to a loss of temporal
information when forgetting occurs. A time estimation-
rePrbduction task was used (Bindra and Waksbetg, 1956)
Temporal durations of elght seconds, or less were utilized.
fwo factoreﬂwere investigated: (a) time-in-store, and
(b) interferencea(capacity, proactive and structural).
These factors .were’ ewamlned under conscious time estimation
and mental countlng cognltlve strategles. . Conscious time
estimation cognltlve strategy was involved when subjects
were asked to conscxously estimate tlme\klthout the use of
tlme aiding technlques. Mental counting cognltlve strategy
‘was involved When sub]ects estlmated time by subd1v1d1ng
the interval 1nto a sequence'of short duratlons (sub]ect—\c
flve time units), for example by counting rhythmicélly
"one, two, three‘,..". | ) »

';This researcﬁ program was divided into four
'éections.. Thei perceptual characterlstlcs demonStrated in
human time estlmatlon under conscious time estlmatlon as

\ “ opposéd . to eXperlmenter—defined cognitive sﬁrategies were
examined_in Section 1 (Experiment 1. The effects “of

N

time-in-store and capacity interference factors on time
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eatimation were %§vastiqagﬂd In Saction 2 (Experiments
2, 3 and 4). Rehearsal and proactive interference were the
two factors considered in Section 3 (Experiments §, 6 and
7). Finally, the effects of structural interference on
time estimation were questioned in Section 4 (Experiments
8, 9 and 10). A , ’
A distinction was made between the perception,

and the memory of time. The perception of time referred
to the more or less immédiate experience of temporal dur-
ations while the memory of time referred to the“expcrience
of temporal durations in retrospect (retention intervals
which are less than 60 seconds) (Fraissé and Florés, 1956) .

) Differcnce between the perceptual characteristics
démonstrated in hum5; time estimation under conscious time
estimation cognitive‘strategy as opposed to experiménte}-
defined cognitive strategies for temporal durations (less
than four seconds) were determined in Section 1. The
experimenter-defined cognitive strategies providéd better

results tham the conscious time estimation cognitive strat-

egy. That experiment led to the concIusion_thét the use of

5

different cognitive strategies (diﬁferent cues) produced -
diffefentvresults;fdr the perception of time. This find-
ing has been reported previously b§~Buckolz and Gervais

(1976) , and Buckolz and éugy (1975)." It was on that basis
that con§cious timg est;ﬁation and mental counting cognit-
ivé\strategies werQ ch$sen to bé.examined.fof their reten-

tion characteristjcs (retention of time) in the other tﬁﬁﬁe.
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r
gectiontg,  Although a wide array of (nformation ia nvailj
Slbl(x to aid in tomporal r:epx:’o(hictim‘x,. studies of temporal
shqft«term memory have given Little actention to the apec-
ific cue (or cues) the subiect may Gse during recall, Re=
searchers might have attemptoed to {sdlate these cuan for
the perception of time, but did not determine their reten-
tion characteristics, then failure to adequately COHCIOQ- -

for the use of different cues 1s bound to lead to contlict-

-

ing and uncertain rasults. ) -

fhis research’progtqm revealed a number of inter-
esting results on the short-term retention -of temporal in-

;

formation (Sections 2, 3 and 4). The most important result
and one which was reflected throughout this series of
studies was that time—in—siorc and'interﬁcrence (structural)
were crucial factoré. 'ﬂhié finding is in ogiposition to the
human time estimatién literature. The importance of thq;e
two factors confirmed the dlstlnctlon made between the
perqeption and the memory of time. However, differences )
between the two processes yeré only perceived when spécific

cognitive strategies and durations were used by the sub-

jects.

Time-in-Store Factor } ‘ ’ .

i

r : LN . . .
Studies on time estimation prior to this series

of_exﬁeriments have not led to the conclusion that the

memory for time fades over an unfilled retention interval.
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* Retentlon lntervals from 0 4 up to 120 seconds were USed

by DuPreez (1967) Hawkes, Ray and Hayes (1974) Kowalskl B

-(1943) McNutt and Melv1n (1968), Poppel (1973), Rlchards

:.and L1v1ngston (1966) and Vroon (1970

x}gtkfi;hjﬁf' Sectlon 2" prov1ded results contrary to the above

human tlme estlmatlgn studles Tlme ln store was an 1mpor— 3” L

tant factor when;subjects reproduced temporal duratlons

biva g Tu

(elght seconds or, 1ess) under erther consc1ous trme estrm—-

“ ;- n» .

; atlon or menta% countlng cognltlve strategles The reten—'w

'
tlon characterlstlcs demonstrated under the mental countlng

cognLtlve strategy were however,‘superlor to those“under
. ""
o consc1ous tlme estrmatlon cognltlve strategy

~ -j' i ‘f Temporal lnformatlon for shortOduratlons (four

seconds or more) was rapldly lost as a functlon of[rest‘f

[ . Ty,

: perlod under a: consc1ous tlme estlmatlon cognltlveﬁstratJ”}'

flegy._ The reproductlon of those temporal duratlons waé't

s

"qulte 51mllar to the reproductlon of movement 1nformatlon

'when dlstance WAS- the only rellable cue,KLaabs,v197l)

)

‘Short temporal duratlons dld not appear to be rehearsable.

f )

The utlllzatlon of an experlmenter-deflned rehearsal (co-
' vert rehearsal) for those duratlons had no greater advan-

o

”tage than a sub]ect deflned rehearsaf (Sectlon 3)

However, the retentlon of tlme had no apparent effect on
'the recall of temporal 1nformatlon when subjects rehearsed
,covertly (Sectlon 4) S . o _ t

A theory of temporal memory was proposed whlch

S T
-

Lﬁ

“ffcould account for the loss of temporal 1nformatlon forv

. R . -
St st et S N e e,



'thoseﬁdurations. It was suggested that temporal duratlons
.d“Of four seconds or more exceed 1mmedlate memory span and 5"-/

‘hfsuffer accordlngly 'Such a suggestlon would 1nd1cate that dtj
~7there 1s a duratlon constralnt on: temporal short term - o

7»memory (STM) When exceeded the memory for the partlcular.

APTS

'W‘% duratlon is degraded The concept of a.’ memory buffer waS““ﬁ

-6

used as a near analogy (Atklnson and Shlffrln, 1968) n -

'~fthls 1nstance, the maX1mum Length of any glven temporal

devent,‘as well as the total number of to—be—remembered

o s : S
1tems may be llmlted 'The 1ncrease in Varlabllllty demon--w
. i

‘strated after a short unfllled retentlon 1nterval for tem—/%f’

71‘poral~duratlons of four seconds or more suggests that there

L.

©is a max1mum temporal memory span.?fa _.]_yviff

>

. Although lt was proposed that temporal duratlonSi

V(Elght seconds or 1ess) under a consc10us tlme estlmatlon -

“ffcognltlve strategy may be encoded Verbally,‘further con—;ffiﬂ[7‘

. KR TR C ,-/,‘
'wflrmatlon w1ll be needed Perhaps,'a reconstructlon '

. Sl P

h(Mlchon,.1975) or a. symbollc representatlon of: the 1nterval
.f(Mlchon, 1972) Wthh has been used as a synonym for verbal
jencodlng in the llterature'mrght be approprlate for tempor—v
al mﬂatlons of four seconds or: more;!'Temporal duratlons |
whlch are iess than four seconds mlght not be verbally '(
encoded but stored kn a dlrec -epresentatlonal form. 'if.LfA
thlS is true, then anestlgatlonS 1nto the gene51s of tem-
poral codes as a functlon of tlme would need to be pursued

5”;ifj5 Temporal 1nformatlon for very short duratlonsiﬁf

(four seconds or less) was rapldly lost as.. a functlon of ﬂf*



=,

reSt perlod (subject—deflned rehearsal) un&éffa mental.\-”'

;countlng cognltlve strategy An experlmenter—deflned =

'! NS

rehearsal (overt rehearsal) durlng the retentlon 1nterval,

222,

dld not enhance recall performance any more than a sub]ect-r;

deflned rehearsal (Sectlon 3) HoweVer, the addltlon of

Speclflc lnstructlons w1th an experlmenter—deflned rehears—v

al; ellmlnated the loss of temporal 1nformatlon._ Rehearsal» v

;1nformatlon for those duratlons. It seems that prov1d1ng

‘lve strategy prov1ded better results than the cues (vmsual)‘

G

:.subjects w1th the follow1ng lnstructlons enhanced recall
’g performance The spec1f1c 1nstructlons were that the

PR subjects should retaln a number\ of subjectlve units as

/'. B '/ .,“‘

b'well as the 'length' of the subjectrve tlme unlt (countlngjj

rate) under such cognltlve strategy ? :uy dil'.;<'f f -

‘g;-‘ The retentson characterlstlcs between consc1ous

~ t;me estlmatlon cognltlve strategy and mental countlng

“cognltlve strategy were found to be qulte dlfferent., The’

o

cues (v1sual + verbal) used under mental countlng cognlt-

A

S
:—.r'

used under consc10us tlme estlmatlon cognltlve strategy

i Q_ e

If recall exactness is the crltloal outcome,'a'mental
E
&

countlng cognltlve strategy should be utlllzed under the

speciflc 1nstructlons prev1ously mentloned When subjeCtS‘

’used a mental countlng cognltlve strategy they were ln

~effect, encodlng the temporal du tlon 1n a verbal form

(1.e. ‘the number of subjectlve tlme unlts) »However,;u“-

e‘strategles were attrlbuted to the fac1lltatlon of temporaltv'”

. s
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the 1nternal code for the 'length' of the subjectlve tlme

\

| unlt r%malns to be lnvestlgated (Vroon, 1976)

H
' <
) ; ° .
’ .

‘ Interference Factorf

R : . ; .
Studles on tlme estlmatlon prlor to this serles

of experlments have noi‘led to the . conclu51on that capac1ty

V'lnterference was operatlng on the tbrl for tlme (HawkesL
Ray and Hayes, 1974 and Kowalskl,‘l943) Structural
‘h 1nterference was demonstrated 1n Turchloe (1948) study on

tlme estlmatlon.w Proactlve 1nterfereqce has not been the_ :

~

sub]ect to. any 1nvestlgatlon for temporal 1nformatlon.4
Sectlon 2 prov1ded results in” agreement w1th the

~'ﬁ human tlme estlmatlon llterature for capac1ty lnterference;
Backward countlng was the non—temporal 1nterpolated act—hf
A 7 o

1V1ty used as lnterference materlal Reméval of the sub—1*

‘jects attentlon durlng the retentlon 1nterval produced

.

31mllar results as when they had tO‘reproduc,' er ans’

unfllled retentlon lnterval for both COgnltlve ‘trategles

o

Proactlve lnterference etrects weré\not demon—ff-

strated under consgrous tlme estlmatlon and mental countlngy'
,.Tcogn;tlve;strategles (Sectlon 3)."ﬁ_ |

o Structural 1nterference‘effects were found to he

h.operatlng when subjects reproduced under a conscrous tlme
"—estlmatlon cognltlve strategy (Sectlon 4)., . The-effect.

» ofplnsertlng an 1nterpolated duratlon produced 1nterference
'on the reproductlon of’ a four/seconds duratlon after a. “

[



PR

"’-ls used Structural 1nterference was demonstrated follow- ‘

e

f

lS seconds retenthon 1nterval - The systematic differences
obtalned when two duratlons (one and four seconds) werev;“

stored as opposed to when only the crlterlon duratlon

"

(four seconds) was stored were representat1Ve of the fact

that the subjects use dlfferent strategles gorng from one
condltlon to the other.A Because of that fact, when sub-
jects use a dlfferentlal judgment to reproduce one of two

dulatlons,‘thelr performances deterlorated as a. functlon of

tlme 1n-store. Further, the SLmllarlty of the storedm-—-

-

‘mgterlal dld not affect 1mmed1ate recall performance for’

both cognltlve strategres.v ThlS flndlng lS contrary “to

Turchloe (1948 resglts.t Flnally the 1mmed1ate memory span

A
¥

for temporal 1nformatlon appears to be able to accomodate

“‘V at least two temporal duratlons when the sub]eCtS use

consc1ous tlme estlmatlon and mental countlng cognltlve"“,_ '

: : S . .’V;i ," . S
strategles.fi;. ‘3‘w , "'-"'; s j ,f-»jn»vx :

ﬁhese results lndlcate agaln that the perceptlon

“‘ /.. <

of tlme and the memory of tlme are qute dlfferent pro-‘

I'\ N .

224,

cesses when a’ consc;ous tlme estlmatlon cognltlve strategy

Y

_ing a short retentlon lnterval but d1d not appear when

subjects had to 1mmed1ately produce from memory one of

two temporal duratlons stored at lnput.; The manner (i. e.

R

strategles used by the sub]ects) 1n whlch subjects retarn'

temporal lnformatlon seems to b; a: very lmportant factor.-»
Tody

One could squest that dlfferent c0gn1t1ve strategles would

t; be tallored to: prov1de the most aCCurate recalls for a'_f

P 7 . SRR IS ST . SNL
L . . - . S N



vafiety‘ef{témporal tasks. - ‘ o

Based on the results of this research prbgram,

. - \ BN R h N . ‘. . A ., R Cy o . I
further experimentation should be-done on the encoding

) ‘ '
of temporal-information.
AP ! N 5 ' / -
PR : )
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