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s Amsmacr . - .

\Familar sounds and their spoken names were compared in

a frequency julgement paredigm. In Experimént 1, gubjects

“'heard a long list of either soundé or wort}s wi'th individual

items oceurring O, 1, 2, 4, or 6 times followed by.en unex-.
pected frequency judgement test. Sounds did not differ from
words on mean ,judged‘frequency but did display lower withi.n— .

subject ve.riability than words as well as auper].or frequency

'Judgement acourady. . It was suggestad that the dlfferencea %

found may réfleet dxfferential procesamg within speech and

‘nonspeech amhtcry memcry systems. ' InExpériment 2, subjects

heard a single list contai.uing both sounds and ﬁhsir spoken

|

,nnmes but were unexpecter]ly tested on only sounds or words.

In the sounds list, individual sounds ocourred O; 2, 4, or 6

" times while their spoken némes occurred once for one half and

6 ‘times for the.other half of the sounds at eack level of

presented frequency. Similarly, the words were presented O,

3, 4, or 6 times while. their ponding sounds’

'G‘is}imes. mha}}essn'c? of words in. the-sounds list and

sounds in the word 1151: caused subaecte tu give inflated

estimates of ‘the ‘number of times the sounds or wards had ‘w"i g
actually occmed.‘ As hypothssxzed, .this distortion in Judged

is latt er

frequency was grester fot words tha.n fcr sounds. .

4 raault we.s mtemratad in terms of an extenelan %o, the aud1tory
.modallty of ‘Paivio’s (1971) dual.coding frsmework, strassmg
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INTRODUCTION— -
““Psychological investigation into memory for meaningful

nonverbal auditory stimuli (i.e: familar enwironmental su\mds)

has a rather limited background in contrast to the extensive

research conducted on mémary for both auditory ‘and visual

B \

verbal stimili and nénverbal.visual stimili (i.e. pictures).

I

ounds’are by definition easily reeogni’zabls and *

b @ind hence are readily compmble with their corres—

pondin ‘erbal labels as stimilus items. The prmulpal
chechve of the presen; study was to ‘assess some of the
factors which influence the learning: and retention of familar
sounds as compax(e\d with their verbal labels, The first aection/

b N ;
of the introdliction Teviews previous rasesrc‘} that has .

smployed famllar sounds as stimulus items. Theoretica.'l.
amphasm is glVEn to Paivio's ((1971) two—-process theory which
stresses the distinction between verbal and’ nonverhal memory
pxjocssses. The assumption is tbi;ﬁ sounds are represented in
memory in the form of auditory, images snalogous to the rep-
resentation’ of pietures in the forn of, visual images:
Tvic? sxpériments were conducted invas‘c::Lgsting performanch
-on sounds and words in a frequency j\t&gement )mradigm, inan’|’
attenpt to-assess the role of verbal a}\d honverbal auditory
t cod.mg processes. Experiment 1 compared t’requency audgemants
for independent lists of saunds and: wo:rds under. five levels |
}g;a.seutst:m frequéncy. In.Experiment 2 subjecte recéived
a single list containing ‘both, sound and word. versions of -the

sams, presez different’ bers: of times, Follumng\ h




tl}é 1151: they were asked to Judge the fraquancy of occurrence
of-only-sounds or only wards. Dus design allows one® to est1 -
e BhemadENy i pebauivea f‘raqusncy due to.‘sound—to-word .

" and word-to—sqund ‘associhtive trensfer and furthermore proudes
@ means of evaluatm; the availability of verbal and nonverbal -’
auditory memory codes for»sounds and_words. o :
/

. Memory for. Soinds and Words O i ee i

~

The major research concerned with memory for sounds and
words has centered”on ‘the notion of differential coting for
spsec,h and nonspeech audxtory macerial. ‘Empirically, the
phenomenon has been most clearly demonstrated in several af.—\;&iss
employing selective interference tasks (cf, Brooks, 1968).

Rove, ‘Philipohalk, and Cake (1974) cnmpered recall of somnds N
and words in the Brom—Peterson distractor pare.dlgm. subjects ’
attempted to remember sounds or words under eithar verbal
(shad.owj.ng poetry) or nonverbal (shadowing mus:.c) distractor
activities. Te result was that recall was inferior for words
undsr verbal distraction but inferior for -sounds under nonverbel
aistraction. In arother stidy Rowe and Rowe (1976) Gompared
sounds and words’in the stimilus suffix paradigm (Crowder &
Murtnn, 1959) wherem a.n extra-item affixed to the end of a _

: ahorc ‘liste of audi tory i'kem produces a decrement in recall v

of the last -few items in the list. A suffix effect was obtsim¥d

Y

. for word lists with a speeeh ‘suffix bub not with a nonayaech

suffix while the omoeite was h‘\la tor saunda, i.e. only the
“nonspeech suffix produced §-Buffix effect.- :Both studies’indi-
cate differentisl processing for speech and tiongpeech auditory




material since/ma‘qory for sounds is disiupted by nonspeach';\

interfering. materiall while apsech materisl selectively inte
fsrss with memory :t‘or words. N P’ J .
S In agx‘eemen\t ‘with the above chcl\lBion, there are saveral
: pieces of evidence -which indicate that verbal and nonverbel
auditory processmg systems can be distinguished at & neuro—
physiological level. - Curry (1867)" compared recognifion of:
dichotically presented pairs-of either sounds or words with .
each subject receiving a dichotic pair and then' identifying

_the stimulus that had occurred in the dzsxgnsted ear- He

fowrd that words were identified better fx_x the’ right ear but
sounds were identified better in the_ lefb- ear suggesting that
the Left cerebral hemisphere @pecmuzed for handling speech

sounds while

sounds are p ‘4 predominently in”

/“the right hemisphere. More direct evidence for hemispheric

specialization along the Spesch-nonspeech-dimension was dis= -

covered by Shallice &nd. Warrington ‘(1'974) using a éhorHem
memory test for either gpeech "or nonsSpeech sounds. They found
subjects that showed a“pecific deficit-of gudaitoryshorte
tern retention’ only~With the verbil materiel. This atro;zgly

suggests the.t thsre A.r-e dlftex-ant neuroyhyslologlcal mechenisma

for processing verbal an

“nonverbal aud1tox-y materinl. .
One explanation. offered for these x-eau.lts centers on S
Paivio's (1971) dua.l—uod:mg or- two-p(nceaa theory ‘#hich streaus
a functional mstmctﬂ.m batween Verbal and- nouverbal processes.
Pictures 4re assumed o g.;-ou§e both & coicrete memory repre-’

Sentation: (nonverbal visual image) and t6'a lesser extent.a




verbal labe]. s“nxlarly concx'ete wards prcc;uqs both a varbal

code and a ‘{?:.-sual image. In ccmtrast., nbstract words rely .

pl'edﬂm:mﬂntly on the Vex‘hal code. In t}le case of fam:.lnr ’
s6jmds it followa that thay cs.n legd tc\ hhe fonﬁaﬂon of
visual imaginsl and verbal cudes. Hawever Euunﬂs also seem

to be rspresented in tems of a nonverbal auditmy ma.ga dis— »

tinet from tHe visual memory code. (Phxlipchalk & Rowey- 1971- .

Rows, °|974). While it is assumed that verba_l cudmg is. aim—
ilar £oF both, piotures and sounds the dominant xxonverbal dodes

As far’ as the ava.ilabillty of imaginstl and verbal Bo(h.ng

processes is- concemeﬂ, memory 1s hy—poehes:.zeﬂ to hs a funct:.on %
“of the relative ava:d.ability of'thé two codes; the 'specific

effect dppending on “the fask useﬂ and. tha utillty of the ‘codes

in thq» purtxcular task. The verbal code zs spe;zanzed prun— i

“arily for storage, of order inforpation wheress the nonserbal

cade functions pf c:.pally for st rage of item informa.fwn.
ige te!

Conaequently in,' ordered x‘ecsll tasks, nonverbal s unul:. (plcturss
and soumis) z.ra genarally reﬂembeted mnre pcor,ly than verbal

1975; Philipcha].k & Ruwe, 1971) - i mey a3 2T

In thie case ‘of the inferiority. of. sounﬂs o @dﬂ in

serial racall Rane (1974) has- suggested that ‘sounds ?/ !

1ower yrababllity of verbal codf.\rg. Howsve: nhen memory for
order is not 'equred, a.s in freé rLca].l (Phuix:chnl;:/& (Bowe,
197); or i




43 5.
Beyond these ﬂndings however thex-e has been llttls research
into how peop}e meke use of verbal auditory coding prodesses

® in nemory for sounds.

congucted by Bower and Holyoak (J973).

One study related to this issue was
They found that verbal
Yncoding of ambiguous sounds enhanced recognition or; & long-
1’:em memory task,. suggesting that familiar sounds may be encoded
verbally to facilitate long—tem stornge and retrieval.

" In’ summary then, the evidence md;cates that femiliar
sn\m@ s.nd their eorrespondmg names are processed in sSeparate
speech end nonspeech auditory prodessing systems.. Although
the two systems have been distinguished empirically, the aual
aadmg framework suggésts that they are not only mde}vandent
but also interconnected with hoth systema available for use
in memory for either sounds or words. Ths extent to which
s system is evailable @na{is involved in memory for a

_particular stimilus is dependent on the stimilus type itself

and the memory task being smpluyad.

. Memorial Rageaantqtim’ of Preguency x g 3

Empirically. there are numerous ways one can ask questions
The most coihon
design and the one used in the. present study is to present

about memorial representation of frequency.

. /p/;.ople with a long list of events (usually words) occurring

"vabious numbers of times. ehd then have tham judge the absolute
¥ ﬁ-squsncy of ooaurranca* of each svent Tha fact that a person
mm accurately raport that & word has Qeen pl‘eaantsd & certain
- number -of tmss 1mplias that thn memary aystem 15 sensitive

to™ vsr).ahons in the traqusncy of’ um e, <.
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Both Howell (1973) and Hintzmen (1976) have reviewed
N - X :
£he literature on frequency judgement and discussed the major

" theories of frequency representation. Frequency judgement

research has.revealed an extensive amount of information but
_this section will be limited ‘only to thpse empirical findings
“that: heve. velevanive bo-dha present study. Tirst of all, when
subjects have t6 estimate how often an event has occurred.
their judgements reliably réflect true apparent frequéncy.:-,
The relationship is generally a logarithmic one, uften ex—
pressed 1n psycheloglcal terms by Weber's Law 01’ I«‘requency'
perceived frequency is a logarithmic function of presented
frequency. "In the usual frequency judgement task this mani-
fests itse‘lf as sn‘o‘;'.erestignation af low-frequency items.,ax.\d
underestimation of high-frequency items (Peterson & Beach,
1967; Begg, 1974)." The degree. of over - and underestimation
relies to soie extent on’ the particular task, instructional
set,. and type of stimulus materials the subjects receive -
e.g. Rose & Rowe, .1'976).

Rescarch on the effect .of associative fregiency upon
frequency ;udgement is relevant to the second experiment '
reported here. It is well known thav distortions in judged
frequency are ‘found when items associatively related.to “the
judged iteins are ‘pradented in ‘Hie same list, . For example,."“ X
Shaugnedsy-and Underwood (1973) and Teicht (1968) showed
that the presence of “items concepbually Felated t0 & given
test item —p‘rodu‘eé an’ ov'éres:imation' of peicdived frequency.

Vereb and Voss' (1974) a:lyso Found 'evidence for ‘the effects of

associative frequeticy by uti’lizmg ‘the ‘concept of 1mp11c1'l:




_and -mtefnslly generated (imagined) events.

—, A 3 3 T.

N * \
associative response (IAR). The assumption is that people
implicitly rehearse certain words (e.g. chair) associatéd
with the word that was actuslly presented (e.g. table)s

3 "
Vereb and Voss found that frequency judgements of IARs (e.g.

chair) were increased by the presence of critical words pre-

sumed to elicit the IAR (e.g. table, desk, e . S:Lmilarly,‘

Johnson et.al (1977) have recently found distortions in  judged

frequency produced by mtsract\iQnE between extemslly presented
The  phenomenon of associative fre‘quency offers & means

of assessing the nature of assaciaéive transfer between re~

lated events, The explicit manipulation of association fre-

quency in the second experiment presented here (i.es sounds

‘and words of the same concept in the same lists) should

have the effect of incrementing judged ﬁequenc} for either
stimilus type. The important question here is whether such
hypothesized inflation in perceived frequency will be equiv-

alent for judged -sounds and words.  For instance, if sounds

are Ted more often than words are coded as nonverbal e.ud).tory
hla.gea than z.n terms of a dual emhtory coding framework sounds
would heive A higher probability of dual auditory coding. This F
foula pioduce m higher Sound~to-mord, than wordoto-sovnd asecoi-'

ative transfer and hence a larger.associative. frequency effect

' for words than for sounds. In fact, any asymmetry in the éﬁo\mt

of frequency Judgamént ‘distortion for sounds and wt{rds would
aid in assessing the nature of dual auditory processing for

speech and mmapeech smmda.




" Pinally, some experiments have compsred frequency judge-
ments for different types of ‘stimulus matl rials. Ghatala,
+.Levin, and Wilder (1%73) Dbta.uud frequency estimates for
pictures (line’drawings of familar objects) &nd printed words.
It was found that pictures-were given consistently higher
mean ,'judgements and displayed lower within-subject veriation
around the méan judged frequency than words, with the effect
persisting across all le‘ve}s Lof presentation frequexicy.
Ghatala and Levin (1973) replicated these results and in
addition found superior frequency judgement accuracy for
pictures. The authors attributed these effects to the lower
‘background (p_ra—e:q:eriniantal) frequency of occurrence of the
‘particular pictures used, assumir[g that even though they
represented familar objects the pictures were novel repre—
sentations of those objects as far as the subject was|con—
cerned..  According to Weber's law, the occurrence of an item’
low in background frequency should cause a larger subjective
increment in the memory trace for that item than for an item
with a high background frequency. Thus in contrast t(; words
9 the. subjective frequency units for pictures are ‘considered “
to be larger (hence increasing mean perceived frequency) .and
. ' siove siable (giving lése yerisble and more acourats judgs—
ments). E 5
As pointed out in'a later study concerned with discrim-
ination leaming (Chatels, Levin & MakGiM, 1975) background
frequency is not the only conceivable comstruct underlying
@ifferences in memory for pictures snd words. Either higher




eonerétenese'(@i’chmes evoke ‘strong visual images ti:at en=-
| hance- discriminai;ility’and hence mema"r;;) or nilox;e erﬁ'.cient ;
.‘dual coding (theonea proposeﬁ by Pa:.vxa, 1971) could>lead to
e the super:.onty of plcturas over words in, frequenuy Judgemsnt.
The le.tter 1dea is bsfed on the prem:.se that people are more
i llkely “to spcmtaneously name pic\‘;urea of slmple objects then
';*ghey are likely to genera.te visual images to wgrds, .. tpera,
is.a higher prgbability of" tﬁo internel codes (imqginu.‘m_ .méi i
ver‘i:al)‘icr pictures. Whatever the reason, ‘there are:differ=
’., gﬁces in frequer_ncj judgeme;xf perfommce'with‘ vsrhei and
nonverbal stimili presented.visuslly. Experiment 1 will make
| t}:svc‘on‘espovnding comparison in the suditory modality. ‘




mnmu' : | &

The, question of canm:. interest in the first experi-
ment is whether verbel and nonverbal materials influence the
__relationship between true and judged frequency of oc

in fhe auditory modality.

— ence
There is a lack of direct empirical
evidence’ to serve as a predictive base since this is the first
oxparimant to compnre fumxlar am.mds and words 'in & frequency
Judgemmt task. Never‘theless some of the research ﬂiscussed
w G r“fn the irtrofuotion has mplz.catiuns for the comparison of
sounds and words in this paradigm. Thus if the results for

pictures versus words (Ghatals. & I.evin. 19‘73) Ghatala et al,

1973) are dug strictly to a verbal—nonverba.l difference ‘thed

sounds (like. pictures) would be given ﬂighe‘x: mean frequency
judgements, lower witl‘x‘imsubje‘ct‘ variability around the mean
perceived frequency, and more accirate judgements than:words
_Ym the same level of presentatios frequency. .
.Since the frequency judgement taék is based more on -
. item information than order information thexll, in comparison-
"L to w;:rds, somige Should not. suffér the functional disadvantage
normally present in sequentlsl memory tasks (Philipchalk &

‘ROWB. 1971; Paivio et al, 1975). Hence for mean judged' rre-

- quency two possibilities- suggest themselJas- sither aoumis
will be ;udged as oucurrmg more often than wnrds, or sounds

will be Judgéd equal to words.

Hethod

Subjects  ~ : Tt
§ Seventy-four undergradustes of Hfm:nrial Universi

A




paid $1.00 for theu‘ partlclpatlcﬁ in the experiment. Of
thesa, 26 subJects pa_rtieipated in an mihsl sounds ident- ., *
1t’1cat1<m test. The remai_nmg 48 subgacts took part in the

frequency judgement task. -~

Materials

The nonspeech stimilus items vere familar environmental
sounds while the speech itiems wére their corresponding verbél
1pbéls. Fach sound vas a shortghed segment of an easily ident— -\
if1able sound! from a set of sound effect recordings.used by )
Rowe et al. (1974). & )

Procedure 3

Sounds identification test. ' In order ‘3:0 ensure reason=-
able compatibility between temporal paremeters for lists of
sounds and words (including total list time and presentetion
durations of the individual items) it was necessary to ave
sound segments - that would be as brief as words yet stil} be.
readily identifiable+s ~Shortened Qegﬂents of 35 sounds were

selected ranging in duration from 0.9 sec. to 2.2 sec. wlth

fhean presentation time of 1.6 sec., The 35 sounds were re—

. corded on magnetic tape in a rendom order, each followed by
five seconds of silerce. 'The tape wap played to a group of

' 26 subjects .who' were instructed to write down ' name for each
sound during the five seconds of ‘silence following its pres
entation. More specifically, subjects v;arg .told to place one
label - Tthe common everyday label used to'describe that
particular sound" - in the appropriate’ blank on a prepared

mswar shest and to guess if they were not sure, [

T




-r

3

12.
|

Each sound was given'a labelling consisténcy rating

defined as the proportion of subjects identifying a sound

with its common label. The final 25 sounds chosen. for the

frequency judgement ‘task were those with the highest: label~

ability ratings.

The' Gomnon verbal” labéls of these 25 sounds,

' their durations, and their.labelling consiastency ratings are

listed in Table 1.

Fx‘eguanc! judgement test. ‘The sound llsts were con- -

-structed by rs—-Lsoardmg each sownd from the master set of 25.-

‘ The word lists; recorded in & male voice, consisted of the I

verbal lsbels spoken at an average duration of one second

each. The; 25 oFigina) itens were dfvided equally emong five

levels of frequency, with 20 items -at four levéls of pres-

_,’—'lantatio‘rﬂgquency (1, 2, 4, end 6) resulting in a total of
5/ study 1ist presentations; while the remaining five items

B .
were included on the test list as items of zero presentation

* frequency.

TFor both study and test lists each presentation

of an item was followed by five seconds of silence, The order

-of- presented. items: in the study list was random, subﬂect Ho———— ﬂk

two restrictions;, first, no o gocurrences of a-particular

item would appear adjacent to one another; and second, .the

ylacement of ‘an md.*l\vidual item depended on its levpl of

|frequency i.e. an item presented twice occurfed once in each

‘half o the study liet; @ iten predented four times ocourred

gonce “in s_s.ch quarter’ of the list, etc. Fer both sounds and

words ‘the same 25 items Were used %o comstruct a second -

version of the study list with'a different subset of 'items

|-




'EABLE1

The Verbal‘Labels, Presentatlon D\uahons, and Labellmg

_ conalstency Ratmgs (Lcn) of the 25, Smmds. /
3 e Label ; Label.  Durdtion = LOR¥
e T
4 =8 ~7.2.3 1.00"- | Cats
! "\_ 15 .92 | Rooster
O Dypewriter 2.2 81 | maby s
¥ oo . 2 Sirap ; ’\1 '1»4 .81‘ Horse
i o malepnond. .. 148100 85 Doz’ E 4.3
CDram L 2 7| Bowling. . 2.0
Lo aber ol 200 277, |- onuren Be1i- 2.2
. Clock - 1.5 1.60 | ar Horn . " 0,9
Cymbals . Al 1;2_ - Door ‘“‘11;1,_-
T R 126 Hemmer 1.2 81
- —Cdsh Register 1.1 Bird ST .85
e "crnw o S % 1’;0, \ 5 5 ' ; g
s o Mean 1.6 .91




e N : . 14,

representmg each level of presentatlon frequency. m:e two

specific item representation across speclflc levais of pres—

entation fx'equ.ency. The test 11517 consisted of 25 ltems

N each presented ancev, followed by five seconds of szlence.

A total of Aé subaects were dzv:.dsd ;Lntc 4 groups of by
| .. 12, one, grqup for each of the two versions of the study list
*.2or ‘both sounds and words. The subjects in\each'group were
| ‘ tested im subgroups of three to five. For the study list
" “ ik su‘naeets wer(e sm;p}.y told to identify and remember each 1tem
“ .as it occurréql in

p tion of an ified memor; i c.
) : They were also mfomed that ¥ome items in. the study list

\‘ 5 wbuld occur more than once. The complste mstmctions are

given in Appendix A. The mstmctmns for the frequency
“‘ Judgement test were given mmexhately followu:grths study
! . lls‘b, with sd‘b,jects beimg-told to write an estlmate of " the
3 number of times each “item occurred in the study list.

The *
subaects wrote their estmates in the appropriate blanks on

) prepared snswer aha/ats. The frequency judgement test fook
¢ approximately 3 minutes to complete. \
o FrENpeC Results L

o Three measures of frequency -juage'mgnt p¥r_‘t9nnanca on.
" . ‘both sounds and wérds at each-of the five levels -of pres=
b tentation‘frequency (0, 1, 2, 4, and &) were computed: The
' measures were. (a) mean audged freguency, (b) mtrs.sub]eot
vs.tubilxty esti 8, end. (e) £

q j G t accuracy.
% Each measure is dealt with separately below, ' -

Mean judged frequency. !Eha mean audged. frequency for

verslons of the study list were usad to offset any efrecta cf'

\




*'ieance are given'in Appendi.x Be v | %

sounds and words as a function of presentation frequency

is shown in Table 2. A 2x 2 x4 x 12 analysls of variancel
was performed on.the data with stimilus tyge (sounds or words);
1ist version (one or two), presentation frequency (1, 2, 4,

or 6) and subjects (12)%as {espectlve factors, Because there
were so few. nonzero frequanc} Jjudgements given in the conditxon
where presentatlcn frequency was zéro, the data for.this :
frequenc.y level was omitted from. the .a:r;'alysis. Since‘ligt b <
‘ve;aiun as a factor had-no effect the results for the two
versions of the 11st are combined in ‘the d,s.ta tables. Althduglx ¥
there was a slight but consistant trénd across presentatlon

this effect .

troquency for sounds to be judged Lower A o
failed- to rea.ch significance, F (1,44) = 1.52. -The only
factor producing a main effect was 'px:esentation frequency,
B-(3,132) = 273.12; p.001, reflecting the expected increase '
in mean judged frequsncy as a mnotlon of mcreases in. pres-
entation frequency. me phenomenon cf overesh.matlcn of low
presentation frequenty end underestimation of high presente-

tion, frequency is prssént.but the effect was not assessed

X s’tatistically. Mean Judged ﬁ'equency was a fairly accu:mte F

x‘g{lecti&m of presentatmn rrequency.

Because there were so few nonzero frequency es&mates
at ,1:h.e zero. prasentatqmn frequency level parametric statlstz.ca
were not used. However a c!:i—;-qua;'s ana_lysia on ju@gqmeptg
of items not presented in the study 1ist revealed that sub—

1Bummary. tables for this and all subseq‘ ent analyses of var— *
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. to words, x2 = 11.02, PEI001.

/s'aﬁsets" frequency judgements was calculated for each sub— ®

16.

j\ecCS gave fev_rex> nonzero frequency judgements: to sounds than

Intrasubject variability. The variance attached to i

ject for all items with the same presen’catxon frequency.

This measure was then averageﬂ across subjects to give the

means presented in Table 2. The data for presentation fre—_
quency conditions greater than zero were submitted to &

2'x 2'x 4 x 12 analysie of varience with stimilus type, . j
List version,-presentation frequency, and subjects as factors. "
N Sounds were associated with significently léwer' intra-
Subject variance than-words, F (1,44) = 4.32, p<.05. Pres- 7
(3,132)

P<:01, reflecting the increase in intrasubject i

ion’fr}squ‘ency was also a significant factor, F
varj.ainll y with increased presentation frequency. The
Stimu.‘l.us -t x presentation frequency interaction was not
significant,x the difference between s,o;;pda and- words ‘is \‘
not attenuated by variation dn pre‘sentation frequency. The'
important conclision, is that in compsruon to words :Lnd:.vmua.l
frequency judgements for sourt{a deviate less from the mean
perceived frequency at each level of presentatlon frequency.
The mean judged frequency is the same in both cases but the
variability is lower for sounds. Intrdsibject variability

cen be viewed as an index of discriminability among different

¥ 1evels of presentation rrequency. ‘The questivm of why sounds

are supenor to words on this aspect of the frequency judge~
ment; process will be dzscusaed below.. :




Stimulus Presentatien Frequency
" \Type, 0 1 2 4 6 Mean
: Mean Judged Frequency - 2
0 ¥ - 5 . -~
Sounds X 203 0 1.08- " 2,03 3.64  5.27 2.41
s.D. (.06) (. 28) (.63) (.9;1) ‘(1. 14) (.60)
Words X -9 1.22 - 2.12 4.09 '5.63 2.65
5.0, (.26) (.32). (B4) (1.44) (1.51) . '(.89)
. ."Intrsisu,bliec\‘; Varisbility
Sou;ds, ‘x' . .03 <31 .80 . 1.88 3;55 1.32
S.D.  (.17) "(.42) - (.62) . (2.40) (3.70) " (1.34) .
Words X %33 .81. - 1.08  3.48  5.51. 2:24
800 (.95) (.81) (1.05) (4.06) (5.16) - (2.41) -




o ) v"_.."'18.'_

Freguency ju: udgement accuracy:  Table 3 shows the. mébn
roportinn of fraquency estxmates that were- axactly cnnect . =

as a ﬁmctlon of presentatlon frequency for sounds a.nd Wor

* The, total number of correct Judgements (out of a possible .
600) ror sounds was: 308 (52%)- aﬁd"sor wornis 260 (43%).
There were too few exact frequency estibates at each freq\xency 5 Vo
1gve1 0 permit a.n overall analysis of variance. Aocorﬂmgly,
the data were broken down into fno: cabeorivec low.presen- -
tation frequency (the g,verage'o\f levels 0, 1, and 2) and high
presentation fx‘equsnc’y (the average of leve}é 4 and.6) for i
gralysis. ‘ . .
T a2x2x2x12 analysm ot vsx'iance, which ravealsd H
a mai.n effect of Etlmulus type, E(

firmed the superiority ofAsounds ovet words. ' Again'thg ;:nl'y .
other’ effect attainipg | significance was presentation frequency,
F(1,44) = 420.55, p<.001, mdxcatmg that accuracy was .greater
at low thsn at ‘high presentatmn frequency. This was t!'ue

for both sounds and words. ’.Ehi.s makes sense because as pres-

antatlon frequency :anreases then so- does, the range mthm

w‘luch a subject can give an mco‘rrect frequency judgement i
and therefora the \probabuity of estima’cing exact frequency

is lower. s . . 0
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Discussion

Several conclus).ons a.re evident from the data. First

of all, sounds and wordg d4id not: differ on mean judged fre—

quency. ' This agrecé with previous research in which no dif—
ferences in memory between sounds and woirds were found in
‘tasks based on item information, such as free recﬁl (Paivio

" et a1, 1975; Philipchalk & Rowe, 1971) and -recognition ;
(Philipehalk, 1972). However ‘the résult is in direct contrast
to compa.r:.sons of pictures g.nd words in the visual madality

) (Ghatﬂa et al, 1973) where p:.ctures produced higher mean

frequency Juﬂgaments than/words when the presentation fre- B

quency was the same' for both. stimulus types. , Thus one BuS=—

“pects that pictures would produce higher mean
ments than sounds.
suditory nonverbal stimuliihave been found in

recall tasks, in that pictures are superior to

Differences in memory.for-

frequency judge-
visual - an

free and aéri_al
words in both fa

serial recdll

tasks whereas sounds ere- inferior to words in

/and_equal to words in fres récall (Paivio et.al, 1975). How-
_ever, no studieg to date have compated pictures and sounds in
ba. frequency Judgemen‘a pe;rad:.gm -

On the other ha.nd there . were differences. between sounds.

andg- Sounds

- were

rds on ¢ther measures of frequsncy judgement.”
§ssocxated vuth lower mtmsu‘b]act variance abuut the

mean * judged fraquancy. and hxgher accuracy in J\.ldgmg true” i

-frequency, t:han were. worde. mhesa latter. findmgs correspond

to those in tbe viauq,l mode wﬁihaxplctures also produced
lower mtrasu‘nject vana'nillty end grestar uceuracy tha.n
1973, ﬁhata.la et sl, 1973).

2 % warﬂs (Ghatala & I.evm
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How.théh do the results £it in with the three possible

.explanations mentipned above for verbal-nonverbal differences

in frequency judgement performance, i.e. background frequancy,

concreteness, and dusl coding? Jhe background’ frequency

* theory explains the superioriby-of, pictires over words in._ -

frequency discrimination by assuming- that pictures, becaise
of their low background frequency, produce subjective fre-
.quency wnits which'are "larger" (influencing mean “judged

frequency) and more stable. (influencing accuracy and var-

iability) than for words. If this Line Of remsoning is’
“applied t6 the results of Experiment 1 it follows thak the
size of the frequency units for sounds and words donot différ
since ‘the two types of stimili are equsl in terms of mean -
judged frequency. However, the freéquency units may be more

stable which -would accaunt for \‘:he lower intrasizbject vanam:u

- and greater accuracy for sounds. This interpretation is '

_,él:jpobted by the fact that the Sounds used in the presSent
d;

udy, -even Bthough familar and easil&( named, were still A = .

novel, réprasentations of fhose ‘par ular Sounds as far as

the subjéct was conceried, i.e. sounds (like pictures)- could
be classified as items of low background frequency. One
.difﬂculty Wlth this interpretatxun is that it doea not
explain why pictures md wnrds differ xm meayn judged frequency
vmereas sounds nnd wordl do not.

A sim_'l.er problem occurs_with attampts to s.ccaun'l: for

‘the results— using -an, éxplanation based on the hl.gher Gonerete=

neas of nonverbal 1tems, “which would laad to better accuracy

and less variable Judsements for both pictures anﬂ .sounds




" but would 1eava uhexplamed d).fferances obmerved “for Piotite

:wnra Yersus souid-word nompausuns on et Judged n*equency. o

Findlly, it is difficult to relate tha p!‘esenf;} xesul,‘;s to

dual-coding theory, since the rature of dual suditéry coding
procésses for aounés and " words has’ not yet ‘been establisted.
__ﬂ!ne second’ experiment examines the reluhonelnp between var=. '

"'bal end imaginal aud:.tory ‘codes for both Spesch e.nd nzmspaeeh
audltory material. . °




bé .no asymetrical asscciative frequencyeffect. A similar
L jetric ¥

EXPERIMENT 2

* Ex‘perment 2 was directed. toward an analysis of d)./f- :
ferent;al effects on the percelv‘eﬂ frequency of speech and
nonspesch target stimili presented in the context.of Associ=.
atively related stimuli, Both-sound andword versions of
the ‘same underlying concept were presented in the same 1ist.

The. subjects- judged the frequency. of occurrencé of items in

the target mode (¢ither sounds or words) with the mode not

tested providing the associatively-related Stimili.

Certain predictions emerge from research and theory

on the effect ‘of ive freq y and the ion

that nonverbal auditory images and verbsl memory represen- . -
tations can act independently and be differentially affected

by the associative frequency factor. If a combination of

' {ndependent auditory codes ié used for both sounds and words

e o \
then associative frequency should have different effects |

|
‘depending on thé availebility and characteristics of the two

codes. for'a particular stimulus type.

. Letws consider the various coding altematives. 11’

both sounds’ and words were encoded on the verbal d.:r.menslon
mly, ‘then there should be equivalent. associative transfer L

across identical codes for sounds end vords and there should
I

% mxtct;me yvould’ be predicted from Anderson and Bower's ,(19731 “
. propositional tHeory of coding wherein eny stimilus, regard- -

less of type, is proceased via a unita.ry conceptual—proposltional

coding system. Since aounda and’ word.s af the same conee;pt
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then associative transfer between sounds and words would ‘be

equivalent. A third-coding possibility is that sounds are '

not named but ennaded simply as ‘nonverbal images while words

are encoded in a distinct Ve]"bsl codes - -In thie: case there B

would seem to be no basis f _‘ an assucie‘tivé frequency effect

at all since there would be no common link bet;ﬂeen sounds’ smi_

words that represent the same concept. ’ : e

The ‘finaiailtemtive is the dual-coé:fng framework

(Paivio, 1971; Paivio & Csapo; 1969 Paivio et al, 1975)
which stresseé a symbolic d;stjnc'tion between ﬁerbal and

" honverbal memory systems.!  Although the dual—coding hypothesis

was originally proposed to account for differences between

pictures. and words in -the visual modality, it can also e
extended to the auditory modalitj .by postulating the existence

[ L E of’ -verbal and nonverbal suditory inemury systems for both
‘speech.anvd nonspeech sounds. Fgmiiu sounds and the :Bpnken
names- of thgs‘er ‘sounds constitutu‘a’ quite, different stimﬁus S i

.. everits which nevertheless evoke comparéble verbal labels.
Altﬁuugh both can‘be encoded verbally, sounds are stored at %

" least partlally as nonverbal auditory :unages (Phillpchalk &

Rowe, 1 3 Rowe, 1974). The present study carnes the sxmlogy

a step further by assuming ‘that the spoken na.me of & familar

_sound also evol;es a subjective nmvsrbal image s:‘unilaz- to i

-the sound 'it names,  Different outoomes for aséociation’

frequency can be predlcted on the basis of how speech and

i . . eb—ound ‘are dually t ‘oded in ' the aud11:ory modal:.ty-
g i . One posslb:tlity, in® terms of verba_l-nonverbal aud1tory codmg i)

processes, is that so}nds have a h:ghgr prqbabilxty tn_, be named .
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‘than words: are likely ‘to.be imaged nonverbally. If. this

were’ thé -case thbn there would be & higher probability of
i i

d-to-word than word-t d associative transfer and
hence a larger asgociative frequency effect for words then

for sounds,

Subjects : : oS g B
. : i ’ 5
o A total of 48 undergraduates. of Memorial University:

were paid $2.00 for their participation -in \.‘Jhe experiment.

L
The lists for Experiment 3 were produced at Haskilt

e

o

ZIaboratories, New Haven, Gonnecticut, where the stimili

‘ were generéted on magnetic tape using réptinea designed for-

use with a Honeywell DDP 224 computer. Twenty-four of. the

familar nonspeech-sounds liste_d in Table 1’'(Churchbell was -

omitted) and the corresponding verbel labels were used B

as’stimlus items. Mixed-mode study lists were constructed

. consisting of both sounds and words with’ one -mode. repiesenting

target évents and the -other constituting associated events.
"ﬂm‘s in the sounds study list sounds were the target events )
whiie their corresponding labels were the associated events

while the reverse was true for the word study lists. The

J esrget' items were presented for si:\idy and subsequeﬁt;y ‘tested

.whereas the asscciatively—relaiad items appeared only in therb

study list. .

" From the pool of: 24 items,. sets of ‘6 were gelected

- without repl to»rep;.gg'se.n{‘; each of four 1avgis

P . P T “




- and each followed by five ~seconds of silence, - -

" than once. lﬁirkhémoi‘p ‘they.were insii-uo’t‘gd to identify

Lo G = o %.
3 . : L S
-ofpresentation frequency (0, 2, 4, and 6) for target’ event
fraquency. Presentatian frequency and associative frequency
were factoually combmed. The assacxetxvely—relatéﬁ 1tem§
were included such that,for each- level of presentation frequency‘»
each target 11:em had its correspundmg representation in the
other modality (either as a aound or word) presented either
once or six times in the sbudy 1mst. Phe ‘Tandomization pro- -
‘cedures for placemant of mdlviduﬂ.‘l items within a list and
the construction of two veraions of the' study list were the.
same as in Experiment 1. _An additional restrmh.on was that
ne1ther a targs't event and.en associated event noxr two ag+
sociated events of the same nominal stimlus could occur
adjacently in the study list. ] PR - \
Each study list laet_ed 17 minutes and consisted of a
total of. 156 stinulus presentations: 72 targst events and
‘84 associatively-related sﬁntp. _The test list consisted of -

24 target items, either sounds:or words, each presented .once’ .

dure I P

The 48 subjects vere dividediqually into four groups

. for each-of two versions of the atudy list for both sound‘p
&nd words. The procedure and instructions were identical < .

:to those ‘of E:;pex-imant 1 éxcept those. aspects directly con-

cemed with the mixed-node nature. of the'study list. The' .,
instruct:.ons appear in Appsndix A, The éu‘bject”s were. told . :
and words during the study

they w‘auld be hearing both sotm

1ist with somé items of both stimulus: types: océurr:‘.x;g ‘more




|, pared answer sheets.

and remember each item uL it opcurrsd regardless of whether

i% was a soumd or word, The test list- instructions emphasized
the fact ‘that subjects would be tested on only sounds or only
words (i.e. target items), and further that they Showld “try
to ignore the fact 'f:hat items m the ‘associated mode had
occurred in ths; atqu list, 4 The .subjects wrote their est-
in}ﬁhxfi many times they thought each tést item had

occurred the study list" in the appropriate blanks on pre=

N L ot g ol P4
Results : R

o
l‘hs same - three measures of frequency Judgoment per—
foz-mance were computed as .in Experimant 1y i.e. mean judged
t’requmcy, mtrasubject varimce a,ttat:hed to maan Judged
frequeney, and fre J t . : A
¥ean judged freguencl. i‘he‘neun frequency 'judg;aﬁmta &
for the items in each e::permenta:l. condition are aepxcted
graphically in Figure.{. \As in Exparima‘nt 1, the date for'

" the zero- presentation frequency condition were unalyse@‘

separately from that of préstatim frequency conditions

greater than zero. For the latter 8 2 x2x 3 x2 x'12
|

analysis of variance was psrtomed."‘ with stimulus tﬁe (sounds

or'.words), .1ist versions (one-or two), preaenta.tiun fre(;uancy

T2y 4, end 6), association frequency (1.0r 6), end sibjects

(12) ks factors. Examination of Figure 1 raveals the. olwiuus

‘etfect of weaentattvn frequency, . F(Z,BB) =65, 52, p(.001,
which shows up as the ty-pical ‘iricrease ‘in Ju.dged frsqdency 3

with ircreased pruentatian treq_uemxy.




| ‘presentation frequency of the target items.

3 ) .: 5 %, R R
' . \ ;

The only’ ;ather féct(;x' reaching significance was associ-
ation niaquancy, F(1,44) 45.76, p<.0Q1, i.nd.lcatmg that
the mean judged rrequency of target :n:ems mcrsused as
association frequancy increased from one to six. \gith the
dsta callspsed aoross presentatlon frequer:cy, two t—tasts
were condncted comparing association. frequency. levels one ‘aid
six under au\md and word conditions, As essociation.: frsquency
mcreased from one. to s1x thére was a correspondmg morease

.m mean Judged frequeney for both: sounds, 1(46) = 2. 98, P<.05y

a.n:’l words, t(46) = 2,53y p<.01 (both one-tailed tests).

Hence assoclatlun frequency had the expected eifaet of prn-

mqmg an increase mAmesn Jjudged ‘frequency. Since associ=

ation frequency did° not interact -with ixrsaentation fxﬂsquéncy
i 2

then the associative fréquency effect does not-vary with the

. . <
More interesting in.terms of the’ present research’ is

. the finding that the differexices in méan Judged frequeﬁcy

i hetwsen association frequency levsls one and six is larger

for worda than for sowids. This was re; ected in a stimulus
type x association Zi'_e‘ql‘;ency‘interaction, B(1,84) .= 4.17,

~%¢.05, end conFifmed by two t~tests showing that sounds end

words aid not differ when associative Frequency was one,

t(46) .60, but when associdtive 'fraquenr.;y was six, words
Kl

‘prod\xced. higher mean freq_\lgncy‘ Jjudgement than soundsp t(46

" e 84, g<v\01 (both one—tsiled tssts). The finding of no “aif-

4 farence in mean Judged frsquency £or sounie ‘and words’ when

uasoclanve frequancy was ‘ane agrsas with the results of .
Experi.ment 13 but, ‘whei aseooie.nve frequency was Slx, words
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v . were given higher mean frequency 'esti.x;u\tea than sounds, con- .
firming thé hypothesis that mssociation frequency would have
a larger effect on words an “sounds. 5 = ;
- . Again list varei.on was not a ngnifxcant main eﬁ’ect
although its inf.era_ction with pteseutatiqn frequency was,
p(z 88) .= 10.89, p(.O‘l. This is due to a steeper slope in
\ the line relating mean judged frequency to presentation -
frequency 1’01\ .one of ﬂze list versions. !I!ha interaction
is not readily mterpre\‘:able ‘but does not qu;lify the muin

,a_onclus:.ons of,ythe exparimsnt, smpe list vsrsion diﬂ not.

entsr'into‘a:‘:y other main effects or interactions. '

The secorid—order interaction, stimulus type x pres—
entation frequency, was significant, F(2,88) = 3".47,\ 2<.05
indicating that the size of the difference between sounds and

words “with in 3 . pr ion frequengy. The
"third-order interacttm stilmlua type x ptauentstzon frequency
' x essociation frequency, was Aso significant, P(2,88) 3.79,
PC.01%° The source of ‘this interaction can be seen in Figure

1. The association frequency effect was larger for words than
for sounds but this difference veried with the presentation
frequency of the targbt items; it appeaps from Figure }| that -
the. difference is larger ‘st ‘presentation frequency level 6 A

A than at 1eyeia 2 and 4. l|o apparant reason for .the variation
i.n ‘the size or the nsoo:atian frequency effect With level nf
1presentut10n frequency presents 1tsalt.
The ‘data for. the zeto pressntn.tion frequency level were
H & analyged by a separate anslyaia of variance with stimulus
type=(2)," List version (2), asi o Frequency (2); md

subjects (12) as factors. 'Here sounds produced lower mean 3
\\ EE 8 N : =N



TABI@I%

30.

!

Mean Judged Frequency and Mean Intrasubjact' Veriance Estimates

as a Punction of Presentation Fi'equency for Sounds and Words
% 3 . \

under Two Levels of Association Frequency — Experin:nent 24,

Association: . Stimulus

. Frequency .’

" . Presentation Frequency

Type o

VRS 6 " Méan

Mean .Judged Frequ.;ancy §
Sounds X .37 222 3.57 4.5  2.60
S.Di (.46) (.93)—(1524) (1.53) - (1.04)
Woras X 51l 3077 4,05 T3mT 2.84
S, (.56) (1.91) (2.41), (1.71) - (1465).
- 'Sounds X .14 .21 a8 482 3.4
’ S.D. (.22) (1.69) (1.48) (1.56)  .(1.24)
‘Words X 1.47 437  4.82° 6.04 - 418
VS (1.88) - (8.50) (2.47) (2.31)  (2.29)

Intrasubject Variability.

Sounds X . .74

1.46 © 2,35 4.1 2.7
.s'.‘n/);’(z.cs) (133).(3.35) (Te20) (3.24)
[WordsyX'A.07. . 3,78 6.84 -4.71° - 4.10."
.- s.t;.u.se) “(5.72) (117457 (6:67) . - (6.42)
Sounds X -1’5 : 3.79 3.10 3.07+ + 253
Cosa (o) @A) (4.84). (3.80) " (ezm)i
“iWords X 1.85° '5.50  4.96. 9.33) 5.43
) _ 83231 (1.95) . 0

9.32).(22.02)

(10.40)
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.c{eeae n mean for words wh s for sounds' there

‘was actually a decrease. ' The pattérs of results here supports ‘g

. had a larger effect on judged frequency of words thsx_z sounds.

“B(1;44) = 7.36, ¢.01. The association fruqusxm’.‘{ Factor’

3.

frequency judgements than wor .26 versus_ .99, F(1,44) =9.15,
PLO01. The main effect of 'naso;:;a'tidn'rgéquency was elso sig—
nificent, B(1,44) = 4.2, p&05, as was the stimilus type )

xassociation frequency i.ntex;gctioi:, B(1,40) = 10.95, PL.0t.

The interaction reflects the fact that increasing mmzlﬁber
of associatiyely-related items from ane to six produces a
lﬁa.rgsr in?nase in mean judged'-.freqneneylfor 'wm:ds tl;nm for
s;:unds. As Table 4 shows, nuen_asuociation fraq\;ency-‘nas.'

increased from one to‘six, “there was nearly a thr§efo;d in-

the findings obtained with non-zero freduenciesand can be -

‘given a similar interpretation, i.e. associative ﬁ'equmcy : \

Intresubject variability, The mean ingrasubject var—
ia.uces"wera computed’ as in Experiment 1 and are summerized
in Table 4. For preséntstim fréqumcias greater ‘khm zero
(2, 4, and 6) sounds “had Lower va.riunees than words but ths .
effect failed to reach sxguﬁcmce in an enalysis of va.riunce
that included stimlus type (2), list version (2), presentation K
frequency (3), a!uopiintim “frequency (2); and subjects (12).58
factors. ‘In fact no main effects or in{:aract.im.wers 'pre.aant.\-
The Tesults for the. zero presentation _f:i“equoy con='

‘dition closely -resembled those for mean frequency judgements, ~

Thus sounds produced Lower Veriability estimertes than .wog:'da.\ S

was not Bign!icnnt ‘although its intaractivn with Btimulua
type was, 3(1,44) = 8.19, p(.Ol- lxth the two list vers}ana

e T D0



'cnfnbi.ned,' ;ntmsuhjsct variability ‘lncreas_g.d For words ;1532.
associative ‘frequency increased from one to six wheread there
wag_a corresponding degrenge‘loz‘- soinds.  This effect.was .._
modifisd howver, by a sei;mlu;; +type % 115t version inter—
action, ?(7442\- 12.01, P<.01, us well as a stimlus type x
“+list version x asséeiation frsquancy interagtion, P(i 44) =
) £.74, Ko 05. Basentia.lly the va.rlsbilxty estimates for words
q mcrsased with :l.ncraased assocmt:.un Irequeney 1;1 one hst
version but decraaaed slightly in the o‘t;her whereas sounds :
N decreaasd in both 1list verszons. In general, for 1temB of
zero yrasenta&ion fraquency, mcreasas in aasoc:atlon ﬁ'e-

quency proﬂucsd }:ughar mtrasub;ject vnr:La.nces for worﬂz whex‘e-

*  ag this did no‘t ocour for sounds.

!‘teguencx ;‘ ggment accurucz' The mem proportlun of
correct frequency Jndgemfts for somds and words as & nmatum
of pmsmtstian frequency are presented in Table 5. 4s in
Rx-éeruent' 1 Q‘zhe anulysed data were broken down ._into iwo cate-
gurfes of” presentation rreqnam:y, low presante.tion f’reqlxency
(the_average of frequency levels O and 2) and- high presentatmn
frequency (the ayerage of fraquency levels 4 and 6). Sounds

'(.36) were superior to words (. 29), B(1,44) = 4.48, 3¢.05., %

The presentatxon frequency factor was hz.gu} significent,

s

. P(1,44) = 174,38, p¢.QO1} mdxcat:.ng tha.t meuracsr}vas better
at Low than at high presentation £requindies.

The presentaeion frequency x association frequency
d.ntex-action wes also ai@if:l.csnt, 2(1,44) =5.93, p<.05,
. Smiicating that st lgv preaentah.on frequaney accuracy was
lnghsr when nns anaoci.ahvely re].a.ted. itenhad occu.rred than
-mx whereas rox- high, presentatian frcquency the revez-us was




s " _TABLE 5
Meen Proportlon of Correct Frsquancy Judgements as a° Pqnctlon
of Ptesentatian Frequency for Sounds and woz‘ﬂs Under Two Levels

" of Association Preqnency = Experimen‘t 2.

oy .

: S Associative Stimulus : -« Presentation 'Fz"equenc,y
e i Syl Frequency  Type o e 4 .6 Mean
i L e % :
H « E L s -

= ! " Sounds .82 a7 207 . 234
. . [ Words . : .72 .10 .04 30 -
v : : 89 .38 : A1
" 6 . 3 2
’ i .

+60 ~a26. <13




%/ it dlso increases subjects' tendency tt(oversstimate actual

the opposite ‘line of reasoning applies. ~Whereas subjects’

< othsr stimilus ty-pe.‘ ﬂ!ha presenee of " the ‘soinds inflated
4
X ,uh.]ect's ast:unatss of. the n ber 6f  times each.word had

true, i.e. accuracy was higher when association frequency was
six. This result can be interpreted as an interaction between \\

two unique events;. the typical 3 imation p s

(Begg, 1974) and the aasoeiation frequenoy effect. In the case

f:pequ cy subjects' mean frequency Judge~

of Low presentati

ments are usually higher thm the actusl presented frequency.

Since associative frequency boosta me

subjective frequsnuy -

presentation frequency and accuracy will be lowered when . &

assoc1at10n frequency is six. ' For high presentation frequency

typically underestimste, actual frequency when presentation
grsquency is high increases in ‘association frequency will -

increase mean Judged frequency and also increase subjects' -

chances of giving a correct frequency estimate.: -
’ ”

Discus:

ﬂle primary. ﬁependent va.riable of E;@erment 2 was. mean
Jjudged ﬁ-equency snd ths results here were generally m agree= .
ment with expectations,. Association frequency had the effect

of bousting'maan judged frequency for both sounds and words.

Thus the cccurrence in the sane sequence of events of both

,nonver‘nal sournds ami,.theix- cor&eaymdlgg verbal labels inflates

a person's estigates’ of tI rraquency of ‘occurrence ot the

m;ése .




rea‘ulta support i:révipus evidence that-distortion in judged
frequericy can' occur wheri items associatively related to the
judged item are preﬁent in the same list (Lelcht, 1968;
Shaughnessy & Underwood, 1973).

A more important ﬁ_nrl:mg was ‘that gssociation frequency

had an asymmetrical influence upor Stimulus type: : increases

“~in mean judged fregiency due to.the presence of associmbivély

related items. were usually larger for wérdg than for sounds.
This ésymmefriéal influence of association frequency upon ',
sounds and words has-implications for the wey in w}‘zicl;‘ sounds
end words ere processe& via verba.l’md non'v’lerbé_l auditéry
mepory systems. If we :;‘euonsiﬂef the. coding alternatives as
presented in the introduction to Experiment 2 it b‘ecumes_’clea.t
-that the findings O‘f‘the present study cannot be handled 'by‘
aniy $heory that empliasizes one type of a\;dito;icuding process
alone or proposes sepera?e noninteracting verbal and nonverbal
'a;aditory mem'ory systems. l'he results’ cx;n best be explained *
within a dual—cadmg framewark (Paivio,- 19‘71, Paivio, Ph1.11p-
phﬂlk, & Réwe, 1975) in which both saunds ‘and ‘words' sre Trep-
resented in two intermal auﬂitary codes (verbsl and nonverbal).
; It is the sharing of common codes between solmds and
wurds _that gives rise to the associative frequency effect: s 3
‘When a sound occurs it is implicitly named and this :ln\‘;ems,l

“verbal rep tation used with the explicit, -
v‘ex-bali‘zat{bn of the name itself, . Similarly the sounds are
confused to soma extent with" tha suhjactlve nonverbal imagcs

evoked by the words,:.. Why wex-a there 1anger distortzune in’

. v 36" 8
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'

Sreviousily, The restlt cah bé-explained by assuning that there
is a higher probability of - dual’ cnding for sounds than words.
More specifically, sou.mis are. more 11ke1y to be named than
words are likely to be imaged m the fam of nonverbal aud:.tury
1]!13538. Thla would lead to a gx-eater sound—to-word than word-
t&-su\md associahve transfer and hence a ls.rger .associative
fx‘equency effenf, for words: than sounds:

The fact that. the sounds showed a high probability of
being nemed: supports previous evidence that familar sounds
~are named to facilitate retention in memory ‘tasks (Bower .&
Holyoak, 19;7'3). : ln the present st‘ua‘g‘] there were several other
factors which probably facilitated naming sounds. Pirst, the
prasen\ca' of labels in the study list’itéelf should facilit‘a;te
]‘.apell’ing of ‘the ‘sounds. Second, the som;u‘ia’we:ne e_hoaen‘fo. ‘

‘be implicitly named i.e. & pilot group of ubjects were able

to neme the sounds by their given verbal -labels with 90% con-
- wistency, Finall;';\'thg slow presentation rate. (5 seconds
b{t’ween eventa) used m\ﬁe gtudy sequence’ should also facilt
e & : X Pl e
Althwgh‘the'duavl-.éndi:‘:g framework s put forward' here
handles the dats quite well some of its mspects could be given

alternative. interpretations. For example, the nonverbtal audi-
 ‘tory images evoked by words might differ qualitatively- from

thoae evuked. directly. by sounds, i.e. the 'former might be

less llksly +o ‘match the real sound: than the implicit verbal—

. umt'un of a sound is 11kely “to" ‘match the sound's name. Analo-

".’gous_argumentg. have been made :Ln the caae of pictux'es Ve
pr;mted words (&mdsraas, Vn;ssez-, Il.nkelstam, & Golabsrg,




1974). What is required.is a methodology aimed .at assessing
quantitative ve. qualitative,differences within the dual
-coding hypothesis (c.f. Anderson, 1976). The important 1:)51_‘1:3
is that in either case the basic dual.auditory coding ﬁ‘ma—
~work is left ifitact and furthermore, the predictions for the
effect c}‘ associative frequency upon—judged frequency of sounds
and words remains th_a same. : ’ |

GENERAL DISCUSSION _
- "\Now that we have Some evidence for dual auditory codmg
- for speech ‘and nonspeech auditory stimuli it is possibie o
reconsider the results of the present study as a v}hoie n‘\‘
the llght of a more general dua.l—eoding framework. If we
- want to make oompa.riaoua with picture-word differences in
frequency judgement (Ghatdla et al,.1973; GHatala & Levin,
1973) ‘it is necessary to mvok?nnge types-of memory codes:
a verbal code ahd two nonverbal imaginal codes, i.e. the
sudltox:y image and the visual :ulage.
Up to this point the uphasis has been on amutory

.. codihg processes with little mb_ntiog o( visual imgery. It

would seem to b‘e a asfa_asmumtim that simple naturalistic
sounds can give rise to visual imeges as easily as concrete
- mids. With this. in mind ‘we. can. now,extend e coding
possibilities for the three types of stimulus material —

saunds ﬂbtda, and. piutux‘ss. Famila!' ammda produeeea strong

auditory image, are’ susily med, and can. svoke visual images. -

Plcturas generate strong viaua.'l. imases. are’ easily named,
and canceivably could lead tn tha romtion\ot audltory images
- '(if the pict‘\mu onmspand to uuy—umuﬁ)u;e Bmmda).
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; In contrest, words’ are predomi.nanbly represented in ‘the verbal
code but can. lesd to the ganerat:l.(m of bbth visual end auditory
. nonverbal images. i
Overall comparisons.of aoumis, words, ‘end pictures on 8% _. i
frequency judgement.performance reveal two ma.in dlffﬂ!‘enceﬂ:y

(1) Both sounds arid pictures produce lower variability and

‘higher abouracy in judging true frequency of occurrence ‘than

«do words; and, (2) in terms of the mean judged fraquency of

items with the same prssentatmn frequency sounds are Judged "
equal to words wh;le_.pl.ctures are higher thﬂn words. What
do, these two gensral D\bssrvatmns suggest a,bouc th _nature
or and relstxonship between the codes? In the former case, o

“'thé coding pattems outlined mbove indicate that sounds end ' [ . -

pictures have -a common difference with words, namely stronger
representetion in nonverbal coding formats.  ‘Mis could mean
that some special characteristic -of nohverbal coding (whether;
concreteness, background frequency, or some.other. construcvt)'

'leads to.more stable and disoriminable memory tracss and hence

lower variance sml highqr a y in frequency j 1;9 of

nonverbal stimii. ) i :
- But althougs pictures and sounds \interact similarly with -

. their verbal counterparts in affect:mg accuracy d variability

of frequency Judgements pictux‘es enhance es.n percexvsd tre— " . i

qusnuy/:m comparison to words whereas ‘sounds -do not. One
—possiue reason: for- this is that theré are extra mnemon.lc
qualitles essociuted with pietures as ati.mulus ite
eould be that the v’.LBual )ma.gas Bvoked "du'ec



organizational propei‘t{ea associated with the visual per—
ception of pictures.. In contrast, the nonverbal suditory '
“images evoked:by, s:}&)ﬂs do ‘not ﬁaasesé these s‘peéiai vis\;al

cha.racterlstics. Purthemora, the special qual‘ltlas of pxctures

* may.be lacking -(or not prasant to the ‘same’ extsnt) in the ¥

aub;ectlve vlsusl images evoked by either ‘familar saunds or.

woras . 5 ahalogous

fs have. been Euggssted 0
.e.ccount rur diffsrences obssrved in the free and serial ‘recall
of. pxoturea, sou.mis, prl.n\‘:erl and’ ‘spoken names of the same

cuncepts (Palvio et al, 1975)- The view that: Seems to be

emerging is that’ it i8 not only the summat:ws availabil:.tiss :

of mulhple codes’ that influernce memory but also the/‘f;ype, »

; qual'ey. and apecla.l charsctensnca of tl?e coﬁes heing
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APPENDIX A

| INSTRUCTIONS (%

' STUDY LIST INSTRUCTIONS B .
5 " The f{)llowing: experiment i vnh}e‘a memory for f’amilar

‘scunds’ (words)*. Each Lndivid d (word): represents

- Bome common a:n.mate or inanimate 01;193\1; in’ the envu-onment.

 You' are gomg to-hear a long 115 of such sounds (words),

. many of whicb. will occur more. tl bnc‘\m the study J.iét."

“ Each ae\mﬂ is presentad for 1.6 seconds (words = 1.0 seconds)._

| Since these ‘are relanvely brief presentation times you qhould
* quietly concentrate on each - soundxﬂ(word) as it is being pre—-

‘ _ sented. Each!item is fo]_.loweq by kive seconds ,of siiéncé of

N during which time you showld identify and atbempt o remeaver
each_item bacause after all ths souz*ds (words) are presented

- you ‘are going to have a shcrt 'memor;y test' on what you heard

[ ‘the study lz.at. You will be giverk specif:.c instmct:wna

concerning tlus memory test. af‘ber youﬁl hear all the sounds.

( ords) 2

‘I'EST LIST INSTRUCTIONS g E
Now. that you have heard a.'ll the |sounds (words) 4n the

study iist yo{ will. be: given ‘the ‘mem ry “test' whzch ihvolves
Judgmg how often ‘you think sach of the different seunda tnords&)
‘each presentad on:l.y uuce. ‘Most of ‘these sounds (words) oceurred
Cin- ths study lxat while soms dzd not ppear :m the - study list
. Bach 1tem 8 fullunen by iy

RN
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\ Pauxs o . 46, " .
‘during which time you sﬂauld ﬂec;dé the number of tmesryou" )
i;hmk sach item’ occurred in ‘the study list and wrlte the .
result in the appraprlate bla.nk on yuur answer sheet. Guess,
"if necessa.x'y,“but be -sure to" wn.te a number in each’ blank. .

Example- : Suppose that j:he First sound (word) you hear
in the test Iist is. 'airplane’, Then if Yyou think ﬂ;at
'auplane' ’occmeg 4 times in the tddy l:r.st then wr:Lte the
number 4 in the first blank on your answer sheet. If you to

: 'thmk that 'alrplane'\ did not occur in the study ‘Wist then ;
write the number O in the answer blank. You hsave flve seconds

in which o' do’ this after waich you will hear e woxds ¥stop

wxitmg' enrthe 10udspeaker. THe - "aE ’wrlt:.ng" s).gual 1ndice.1:es‘

that you will hear the next\test ltem in two* aeennds.

N
* Sub]ecte heard, alther sound or word stndy lists aml hence .
,wene mstmcterl apptoprmtaly. =y . \




APPENDIX A - ‘e
INSTRUGTION (Eii:zan’a;:‘m', ), Vi, B .

STUDY LIST INSTRUCTIONS . F

i Th:s is an experiment. involving memory for familar sau.nda
and words. * Each individual- sound (woz-ﬂ) rspresents Some  common
aminate or inaminate -object in fhe envlronment. You are gomg
to hear 2 long lz.st (17 minutes) composed of sounds and words
meny of which w1ll ocour more than once in the study list.

On the average each sound is presented for 1.6 seconds (words a
1.0.second)s Since these are relatively bnef presentation

‘4imes you should quiebly condentrabe X n each sound or word

as it is being presented. Each item iz followed by five

\seconds of silence during which'time you should identify

- rmST TIST INSTRUGTIONS®

and attempt to rembmber each item.because after all the items
‘are prsssntaﬂ you are gomg to have a:short 'msmory test' on
what you Heard in'the seudy 115’0. ‘You will be- mstmcted as’,

to the Bpeclflc nature of the memcry_tes_t_aﬁ:en you hear-all

-the sounds end wards. “ . i a




"8,
o (.wt{rds)“oct;ﬁns-l‘i in the s;tugy list while some did riot appear
i tHe stuay list at'all. Each item is followed by five
" “seconds of silence during which time you should decide the™
pmixber of times.you 'éhink that item occurred in the study
list and write the result in the appropriate blank on’ your

answer sheet. Guess, if necessary, but be sure torwrite a

number in each blank. . X
Example: Suppose that. thé first sound (word) you

hear in the test list is 'airplane'; Then' if you think that

.'ai_rplane_' occurred 4 times in the study list then write 4

‘in tl/‘xe first blank on your B.l:ls;llex‘j sheet, If you think t};at

“tairplane' did not occur in the study 1ist then write the

pumber 0 in’ the answer blank. You have five seconds in which

to do this ;gjcez-rw}i'ich you will hear the words "stop writing".

ofiz#he loudspesker. The "stop writing" signal indicates that

;o ; E .
you will hear the next test item.in two seconds. \




Wy' Table. of-Analysis 'otTVa:ria.uce on Mean Judged Prequency.-

_ Experiment. 1. - . .

Source * o ar 3 F

Between  Subjects )
Stimulus Type (ST)

; 1.52
List Version (Lv)’

3.89 ¢
T 0.38

ST x LV
Ss'Within groups (B)

. Within Subjects
' Preséntation Frequency (PF)

273, 12%%%
ST X PF TS :
¢ LVX PR, :

ST'x WxPR -

PPxs

#%ApC001



TABLE 2

Summary Cl.‘abla of". An,a.'lyals of VBI‘].anCeQOn n!ean Intrasub;ect

Varmnus Estlmates - Er:per;menf: '[.

Source e g :if : s ]‘s‘v‘v
Betweén_ Suhjecﬁ T ; .
* Stimilue yps (ST) . 156,88 4.32%
Tist Version (1V) IR R /1 0213
ST x LV i 3 ERR ) 0.40
Se Within groups ’ T a3
W Subjectd”: Bt :
Preaente.tmn Frequency (PF) "3 i 242 20%k
STx BF 7 b o .25
LIV PR - s e 0513
CSTx LV x PF ‘ 3 0.56
CEREss S

*#pei05
“hpe01

v



'mn’maz

g = d % Aecuracy ‘Experiment 1.

mmry hb;e of Analysis of Variance on Mquency -Tudgennt

Spmca - M3 ?v.
etween Subjects . | .
- Stimulus Type (ST)' 4,04 - 3.36'f
' ’, List Version (LV)© ' 9.53_ 12147
st x TV v ST 142 3.10° "
g Withia gronpu : ‘oas- %
; within sub]ect X a X
'VMBentation Prequeney (2F) 138. 48 420.55%%
ST x PP EI 011 0.3
IV x PP 0.76 0.23
STxIVxPP ‘9 3l62
PFxSs E ol

eRRp[001




i \ 52.
3 £ %
‘o ;
Summary Table of Analysm of Varie.nce on Msan Judgaﬂ. Frequsncy -
Experment 2. -
J &
(0 ¥ A
- = L L — »
'~ i Source’ wt aTagt s S s
Between Subjects LU
" Stimulus Type (ST). . ", 150 006,31 1.71
List Vérsion (r.v) a i |
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