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Abstraet

The l-lterature was reviewecl wlth respeet to two hypotheses corcêrr-

lng human tlme perceptt-on. The blol-oglcar elock hypothesis is based.

on the proposltlon that subjectlve d.uratlon ls clepend.ent on some

rhythnlcal- organlsrnic proeess whlch acts as an internal cloek. The

cognltlve clock hypothesls ls basecl on the reasonlng that the perceptlon

of d.uratlon is dllrectly clepenclent on the sueeesslon of events.

Speclfle precllctions arlslng fron these two hypotheses were examlned.

ln Ex¡rerlment 1, whlch was eoneerned. wlth the perceptlon of the

duratlon of lntervaLs ln the psychological present. The results

of Er¡rerlnent 1 weakl-y supportetl the bloLoglcat eloek theory.

Experíment 2 investlgated. the perception of the d.uratlon of

lnterr¡als ln the psychol-ogtcal past. Tr¡o opposlng pred.letions, eaeh

based on research reportett ln the llterature, were exanined.. one

set of studles postulated. that increased stinulus complexlty results

ln lnereasecl subjective duratlon of past intervals when no overt

responses are mad.e to stlmrll. Another set of studies postulated

that overt respondlng results ln d.ecreased. subjective d.uratlon wlth

lnereased rtask ' eonrplexlty. The results of Experi¡nent 2 nelther

fil11-y supported. nor rejectecl each precllctlon. Rather, eonplex proeesses

seerned. to be evld.ent, the nature of whleh ls presently not und.erstood.
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Nature of the Probl-em

Tlme has been the subject of phllcs.ophlcal debate for centurles.

Psychologfeally, Manrs experience of tlme has been thought to arlse

elther through the aetion of sone blologf"cal mechanl-sm whlch operates

as an lnternal- elock, or as the prod.uct of a cognltlve process whlch

is depentlent on events ln the environnent. Thls thesls ls an lnvestlg-

atLon of the effect of certain cognltive varlables on the subjectlve

experlenee of tlne. Tlto stutlles were performed.. E:çerlrnent l- was eon-

cerned. wlth the pereeptlon of lnterr¡als ln the present, antl Experlnent

2 lnvestigatect the experlence of the duratlon of lnterr¡aIs ln the past.

Both studles were prlrnarlly concerned ¡ylth the subjectLve organlzatlon

of tlne, rather than wlth tLme estlnatlon accuraey,

The llterature Ìras treated. ln tr¡o sectlons. The first eonslsted. of

an exanlnatlon of sone research and. speeulatlon eoncernlng the role of

blological proeesses in tlne experS-ence, ancl eognltÍ-ve approaehes to

subjectlve d.uratlon were eonsld.ereil ln the seeond. sectlon.
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A Prel-lrnlnary Note on Ternlnolory

Three nethod.s have ¡nost often been used. 1n stud.les of tlme percep-

tlon: (a) atreet estlnatlon netho¿ (pEu), in whlch Ss nake direct est-

l¡nates of sone lntenral i-n hours and/or nlnutes and,for seconds (whleh

for convenienee wlll- henceforth be eall-ecl reaL-time); (b) productlon

method (pU), 1n whlch [s are lnst:rrctetl to procl.uee an lnterval expres-

seil to thern by E ln reaL-tlne unlts¡ and (c) reproiluction nethoa (nU),

ln ¡¡hlch E first demonstrates an lnterrral, antl then Ss reprod.uce the

lnternal, In the last nethod., the reaL-tlne d.uratlon of the lnterval

ls usually not mentloned, In general, the lnterr¡al that ls presented.

to Ss ls eallecl the standard.,

IrJhen Ss glve verbal estlnates, or prod.uce, or reprod.uce an lnterval

that ls greater than the standard., then Ss have overestlnated the stan-

d.ard. The converse ls when Ss unÈerestlmate the sùancLard.. Much of the

Llterature tacltly assunes that there ls some internal clock whleh

operates at r¡arlous rates, Blnrlra and i{aksbere (t956) po1nt out that

the above methotls and resuLtant responses have dlfferent lnpllcatlons

as to the rate of the lnternal clock. In partleular, an overestlnatlon

wlth the DEM lrnpLles that the lnternal clock ls faster than the reaL-tlne

elock, 1,€, r that the lnternal cloek has nany unlts per real-tlne

eLoek unlt. In the PM, when [s overestlnate the stanrlarcl, the lmpllcatlon

ls that the lnternal cloek ls slower, and has larger unlts than the

real-tlne cloek un1ts. The inpLlcati-ons of overesttmatlon ln the RM

are slmllar to the PM, the difference belng that there ls some uneert-

alnty as to the stablLlty of the rate of the lnter¡al eLock tlurlng the

presentatlon of the stand.ard, and durlng lts reproduetlon.
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It shoulcL be noted that the DEM ls only approprlate for estlrnatlng

lntervaLs ln the past, that the PM ls concerned wtth regulatlng a

eurrent lnterval based on [s preeoneelved notlons about the tluratlon

ln questlon, and. that the RM ls coneerned. wlth regulatlng an lnterval

tn the present basecl on the subjectlve dur"atlon of the recently presented

standard.
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Blol-ogfcal Bases of Tlne Experlence

The role of speelfic physlologlcal proeesses ln subjectlve ttur-

atlon ls not of najor eoncern ln the present lnvestlgatlon. Thls does

not rneam, thoughr that physloLoglcal- processes are not. lnportant. The

follorlng revlew examlnes so¡ne of the speculatlons and flnctlngs êssoe-

lated. r¡lth a blolog1eal clock theory of tlme estl¡ratlon.

Brleflyr a blologlcaL clock theorlst woulcl postuLate that there ls
sone physloroglcal- aetlvlty (or set of aetlvltres) whlch supprles the

'ftlek-tock" of an lnternal clock. Thus, nhen we want to estlnate the

duration of an lnternl, we flrst deflne the lnterval by lts boundary

events, ancl then eount the nunber of eloek unlts between then. The

total anount, oï sone transfornatlon of Lt, ls the tlme for that lntervaL.

The above methocl of tlne perceptlon has two l-oglcally lntLeBenilent

lmpllcatlons: (a) ttrere ls some rhythnrlcal physlologteal aettvtty,

ana (p) thls aetlvlty ls the basls of tlne perceptlon. There ls arnple

evldenee for the flrst polnt, but lt ls onry the second polnt that ls
both a neeessarJr ancl sufflelent eonilltlon for the blologleal elock

hypothesls. Perhaps the overabundance of evld.enee for blologtcal rhythns

overrld.es the pauclty of evld.enee for the seeond potnt. rt is llkely
that the fund.anentaL ld.entlty of ¡nechanlcal rhythrns of cLoeks and

physlol-ogleal rhythrns of organtlsns, leads to the bellef that the pres-

enee of physlologlcal rtrythns is the sole ancl suffl.clent conilltlon for

a blologteal clock. Not only 1s the notton loglcal-Iy at fault, but,

for the nost parb, lt laeks strong experlmental support, The exlstenee

of physlologleal rhythns ls ,-we11 recognlzecl (C1oud.s1-ey-Thonpson, 1966).

l,lhat ls of lnterest to thls thesis ls the evldence that these rhythms



oÌ one of the¡n ls the basis of tlne ex¡rerlence.

Investlgatlons seeking support for the blologf-ca1 eloek theorles

ean be dlvlcl.ed. lnto two categorles. There are stuttles whLeh aseune the

presenee of a blol-ogfcal clock and. seek a d.lrect correspondence bet-

ween tfune estlnatlon and certaln physlologlcar rhythms, Then, there

are stuclies whlch attenpt to d.emonstrate the presence of a blologlca1

¡nechanls¡r where Hcognltlvett faetors can be rullecl. out.

Pleron (tgZl) reasoned. that since the eloek nechanlsn is a phys-

loLogleal aetlvlty, lt can be affected by varlables whleh ca¡r affeet

all other physlol-ogÍ.cal ftmetlonlng. one of these varlbLes ls the

tenperature of the organls¡n. Pieronrs suggestlon was supportecL by

Hoaglantt (lggl) ancl perhaps by Pfaff (1968), Both Hoagtanctts and.

Pfaffts eoneluslons ltere that as botly ternperature Lncreased, the lnter-
na1 clock rate lncreased, resultlng ln ovetestl.matlon of stand.ard.

lntervals (wrtn DEM), conversely, when body tenperattrre f,s loner,

or ln }loagland.ts case returned. to no¡ma}, the blologlcal crock tlcks

at a slower rate, resultlng ln a tencl.ency toward' unrilerestlnatlon.

Adan, Rosner, Iloslek, ancl clark (]97].) dlit not flncl a relatlon bet-

ween bo{y temperature and, tlne estlnatlon, and. Loekhart (]96?) found

an lnereased cloek rate wlth lncreases and. d.eereases of a¡rblent tenp-

erature. mam (197f) reported that stud.les of tlme estlnatlon anû

netabolLe ¡ate as affeeted by hyper- or hyBothyrold eond.itlons failed.

to ytelcl coneluslve data. The current status of the relatlon betr¡een

bocly tenperature and. tlne perceptlon ls, therefore, unel-ear.

Iofany Lnvestlgators have trletl to estab]-lsh a relatlon between

subjectlve duratlon andl alpha rhythn, rhleh when (l.etectabl-e on electro-



encephalographle (nmC) recordlngs, exhlbLts a frequency of about ten

eyeles per secona (frz) (Deutsch ancL Deutsch, 1966, p, 1'l+5). A rel-
atlon between the two has been founcl ln sorne stùdles (Cahoon, 1969¡

Ross, 1968) but not ln others (laam, et al., l.)Tlt Legg, 1968). The

alpha rhythns basls of tlme perceptlon has been chanploned. þ sone

ex¡rerlnenters who have noteil that there ls a certaln perceptual eon-

fusLon or fuslon of events that tafte pl-ace wlthln approxlrnatel-y 0.10

seeond lnterr¡als (see }fartev, L96? for a conprehenslve revlew). rt is
thought that the fuslon-confusion lnterval 1s not just coincldently

sl¡nllar to one alpha cycre, but a resurt of lt. rt ls bellevecl. that

there ls a psyehoLoglcal unlt or nonent based on al-pha aetlvlty d.urlng

whlch perceptlon takes plaee. A1l processlng wlthln one monent ls
ehunkecl together, and. separated fro¡n proeesslng ln other nonents. Tf

lnðeed. alpha rtrythm were the basls of tùne perceptlon, lt wor¡lcl be

reasonable to expect that the most aeeurate lnternal that can be est-

l¡nated. wourd. be about 0.10 seeond.s. Fralsse (t963) potnts out that the

lncllfference lntervat (ttrat tturatlon ¡rhlch ls nelther conslstently

unôer- nor ovetestinratecl) ls around.0.70 secontls wlth a r¡ld.e range,

d.epentllng on the methocl that ls used.

ts:cüenslve work on the reLatlon between alpha rhythrn and. tl¡re erqper-

lenee has been carrleil out þ Horubar (rqør), He eondltlonect hunan gs

to emlt a elear galnanic sk!.n response (GSR) onee eveaT J0 seeonds.

Once thls rhythn was establlshetl, Ss were subjected to llght fllcker
rates of 5ç ?, LA, Ll+-J.5 anct 20 hz. Holubar d.enonstratecl that sueh

photle clrlvlng soon resultect ln synchronous alpha acttvlty rates. For

four Ss ln whlch the fllcker cllcL not wlpe out the GSR, the resultant
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response lntervals ùete 26, Jl*ç 2?,5, L5,5, anð" 23 secoRds, respecttvely,

Whlle nultlpLes of 10 hz (1.e., 5, !O, and. 20 hz) haa ltttle effeet

on the conitltl"onedt lnten¡al, both the 7 ancl the L4-L5 hz flleker reduc-

erl the eonilltlonecl lnterval to about 15 secondls, Although the results

lndlcate that alpha rhythn nay be lnvolved. 1n tl-ne erperlence, the

nature of the relatlon ls not clear. Holubar ttld not offer an e:qrlan-

atlon as to why there wes not a nonotonle rel-atlon betneen alpha rate

and response lnterr¡als, as woulcl be expected., The results suggest that

not only alpha rhythnr but also the process of transfor¡rlng the cycles

lnto tlne segrnents ls affecterl, by fllcker rate¡ Perhaps the best

coneluslon ls that of Legg (f968): "Certalnþ the slrnple model ln

whlch eyeS.es of the alpha rhythn act as tlcks for a subJeetlve elock

may be d.lscarrlecl (p. lg),"

l.lany other physlologlcal processes have been lnvestlgated. Schaeffer

anil Gl1-IlfanA (f938) founa that there Îras no reLatlon between subjectlve

duratlon and. pulse rate, heart ra{Íerheart work, bLood. pressure, breath-

l-ng rate, or lung work. Sl¡nllar flncllngs ¡¡ere obtalnetL by Aclan¡ et aL.

(tgZ].) 1n a stutty in whlch Ss were anesthetlzed.. The one effect that

was evident ltas that the anesthesla resulted. 1n overestlnatlon (ty ttle

m), thus suggestlng that the rate of the lnte¡nal cloek had. d.ecelerated..

The analysls presented 1n the ¡rrellnlnary note suggests that had. the

DEM been used., the Ss woulct have undlerestlnrated. the stand.arr:l. These

results of the effeets of a¡resthetles are dlrectly op¡roslte to the

flndlngs of studles ln whlch ad.mlnlsterecl el.nrgs aecelerated eentral

blologlcal- firnctlonlng (Cohen, L96?i Fralsse, 196]1. Ornsteln, L9&)),

LsÐ-25t marijuana (!latts, L9?0), and. arnphetarntnes (colastone, Boardnan,

a¡ul Lha¡non, 1958) tencl to lncrease the subJectlve tLuratlon of the present,
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suggestlng that sone lnte:*ra1 cloek was tlcklng at a faster rate than

real-tlme elocks. Cohen (tg6?) noted that r¡nder streh drug contlltlonsr

Ssr overt actlvlty rates rnay be acceLerated, suggestlng that lnput-out-

put functlon rates rnay be lnnersely related to subjective duratlon.

Tlrne e:qrerlence ls reLated to so¡re physlological process(es), but

1t ls not clear that thls process ls rhythrnlcal or eyellc ln nature

ancl therefore ls not supportlrc of blologlcal clock iheories.

Heart beat ls perhaps the most obvlous physlologf.cal rhythrn ancl is

often eonsld.ered as the basls of the bloLoglcal cloek. Alte::atlons

of heart rate in the absence of e:cternal reference to real-tLme shouLcl,

therefore produce systenatlc changes ln tlne estlnatlon. Most lnvestlg-

ators have conputed. co:relatloßbetween heart rate and. tlne estlnation,

and as a whole, these eoæelatlons have been negllgabl-e. Furtherrnore,

correlatlon d.oes not 1npLy causation, Ochberg ancl Trlester (fq7O)

systenatically controlLeil heart rate ln two groups, The [s ln both

groups were adult ¡na1es who hatl und.ergone heart surger1y, and were

otherr¡lse slnllar exeept for one varlable, the preseaee or absence of

a eard.Lac paeenaker. Whereas the non-pacenaker group had. nore or less

usual resBonses to exerüLon, the pacenaker g:f,oup hact a steatly heart

rate und.er all eond.lt1ons. Ochberg an¿L Trlester fountl th¿t before and.

after exerblon there lras no rllfferenee ln the subjectlve cluratlon of the

two groups.

In summary, the stud.les v¡hleh have assunecl the preseRce of a blolog-

lcal eLock have falled to d.eflne the speclflc physlologfcal aetlvlty,

or lts locatlon.

The seconcl set of studles ls less concerned wlth the locus ..
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of the clock as ¡vlth establlshlng f-ts presence. Good examples of thls

group are found. in experlments of tlne proeesses 1n sleep.

There ls evid.ence that sone people can aecurately awake at any pred.et-

erminecl tlne, especlally lf the deslgnated. waktng tlme ls close to the

[s usual waklng tlrne (Fralsse, l9$). Zu¡rg and. I{ilson (19ru) founct that

out of 33 arsakenlngs, 1þ were withln ten ¡nlnutes of r¡arlons pred.etermlned.

tlnes. They also fountl that thls aceuracy was lnd.epend.ent of the stage

of sleep ( as charaeterlzed. by EEG reeord.ings) just prlor to awahenlngo

The results suggest that for thls type of task (whlch can be called

lorg,term Pt't) there nay be a falrly aecurate tlnrlng process whlch ls
not s -tuatecL ln the cortex, the area whlch nost lnfluences EEG records

(Deutsch and Deutseh, L966, p.145).

Exanlnlng another type of task l-nvolrl.Ln6 sleeping Ss, cllfferent

results are obtalned. I,Ihen Ss are asked. to estl¡nate,the d.urations of

stages of sleep just after termlnatlon of a stage, the estimte ls

lnflueneetl. by the klncl of cortieal actlvlty d.urlng that stage (Carl-son,

Gooclenough, and. F'elnberg, 1968), The find-lngs of Zang ancl Wllson (J)ZJ-)

and Carlson et al. (1968) are tl.lfflcult to reconclLe, even though they

both support the notlon that certaln physlological processes are lnv-

olvetl ln tlne estlnatlon. The naln cllfference between the stucties ls

that the long-1,sa* PM of Zung and llilson was based on Ss preeonceived.

notions about the duratlon of the proeluctlon lnterval, whereas the DEM

in Carlson et al, clepencled on ongolng neural aetivlty clurlng the test

lnterval. Since eortlcal actlvity ls the rnajor contrlbutor to EEG ree-

orcllngs, the above flntLlngs suggest that the PM ancl the DEM are based

on cllfferent neural mecha¡lsns, wlth the former rel-atlvely lmmune to

ongolng corbleal actlvity.
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Cognltlve Basis of Time Experlence

Before dlscusslng eognltlve aÉ¡ d.lstlnct from physloLogleal

fi¡nctionlng ln tÍ-me e:çerience, lt shouLtl be nentionetl that what is
neant ls not that cognltlon oceurs wlthout a physlologlcal substrate,

but that the leve1 of organlzaLLon that ls being consld.erect ls d.lffer-

ent ln nature. A goocl analory is the .operatlng conputer, whlch

conslsts of two systerns. One ls tangfble - the actual physlcal eonpon-

ents of the conputer, The other ls non-tanglble - the infornatlon

flowlng through the physlcal st:rrcture. Physlological functlonlng ls
conparable to the former, eognltive functlonlng ls comparabLe to the

latter.

LoehLln (tgSç) reported. that the eognltive factors that influenee

tlme ex¡rerlenee are: (a) tnterest versus boredon, (t) fll-leit veÌsus

enTpty lnterr¡als, (") repetltlons of an actlvlty, and. (d) activity
versus passlvlty. These four factors ean further be eond.ensed. intol
(a)envlronmental- stlnull, ana (b) responses to these stlmurl-.

Perhaps of aLl quest!.ons eoncernlng the ex¡rerlence of tlme, that of

fll-lecL versus enpty lnterval-s has been the most ertenslvely lnvestigate¿.

EarJ-y work on this questlon srpportedt the hypothesls that fll-Iect (tnter-

estlng, actLve) tntervals appear to pass nore qulckly than ernBty (d.utt,

passlve) lnterrrals (Dobson, ].95t+¡ Gulllksen , L9Z?t Swift anil MeGeogh,

1925), These juclgernents ?lere 6enera11y glven after the internal by the

DEM. If RM or PM were to be used, Adån (1-9?l) naintains that, on the

basls of the lnverse reLatlon between the DEM and the pM (clausen, !ÇJ03

Blndra ancl tlaksberg' l)J6¡ carlson and. Felnberg, lpfO), the shorter the

e:qrerlencecl duratlon, the longer the subseguent prodluctlon. That ls, ì
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the busler S ls duríng the prottuctlon lntervaL, the longer lt w111 be,

as neasurecl ln real-tl¡ne unlts. (For the S, the apparent duratlon of

the procluctlon lntenral would. be equaL to the standard). An alternate

predlctlon nay be that the busler a S ls ln the protluctlon interval,

the shorber lt w11-L be, as neasurect ln reâI-tl¡ae unlts. Ad.anrs precl-

lctlon ls based on the reasonlng that longer produetlons would be e:ç-

eeted. ln a flIleil lnterval " .,. beeause aetivlty d.lverts attentlon

from the hypotheslzecl c]-oek (p. 43)." The latter pred.lctlon ls d.erlved.

fro¡n the reasoning that tl¡ne e:çerience ls d.lrectly related to the

sr¡ecesslon of events, a l-lne of thought erqrressed. by the Brlttsh

Empirlelsts (Borln g,, L)42),

It ls veqy d.lfflcult to cleflne an empty lnterval, Even though gs

nay not be exhlbltlng any overt activity, uental aetivlty ls surel_y

golng on. It ls a ¡rlstake of many lnvestlgators to have their Ss

cl.ellmit a perlod. of ttne durlng which the actlvlty of the Ss ls not

belng eontroll-ed.. OnLy when d.lfferent degrees of the sa¡ne actlvlty are

being systenatlcally varled., ean statements be rellab1y nacle about the

effects of fllled. versus relatlvely en¡rty lnterr¡als.

The ftlled versus ernpty lnterval faetor comblnedl wlth eonslile¡atlons

of lntervals ln the past or present resul-ts ln rhat Cohen (tg6Z)

has callecl the'rld.Ie aetlve parad.ox; r' I,lhll-e currently engagecl ln a

task, lf S ls aetlve, tfune wlL1 eppear to pass more qulckly in conpar-

lson to an equal lnterval spent 1n d.olng nothlng. However, when the

intervaLs are ln the past, a transformatlon takes place so that the ftlledt

lnterval see¡ned to have taken longer than the enpty one, James (fgqO)

malntalns that slnce the fllled. lnterval by d.eftnltlon was more event-
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ful than the enpty one, there was more to re¡ne¡nber from the ftllecl

lnterval than the enpty one. Therefore, the fllLecl lnterrraL seems

Longer, Thls explanatlon ls the foren¡nner of the nore recent "storage

slze" hypothesls of ornstern (1969). ttrls ls not though, an expranation

of the d.ifferent perceptlons of ftlted. ancl ernpty lntervals in the

present, only ln the past.

The storage sLze metaphor (Ornstein, J.}69), whlch is an infor-
¡ratlon proeesslng approaeh to the experlence of tfune, states that

the ¡rore' .lnforrnatlon that ls stored., the rarger the amount of slnce

taken uB by the event. Accorrllng to 0rnsteln, the pereelvecl cluratlon

of past events ls illrectly relatetl to the retrievecl storage slze of the

êvent, rf the spaee ls.large, the d.r¡ratlon will seen to be great¡ if
the space is snaIl, the cluratlon w111 seem to be short.

This el-aboratlon of Jamesr (fgçO) hypothesis has nany lrnplicatlons,

sone of whleh have been tesiùed þ Ornsteln. Ornsteln.s most concluslve

stucl.y lnvolvedl the nanipulatlon of storage slze after the event hacl

been stored. (and thereby ellninatecl any peripheral- tnput effects). First,
he presentetl an arnblguous flgure to all ss. Then, he tnforned. one group

that the drawlng coulcL be decod.ed ( by rene¡nberlng that lt was the word.

Itma¡rn f-nversed. and, .l superlrnposed. on ltself ). upon aisklng [s to eonpare

the viewlng tlrne of the drawlng wlth that of the standard. interr¡al

(presentect aud.ltora1].y), the group that hacl been informed. of the eod.e

judgect the vlewlng tlne to be shorter than those r¡ho were unlnfo:r¡ned..

Ornsteln argued that the ,,codê resulteit ln tllmlnlshing the storage slze

for the tlrawlng ln the infsrmecl groupr resultlng ln shorLer percelved.

cluratlons. In ord.er to check hls nalpulatlons, Ornsteln asked. Ss to ¿es-

erlbe the drarElng. He founcl that the lengùh of the dtescrf.ptlon
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by the unlnfornect group to be greater than that of the lnforleril group.

Furthermote, a thircL group nhlch had been gfven the d.rawlng ln the

decod.ed for¡n descrlbed lt ln the fewest word.s (and. reported. the short-

est d.uratlons). Ornsteln took the nunber of rorrls to be a d.lrect neasure

of the storage sløe for the three EËoups,

0rnsteln (1969) presented a eonr¡lnclng ease that human tirne e:çer-

lence ls the result of actlve constnrctlon by cognltlve proeessLng.

However, the storage slze hypothesls d.oes not etçlaln the experlence of

tl¡ne clurlng current lntervals, 'nhere the lnverse relatlon hold.s. As

welJ-, the use of the term 'rstorage slze'f is rrague and. ean generate nany

unans¡{ered questlons. (For example: !ühat ls the netrLc unit of the storage

space and how 1s lt transformerl lnto subjeetlve duratlon?). Another

dra¡rbaek to ornstelnrs approach ls that there is a rack of preelse

rel-atlons between stlnuLl ancl subjectlve duratlon.

Nonetheless, there ls other evld.ence that stlmulus eomplexlty and.

subjectlve duratlon are lnterrelated ln a way that supports Ornstelnrs

hypothesls. I{hen ss are presented. stlmull of var:rlng conplerctty, the

nore conBlex the stlmulus, the longer ss w111. erca¡nlne lt (Gaeschk,

Kintz, and. Thompson, LÇ68¡ Zelklncl ancl. Baehub er', 3l9?O). Denj-s (fgZf )

found. that the nore d.lsturbances ln an ord.ered. nessage, the greater

the overestlnatlon of the ttwation of the nessage. Thls was fouhdt only

when the order of the ¡nessage was lmportant. Thus, upsettlng the pretl.-

lctablllty of the message, thereby lnereaslng the amount of contalned.

lnforrnatlon, resultect ln an lnerease ln subJeetlve d.uratlon. Si¡nll-ar

results nere obtalned. when the presentatlon rates of nonsense syllables

and sentences lrere nanlpulatea (fttet and Lhanon, lg65),
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However, a study by Vroon (fgZO) has cast sone doubt on the extenslbll-

lty of 0rnstelnrs flncllngs. Vroon d.upLleateit the essentlal- features

of Ornstelnrs study antl obtalnecl sl¡alLar resuLts. However, when Vroon

had 9s respond to the stlmuLl he hacl presented., flll-ecl lnterr¡a1s were

iutlged. shorter than reLatively ernpty snes of equal real-tl¡ne duratlon.

Thusr the amount of storecl lnfornatlon nay not be the sole d.eternlnant

of the apparent duratlon of lnternaLs ln the past.

Other ettdles have reported. that Lncreased. eonplexlty resul-tect in
d.ecreased. subjeetlve duratl-on. Hawklns and. Meyer (tg6S) nanlpuratett

the total- anount of lnformatlon ln a tai¡k ¡y (¿)ævrng qs nothlng

to d.o, (þ) $rrlng [s a task but not allowing theur to cornp]ete it, and.

(g) gl.r.1"8 ås a task anil allowlng then to conplete tt. They found that

the enpty lnterval was greatly overestlnatect, the unflntsherl task f-nter-

t¡a1 was und.erestlnated., ancl the eonpletecl. task was greatly r¡nd.erestln-

ated. Burnsld.e (fgZf) varled the anount of cornplexlty of a task that

Lasteil from 10 to 20 second.s on tllfferent trlal-s. The ss task was to

reproduee the apparent dr¡ratlon of the task lntervaþfter the task had.

been eonpleted. Burnslde found. that as the complexlty of the task incr-
eased., the reprod.uctlon l-ntervars d.eereased., IIe also found. that the

task output was nore or less eonstant for all condltlons. Thus, output

nay not be an lnd.1cant of storage sl.ze, as Ornstern (rg6g) would. have

ltr ancl roay not be relatetl to subjectlve d.uration. The lnverse relatlon

between comple:dty and the subjectlve duratlon of lntervals ln the past

was also obtalnecl þ Snlth (t969) in an ana1ory-solvlng task.

If [s respond to stlnr¡l1 (asld.e fron reportlng cLuration) then l-nereased.

eonplexlty or ¿ctlvlty results ln d.ecreased. subjectlve cluratlon (Burnslde,
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lg?I¡ llawklns ancl Meyers, 19651 snlth, L9Øl vroon, 19?0). However,

lf [s nerely e:carnlne a stlnulus, then Lnereased. conplexlty results ln

lncreased. subjeetlve cluratlon (Denls, l}?lt Frlel a¡rd Lhanon, L965¡

Ornsteln, l9@). Thls apparently elear ctlr¡lslon ls, however, obseurred

by the results of another sttrdy. I{ann and. I'leCray (L969) founa that ¡rhen

hlgh ancl low frequency words were tachlstoseoplcally presented. for

equal lntervaLs, the high frequency (Iow lnfor¡ratlon) worcls were juclgecl

as belng e:qrosed. for longer d.uratlons than low freguency wolrrls, espee-

lally when J-ong worcls weÍe presented., (In general, lt ean be consld.ered

that the clegree of conplexlty ls tllrectly relatecl to the anount of

lnfornatlon). Warn antl Mc0rayts desl-gn nas of the no-response type,

bnlt the results were sinllar to the response stuclles, Clearer ileflnltlons

of the stlnul and responses are necessaa1r before the nallcll-ty of the

actlve passlve factor ean be establlshed,

Tt ls obvlous that cognltlve varlbles anrl subjectlve d.uratlon are

re1ated., but the nature of the relatlon 1s anblguous. The anblgulty

of the flndllngs sten from the l-ack of clear deflnlttons of fllletL

andl empty lnter'¡al-s, stluuLus conpleurlty, responses, and. fro¡n wid.ely

dlverse researeh nrethoclologles,
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I'lethoilologles

llost stuilles of tlme perceptlon have used, repeatecl neasures cleslgns

ln whleh each S ls ad,¡rlnlsterecl many trlals ln one condlltlon and./or

nany condltlons. The present studles used cllfferent [s ln eaeh experln-

ent, and for onLy one trlal anil treatnent comblnatlon. The reasons for

thls are outllned beLow,

Flrstly, Ssf aeeuracy ln estlnatlng reaL-tlne iras not of lnterest ln

the present lnvesttgatlon. As 0rnstefn (fg6ç) noted, lf Ss knon that the

d.uratlon of events ls lnportant they n111 ",.. Elttenpt to be as taeeuratet

or conslstent as posslble and to count regularl-y to thenselves or to

tap thelr feet or to clo sonethlng to nulllfy the whoLe expertnental

nanlpulatlon (p. 52)," If aeeuraey lras of prtrnary lnterest, Ss wouLil

have been told that the stucly coneerned tlne. The present studles lrere

lnterested ln rr¿rlables that nay affeet tlne erperlence ln everyday llfe,

rhere the potentlal of the eonselousness of the duratlon of an event ls

always present, not the actual task of estlnatlng ttne. To thls end, ln

the present Etudles the standarct lntervaL was gtven to !s before the

tlne aspect of the study was explained. Thus, the set of Etand,ard lnter-

nal and. test lntervaL coukl only be arlntnlstered. once.

A confuslng array of results have come fron stud.les tn whlch reBeat-

ecl trlels have been used. In any repeatetl trlals d.eslgn, [s nust estln-

ate or Brorluee or reprocluce the seeonð anËlÍ:subsequent lnterrrels after

ctolng so prevlously. If [s <to not get any feetlback or lnterpolated

stanttarile, seeond and subsequent lnterr¡als are Ilkely to be lncreaslngly

overestlnated (falt and. Blntlra, L95\ Shectnan, ]:9?Ot Stott, L9J5t

I{ood.row, 1.)35t lfootlworth an<l Schlosberg, !95l+). When non-dlrectlonal
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feeclbaek ls glven, reproiluetlon lntervals beeone shortened (¡'tc0onchle,

l9?O). The forner effeet lnereases wlth the nunber of trlals to the

polnt where Maloney ancl Callaway (f9?f) torn that tlght control of long

lntervals prevloue to a test lnterval ls ¡rar¡anted.. For the PMr there ls

evld.ence that after repeated trlals $s clo not successlvely lnerease

thelr estlnates, but eventually reaeh en approxlnatlon that 1s a sllght

overestt¡natlon of the standarA (Umley, Shuster, and. Luechess!., 1968).

Tf lnterpolatecl standarcls of illrectlonel feetlback ls glven, Ss becone

more eceurate ln thelr eEtlnates (MeConchle, L9?01 Hoyer and Jones,

L9?0¡ Hoyeq Jones, lúhlte, and Maconaeky, L9?0). However, when anehors

are ptesentett betneen trlals of dlfferent nethods, the dlfferences bet-

reen nethotls nentlonecl ln the Prellnlnary Note are not ellnlnatecl

(McGonchle and Rutsch¡nann, 19?1). Flnally, after an lnvestl8etlon of

the relatlons between methotls, Carlson and Felnberg (fgZO) conclud.ed

that 9s lntesnal cloek rates are not constant fron trlal to trlal.

The above results tLo not present answers to the following guestlons,

each one of whlch suggests a reseereh deslgn. (!) Wtt"t effeet iloes rep-

rorluelng a standarô ln one trlaL have on the peuceptlon of a stantlarcl ln

the next trlal? (a) tn"t ls the reLatlon between repeated estlnates of

one standard., wlthout feedback, and. narlous actlvltles (Ers rnanlpuLatlons)

clurlng the reproductlon lntervaLs? (2) I{hat ls the effect of lengthenlng

retentlon on the menory representetlon of the stantlard lnterval? Eaeh of

these questlons ls lnterestlng ln lts own rlght, but woulcl have mad'e

interpretatlon of results nore ctlfflcuLt ln the present stutlles tf

repeateil trlals hail been used. By uslng eaeh S only once, these quest-

Ions we¡e avotdecl, antl any results of the stu<lles were not obscuretl by

then.
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Statement of the Problen

Two na.jor thenes have been d.iseussed ln the literature of subìeetive

d.uratlon. One of these thenes has been the perceptlon of the cluration of

lntervals ln the psychologlcal past, and. the other theme has been the

perceptlon of the d.uratlon of lnterval-s ln the psychological present.

One purpose of the present set of stud.les lras to nake an overaLl exarnln-

ation of both themes ln terns of eo¡nmon lnclepend.ent varlables. As d.lscussed.

ln the 'Method.ologles sectlon, a wlde varlety of resul-ts have been

obtalned fron nany dlfferent studles whlch contalned different lnclepenclent

varlables. The ldeal solutlon to thls problem wouId. be to have one study

ln which the effeets of one set of Lnclependent variables woul-d. be exanln-

ed. on both the psyehologlcal past and. present for each subject. However,

as conËid.ered. ln the prevlous sectlon, the resultant problems when

examlning an lntllvld.uå,il subjeet ¡nore than once, and the necesslty of

uslng cllfferent neasurlng technlques (see Prelimlnary Note), renders

thls lcleal- solutlon hlghly lmpractleal.

Thus, ln the present lnvestlgatlon, two separate experlnents lncorp-

oratlng the same two lndepend.ent r¡arlables were d.one. Eaeh experl¡nent

exanlned illfferent subjects only onee wlth the approprlate neasurf.ng

teehnlque. It shoulcl be notetl that the two experfunents were logleally

lnrlepentlent, and thelr sequentlal ord.er was arbitnafl 1.e., the

second. stutty was not dependlent upon the outeo¡ne of the flret.
One partlcular question that was exanlned. ln the present thesls was

whether the åubjectlve duration of a current lnterval ls d.lrectly

relatetl to the sequence of events, or ls related to the degree that

attentl-on ls illverted. fro¡n an hypotheslzed lnternal clock, Thl-s questlon



l¡as examined ln Experlnent 1.

Experfunent 2 was prlnarlly concerned. wlth the sub,jecttve duration

of an lnterval ln the past. Thls secontt study exa¡nl-ned the cLlfferent

effects of overt and covert respond.lng to stlmuli. rn both stud.les

the fllIed. lnterr¡aL versus enpty interval varlable lras represented. by

systematlc manlpulatlon of the rates of stlmulus events. As well,

both stutlles examlneil the effects of various amounts of response

complexlty on subJeetl-ve d.uratlon.

20
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Deslgn

The dllseusslon ln the Methoclologles seetlon consld.ered the effects of

informlng Ss before certaln arltlcal lntervals that the d.uratiots of sueh

l-nterr¡al-s were lnportant. For the aforenentlonecl reasons, Ss tn the present

experlrnents were not lnforned as to the real-tlne d.uratlons of the crltlcal

lnternals and. the experlnental sesslons took place ln the absence of

eloeks and watches.

Two stud.les were perfonned., both run as eornpletely randonlzed. d.eslgns.

Erperl-nrent 1 lnvestlgatecl the effects of response conplexlty and event

rate on the pereeptlon of the duratlon of a current lnterrral, and. Exper-

lrnent 2 was conee:r¡ed. wlth the effects of response complexlty, event

rate, and real-tlme duratlon on the perceptlon of the d.uratlon of an

lnterval 1n the past,

Both studles had. the followlng lndependent Íarlables in conmon:

Response complexlty was determinetl þ the type of reSponse to each

stlrnulus event. The three levels of response conplexlty were (a) t¡o

overt response to eaeh stlnulus (o-n)t (b) Slmple response to each

stlnulus (f-n), ln whlch 9s pushett a lever ln one illrectlon whenever

they saw a stlmulus¡ and. (c) Cnofce response to each stlrnulus (e-n), fn

whlch [s pushecL a lever ln one of two cllrectlons depencllng on whlch one

of two stlnuLl lras present, Eygg!_Ielg was d.etermlned. by the nu¡nber

of stimulus events per unlt real-tfune. The four event rates were 20,

40, 60, anil 80 stlnrull per nlnute.

Experlnent 2

task, whlch was deternlnetl by the cluratlon of the stl-¡nulus seguence.

The three duratlors were 10, 60, ancl Ç0 seconcls. The ln<lepend.ent varlables

hail one other lndependent varlä'bl-e, the Duratlon of the
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1n each study !.rere eonpletely crossed.

The tlepentlent varlable in E:çerlnent I was the real-t1¡ne duratlon of

eaeh Ss'reproductlon lnterrral of the cluratlon of a sta¡¡d.ard. tone serles.

There were two clepend.ent r¡arlables ln E:çerlnent 2. Ratlo 1, one of the

clependlent varlab]es, conslstetl of the apparent cl.uratlon of the stlnulus

seguenee relatlve to the duratlon of a tone serles, wlthout the use of

real-tlme unlts. Ratio ?, 1..he other depend.ent varlable, conslsted. of the

sane eonparison wlth the use of real-tine units.

More speclflc detalls about the above r¡arlables are presentecl in the

approprlate Methocl sectlons to foIlow. The overall procedure of both

stuclles ean be tllvliteil lnto five phases:

Phase 1. Expt. I - Ss were lnstructecl ln the use of the response apBaratus.

Expt. 2 - Ss were lnstructetl ln the use of the responÊe apparatus.

Phase 2. E:cpt, l- - The stand^ard l0 secontl tone was presented.,

Ercpt. 2 - T}re stanclarcl J0 seeontl tone tras presented.

Phase 3. Expt. I - Ss were instn¡cted that the duratlon of the tone serles

was inportant,

Expt. 2 - gs were not lnstnretect about the tone serles.

Phase 4. Expt. 1 - Ss responded. to vlsual stlnul-us events while keeplng

track of passlng tlne, ancl stoppetl a clock when they

thought that the tone Lnterval hatl been equalled.,

Erpt. 2 - Ss respond.ed to visual stlnull for the length of tlme

d.eterrnlnect by the parblcular cluratlon condltlon,

Phase J. E:çt, 1 - Encl. of er¡rerirnent.

Expt. 2 - Ês asked to conpare the anount of tlme they hacl spent

respontling to the vlsual stlmul-1 ancl the duratl.on of

the tone lnterval. (Two dlfferent neasures were taken).



Stlnulus Constmctlon

Four sets of sti¡nul1 were constnrcted, each representlng one of the 20t

40, 60, antl 80 per minute event rates. Eaeh set was a series of elther

red or green eolors e:çosecl on 8nn ¡novie fiLn anct projeeted at 18 frames

per seeond. In alL sets, each eol-or was exposed. for p franes resuLtlng

ln 0,J second. when projeetecl. The seguence of co]-ors was randon wlth the

eonstralnt that no color appear nore than three tlmes In a row, The

segnents between coLors were bLack and. were l[J, 18, ancL p frames long

for the 20, 40, an¿L 60 per rnlnute event rates' respectively, The four

or flve black franes between colors ln the 80 per ¡nlnute event rate flln

Ex¡rerlnent One

Methocl

seguenee were rando¡nly asslgnecl to lntervals.

prepared to be used. 1n the lnstructlons.

The stancLartl lnterval vras J0 seconcls longt

rluratlon and frequeney pure tones generatecl by

range oscill-ator and recordecl þ a Sony TC-252 taperecord.er.

Apparatus

The fttrns were projeeted by a Koclak "Ektagraphie Super-8" projector

(uoaet # MFS-8). This naehlne ls cleslgnetl to all-ow for re¡note eontrol

starting of flLn sequencesr

Instructions, tone serles, and whlte nolse were taperecord.ed. and. pres-

entecl through earphones to Ss.,The r¡hite nolse was presentecl throughout

the elçerlnent except clurlng the lnstmetlons and the tone series.

An event record.er and. a clock nere used. to nonltor eaeh Srs responses

anct the duratLons of the reprocluctlon lntervaLs.

23

One other fllm seguenee was

and eonslstecl of random

a He¡úitt Packard wld.e
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All of the above apparatus was in one room. The Ssr response apparatus

antl the projeetlon screen were ln an ad.jolnlng roon eonneeted by tubes,

The flsr room was egulped. nlth three lclentlcal sets of response apparatus

so that three Ss could be run at once. The [s were vlsuaLly separated.

by a large panel, and. aeoustlcally separated by whlte nolse. In front

of each S there l¡as a panel at approxlnately l0 d.egrees fron the horlz-

ontaI. In the eenter of the panel there Îras a sll,ent swltch to stop

one of the clocks ln the eontrol Toorn, and at the top of the panel there

was a large uprlght hand.Le whleh eoulcl be noved from sld.e to sld.e, and

was eoRnected. to the event reeonler, The panel, about one foot sguaret

was vertieally ctlvltteit lnto recl ancl green halves for the 2-R cond.ltlon,

anð lnto blac{ancL whlte halves (to ntntmtze confuslon wlth the col-or

sequenees) for the }-R anct 0-R conclltlons.

Sub.jects

The number of Ss was d.etermlned on the basls of (a) the ileslre for

the statlstlcal tests to have a hlgh power efflelency slnce there ls a

laek of eonslstent flncl.lngs ln the llteraturer and. the ex¡rloratory nature

of the present researeh, ana (g) the $ts ablIlty to run three Ss at oilc€r

For nlne [s per cel1, power > ,995 to deteet dlfferences of 0.5 stand.ard.

tLevlatlons about a theoretleal rnean (Xlrt<, 1968). Tn order to recluee

rlthln cell varlablllty, and. because of the larger proportlon of fe¡nales

to naLes ln the Unlversity of l,lanltoba subject pool-, only female Ss

were recrulted..

One huntlred an<l twenty slx fenales were rand.onJ-y d.rawn from the subjeet

pool. They took part in the experlnent for parülal course ered-it. The order

of treatnent co¡nblnatlons rvas partially ra,nclonlzed, and. Ss were asslgned.

to contlltlons 1n the ord.er of arrival' Conplete ¡a¡rdonlzatlon of eondlt-
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ions was not posslble because the ehanges of panel eolors for the cLlffer-

ent contLltlons (see above) requirecl extra tlme between the 2-R ancl the

other condltlons.

Data from 18 Ss who wore watches on thelr preferred. hancl (see below)

or ctid. nst und.erstand the instruetlons, were not analyzed..

Procedure

Subjects were lecl lnto the e:çerinental roo¡n. Each S was asked. whleh

r¡as thelr preferred. hand., ancl then a large, elbow-]-ength nttt was placecl

on the ¡o¡-preferrecl hand.. Subjeets were tolcl that the nltt was a renln-

cler not to use thelr non-preferrecl hantl to operate the controls. After

Ss were seated, they were toltL that a1l lnstruetlons were to be glven

through the earphohes, whlch r¡ere then plaeed. on gs. Then E left the

roon, entered. the control room, ancl startetl the egulpnent.

All lnstnretlons lrere prececLed. by 20 seconds of whlte nolse. fn the

flrst part of the lnstnrctlons, [s were tolct how to operate the handle.

Subjects ln the 0-R group rere told to nove the handLe to the whlte slcle

of the pane¡ntltren the color sequenee began, ancl to holtl lt there untll

the sequence ended.. Subjects ln thls group were also tol-tt to try to clet-

ect the presenee of an orange eolor, and. they woultl be asked. at the entl

of the e:çerlnent lf they had seen it, The latter lnstnretloR was deslgned

to lnsure that $s attencletl. to the color sequence, SubJects ln the I-R

eond.ltLon were lnstnrcted. to nove t'he hanttle to the whlte sltle of the

panel eaeh tlne they saw a eolor, antl the Ss ln the 2-R conclitlon were

told to nove the ha¡d[]-e toward. the recl slde of the panel- when they saw

a red color, and toward the green sitte of the panel when they sew a gre€n

eolor. Subjects vrere then presented. wlth a p:racttee sequenee eontalnlng

four eolors.



After conpleting the praetlce eolor seguence, Ss were lnstnretecl

to'r ... llsten carefirlly to the followlng tone serles because I an

golng to ask you questlons about Lt later," After the presentatlon

of the tone serles, [s were lnfor¡necl that the sniteh ln the eeRter

of the paneL stoppecl a e1ock. They were then asked to reproduce

an lnterval equal to the cluratLon of the tone serles ¡h1Ie operatlng

the hand.l-e ln response to the colors on the screen. Then, the color

sequenee ancl the clocks were sinultaneously starbed. ty E. All $s

contlnuecl operating the hand.le throughout the color sequenee (rhleh

lastecL three rni-nutes) except to puL1 the swltch.

26
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Results

The reprod.uetlon lnternals were analyøeil wlth a 3 X l+ fixecl effects

analysls of varlanee for the naln effeets of response type (nnS) and

stlnulus event rate (nAT) respectlvely, and the lnteractlon of the

naln effects. Only the lnteractlon (neS X RAT) provecL slgnlflcant

(see Table l for nÌeans and. stanclard d.errlations, and Table 2 for the

sunna,qy of the analysls). A graph of the lnteraetlon is presented ln

tr'lgure l-, F\¡rther lnsight lnto the d.ata was gAlnedL by dolng tests of

slnp3.e naln effects wlthln the RES X RAT lnteraetlon. As shown ln

Table J, the test for RES at the four levels of RAT lncllcatecL that

there was essentlaLly no dllfference between responses at the 20, 40, and.

60 per ¡nlnute event rates, but that there was a slgniflcant d.ifference

at the 80 per nlnute event rate. Tukeyts HSD test for palrnlse eonp-

arlsons (ftd<, 196S) showecl that the tLlfferences between the neans

for the 0-R ancl l-R cond.ltlons, and the I-R anfL 2-R eonclltions were

slgnlflcant (see Table ¿l), The neans for the reproduction lntervals ln

the 80 per nlnute event rate were i'-n= 3L,?5 sec, ir-a= J2'22 sec,

T,r-r-?3,?1 sec, and. lrnply that when Ss were respondlng at a verT fast

rate, lncreases ln the eonplexlty of each response resul-tecl ln lncrea-

ses ln the real-tlue duratton of the reprotluetlon lnterval.

The tests for slupl-e nain effects of RAT at the three levels of

RES (see Table 5) showed. that only the choLce response (Z-n) narlecl

sLg¡rlfleantly aeross ïates (g < .Ol). A eloser e:rarnlnatlon of the

2-R response functlon revealetl the presenee of quaclratlc ancl eublc

trend. eomponenù" (p. a .0J, see Table 6). Glven the 1lnear lnereases

in event rates, the presenee of these t¡entl conponents $las qulte unexPec-

tect, an(l ls consld.ered more closely 1n the Ðlscussion section.



Table I

Cel-l- Means (and Stand.arrl Deviati-ons) for Experinent One

1n Second.s

0-R l--R 2-R

Event

Rate

20

40

6o

BO

58,04(2r.94) 58,4r(26,88) 45,25(25.26)

2?,0?(13"03) 48,02(2t,1t+) 4?,]-4(20,50)

4:_,tg(26,??) 5r,26(28,r5) 3!,58(t6,05)

3t,?5(:.6,69) 6z,zz(35,03) ?3,?r(3?,69)
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Souree

Response type (nns)

Event nate (nAt)

RES X RAT

tJlthin Cel-ls

Total-

Table ?

Analysis of Varianee for Experlnent One

,OiP(2,g6)= 3,@

,o5L(3,96)= 2,?o

,05î(6,96)- 2,19

,01F(6,96)= 2,99

2

3

6

96

r07

SS

3305,9766

4037,539r

g\gg,5rI7

6o(]8,9SZo

?7886,8125

29

MS

1652,98?8 2,62

1345.8462 2,r3

1649,gr85 2,6r

6jt,7o?B



Table 3

Analysls of Sinple Main Effects of RES in Experinent One

RES at RAT'O

RES at RAT,O

RES at RAT6O

RES at RAT'.

Wíthín cell

,a5L(2,96)= 3.09

,oJ.y.(z,96)= 4.83

2

2

2

2

e6

]-0I0,72

2527,t+L+

T7Lþ3.T8

?924.+6

6o&+2.96

505,36

1263,?2

87r,59

3962.23

6zt.zt

30

0,80

2,00

1.38

6,zz
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Table þ

Tukeyts HSD Test for Dlfferences Between Means Hlthtn the 80 Per Minute

Event Rate ln Erperlment One

uoÍ¡paï].son

(a-n) - (r-n)

(r-n) - (o-n)

.0059(31 60)= 4,6rt.

.0019(1,60)= 5,J65t

(rÞralned. g( lr9ö,)

.00Jg(3r120)= 4,5"t

.0019(1,120)= 5,2t.1-

5,13

l+,89



Table 5

Analysis of Slrnple Main Effects of RAT ln Experlment One

Souree

RAT at RES'_R

RAT at RES- -I-H

RAT at RESZ_*

I'ilthin ce1l

,05F(3,9:-)= 2,69

.01F(3.96)= 3,98

¿tf

3

3

3

96

ÐÐ

5050,39

509,5r

8377,77

MS

]-.683,46

169,B4

2792,59

6)t,7t6o6Lg,96

32

F

2,6?

0,2?

4,42
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Table 6

sunmary of TreniL Analysls of 2-R Response Function in Experinent one

2-R: linsear trend.

quad.ratic trend

cubic trend.

Ì'lithln cel-I

. o5F(1.96)=

,ol-F(l ,96)=

¿tf

3.g3

6,90

1

1

1

96

2192,0337

3&l9,?J296

2540,?090

6o(]8,96

SS

2192,0337 3,47

3(i+j,3296 5,?6

2540,7090 4,02

63r,7t



Flg' I

Response [.[pe as a F\rnctlon of Mean Reprocluctlon Interval and. Event Rate
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Dlscussion

Experlment 1 exarnlnecl how sst pereepttons of the duratlon of a

current lnterval were affected by the eonple:clty of each response

to eaeh stlnuLus ln a serles, and. the rate of the stlnruLi in the serles.

the analysis of the tlata cllsclosed two noteworthy ftntlf.ngs. Flrstly,
wlthln the fastest (80 per nlnute) event rate, as the conplexlty of

each response lncreased. (o-n - no evert response¡ I-R - sfunpre overt

Itesponset 2-R - cholce overb response) the tluratlons of the reproclue-

tlon lnterr¡als inereased.. Thls flndlng supports the blologlcal cloek

hypothesls whleh states that lncreased. aetlvlty or eonplexlty aets

to cllvert attention fron the lnternal clock, causlng ås to ¡nlss tlcks
ancl thereby procluce longer lntervals. The cognltlve elock .: hypothesls

woulcl pretllct that lncreased. actlrrlty would. result ln deereasecl procl-

uetion lnterval-s because the pereeptton of tl¡ne is ctlrectly relate¿

to the suceesslon of events - the greater the cornplexlty the tshorter

the apparent duratlon. Thus, the cognltlrre elock hypothesls was not

supported.. lloweverr thls concluslon ¡nust be consld.ered. wlth a great

cleal of cautlon, sinee no systenatle relatton exlsterl between response

types at the other event retes,

The other noteworbhy flncLlng ¡vas the shape of the 2-R response func-

tlon across lnereaslng stlmulus rates (see Fig. 1). fhe presence of
quaflratlc antl eubic trend. components ln thls functlon tencls to suggest

that other unaccountecl factors ]rere ln operatlon.

There were peeullarltles of the Ssf responses to the color sequenees

1n the 2-R response eond.ltion at the 80 per rninute event ïate. Casual

lnspection of the record.s of ss responses to the colors in a1l- other
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treatnent eonbinatlons shons that the responses were conslstent anil

presumably, aecurate. (The natn puryose of the event reeord.er was to

nonltor Ssr responses and. thereby make certaln that the lnstructlons

had. been und.erstood. The reeord.s were not eLear enough to allow for

preelse analysls). However, the recorrls of the [s in the 2-R X 80 per

ninute treatnent co¡nblnatlon shows that responses were not nad.e to

each stlrnulus event and., presunably, the responses Ìrere to sone ertent

lncorrect. thls ftnd.lng was not une:çected. sl_nce Vroon (fg?O) tra"

reportetl that the hlghest event rate for conslsteney and aecuraey

for eholce responses ls /J events per nlnute. SubJeets ln thls

eond.ltton eoulcl be tleserlbed as having e:çerlene€d an lnfornatlon

lnput rate whleh exeeed.ed. proeessing ehannel capaclty. rn terms of

the franework of the present study, thls excess resulted ln the greatest

loss ln the ablIlty to keep track of ongolng tlme.

The best concLuslon, then, would. be to reserve juclgenent as to the

effects of response eonplexlty antl enent rate on the pereeptlon of

lntervals ln the present, fnpllcatlorsabout furbher research, however,

are worth consld.erS.ng.

The maln task of subsequent researeh roultt be to flrst isolate

ancl then controL the r¡arlablds) that may have been present but ¡rere

not eontrolleil ln the present study, The task that each S v¡as engaged.

ln ean be broken down lnto two cornponents: (a) respond.lng to the eolors

on the sereenr afid (b)keeping track of ongolng tlne. The d.lfference ln

the eharacteristies and the tle¡nancls of these sub-tasks was partlally

reflected ln the dlfflculty 1n wrltlng a set of lnstn¡ctlons that woul.d

be und.erstooct by ¡nost ss, The executlon of sueh a elual task requires
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[s to d.lvlde attentlon between the twoomponents (as e:çected.). However,

dlfferent [s may have placed c[fferent welghts on the relatlve lnportance

of eaeh sub-task. Thusr a l"arge parb of the enror varlabillty rnay be

attrlbutable to tl.lfferent attention swltchlng characterlstlcs of the

[s. One way to control thls r¡arlatlon nlght be to introd.uce another

lnclepend.ent varlable the effect of which woulcl be to establlsh and.

speciflcalLy ad.rrlse Ss as to the relatlve lnportanee of each sub-task.

For exarnple, in one set of lnstructions Ss woulcl be told that lt ls very

lnportant to perfo:ctr the color response task well, another set of lnst-
ruetlons woultl tell Ss that lt Is lnportant to estl¡nate the duration

of the tone serles aecurately, antl a thlrd set of lnstnrctlons woul¿

aclvide Ss to give equal lmporüance to each sub-task. On the assunption

that Ss woul-d. attencl most often to the nore lnportant task, lt woulcL

then be posslbl-e to examlne the effeets of dlfferent attentlon swltchlng

characterlstles ln tllfferent cond.ltlons.



Stlurull and. Apparatus

All stinull and. equipnent were the sane as used" in Erçerlnent I except

for the clocks and. the swltches, whLch Ìrere renoved. fron the centers

of the panels.

Subjeets

Tt was orlgfnal-ly lntentlecl to use the same sex (female) and number

of Ss per ceJ.l (nlne) as tn Experlment 1, However, cllfflculties tn

obtalnlng the requlred. 321+ female Ss letl E to recrult both nale a.nd

female Ss. A sufflclent nurnber of females, nonethel-ess, eventually

slgnedl up to ful-lflIl the orlglnal lntentlons. Ttrus, d.ata was gathered.

fron 321+ fenaLes evenly dlstrlbuted anong treatnent co¡nblnatlons, and

110 mailes unevenly clistrlbuted. anong treatnent conblnations. The data

fron the nales was consiclered. suppLenentary ln nature since (a) no 1og-

ieal eonparisons eouLd. be nad.e sith the results of E:çerlment I 1n

whlch only fenales were used, and (þ) the uneven d.lstrlbutlon of males

neeessitated. an unwelghted neans analysls, which, for reasons c;onsld.ered.

Iater, acLversel-y affected lnterpretatlon of the anlysls,

The d.ata from an aclctltiona]- 28 females andl I ¡nales were not analyzetl

beeause they had d'lther worn watehes on their preferred hand or tLld.

not understancl the lnstruetlons.

Proeeclure

The proceôure was ltlentlcal to that of Experlnent I exeept (a) gs

cllcl not eontrol the duratlon of lntervals' (Þ) Ss were lnformed of

the tlne aspect of the stucly only after the presentatlon of the colsr

sequence, a¡rd. (c) the duratlon of the col-or sequence (1.e., the task)

Experlment Two

tlethocl

38
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was detenilnedt by the ¡nrtlcular duratlon conclltlon (J0, 6O, or 90

seconcts) and. ¡ras controlled ìy E.

After conpletlng the task, Ss reeei.vecl a questlonnalre ln whlch

they were presented ¡rlth two llnes, and were lnstnrcteil that the top

llne (5c¡n) representecl the duratlon of the tone serles, arid that they

were to mark off on the botton llne (22cn) what they thought was the

relatlve d.uratlon of the task. After completing the above guestlon,

lt was renoved. by Er ancL Ss were given another questlonnaire 1n

whlch they were asked. to state the apparent duratlon of the tone series

ancl the apparent d.uratlon of the color sequence ln ¡nlnutes and. second.s.



Fenales Onlv - Ratt-o I
Ratlo Ì' one of the d.epend.ent ¡neasures, +las fornert by ctlvldlng the

¡neasured. Length of the narked.-off llne, representlng the Èubjeetlve

tluratLon of the color seguence, by the tength of the 1-lne representlng

the d.uratlon of the tone serles. Thus, Ratlo L ¡rad.e no reference to

real-tfune unlts.

A three-way flxett effects analysls of varla^nce r¡as used. to examlne

the effects of the type of response (nns), stlmulus event rate (nAt),

and task duratlon (nun). The results of the anlysls are presented ln
Table 7.

The slgnlflcant three-nay interactron (nus x RAT x DUR, ¿ < .oo1)

lndlcated that conplex processes were lnvolved. when Ss estlnateJthe

subjectlve tluratlon of lntervals ln the past. rn ord.er to get nore

lndlght lnto the d.ata, the RES x RAT lnteractlons for each of the

three levels of DIIR nere isolated. (see Flg. 2). Three tests of slnple

lnteractlon effects we:re nad.e, one for eaeh of the RES X RAT interactlons.

To malntå,ln the probablllty of a Type I error at .0J, Dunnrs proc-

ed.ure (rlrk, L9æ) of d.ivld.ing aLpha by the nunber of tests resulteit

l-n an alpha of ,Ol.67, The means and stanil.ard d.evlatlons assoelatecl. wlth

the above treat¡nent cornbinatlons a,re shorn ln Table 8, and the results

of the tests of slnple lnteractlon effects are presented ln Table 9.

0n1y the RES X RAT lnteraetlon at the Ç0 second duratLon eonclltlon proved.

slgnlflcant. The response functlons for thls lnteraetlon ean be seen

ln the rlght hand. panel of Flgure 2,

Ïn order to. more clearly lsolate the components of varlatlon wlthln

thls lnteractlon, tests of dlfferences ln l-inear, quadrattc, and. cublc

trend.s between response types across event rates showed. that a slgnlf-

Results
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leant proportlon of the varlatlon was due to d.lfferences ln cublc trencls

(g < .OOO5, see TabLe 10). Tests for the presence of llnear, guad.ratlc,

and. cublc trend. components wlthln each response functlon were performed.

(see Table }1). The pÌesence of cublc trencls nas d,eteeted ln all three

response fi¡nctl-ons. Whereas the functlons for the 0-R ancL 2-R response

types varled. ln the sane d.lrectlon across event rates, the I-R response

funetlon varled. ln the opposlte cl.lrectlon. These 6lmllarltles ancl illff-

erenees are eonsld.eredL ln d.etall- ln the Dlseusslon.

The slgnlflcant ¡naln effects of RES (g < .OOl) suggests that as

the eornplexlty of eaeh response lncreased., the subjectlve dluratlon of

the task d.ecreased., as reflectecl ln changes In the nean ratlos

(lo_n= 1.51¡ ll-n- 1,38t fz-R= 1.20). Thts flnd.lng 1s contrary to

the storage slze hypothesls (Ornsteln, l9@) and supports ttre flnrllngs

of Vroon (fgZO), The slgnlflcant ¡naln effect of DUR (g < .00L) suggests

that as the d.uratlon of the task Lncreased., so dld the subJective dlur-

atlon, as lncllcated, by lncreases ln the nea¡ ratlo" (Í3g 
"""- 

1-.04)

f60 
=""= 

1,38¡ i9o 
"""= 

L,66). Thls flnctlng eonforme wlth general

expeetatlons, aI-though d.oubLlng a¡ct trlpllng the task d"uratlon wlth

respect to the cturatlon of the standard tone serles d.ld not result ln

ttoubllng or trlpllng the mean response ratlos.

Although both of the above ¡raln effects were slgnlfleant, they nust

be lnterpreted. ln ternrs of the hlgher-orcter lnteractlons. However,

ln the absence of any other lnfornatlon about a task, the above flndlngs

ean be consld.ered as rraIld..
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Femal-es 0n1v - Ratl.o 2

Ratlo 2, the second cl,ependent neasurer was forneil by tllvldlng the

apperent duratlon sf, the color seguence statecl ln reaL-tine r¡nlts

by the apparent rluratlon of the tonei.itnterr¡al. In thls wêy", Ratlo 2

¡natle cllreet reference to real-tl¡ne unlts.

A three-way flxed. effects alalysls of varlariee wes used to exanlne

the effecte of the type of response (nnS), stinulus event rate (RAT),

andl. the d.uratl,on of the task (oUn). the results of the anâLysls can

be seen ln Table 11.

As for the Ratlo I ana!.ysls, the ¡naln effect of RES (g < .025)

anrl DUR (g < .OO5) proved slgnffleant, As well, the d.lrectlon of the

effects were the sane, that f-s, as the response conplexlty lnereased.

the subjectlve duratlon decreased (iO_n= l.ll4¡ Lgn= 1.38¡ lZ_n? L,22)l

and. as the task riluration tncreased,, so dld. the subjeetlve duratlon

(l3o sec* 1.01¡ 160 
"""= 

1.38¡ i9o 
""" 

= L,65),

Unllke the anä,Iysls of Ratlo l-, the naln effect of RAT provect

slgnlflcant (p. < ,05), However, as carn be seen ln Flgure l, and ver-

lfietl by tests for the pïesenee of llnear, quadratlc, and. cuble t¡end

components (tatle 12), lncreaslng event rates cl.ltl not result ln 11n-

early lncreaslng response ratl.os, More cletallecl conparlsons between Ratlos

1 ancl 2 are consld.eretl ln the Dtscusslon.

t+z
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lable 7

Analysls of Varlanee fo¡ Femal.es 0n1y, Ratlo I

Response type (nns)

Errent rate (nlt)

RES X NAT

lesk d.ur¿tfon (Pun)

RES X DUR

RAT X DUR

RESXRATXDIÍN

tülthln cells

Total

2

3

6

2

l+

6

L2,

288

)23

. o5E(3,@),"

.o5E(4,o)-

.o5r(6,o)-

.oIE(3,CD)-

3,4997

0,d+03

o.6Lt+6

20,7225

L.?2T?

1,3950

l?s:¿?g4¡OÐ

69,?r+J8

LrL.¿+320

2,6A

2,)?

?.:10

9,?8

2.7499

0,0131+

ø,Lø24

r0.3613

o,t+Ja/+

ø.2325

L.0?12

0.24011

11.31

o.06

0.¿r3

43,09

LrW

0,97

4,25

.oLF(Lzro)a 2.L8

.0058(3,o)- 1r,28

.o0o5g(2,6)- l,6o

.OOO5q(l2rd)- 2.Ç0



TebLe I

eell lteans (ana Stana

Task

Duratl-on
J0 Seeontls 60 Seeonds 90 Seeond.s

Response

2A

Event 40

Rate 6O

80

0-n

L,5?@.l,3)

1. OO(0. 33)

1.13(0.33)

L.19(0,53)

L-R

o. 6l+(0.28)

1.oo(0.15)

o.89(0.21)

t,3o(0,5))

2-R

1, 06(0.31)

1. O2(0.36)

o.91(0.lt+)

0.83(0,19)

L,62(0,rtg)

L,I+5@,56)

L,r+i(o.6?)

1.38(O,U*)

1,t+8(0.86)

1,?8(0,50)

1.4g(o.ll1)

1.3?(0.61)

1,10(0.19 )

o,g?(o,26)

L,53(0,63)

o,g2(o,20)

1.59(0.50)

z,:l+(0,66)

1. ?o(0.69)

L,g3(O,?L)

1,gr(0. ?o)

t,z6(o.l¡i)

2.Oo(0,60)

1.41(0.58)

2-R

1.1+3(0¡ 60)

1.65(0.40)

r,L?(036)

t,?6(0,62)

1-n

f-
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lab1e 9

-.

Analysls of Slnple fnteractlon Effects of RES X RAT

RES X RAT at nUlo 6 3,6L20 0.6020

RES X RAl at tutóo 6 2,t762 0.?¡62?

RES X RAT at DURgo 6 6,9539 1.1588

l{lthln cells 288 69,2r+fr 0.2404

'o5E(6,o)* !,ro

,0167r(61 6)- 2.63

.0005F(6,o). 1r.02

2,50

L,5l

l+,82



Table 10

Dlfferences ln Llnear, Qr¡aitr¿tic, and Cublc lrends ln the RES X RAT

Interaotion et DUR'O for Ratlo I

Dlff. in llnear trend

Dlff, ln quadratlc trenil

Dlff. ln cublc treail

tllthln cells

,o58.(z,a)o 3,oo

.0005F(2r6)= f,60

2

2

2

?88

o,??)5 9.3867

9,53?t+ 0,2687

5,9034 2.95t7

@.243a 0,240t+

1.61

L.L2

12.?8



Table 11.

Teets for Llnearr Quaôretlc, and Cublc Trend^ Conponents t'Ilthln Response

F\¡notlons for Ratlo L

Souree

RESo-n llnear trend.

quailratle trend.

cublo trend.

llnear trend

guarlratlc trend

cublc trentl

llnear t¡enrl

quad.rattc trend.

REgl_R

RESz_R

df

I
I
1

t

I

T

I
1

1

288

eubie trend

t'llthln cells

SS

0.151t+

1.3699

1.2¿+00

0,2599

0.0075

3,9290

L,365?

0.3080

l..4og8

6.2438

,o5l(1,o)- J.84

.0259(r.ro)n 5,02

.OOO5E(Lro)- 12.10

t+7

r{s

0.15111

L,3æg

1.2400

a.2599

0,0075

),9290

t,965?

0.3080

1.¿+Og8

0.2404

F

o,6g

5.Ø

5,16

1.08

0,03

u.89

5,æ

L,28

5,86
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Dlscusslon

The present experlnent was cleslgneil to exa¡nlne the effects of

Tesponse cornplexlty (nus), event rate (nAt), a¡rd task duratlon (oun)

on the subJectlve d.uratlon of a task in the past, that ls, one in
whlch lt ¡ras not known that the d.uratlon of the task ¡ras lnrportant

vrhtle lt was belng perforrned.. The analysls of the data showett that

the pereeptlon of the ap¡ryrent dturatlon of sueh interr¡als should hot

be consldered as a sfunple proeessr

the overatl dlfference ln the analyses of Ratlos. r and. z suggests

ftrst sf all that consldleratlon nust be gtverr to the ¡uethott ln whlch

subjectlve duratlon ls reported. -- whether wlthout reference to raal-
tlne unlts (natto 1) or wlth reference to real-tlne unlts lnatro z).
As for the r¡se of Ratlo I or Ratlo 2 in the present type of research,

lt woultl seem to be a ¡natter of preference of the lnvestlgator. Hon-

everr Ratfrô L nlght be a nore sensltlve neasure than Ratlo 2, ALthough

non-l1'near trencls across lncreaslng event rates were d.etectect ln both

analyses, the tllfferences ln the d.ireetlon of narLatlon were present

ln the analysis of Ratlo 1, but not ln the anålysls of Ratlo 2, Furth-

ernorer Ratlo 2 ¡¡øy be subject to r¡arlables whlch do not affect Ratlo 1.

A llke1y varlable woultt be flst preeonceptlons about the relatlon bet-

ween real-tlne unlts and. thelr oïn perceptlons of tlne. Sueh anchorlng

effects ere aLways present ln absolute judgenent methotts (Torgerson,

L958, p, 80), For the above reasons, further dlscusslon wlLL eenter on

the resuLts of the analysls of Ratlo 1.

One of the two maln hypotheses lnvestlgated in the present stu{y

was that lncreases ln the conplextty of the nunber of er¡ents ln an
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lntervaL ln the past are refleeted. by lncreases ln the sub.jeetlve

cluratlon of the lnterr¡a1s (Ornsteln, L9Ø), The hypothesls rras

nelther supported nor rejecterl þ the analysls of the data. rn the

no-overt response conclltlon (o-n) for a task d.uratlon of p0 second.s,

whlch was sl¡rllar to the no-overt response cond.ltlon used. by Ornsteln,

lncreases ln the nunber of events (by lncreastng the event rate) dttt

not result. ln a systenatic lncrease in subjectlve duratlon. Howeverr

ls ttld. not result ln a systernatic d.eerease elther, The presence of

cublc and. quadratlc trencl conponents tend.s to suggest that slrnpl-y

the nunber or rate of events in a 90 second. internal ls not the only

factor operatlng.

This also hokls,sfor the nost conplex respoRse (z-n) and the slnple

response (r-n), both of vrhlch ¡rere d.eslgned. to test the other naln

hypothesls. The second hypothesls suggests that when ss overtly resp-

ondl to stl.nuÌl, lncreases ln eornplexlty are reflected. by d.ecreases 1n

subjectlve dturatlon (vroon, f)?o), Although thls was found to horcl for
the maln effect of res¡ronse t¡r¡n, the signlflcant simple !.nteraetlon

effect d.oeas not strengthen thls concluslon, That ls, the presence of

non-lineav trend. conponents ln the response functlons suggests the

presence of unaccounted. faetors. Just what these factors rnight be

Is i¡lresentl-y unknown. However, these flndlngs ane not unlque. Jones

and. Meclean (t966) anct Pachtnan (jg?z) toun¿ quadlratlc and. cubic trend.s

aeross lncreaslng event rates. (;ones and. Maclean (f966) mad.e the tenuous

suggestlon that the non-Llnear trendle rnay be the resuLt of lnteractlons

between stlnulus event rates a.n(l physlol-ogfcal rhythrns).

It ls posslbl-e that the slnllarlty ln the proflles of the 0-R and.
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the 2-B eondltlons nlght be attrlbutable to the und.erlyslng slnllarlty

of the tasks ln both contlltlons. Although gs ln the 0-R ,condltlon.were

lnstruetecl not to nrake overt responses to each stlntrlus event, they were

lnst:nrctett to try to detect the presence of a non-existant orange color.

Thus, each stlnulus event lnltlatert a deelelon proeess, as was the ease

for Ss ln the 2-R eoncl1tlon, who haél .to responù.rovertly and. dlfferentlally

to rerl and. green events. Subjects ln the l-R conclltlon slrnply had. to

respond. to the presênoe of an event, ¡vlthor¡t regard. for lts color. One

of the unknown faetors, then, nlght be the complexity of the task, wlth

llttle regard. for overL respondLng.

Another lnportant conslderatlon nayr:be that the task had to be recallecl

when lts duratton was belng assessed. Tt eould. be that an ad.d.ltlonal

unknown faetor ls rel-ateclelther to the storage or ts the retrleval of

the task, or perhaps to the rnetetlng or "tlmlng" of the recalled. event,

F'or exanple, one set of chunking procedures rnlght be operatlve for

compLex responses, and. another set for slmple responses. Effeets âssoc-

latecl wlth storage proeesses eould. be lnvestlgatetl by exarnlnlng changes

1n the shapes of the response functlons as the tlelay bet¡veen the e:çer-

imental task ancl the questlonnalre l-s lnereased., It should. be actiled that

ln the present study, the clelay was about 20 secmdË¡, whlch ¡¡as slnllar

to the deLay usetl by Ornstein (t969), Perhaps one reason why predomln-

antly llnaar effects were not obtalned ln the present. stucly ls that for

the tasks involved. a d.elay of 20 second.s mlght not have been sufflclent

to eornplete the "1d.1e-actlve'r transfosrnatlon (Cohen, 196?), However, the

nature of the transfor¡natlon ls not unko¡vn, nor ls the requlred. d.e1ay

known.



As ln Experlnent 1, the z-R x B0 per mlnute event rate treatnent

comblnatlon seened. to have resulted:ln an exees of channel capaclty.

Conflnln$ consld.eratlon to the 90 seeond task d.uratlon concl.ltion, lt
can be seen (tr'lg. 3) that thls treatnent eomblnatlon d.lit not result
Ln an lnordlnate estlnate sf the task duratlon. ït can be conclud.ed.

then, that the effect that exceed.ing channel capaelty had. on the

estLnatlon of eunent lntervals dllct not oeeur in the proeess of
estlnatlng the relatlve subjectlve d.uratlons of lntervats ln the

past.

Further research wouLdl l1kely involve dr¡ratlons of 90 seeonds or

longer, slnee the reFponse functlons ln the present study dlid not

stablrlze at the J0 or 60 second suratlon condltlons. As werl, reten-

tlon lntervals between the task antl the questlonnalre woulcl be manlp-

ulated.
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Supplenentary Data

Males 0nLy - Results antl Dlscusslon

Ratl-os were formetl for the clata fron the males ln the same nanner as

for the fenales. Two three-wâI unlr€lghted. neans analyses of varlanee were

perforned on the data. The lnclepend.ent varlables t¡ere the sa¡ne as ln the

fe¡nales only analyses. The nunber of [s per cell ranged. from J to 2. The

resuLts of the analyses, shown ln Table 12 for Ratlo I ancl Tab1e lJ for

Ratlo 2, nust be eonsicleretl very cautlously. Slnce an unwelghted. neans

analys!-s welghts each eeLl nean equelly, even 1f there are more [s 1n

sone celLs than ln others, there ls a lsss ln preclsl.on ln deflnlng

sourees of varlatlon, Thls loss f.s reflected. ln the 'rError rilue to

approxlnatl-onrr ln Tables L2 and, lJ,

The analysls of Ratlo 1 shows that the ¡raln effects of nES (g < .05)

arîtt DUR (g < .001) anrl the RES J( DUR interactlott (p < .Ol) were slgnlf-

tcant. As for the fenaLes, the nean ratlos d.ecreased for lncreaslng

response eonplexltlr üd lncreased. for lncreaslng task tluratlon. Unllke

the sinl1ar analysls of the d.ata fron fe¡nales (see Table 7), the effeet

of the RES X RAT X EUR lnteractlon was not slgnlflcant. thls nlght suggest

that for nales, stlmulus event rate nay not be a salLent attrlbute wlth

respect to srrbjectlve d.uratlon.

The analysls of the Ratlo 2 data (fatle 13) shows that only the maln

effeet of D{IR (g< .OO1) and the RES X DUR lnteractlon (p < .01) were

slgnlfleant. Thus, the results of the analysls bear 11ttLe slnllarlty

to the resuLts of the analysLs of Ratlo 2 fov the fenales.

The supplenentary nature of these results must be enphaslzed.. the

snall ce}I n ln nany cells, as well as the unequal cllstrlbutlon of Ss,

€treatly Llnlts the extenslblllty of these ftndlngs.
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Response type (nnS) Z

Event rate (nlr) S

RES x RAT 6

Task Duratfora (Uun) z

RES X DUR 4

RAT x ÐIfR 6

RES X RAT X DUR 12

hrlthln ee1ls 7+

Error ilue to approxlmatlon*

Total I09

Tabl-e 12

xsee dlscussLon of

,05L(2,7+)- 3,I2

,oiE( 6,?4)- z¿zz

.0LF(4, ?Þ)- 3,59

.001F(2r?4)= 7.5n

3,2283

0,6058

t+,0t+33

1þ,l+1,65

6,1+2?5

r.9407

3,0779

24,2].77

-J,465L

qlt-aqzt
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1,61þL

0,20L9

0.6?39

7,2083

L,&69

o. 3068

0,2565

o,327J

supplernentaq¡ data

4.99

0,62

2,06

22,Q3

4.gt

0,gl+

0,79
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fabLe 13

AnaLysls of Varlanee for l4eles 0nly, Ratlo 2

Response type (nSS) Z 0,825t+ O,I+LZ? 0.1?

Errent rate (RAT) f o,T].:]} o.z3?l o.lo

nES X RAl 6 22,9305 3.8051 L,sg

Taek dluratton (oun) z t+0,?5r9 20,)??t+ g.5o

RES X DUR 4 t+6,20t+5 11.551t 4,92

RAT X DUR 6 L?.3?39 2,895? 1,21

RES X RAT X DUR L2 j2,t+572 2,?048 L,Ig

rtthln cel1s ?+ L??,339L 2,3q65

Error tlue to epproxlnatlon* -L,01+g?

Total f09 i3?,U+60

*Eee d.lseugslon of sup¡rlenentary clata

.058(6,?lt)- 2,22

.058(1.2,?4)- 1.89

.ol¡(llrZr)* j.58

.ooo1g(2,?4)- 7,5t
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General Discusslon and. Conclusions

The pur¡rose of the present lnvestlgatlons was to test two theorles of

Mants pereepti-on of the duration of the lnter'¡als ln the present, as

they are belng erperiencecl, and ln the pastr when the d.uratlon of the

lnterr¡al was not of lnterest. The blologlcal, clock hypothesls was d.lscus-

sed flrst in terms of attenpts to cleflne or locate the rhythnlcal

organlsnlc process which may be the basis of the internal elock.

In general, these attenpts have falled. However, lnd.irect evltlenee for

an lnternal clock coulil be obtainecl by pLaeing Ss ln partlcular e)q)er-

imental sltuatlons, as 1n Experlrnent 1. Erperlrnent 1 was also a test of

the cognltlve elock hypothesls whlch e:çLa1ns Manrs pereeptlon of tlne

as belng cllrectly related. to the suecession of events. The results

of Er¡lerlnent l- were not coneluslve. Although lt was found. in one

eonctitlon that lncreaslng cornplexity resul-ted. ln lnereaslng reprod.-

uction lntervals, thereby glvlng some support to the biologlcal clock

hypothesls, the Lack of thls flncting ln other contlitlons weakens thls

support, The presence of non-l-lnear trend.s across llnear lncreases in

event rates for the most conplex response type suggests that unaccounted.

factors are lnvoLved. in the assessnent of the subjectlve duration of

interval,s ln the present.

Ex¡rerinenl 2 was not a tlirect test of the biologlcal- versus the

cognltlve clock theory, but was tleslgnecl to e:<amlne the roles of response

complexity (ln partieular overt versus covert responding), stlnulus event

rate, ancl task cluratlon ln the process of assessing the- subjectlve d.ur-

atlon of interval-s ln the past. Slnee the lnterval of lnterest was Ln

the past, lt woultl be reasonable to expect that 'fcognltlve" processes



rere operatlve ln the estimatlon of the lntervalts d^uratlon. However,

Just what the eognltlve proeess ntght be ls not known. In genetal,

Ornstelnt s (i.|glf) storage slze hypothesls 1n whlch subjeetlve cturatlon

ls rllreetly related. to ùhe 'slze'r of the renenbered. event was not

supportetl,

Flnally, the complexities of the results of the present stutlles

emphaslze the necesslty for nultl-factor cleslgns to lnvestigate

subjeetlve du¡atlon, Only such experlnents can begfn to approxlmate

the fultracacLes of subjectlve d.uratlon.
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Data fron Elqperinent

I'r¡nctlon of Type of

Appencllx A

One: Reproductl-on Intervals

Response (0-n, l--R, and 2-R)

(2o, 40, 60, and 8o per Mln)

Event Rate

20

90.20
6?,?3
46.11
L+9,35
l+5,85
93,60
28,29
43,70
57,52

64.81
101.98
80.20
81.12
)3,80
3t.t*
60,49
5t,72
20,Ll

]g,L5
5t+,43
17.00
30,?t+
57,Lvz
?5,9o
86.82
43,r2
?:2,66

0-R

Response

(ln Seeonds) as

and. *Event Rate

Type

40

50,94
]-5.sll
4L,02
12.88
33,2L
]-7,j4
32,55
20,02
20,r5

25,72
29,89
t9,86
89,10
45.?6
75.59
L+7,9L
4r,96
32,1+2

29,O7
J6,3L
36,1+l
20,42
38,05
78.14
5Ll,?8
?8.00
53,06

l_-R

&

6o

L),95
?2,95
85,59
]9,96
2L,6+
69,2?
31,00
24,70
32,?+

64,o5
66,03
52,72
20,36
37,38
32,21+
L9,72

Log,45
59,36

?,6,78
50,06
5L,98
49.49
L6,&+
f',95
L5,49
39,!L
14.68

2-R

BO

19,20
16.40
L&,I2
23,02
55.1+9
24,1+5
2J.,21
2J.,12
60,Tt

30,8?
J3,20

10þ,81
22,65
25,92
L7,l+L
73,9L

106.83
54,1+6

108.¿y't
79,2)

L3L.05
35.9L
16,40
97,11
7?,87
35,t3
92,?2



AppencLlx B

Data fron Experlnent Twol subjeetst Response Ratlos as a Funetlon of

Response Type, Event Rate, anct Task Duratlon

(Ceft identiflcation: response type/event' rat'eftask tluratlon/sex)

o-R/zo/3o/r natto 1¡ 1.00 L.o0 1.40 1,52 r,58 1.90 L.40 2,2o 2,oB
Ratlo 2¿ !,OO l-.00 1.33 L,6? 2,00 2.00 L,50 2,00 1,25

o-R/zo/3l/u natto l-: 1,00 l-.16 L,78 2,o0
Ratío 2¿ 1.00 1.33 0,80 2'00

o-R/zo/60/r natro 1¡ 1.60 1.óó r'84 1.?2 2.32 t,oz L,22 2,28 L,62
Ratio 2¿ 2,00 I'OO 2,OO 2.40 2.00 1.00 1.08 3.00 1'50

o-R/20/6o/tq Ratto 1¡ 1,114 2.14 1.00
Ratlo 2¿ O,80 2,00 L.00

O-R/ZA/TO/F n"tfo,l-¡ I.l0 1.00 0.8t+ 1.?O L,5l+ 1.80 2,06 T'LZ 2,16
Ratlo 2¿ L,30 0,83 0.83 2,00 2.50 3,O0 2,0O 2'00 3.00

o-R/zo/ga/u natro !; J,ZQ L.3,6 3,t+8
Ratio 2¿ ?,00 L.33 t+,00

o-R/Lro/jo/r natto 1: 0,?o L,?o 1.?0 0'88 1.02 0.50 1.00 0'94 1.02
Ratlo 2¿ 0,50 L,5O 2.00 1.50 1.00 1.50 1.00 1.00 1.00

o-R/Lt'o/30,/u natto L: 1.00 1.02 1.28 1.00
Ratlo 2¿ 1,00 L,23 1.00 1.00

o-Rl+o/60/r'natto 1¡ 1.00 1.38 1.14 1.1ó t'00 2,?6 2,54 1.38 1.18
Rahto 2: 1,00 L,3J L,5O L.1? 1.00 2.00 3.00 1'50 1.50

o-R/40/60/u natto l,: 1'02 L,5t+ 2,52 0,7-6
Ratlo 2: 1.00 L,?5 3,O0 0,67

o-R/L+o/go/r n"iio l¡ Z,t6 Z,t* 3,50 2.18 1.?y 2,14 1.06 2,30 L,66
Ratlo 2¿ 0,50 1. 03 2,00 2,00 l,l$+ 2,00 3,00 1'00 1,50

o-Rl+o/golvt natto tz 2,70 2,54
Ratlo 2¿ 2,50 2,40

o-R/60/30/r natto 1¡ 1, & l.o2 1,50 1.90 1'00 0.51 L,02 L,28 l,Jz
Ratlo 2; L,40 1.OO 1.33 O,?5 !,00 0.6? L,Oo 0..67 r,ii

o-n/60/lo/tq natto Lz L.Ç6 0.88 0,88 2,'1"6
Ratlo 2¿ 9.99 O,9l 0.83 2.00

o-a/60/60/¡ natro t¿ 0,i61.02 1.2t+ ?,56 2,26 !,1& o,?6 t.og 2,02
Ratlo 2¿ 0.?5 I,OO 2,OO 1.50 2.00 1.6? 1,00 1.00 2,25

o-R/6o/6olu natlo 1¡ 0.84 l-'oo
Ratlo 2¿ 0,75 L,OO

o-R/60/ga/r natto l-¡ 1.?o 2,28 1.38 l-.16 1.28 3.10 L,oz L,20 2,20
Ratlo 2¿ 2,OO' 2,00 L.50 L,33 2,00 2'40 1.00 1'17 2'00

o-R/60/90lu natto Lt Z,ob 4,40 3.,22
Ratlo 2t 5,OO 9.99 6,00

o-R/80/30/r nãtro l-: ó.?2 L,oo 1.02 r.00 L,2o 2,L6 1.98 1.oo 0,61+

Rati; ál 0','6? l-,00 1.25 l,0o 1.oo 2.00 l-.50 I'oo 0.67
o-R/80/30/u natto L: o,P8 t,3o L.oz

Ratlo 2z !,00 1,00 1.42
o-R/Bo/60/r nåtio r: r.58 1.00 1.5-6 o,?2 !,30 2,21+ 1.00 1.54 1.50

Ratlo 2t !,25 !,00 0.6? t,5o 1,33 z,0o 1.00 1.50 1.20
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Appendlx B (Cont'd)
o-R/8o/6o/u natto 1: 1.40 L.5o o,90

Ratlo 2z 2,OO 0,67 0,92
o-R/80/90/p natto 1¡ 1¡oo 2,32 1,52 0,86 z'ob 2,L6 2,62 L,84 3,02

Ratlo 2¿ L,00 l-.83 I,47 0,50 2,00 1.00 3,00 1.33 3,00
o-R/8o/90lu natto lt 2,06 L,9t+ 2,32

Ratlo 2¡ 2,0O 2,00 4.00
L-R/zo/jo/r natto 1: 1.oo 0,?2 o,?2 o,?8 0,10 0.40 0,38 0.84 0.78

Ratlo 2t L,00 0.83 0.?5 O,?5 0,08 0.03 1.50 0.?5 0,67
:-R/zl/jo/u natto lz 1,52 l-.86 0.88

Ratlo 2¿ 2,00 0.50 0.80
t-R/zo/60/r natio !¿ 2,50 3,00 o.?6 o,I+6 1.04 1.00 l-.88 l-.¿16 1.1-0

Ratlo ?z 2,OO 3,OO O.60 O,2O 1.00 1,00 2.OO 0.67 r,00
I-R/zo/60/t{ natto :L: 0.86 1.50 0.86

Ratlo 2¿ 0,80 1.50 8.00
l-R/20/90/r natio h ),1+t+ l,l8 2,2t+ L,26 2,31+ r,80 1.5O 1,88 r.58

Ratlo 2: 2.5O L,l? !,22 L,5O 2,5O 2,25 I,67 3,00 4.00
r-R/20/90/u natto 11 1.12 z,?L+ 1.00 1.18

Ratlo 2¿ L,56 l-,00 1.00 1,20
t-R/40/30/r natto 1: 0.?6 o,8o L,l-8 l,oo r,22 1.00 1.00 l-.00 l-.00

Ratlo 2z 0,6? 0,6? L,11 1,00 1.50 1,00 1.25 L.00 1,00
L-R/40/30/u natto Lt !,92 0.50 1.14 1.68

Ratio 2¿ 2,00 0.50 I.00 0.38
L-R/40/60/r natto 1¡ l-.88 2,2t+ r,5L+ o,9o 1.86 1.* 2,32 2,t+4 L'54

Ratlo 2¿ I,33 L,5O 2.00 0.'88 0,6? L,33 0,50 1,50 I,?3
vn/40/60l¡,t Ratio 1r L.56 1,04

Ratlo 2¿ L,20 1.00
r-R/40/90/r natto 1¡ 1,Y l,olþ L,46 L,28 !,28 0.94 0.86 1.98 l-.12

Ratlo 2t L,33 L,00 1,33 ?,5O 0'83 1.33 O,9O 3.00 1.08
r-R/40/9olu natto 1: 1. oz 1,54

Ratlo ?¿ 1,00 3,00
L-R/60/jo/p natto 1: l.Lo 1.00 0.88 0,88 1,00 0.71r l,16 0,50 0,72

Ratlo 2t L,25 1,00 0.83 0.67 L,00 0.83 L,50 0.50 0.80
L-R/6obo/u natto L¿ 0,92 0,92 L,36

Ratlo 2t l,LZ 0.83 1.50
l-R/60/60/¡'natto l-: 1,42 1.40 l-.00 L,Lto 2,32 r,74 L.32 L,oo L'80

Ratro 21 1,33 I+,50 L,oo 2'00 ?,oo 2,00 1.6? 0,63 t,67
L-R/6o/60/u natto l-¡ 1.00 1.28 3,oo 1,56

Ratio 2: l-.00 3.00 l+.00 1.50
l-R/60/go/r' natto !¿ !,t19 L,82 L,7+ 2.50 2.82, 2,!8 2,38 0,82 2,26

Ratlo ?z L.25 2,25 L,?5 z,LI ?,OO 2,00 1,60 0,5O 2,50
:-R/60/9o/u natto lt 3,1-8 1,?6 l-.68

Ratlo 2, 3,00 2,00 0.¿13
t-R/80/30/r natto 1¡ 1.?6 2,08 0,82 l,t+)+ o'90 1.04 0.?q2,00 0'92

Ratlo 2¿ 0,6? 2,00 0,80 L.20 0.80 1,00 0.76 2,00 0'80
L-R/}l/jolu natto 1¡ 1.oz 0,22

Ratlo 2z I.00 0.30
L-R/ïo/60/r natto lz 0,J6 l,?6 o,9L+ L.02 1,02 L,52 2,2o 2,32 L,00

Ratlo 2¿ 0,50 l-,50 0.83 3,00 1.00 L.50 2,O0 r.73 1.00
t-R/8o/60ltt natto l-: ô.98 r,30 L.02

Ratlo 2¿ 1"00 2,0O 9,99
l-R/}o/go/r natto 1: 1.00 l-.00 2,46 !,08 1.82 1.00 2,16 L,00 L,20

Ratio 2¿ !.00 1.00 2.00 1.18 L.50 I.00 3.00 I.00 l-.50
L-R/80/90/u natto 1: o.88 1.96 0,67

Ratlo 2z Q,ÇJ 2,6? 0,6?
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Appendlx B (contfcf)
z-R/zo/jo/r'natlo L: 1.44 0.98 0,?8 o,82 0,84 1.00 1,72 L.00 l-.00

Ratlo 2¿ !,33 L,zO 0.83 0.6? 0,6? L.00 1.50 1,00 1.00
z-n/zo/30/u natto 1: 1. oo L,52 L.00 0.92

Ratlo 2¿ 1,00 1.00 1,50 0.80
z-R/zo/60/p natto Lr 0,96 1.00 L.00 1.00 l-.00 1.00 L,40 l-.41+ 1.08

Ratl-o 2¿ 0,83 ?-,OO 1,00 L.50 L,25 L,OO 1,50 l-.50 1.16
z-R/zo/60lu natto 1: 1. 82 L:9t+

Ratlo 2, 3,O0 2,1+6
z-R/zo/g\/r natto 1¡ t-. Bo 2,W o,82 !,oz 2,20 1,20 0186 1.02 l-,50

Ratlo 2¿ ?,oo 2,50 O.BO 3.00 2,33 l,0O 0,67 L,00 L,50
z-R/20/90/u natto 1¡ 1.?+ 1,00 1,32 l,$t+ 1,58

Ratlo 2t !.50 L,OO 1,23 þ.00 1.67
2-R/40/3o/r natto 1¡ 0.88 o,?2 L,oz L,?6 o,ry r,t+tr 0.61+ 1,00 1.00

Ratlo 2¿ 0,6? O,5O 1.OO l.ltl+ 0,67 2.OO 0.38 1.00 L,00
2-R/Lþo/30/u natto 1: 1.Ço L,o2

Ratlo 2¿ L,67 L,oo
z-R/4o/60/r natio 1: 1,00 1,00 0.68 o,?o l,0o 1.02 L,oo r,56 0.76

Ratlo 2¿ !.00 1.00,0¡,60 0,?5 o,5o L.00 tr,00 1.80 0.50
z-Rlto/60,/u natto Lr 1.14 1.82 2,lo

Ratlo 2t L,33 8,75 2,0ø
2-Rft+O/90/r natto 1: 1.02 L,82 2,26 L,yr r,5O L,3L+ L,96 2,0t+ 1,56

Ratlo 2¿ L,00 1.50 1,50 2,0O 2,00 1,00 2,25 2,00 L,50
z-Rl+o/go/tq natto 1r l-.90 L,Lz

Ratlo 2, 3,60 t.38
2-R/60/30/r natto L¡ ó.98,L;00 0.?2 o,9o 0.86 1.00 1,04 0.66 f,'02

Ratto 2z L,00 1.30 0,88 0,89 0.90 1.00 1.00 0'33 l,0O
2-R/60/3ofn na+to t-: o, & o,t+o

Ratlo 2¿ o,60 0,75
z-R/60/6a/r natto 11 1.oo 2,26 L.6o L,?t+ 2,06 L,oo 2.62 l,o0 1.00

Ratlo 2t L.00 2.00 2.00 l-.17 2,00 1.00 2,00 1.00 1.00
z-R/60/60/u natto 1: o.Tz L,58 L,&

Ratlo 2¿ Ø,83 3,00 L.50
z-R/6o/go,/r natto r: l,l-0 1.oo 1.46 0.?8 1.oz 0,58 L,5o l,t*1,&

Ratlo 2¿ !,50 1.00 1,50 0.?5 1,oO O,5o 2,6? 2,09 t,6?
z-R/60/90/u natto !¿ ?,!2 L,oo 1. Y L,9Lt'

Ratlo 2t 2,00 1.00 L'50 1.50
z-R/ï}/io/¡'natto 1: L.oz 0.80 0,68 1,oo 1.00 0,50_ 1,00 0.8-B 0.62

Ratlo 2¿ !,00 0.83 o.5o L,00 1.00 0.16 1'00 0.83 0,6?
z-R/ïl/jo/u natto rr 1.6? 0,80 0.86 1.00

Ratlo 2¿ L,50 0.80 0.86 L.00
z-R/80/6o/v natta 1¡ 1,02 1.20 0.82 1.02 0.?2 l,o? L,oz o,9o 0,56

Ratlo 2¿ L,00 1.50 0.83 1.00 O,?5 1.00 1.00 0.6? Z,O0
z-R/80/60/M natto L¿ L,24 2,t+2 1,58

Ratlo 2¿ L,33 I+,50 1.33
z-R/Bo/go,/r natto L¿ L,561.30 1,00 ?,Ø 2,?o L,3t+ L,32 2,16 1.86

Ratlo 2¿ L.00 1.33 l.5O 1,33 2,25 1,25 L.50 2,00 2.00
z-R/9l/goÍq natto L¿ 2,& t,86

Ratlo 2s 2,25 2,00
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