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A m ethod of v erbal protocol analy s is is pre sented in w hich verbal units used to com pare sound events are

ex trac ted from the protocols and analy sed from three gene ral points of v iew : (1 ) the ir log ical sense , (2 )

the ir s tim ulus-re latedness , and (3 ) the ir sem antic content. At each lev el , seve ral analy s is s teps progres -

s iv e ly labe l the verbal units from hie rarchically superior to infe rior le ve ls (w ith increas ing dif fe rentiation

as one de scends the hie rarchy ) . The te chnique show s great re liabil ity ac ross analy se s by independent

expe rts . It w as applie d to an investigation of tim bre com parisons in w hich Russian nonm us ic ian subje c ts

rated the diss im ilarity of tim bre s pre sented in pairs and de sc ribed verbally the ir sim ilari ti e s and

di ffe rence s. The te chnique dem onstrate s an e ffe c tiv eness in revealing dif fe renc es in focus on pe rceptual

attribute s of tim bre that c ontribute to inte r- and intra-subjec t di sc repanc ie s in diss im ilarity ratings .

F urthe r, as conc erns identi ® c ation of the sound source s produc ing the events , the re is e v idence that

bas ic categories are very gene ral in nature in these nonm us ic ian subjec ts .

Ce t artic le preÂ s ente une m eÂ thode d’ analy se de protocole s ve rbaux qui ex traie le s uniteÂ s ve rbale s uti l iseÂ e s

pour com parer de s eÂ v eÂ nem ents sonores e t analy se ce s uniteÂ s sur trois niveaux geÂ neÂ raux : (1 ) leur sens

log ique ; (2 ) leur re lation avec le stim ulus ; et (3 ) le ur contenu seÂ m antique . Pour chaque dim e nsion,

plusieurs eÂ tapes d ’ analy se pe rmettent d’ eÂ tique te r progress iv em ent le s uniteÂ s ve rbale s en passant de

niveaux hieÂ rarchiquem ent supeÂ rieurs aÁ de s niveaux infeÂ rieurs (avec une dif feÂ renc iation croissante ) . La

te chnique deÂ m ontre une grande ® abil iteÂ pour de s analy se s fai te s par de s ex pe rts indeÂ pendants. El le a eÂ teÂ

appl iqueÂ e dans une eÂ tude de com paraisons de tim bre au cours de laque ll e de s suje ts russe s non m usic iens

eÂ valuaie nt la di ssem blance de tim bres preÂ s enteÂ s e n paires e t deÂ c rivaient verbalem ent leurs s im ilariteÂ s e t

di ffeÂ rence s. La te chnique se m ontre e f ® c ace pour reÂ v eÂ l e r dans que l le m e sure de s di ffeÂ renc e s dans

l ’ im portance accordeÂ e aux attributs pe rcepti fs de s tim bres contribuent aux dive rgences inte rsuje ts e t

intrasuje ts dans l ’ eÂ v aluation de la dissem blance . De plus, le s donneÂ e s suggeÁ rent que le s c ateÂ gorie s de

base uti l is eÂ e s par ce s suje ts non m usic iens pour identi ® e r le s source s sonores produisant le s eÂ v eÂ nem ents

sont treÁ s geÂ neÂ rale s.
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INTRODUCTION

The te chnique for analy sing v erbal data reported

in this pape r se eks to explore the pe rceptual and

cognitiv e proces se s involved in tw o ac tiv itie s : the

pe rceptual analy sis of sound and the ac tivation of

a subje c t’ s le x ical and gram m atical struc tures

w he n com paring pe rceptual repres entations. Our

analy s is attem pts in part to de term ine the nature

of the lex icon and g ram m atical s tructures used by

a group of subje c ts w ith sim ilar languag e and

soc iocultural expe rience w ho are asked to com -

pare com plex sound events . This approac h pre -

suppose s that subje c ts use a pe rceptual

re pres entation to activate a sem antic and ling uis -

tic representation that is then em bodied in a v e r-

bal report.

Tw o different approac he s to exploring the l ink

be tw een ve rbal le x ic on and pe rceptual representa-

tion hav e been used in the li te rature : ve rbal attri -

bute s cal ing and free ve rbal iz ation. In the ® rst

approac h, a subje c t is pres ente d w ith a l ist of

ve rbal attribute s se le c ted beforehand by the

ex pe rim ente r. In one paradigm , the subje c t is

as ked to check those that are the m ost appropri-

ate for eac h sound stim ulus (e .g . Radocy & Boy le ,

1979 ). In anothe r, subjec ts are presente d w ith

bipolar s cale s (Osg ood, Suc i , & Tannenbaum ,

1957 ) and are asked to rate eac h sound along

the sem antic continuum the scale represe nts

(e .g. von B i sm arck, 1 974 ). A variant of this latte r

te chnique use s unipolar scale s along w hich the

m ag nitude of the ve rbal attribute is rate d ( se e

Kendall & Carte re tte , 1 992a, b). The se te chni-

que s ofte n encounte r problem s w hen applied to

m us ical tim bre . O ne is that the chosen vocabu-

lary m ay hav e li ttle re lation to sound and m ay

thus be conside red inappropriate . A second pro-

blem is that the studie s are ofte n not reproduc i-

ble w ith different s ets of sounds or diffe rent

subje c t populations. A third is that the re lations

be tw een c lasse s of ve rbal attribute s and ac oustic

prope rtie s are ofte n quite w eak (se e Hande l,

1989 , chap. 8 ; Kendal l & Carte re tte , 1992 a, for

critical rev iew s).

S inc e th is artic le conce rns the free ve rbal iz a-

tion approac h, w e w il l ex am ine it in m ore de tai l

both in te rm s of its unde rly ing as sum ptions and in

te rm s of its applic ation to the pe rception of com -

plex sound events . W e w il l then prese nt the ve rbal

protocol analy s is te chnique that w as de signed to

m ake use of fre e ve rbal iz ations in com paring the

tim bre s of m usical sounds fol low ed by the expe ri-

m ent and sev e ral analy se s using the te chnique .

Free Verbalization

There are s eve ral g roups of procedures to obtain

ve rbal iz ations produced in a free form by sub-

je c ts . The v al idity and appropriatene ss of us ing

free ve rbal iz ation procedures in the inv es tigation

of pe rception and cognition pose s a m e thodolog i-

cal problem that has not been resolved in a com -

ple te ly sati sfac tory m anne r. Gene rally speaking , a

theore tic al prerequis i te to solv ing the proble m is

the res earche r’ s conception of w he the r it is pos-

s ible to expre ss the spec i ® c aspec ts of pe rception

and cognition w ith languag e , a problem that raise s

the spec tre of the sc ienti ® c status of ve rbal

reports.

The re are three points of v iew on this issue .

The ® rst assum es an isom orphic re lation betw een

the cognitiv e proce sse s involved in pe rform ing

ce rtain tasks and the proce ss es identi ® e d in ve r-

bal reports produced during or after such tasks .

The se cond (opposing ) point of v iew reje c ts this

kind of isom orphism on the grounds that intro-

spec tion has an ex trem e ly l im ite d pote ntial of

gaining ac c e ss to the psycholog ical proce s se s

involved in pe rce iv ing , ac ting , and th inking . It

should be note d that this latte r point of v iew has

been w ide ly c ritic iz ed w ithin the pas t few years

(e .g . Eric sson & S im on, 1984 ; Sm ith & Mille r,

1978 ). A third (inte rm ediate ) point of v iew on this

problem seem s to be the m os t fruitful. It se eks to

de te rm ine the conditions unde r w hich ve rbal data

m ay be used to s tudy cognitiv e proce s se s in a

sy ste m atic and rigorous m anne r (e .g . B rom m e l,

1983 ; C av erni, 1 988 ; Cuni, 197 9 ; Eric sson &

S im on, 198 4 ; Hoc , 19 84 ; Leplat & Hoc , 1 981 ;

New e ll, 19 77 ; S m ith & Mille r, 197 8 ). Cav e rni

(1988 ), for exam ple , conside rs tw o of the m ain

kinds of objec tions:

1 . the ve rbal iz ation proce ss m odi ® es the

execution of the (pe rceptual or cognitiv e ) task

and therefore af fe c ts pe rform ance , and

2 . m ental proce sse s are not ac c e ss ible by ve r-

bal iz ation, thus m aking ve rbal data:

a. inc om ple te Ð not al l com ponents of a m ental

proce ss can be ac counte d for v e rbally ;

b. epiphenom enal Ð v e rbal iz ations hav e noth-

ing to do w ith the proce ss es that are ope ra-

tional during the execution of the task be ing

studied, and

c . unexploitable Ð the analy sis of ve rbal proto-

cols , w ith the aim of subse quently ex ploit-

ing the results , c annot be obje c tiv e .
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C av e rni (19 88 ) counte rs the se obje c tions as

fo llow s. Concerning (1 ), one can hy pothe siz e

that the de te rioration of pe rform ance w ith conco-

m itant ve rbal iz ation m ay only be obse rved w hen

the execution of the task is not naturally pe r-

formed in a ve rbal code . In response to (2a,b),

he note s that the orig in of the se obje c tions lie s in

the putativ e im possibi l ity of e laborating m ode ls

of cognitiv e func tion on the bas is of ve rbal iz a-

tions , but that othe r res earch has re fute d this

obje ction by succe ss fu lly com paring ve rbal pro-

tocols to task protocols obtained w ith othe r obse r-

vable behav iours. Final ly , the obje c tion in (2c )

m ay be refute d: ( i) i f one seeks indicators on the

bas is of a m ode l of the proce ss be ing studied, ( i i )

if the identi ® c ation of the indicators proceeds on

the bas is of consensus or ac cording to rule s that

are expl ic i t and fal s i ® able , and (ii i ) i f , in addition,

the coding of the ve rbal protocol can be con-

fronte d w ith othe r protocols col le c te d for the

sam e kind of task. If the s e conditions are m et,

the v erbal protocols can be conside red to hav e

the g uarantee s nec e ssary for the e laboration of

ex ploitable data.

In the m ethods using free v e rbaliz ations for the

analy s is of subje c tiv e representations , instruc tions

re quire subje c ts to de scribe pe rce ived obje c ts

(rathe r than thinking proce s se s) ste p by ste p.

This m e thod has been applied to v isual pe rcep-

tion of obje c ts and phenom ena (Lange , 18 93 ;

Nikitin, 19 05 ; B artle tt, 19 32 ).

The m ethod of free ve rbal iz ation has also been

used to s tudy auditory repres entations. In one

study (W rig ht, 197 1 ), the absence of a readi ly

av ailable vocabulary for de sc ribing unfam il iar

sounds of diffe ring pitc h, interm ittence , and m od-

ulation w as show n. In anothe r study , ve rbal iz a-

tions s erved to reveal the in¯ uence of

occupational bac kground on an indiv idual ’ s

de sc riptions of unfam il iar auditory s ignals (Tay -

lor, Gandy , & Dark, 19 74 ). Those ve rbal iz ations

did not hav e the form of de tai led de sc riptions , but

w e re sim ple w ord com binations or sing le utte r-

ance s. The ve rbal iz ations produced by the sub-

je c ts w e re div ide d into three type s:

onom atopoe ic (e .g . ``ble ep,’ ’ ``buzz ,’ ’ ``pop,’ ’

`̀ p ip’ ’ ) , i l lustrativ e (e .g . `` fog horn,’ ’ `̀ tug boat,’ ’

`̀ bas s instrum ent, ’ ’ `̀ si ren’ ’ ) , and physical char-

ac te ristic s (e .g . ``hig h,’ ’ `` low ,’ ’ `` long ,’ ’ `̀ s hort,’ ’

`̀ s low ,’ ’ ``fas t’ ’ ) .

A n analy sis of the problem of using ve rbal

de sc riptions for the study of sound pe rception

w as perform ed by S okolov (188 7 ). O f particular

inte rest in his study w as the attem pt to es tabl ish a

re lation betw een v erbaliz ations and the phys ical

charac te ristics of sounds, such as inte nsity or

spec tral qual i tie s . For ex am ple , for diffe rent

inte ns itie s and spec tra, the subje c ts m ight

de sc ribe the sounds as `` th in ’ ’ or `` thick,’ ’

``sharp’ ’ or ``dul l, ’ ’ `` l iquid ’ ’ or ``v iscous,’ ’

``l ight’ ’ or `̀ he av y ,’ ’ e tc . (Sokolov , 1887 , p. 39 8

[ our translation] ) . B ased on ve rbal de sc riptions ,

he conc luded, for exam ple, that the high harm onic

frequenc ie s assoc iated w ith the fundam ental fre -

quency do not inc reas e the (spatial ) volum e of the

sound but rather reduce it, m aking the sound m ore

``sharp, pierc ing , and de ® n ite ’ ’ (Sokolov , 1887 ,

p. 401 [ our trans lation] ) .

An im portant role of v e rbal des c ription in the

proce ss of m em ory and recog nition of com plex

sounds has been dem onstrated by the w ork of

B ow er and Holy oak (19 73 ). The authors con-

c luded from the ir study that in the recognition

of sounds, ve rbal iz ations had a w e ight that w as

re lativ e ly g reate r than that of s ensory param eters .

Subje c ts recogniz ed natural sounds by recon-

struc ting the (m os t ofte n v isual ) im ag e s of the

corre sponding source s from verbal iz ations. A s

such, the conte nt of the ve rbal iz ations de te r-

m ined the cue for identi fy ing the sound.

The re rem ains, how eve r, the problem of corre -

lating ac ous tic param e te rs of sound and qual ita-

tiv e data f rom desc riptions of the se sounds. A n

im portant task consists of e laborating an approac h

that al low s one to obtain re liable inte rpre tations

of sound ev ents from their ve rbal de sc riptions that

concord w ith exac t m easures bas ed on phys ical

m e thods . Som e s tudies on the e laboration of a

te chnical vocabulary conce rning sound hav e

show n this to be pos sible . One exam ple is w ork

by Kouzne tsov (1981 ), w ho presente d a l is t of

te rm s charac te riz ing the tim bre of m usical instru-

m ent sounds. The frequency of use of diffe rent

te rm s w as found to be a func tion of the spec tral

conte nt of the sound: 200 ± 900Hz Ð ``suc culent,’ ’

``de ep’ ’ ; 8 00 ± 25 00Hz Ð ``v e lve ty ’ ’ ; 2500 ±

8000 Hz Ð ``bright’ ’ ; 300 0 ± 630 0Hz Ð ``pie rc ing ’ ’

[ our trans lation] .

In our ow n s tudie s of auditory pe rception, w e

hav e inte g rated psychophysical and v erbal com -

m unication m e thods w ithin a sing le experim ental

paradigm (Lom ov , B e lyae va, & Nosulenko, 1 986 ;

Nosulenko, 198 8 , 1 989a; Nosulenko & Sam oy-

lenko, 19 92 ; S am oy lenko, 19 86 ). The results of

th is re s earch hav e led us to c onc lude that the re

ex ists a reasonably prec ise re lation be tw een data

obtained by physical m e thods (subje ctiv e rating s

of diffe rence s be tw een sounds) and qual i tativ e

V E RB A L CO M PARIS O NS O F TIM BRE 25 7
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indic e s of the use of ve rbal units in the de sc ription

of diffe rence s.

O ur research program m e seeks a new approac h

to the ve rbal charac te riz ation of m usical tim bre .

The pres ent artic le focuse s on nonm usic ians ’ v e r-

bal behav iour. The subje c ts w e re asked to l iste n to

pairs of sounds and to de sc ribe in as m uch de tai l

as possible the diffe rence s and s im ilaritie s am ong

their tim bres . The princ ipal feature of our

approac h consists of the idea that the ve rbal iz a-

tions produced by subjec ts w hen solv ing a cogni-

tiv e task should hav e a free form . Thus, the

deve lopm ent of a m e thod for analy sing ve rbal

protocols is an im portant task as it attem pts to

re veal the various l inguis tic dev ic e s (le x ical , syn-

tac tic , se m antic ) the subjec ts used to com pare the

sounds.

VERBAL PROTOCOL ANALYSIS
PROCEDURE

In our prev ious res earch, w e hav e show n that

ce rtain ve rbal iz ation s trateg ie s used by subje c ts

in com parison and rating tasks can indicate the

pe rceived diffe rence be tw een desc ribed obje c ts or

ev ents . The princ iple s of c lass i ® c ation of those

strateg ie s w e re also de ® ned (Sam oylenko, 19 86 ;

Nosulenko, 19 88 , 19 89b; Nosulenko & S am oy -

lenko, 1992 ). O n the bas is of the se results , a

de tai led schem e for analy sing ve rbal data w as

elaborated for com parisons of com plex sounds

(s e e Fig . 1 ). This m e thod is sum m ariz ed brie ¯ y

he re and a de tai led de sc ription is inc lude d in the

Appendix .

Eac h ve rbal te x t, produced by a g iven subje c t

in com paring a pair of sounds, is conside re d at

three m ain lev els of analy sis of the ve rbal units :

their log ica l s en se , the ir s tim u lu s-re la te dne ss , and

their sem an tic a spe c ts . A t eac h m ain leve l , a

se rie s of hie rarchical analy sis s te ps are pe r-

formed.

Logical Sense

The analy sis of the log ical sense of ve rbal units is

pe rformed in three ste ps. First, v e rbal units con-

taining de sc riptions of s tim ulus s im ila r itie s and

d iffe renc e s are identi ® ed and m arked ac cord-

ing ly . Then an analy s is of the lev el of gene ral i ty

of s im ilarity and diffe rence is m ade , i .e . v e rbal

units are labe lled as representing te rm s corre -

sponding to a gene ra l bas is of com parison or as

ex press ing conc re te (or de tai led) com parisons.

Final ly , ve rbal units are analy s ed ac cording to

the w ay sounds are opposed. They are conse -

quently categ oriz ed as c la s s i ® c a tiona l or g ra -

dua l . In c lass i ® c ational v e rbal units , the tw o

sounds are identi ® e d as posse ss ing diffe rent qua-

li ti e s, or a s ing le sound of the pair is charac te r-

iz ed. In gradual v erbal units , the tw o s tim uli are

com pare d w ith respec t to the sam e sem antic c lass ,

but a degree of diff erence be tw ee n the tw o obje c ts

is note d.

Stimulus-Relatedness

The analy s is of stim ulus-re latednes s of ve rbal

units is pe rform ed in tw o ste ps. V e rbal units are

labe lled ac cording to w he the r they are used to

de sc ribe g lobal aspec ts of the sounds (soun d

G es ta lts ) or spe c i ® c p rope r tie s of the sounds .

Subsequently , the nature of spec i ® c propertie s is

furthe r c lass i ® e d as being spa tia l , te m pora l , in te n -

s iv e , or sp ec tra l .

Semantic Aspects

The analy sis of sem antic aspects of ve rbal units

aim s to de term ine the s em antic categ ories used to

de sc ribe the tw o sounds being com pared. This

le v e l contains from three to ® v e analy s is s te ps ,

depending on the branch of the analy s is tre e (Fig .

1 ). First a div is ion into tw o princ ipal categorie s is

m ade : fe a tu re s and ho l istic mea n ing fu l en ti ties . A

de sc ription of s eparate features m eans that distin-

guishing propertie s of sounds are represente d

w ithout as sig ning a holistic m eaning to those

sounds.

Separate features are ® rst div ided ac cording to

w he ther they are de sc rip tiv e or a tti tu d ina l

(e xpress ing an em otional or evaluative atti tude

to pe rce ive d sounds). The g roup of descriptiv e

features is div ided on the one hand into those

norm ally used by people only to de sc ribe sound

phenom ena, that is , fe atures re fe rring only to the

auditory m odal ity (un im oda l) and, on the othe r

hand, into features that can be used to de sc ribe

subje c tiv e representations for diffe rent se nsory

m odalitie s (po lym oda l ) . The group of de sc rip-

tions express ing a tti tu de s to pe rce ived sounds is

alw ay s conside red to be polym odal and is div ided

into those containing information about em otiona l

re lations to sounds and those w he re an aspec t of

na tu ra ln es s is m entioned. The units containing

inform ation about em otional re lations to sounds
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FIG. 1. S chem e o f ve rb al data an aly si s . A rrow s b etween le v e l s in dic ate a p oss ible b ranc hing to any c lass at th e next le v e l do wn (i .e . to

\ssp \ o r \sg e \ at S t ep 4 and to \fe a\ o r \h en \ at S te p 6) . A fu ll d esc ription of the analys is s te ps i s fou nd in the A ppen dix .
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are furthe r div ided into those de sc ribing po sitiv e

and n ega tiv e as pec ts. The othe r g roup of de sc rip-

tions is div ided into those indicating the na tu ra l-

ne ss of a sound and those m entioning its arti ® c ia l

nature .

Holistic m eaning fu l enti tie s are div ided ® rst

into the ve rbal units that are spec i ® c al ly re la te d

to the produc tion of sound phenom ena and those

that are usual ly unre la te d to sound phenom ena.

Then holistic m eaning fu l enti tie s are c lass i ® e d

into units containing inform ation e ithe r about

rea l ob je c ts or about ab str ac t co ncep ts . V e rbal

units conce rning conc re te obje c ts not de signed

to produce sound are ® nally div ided into those

conce rning na tu ra l ob je c ts and phenom ena and

those conce rning obje cts used in various hum an

ac tiv i tie s . A s for de sc riptions conce rning sound-

re lated obje c ts , they are also div ided at th is s te p

into those concerning na tu ra l ob je c ts habitual ly

involv ed w ith sound ac tiv ity and those conce rning

hum an-m ade ob je cts used in sound production.

Finally , the m eans of sound reproducing ac tiv ity

are div ided into m usica l in strum en ts and othe r

sound rep ro duc ing dev ic es .

W e as sum ed in construc ting this s chem e of

ve rbal protocol analy sis that des c riptions of both

distinc tiv e features and refe rence s to sound-pro-

duc ing obje c ts could be subdiv ided in seve ral

diffe rent w ay s . The chosen principle s of subdiv i-

s ion w ere de te rm ined by the gene ral goals and

hypothe se s of our expe rim ental studie s , as w e l l

as through pre l im inary attem pts to apply the te ch-

nique to real ve rbal iz ations.

METHOD

Subjects

The 14 Russian nonm usic ian subje c ts (7 m ale s

and 7 fem ale s) w e re rec ruite d in Moscow . The ir

ag e s ranged from 21 to 40 years (M = 31 .5 ). They

produced ve rbal protocols in R ussian. Eac h sub-

je c t performed the expe rim ent tw ic e .

Stimuli

The sounds w e re sy nthe sized on a Y am aha

TX8 02 FM Tone Gene rator. The 17 `` instru-

m ents ’ ’ used w ere draw n from a se t deve loped

by W esse l , B ristow , and Se tte l (1987 ) . The

sounds w ere de signed e ithe r to im itate c los e ly

m any traditional W e ste rn instrum ents (e .g . c lari -

ne t, harpsichord, bow ed string , trum pe t, v ibra-

phone ) or to represe nt a chim ae ric al hy brid of

know n instrum ents ( e .g . `̀ v ibrone ’ ’ is a hybrid

of v ibraphone and trom bone and ``guitarne t’ ’ i s

de rived from g uitar and c larine t) . A ll tone s w ere

produced at the sam e pitc h (fundam ental fre -

quency = 311 Hz , or E-¯ at4 ) and w ere pe rcep-

tually equaliz ed for duration (approx im ate ly

600 m se c ) and loudne s s (m ezzo forte = approx i-

m ate ly 50 on the MIDI ve loc ity sc ale that controls

inte ns ity in com m erc ial dig ital synthe si z e rs) . The

instrum ent pairs w ere s e le c te d from those used in

a study by McA dam s and C unibi le (19 92 ) w hich

inve stig ated the pe rception of tim bral analog ie s .

The instrum ents used in this expe rim ent are liste d

in Table 1 . In orde r not to confuse the se sy nthe tic

sounds w ith the sounds of the ac ous tic instru-

m ents m any of them w ere de sig ned to im itate ,

the ir three -le tte r abbrev iations (Table 1 ) w il l be

used throughout the te x t.

Procedure

The stim uli w e re prese nte d to subje c ts ove r a

loudspeake r at a com fortable l iste ning leve l in a

sound-treated room . A ll of the sounds used w ere

presente d at the beg inning of the s es s ion in ran-

TABLE 1
Synthesized Instruments Used in the Study

In s tru m en t Na m e
a

Le tter

Co d e
b

Nu mer ica l

Co d e
c

Fre nch horn HRN 1

Trum pe t TPT 2

Trom bone TB N 3

Trum par (trum pe t/g uitar) TPR 5

V ibraphone V B S 7

S triano (bow ed string /piano) S NO 8

S am piano (sam ple d piano) S PO 9

Harps ic hord HCD 1 0

B assoon B S N 1 3

C larine t CN T 1 4

V ibrone (v ibraphone /trom bone ) V B N 1 5

Obochord (oboe /harps ic hord) O B C 1 6

Pianobow (bow e d piano) PB O 1 7

Gui tar G TR 1 8

B ow ed string S TG 1 9

Piano PNO 2 0

Gui tarne t (g uitar/c larine t) G TR 2 1

a
Nam e s of the ac oustic in s trum e nts that the s y n the s i s

in s trum e nts w e re m e ant to im i tate , o r the nam e s o f the

hy brids they w ere m e ant to c re ate (w ith the nam e s of the ir

prog enitors ).
b

Le tte r code used in the tex t.
c

Num ber code used in the database .
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dom orde r to fam il iariz e the subje c t w ith them

and to e stabl ish a sense of the range of varia-

tion. Af te rw ard 6 practic e trial s w e re presente d,

fo llow ed by the 4 6 e xpe rim ental trial s com pris ing

the 23 tim bre pairs in Table 2 presente d in the 2

possible orde rs.

O n eac h trial subje c ts l iste ned indiv idual ly to

sound pairs that could be replay ed as m any tim e s

as nec e ssary during the trial. A num erical rating

of the diss im ilarity of the tw o sounds w as ® rst

m ade . The scale range d from 1 to 8 , w he re 1

sig ni ® e d ve ry s im ilar and 8 v ery dis s im ilar.

Then subje cts w e re as ked to com pare the sounds

and to de sc ribe v e rbally the sim ilaritie s and dif-

fe renc es be tw een them in as m uch de tai l as pos -

s ible . The se protocols w e re recorded on tape ,

transc ribed ve rbatim , and analy sed by the proce -

dure desc ribed above .

DATABASE OF VERBAL UNITS

Eac h ve rbaliz ation obtained in the ex pe rim ent

w as tape -recorded and transc ribed into a te x t ® le

w hich w as independently analy sed by three

ex pe rts . Diffe ring opinions conc erning a particu-

lar ve rbal unit w e re subsequently resolv ed by

consensus, but al l such disc repanc ie s w e re note d.

In the ® rst phase of analy sis , the m eaning ful

ve rbal units w ere ex trac te d from the te x ts . Eac h

unit corre sponded to a separate charac te ristic of a

sound. For exam ple , in the de sc ription ``a v ery

rich, high sound,’ ’ the re are tw o ve rbal units :

`̀ v ery rich’ ’ and `̀ hig h,’ ’ w he reas in the de sc rip-

tion ``re sem ble s a ham m er w hich fal ls and re turns

to its plac e ’ ’ the w hole phrase is one ve rbal unit.

An analy sis of the identi ® c ation of v erbal unit

boundarie s rev ealed that the num ber of dis crepan-

cie s represente d le ss than 0 .5 % of the total num -

be r of ve rbal units . The dis c repanc ies conce rned

prim arily the leve l of de tai l of a c ertain sound

charac te ristic : for ex am ple , ``ve ry constant in

pitc h’ ’ v e rsus ``ve ry cons tant, ’ ’ `` ste ady part spec -

tral ly riche r’ ’ v e rsus ``spe c tral ly richer.’ ’ In a

sm al l num ber of case s, the disc repanc ie s con-

ce rned the num ber of ve rbal units identi ® e d. For

ex am ple , `̀ a bad im itation of a plucked s tring ,

harpsi chord-l ike sound’ ’ w as ® nal ly div ided into

tw o ve rbal units : ``bad im itation’ ’ (m eaning an

arti ® c ial as pec t of the sound), and ``a plucked

string , harpsichord-like sound’ ’ (m eaning a com -

plex re fe rent) . Finally , a sm all num ber of ve rbal

units w e re not taken into conside ration if it w as

im pos sible to de te rm ine w he the r the sound be ing

re fe rred to w as the ® rst or the se cond of the pair.

In the s e cond phase , the ve rbal units w e re

ente re d into a database
1

(se e Fig . 2 ) along w ith

the subje c t’ s num ber (S b), the num ber of the trial

in w hich the tim bre pair w as presente d (S t) , the

instrum ent code s for eac h tim bre of the pair in

the ir orde r of presentation (T1 and T2 , s e e Table

1 ), the dis s im ilarity rating (Ev ), and the instru-

m ent code for the tim bre to w hich the ve rbal unit

re fe rred (Td).

In the third phas e of database construc tion,

three expe rts analy sed the ve rbal units (us ing

the schem e of ve rbal data analy s is de sc ribed ear-

V E RB A L CO M PARIS O NS O F TIM BRE 26 1

TABLE 2
Instrument Pairs Selected from Timbral Analogies in
McAdams and Cunibile (1992) for Presentation in the

Present Studya

Nu m er ic a l Co d e In s tru m en t Na m es

1 ± 1 7 French horn Ð Pianobow

2 ± 5 Trum pe t Ð Trum par

2 ± 8 Trum pe t Ð S triano

2 ± 1 9 Trum pe t Ð B ow e d string

3 ± 7 Trom bone Ð V ibraphone

3 ± 1 0 Trom bone Ð Harps ic hord

3 ± 1 4 Trom bone Ð C larine t

3 ± 1 5 Trom bone Ð V ibrone

5 ± 7 Trum parÐ V ibraphone

5 ± 1 7 Trum par Ð P ianobow

5 ± 1 8 Trum parÐ G uitar

5 ± 1 9 Trum parÐ B ow ed string

7 ± 1 0 V ibraphone Ð H arps ic hord

7 ± 1 9 V ibraphone Ð B ow ed string

8 ± 9 S trianoÐ S am piano

8 ± 1 7 S triano Ð P ianobow

9 ± 1 3 Sam piano Ð B assoon

9 ± 1 7 Sam piano Ð Pianobow

9 ± 1 8 Sam piano Ð Guitar

9 ± 1 9 S am piano Ð B ow e d st ring

1 0 ± 1 6 Harps ic hord Ð O bochord

1 7 ± 2 0 Pianobow Ð P iano

1 7 ± 2 1 Pianobow Ð Guitarne t

a
S ee Tab le 1 footnote for abbre v ia tions.

1
The datab ase d esc rib ed in th is artic le is available to re searc h ers in p sy c ho logy, acou stic s , and lin guis tic s w ho h ave

sc ienti ® c que s tio ns that th ey fee l m ay b e add re ssed by prob in g the se data. A pro gram m e fo r spe c ify in g ¯ ex ib le searche s

accordin g to th e analys is sc h em e is w ri tten in Parad ox 4 .5 and runs on IB M PC -com p atible m achine s . Th e datab ase m ay b e

ob tain ed by w ri tin g to V ale ry Nosulenko , M aiso n S u ger, 16 ± 1 8 ru e S ug er, F± 75 006 P aris , F rance .
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lie r) and ® lled in the corre sponding ce l ls for eac h

analy s is ste p. The possible code s for eac h s te p are

show n in Fig . 1 . In the case of a skip ac ross an

analy s is ste p (for exam ple , ac ross S te p 5 for units

labe l led as \s ge \ in S te p 4 ), the corresponding ce l l

in the databas e w as coded w ith \gap\ (se e Fig . 2 ).

For ve rbal units corre sponding to sim ilarity

de sc riptions \s im \ and g ene ral diffe rence de sc rip-

tions \dif \g en\, identical entrie s for eac h of the

tim bre s w e re m ade in the databas e. For ins tance ,

in the utte rance , ``Sounds are c lose in the ir pitc h;

both resem ble a guitar but both are ve ry arti f i -

c ial ,’ ’ the ve rbal units ``pitc h,’ ’ `̀ g uitar,’ ’ and

`̀ arti ® c ial ’ ’ w e re doubled in the database , once

for eac h of the 2 tim bres 16 and 10 (se e entrie s

No. 1 1 , 12 , 13 , and 14 in Fig . 2 ).

A diffe rent kind of doubling w as pe rformed for

the ve rbal units re ferring to a gradual com parison

\g ra\. For instance , from the utte rance , ``The ® rst

one is m ore sharp,’ ’ produced for the pair of

sounds (2 ± 19 ), tw o ve rbal units w e re ente red

into the databas e : ``m ore sharp’ ’ ( for Td2 ) and

`̀ le ss sharp ’ ’ ( for Td19 ) (se e entrie s No. 5 2 and

53 in Fig . 2 ). The double quote prec eding the

ve rbal unit for tim bre 19 indicates that it is an

inve rted copy of the unit ac tual ly produced.

The database entrie s for the 10 analy sis ste ps

w ere prepared independently by 3 expe rts . A fte r a

joint discussion of the se ve rsions and consensus

ad justm ents m ade in case s of dis crepancy , the

® nal v ers ion of the database w as construc te d.

It should be note d that during the construc tion

of the database , the g lobal rate of disc repanc ie s

be tw een the expe rts w as le ss than 2% . This rate

w as calculate d as the ratio be tw een the total

num ber of disc repanc ie s and the tota l num ber of

judgem e nts m ade by the 3 expe rts for all 1 0

analy sis s te ps ( ® e lds in the database ), appl ied to

all v e rbal units . How ev e r, s inc e the c lass i ® c ation

of a v erbal unit in late r ste ps of the analy sis

depends in m any case s on earlie r ste ps, dis c repan-

c ie s w e re only inc lude d in the total if al l prior

ste ps w ere label led in the sam e w ay by al l three

expe rts . A n exam ination of th is rate for the dif-

fe rent steps of analy sis show ed that m ost of them

conce rned dec isions in S te ps 4 to 6 . Figure 3

show s the proportion of disc repanc ie s in labe l-

ling at a g iven s te p w ith respect to the total

num ber of dis c repanc ie s ac ros s all ste ps. In spite

of the neg l ig ible quanti ty of disc repanc ie s , an

analy sis of the ir nature w as of particular inte r-

e st, in al low ing us to spec ify m ore prec is e ly the

rule s by w hich the ve rbal protocols should be

analy sed.

In the ® nal stage of construc ting the databas e ,

the entrie s for all subje c ts w ere col le c te d into a

sing le ® le in orde r to al low com parative analy se s .

More than 7300 entrie s , e ac h w ith 17 ® e lds, w e re

thus obtained in this study . A com parative analy -

s is of the database s for eac h subje ct revealed

im portant indiv idual dif fe rence s in the use of

ve rbal units . The se diffe rence s w e re ® rst m ani-

FIG. 2. E xam ple of l is tin g f ro m th e d atab as e . S b = su bje c t nu mbe r, S t = trial nu mbe r fo r s tim ulu s pair, T1 = ® rst tim bre , T 2 = se con d

tim bre (n um b ers fo r tim b re s re f e r to instrum en t n um b er in th e Y am aha sy n th esiz e r; se e T ab le 1 ), E v = d iss im i lari ty ratin g, T d = in stru ment

n um b er of sou nd be in g d esc rib ed , S t1 ± S t1 0 = an aly si s s te p s ( se e Fig . 1 ). V e rbal u nits are translated fro m Ru ss ian.
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fe ste d in the g lobal quantity of v erbal units

ex trac te d by the expe rts . For exam ple , the num -

be r of entrie s produced by eac h subje c t varied

from 136 (subje c t 8 ) to 47 0 (subje ct 14 ).

In orde r to com pare the re lativ e use of the

diffe rent de s criptiv e categ orie s in our analy sis

procedure , the rate of use of diffe rent categ orie s

w as norm aliz ed w ith respec t to the total num ber

of units produced by eac h subje c t w ithin eac h

subje c t g roup. A rate coef ® c ient (Kp s ) w as calcu-

lated w ith respec t to the m ax im um num ber of

ve rbal iz ations (Nm a x) produced by a sing le sub-

je c t. The coe f ® c ient for a g iven subje c t s w as

calculated as the ratio be tw een Nm a x and the total

num ber of ve rbal units , Ns , that he or she pro-

duced:

K ps = Nm a x /Ns .

Al l data on the frequency of use of ve rbal units

w il l be presente d in te rm s of this normal ized

coe f ® c ient, both for com putations based on the

inte g ral data for eac h subje c t and for ve rbal units

in a sing le category of the database for a g iven

subje c t.

W e nex t analy s ed the variab il i ty of use of

ve rbal units corre sponding to the diffe rent labe l-

ling s te ps in the database . The coe f ® c ient of

variation (K v ) w as used as an index of variabi l -

ity . K v is the standard dev iation div ided by the

m ean com pute d on the frequency of use of ve rbal

units in diffe rent categories by all subje c ts . It is a

unit- independent m eas ure of relativ e dispe rsion in

the data. W e de te rm ined w hich ste ps of the ana-

ly sis s chem e w ere charac te riz ed by a m ax im al

g roup stabi li ty (low K v ) and w hich ste ps or sub-

je c t diffe rence s had the g reate st variation (hig h

K v )
2
. Fig ure 4 show s a his tog ram of the coe ffi -

c ient of variation for data corre sponding to the

diffe rent analy sis s te ps for the 14 subjec ts w ith 2

repe ti tions.

Due to the fac t that no variation occurred

be tw een subje cts in S te p 8 for a g iven categ ory

of S te p 7 nor in S te p 10 for a g iven cate gory in

S te p 9 , S teps 8 and 10 do not appear in Fig . 4 .

V E RB A L CO M PARIS O NS O F TIM BRE 26 3

FIG. 3. Pro po rtio n of en trie s (e x p re ss ed as p erc en tag e of total nu mbe r of disc rep anc ie s ) g iv in g ris e to disc repan cie s in labe l lin g b etw e en

th e thre e ex p erts fo r the d iff e ren t steps of the analy s is .

2
W e w ill disc u ss the gen eral re su lts in this se c tio n: The an aly s is o f a sp ec i ® c step does n ot tak e in to acco un t th e

particu laritie s o f v e rb al unit c lassi ® c ation de te rm ine d at e arl ie r ste p s, and thu s indicate s on ly the gene ral variab ili ty o f

ve rbal un it c lass i ® c ation at that s tep.
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Note that the greate st variation am ong subje c ts

occurred from the ® f th analy sis s te p onw ard.

The highe st variation conce rned the speci ® c stim -

ulus attribute s chose n by subje cts to com pare the

sounds. Inte rsubje ct diff erence s in the variabil i ty

of use of spatial ly re lated ve rbal izations \spa\

w e re e spec ially high, as w ere those for \int\ and

\nat\. A t the s ev enth analy sis ste p, the larg e st

diffe rence s be tw een indiv iduals conce rned the

use of em otional -evaluativ e ve rbal units \afe \.

The results presente d he re used the m eans

com pute d ove r the w hole se t of s tim uli . This

analy s is did not take into ac count spec i ® c e ffe c ts

of a g iv en s tim ulus on the nature of the ve rbal iz a-

tions. B y study ing only the m eans w ithin a g iven

category at a spec i ® c le ve l , w e did not take into

ac count the possible in¯ uence of the diffe rent

sorting paths of the indiv idual ve rbal units . A s

such the se results are be st v iew ed as indications

of gene ral te ndenc ie s . None the le ss , in the fo llow -

ing sec tion, w e exam ine a subse t of the data in

greate r de tail in orde r to analy s e the spec i ® c iti e s

of c ertain stim ulus com parisons.

In orde r to dem ons trate the use fulne ss of this

te chnique for study ing tim bre pe rception, w e nex t

present a few analy sis e xam ple s using the data-

base : (1 ) re lation of ve rbal behav iour to diffe r-

ence s in diss im ilarity judgem ents be tw een and

FIG. 4. Co ef ® c i e nt o f v ariatio n (K v) for n orm al iz ed f req uency of u se o f v e rb al un it c ate g o rie s in S tep s 1 ± 7 an d S tep 9 .
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w ithin subje c ts , and (2 ) spontaneous identi ® c ation

of sound source s.

VERBALIZATION ANALYSIS OF
DISCREPANT DISSIMILARITY

RATINGS

The e ffe c tiv ene ss of a new procedure can be

judged by the analy s is of expe rim ental re sults

that hav e not been eas i ly inte rpre te d w ith othe r

procedures. In particular, w e w ere interes te d in

the ex te nt to w hich large diffe rence s in diss im -

ilari ty rating s of pairs of tim bres w ould be

re ¯ e c ted in the w ay sim ilarities and diff erence s

be tw een the tim bre s w e re ve rbal iz ed by subje cts .

The se diffe rence s w e re exam ined both ac ros s

re pe ti tions by indiv idual subje c ts as w e l l as

ac ross subje cts . More spec i ® c al ly , w e analy sed

diffe rence s in ve rbal iz ations be tw een groups that

gav e e ithe r re lativ e ly SMA LL (m ore sim ilar) or

re lativ e ly LARGE (m ore diss im ilar) rating s . Such

diffe rence s in rating m ay indicate e ithe r an arte -

fact or w eakne ss in the ex pe rim ental procedure or

the ex iste nce of dive rgent c rite ria and cue s used

to judge the tim bral diffe rences that change from

subje c t to subje c t or be tw een trial s for a g iven

subje c t.

O ur approac h w as bas ed on the latte r hypo-

thes is (dive rsi ty and ev olution of rating c rite ria)

and sought to dem ons trate the abi l ity of v erba-

liz ation analy s is to rev eal the nature of the

rating disparitie s by w ay of quanti tativ e and

qual itativ e diffe rence s in the categ orie s of

ve rbal de sc riptors.

Details of the Analysis

The ve rbal data w ere sorted on the bas is of sub-

je c ts ’ num erical dis s im ilarity rating s. Rating s

w ere c lassed as LA RGE if they exce eded 5 (6 ±

8 ) and as SMA LL if they w ere le s s than 4 (1 ± 3 )

on the 8 -point scale . Nine tim bre pairs for w hich

at leas t 2 5% of the subje c ts gav e sm all rating s and

at leas t 25 % gav e large rating s w ere se le c ted for

analy sis . W e analy sed a total of 94 protocols that

corre sponded to large rating s and 60 protocols

that c orre sponded to sm all rating s. The l ist of

tim bre pairs and of subje cts corresponding to

eac h g roup are presente d in Table 3 .

For som e tim bre pairs, c e rtain subje cts gav e a

larg e rating in one expe rim ental se s s ion and a

sm all rating in the othe r. For exam ple , the fo llow -

ing de sc riptions [ translated from the Russian] of

diffe rence s be tw een tw o tim bre s (S TG± TPR)

w ere g iv en by the sam e subje c t (#4) in the tw o

expe rim ental se s s ions.

Se ss ion 1 : Rating = 2 . ``The tw o sounds are ve ry

sim ilar . . . be cause they

are both ve ry arti ® c ial .’ ’

S e ss ion 2 : Rating = 7 . ``The se are . . . d iffe rent

instrum ents . Furthe r . . .

they diffe r in pitc h.’ ’

The analy sis consiste d of a com parison of the

ve rbal charac teristic s ac com pany ing LA R GE and

SMA LL ratings. W e com pared the frequency of

use of diffe rent type s of v e rbal units as c lass i ® e d

ac cording to the analy s is schem e m entioned ear-

lie r. To ac hieve this aim , w e ® rst com pute d the

m ean frequency of use of eac h type of ve rbal unit

for eac h group and for eac h pair of tim bres. The

m ax im um m ean num ber of rating s that could be
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TABLE 3
Subjects Giving Small (1± 3) and Large (6± 8) Dissimilarity Ratings for Each Instrument Paira

Tim b re Pa i rs Sm all D is s im ila r ity R atin g s La rg e Dis s im ila r it y Ra tin g s

CNT Ð TB N 1 ,2
b
,3 ,4

b
,5 ,6 ,7 ,8 ,9 ,1 0 ,1 1 ,1 3 ,1 4 3 ,9 ,1 2 ,1 3

PB O Ð S NO 1 ,2 ,3 ,4
b
,5 ,1 0 ,12

b
,1 4 3 ,5 ,6 ,7 ,8 ,9 ,1 1 ,1 2 ,1 3 ,1 4

SPO Ð S TG 1 ,2 ,5 ,6 ,7 ,8 ,1 1 ,1 4 1 ,2 ,3 ,4 ,9 ,1 0

HRN Ð PB O 1 ,2 ,3 ,4 ,6 ,8 ,1 0 ,1 1 ,1 4 3 ,6 ,7 ,9 ,1 1 ,1 3

STGÐ TPR 1 ,2 ,4 ,5 ,6 ,7 ,9 ,1 0 ,1 1 1 ,2 ,3 ,4 ,8 ,9 ,1 3

TB NÐ V B N 1 ,5 ,6 ,7 ,8 ,10
b
,11 ,12 1 ,2 ,3 ,4 ,6 ,7 ,9 ,1 2 ,1 3 ,14

SPO Ð PB O 5 ,6
b
,7 ,8 ,1 2 ,1 4 3 ,4 ,7 ,9 ,1 1 ,1 3

PB O Ð PNO 1 ,2 ,4 ,5 ,6 ,7 ,8 ,1 0 ,1 1 ,1 2 ,1 4 2 ,4 ,7 ,9 ,1 3 ,1 4

V B S Ð HCD 1 ,2
b
,3 ,4

b
,5 ,6 ,7 ,8

b
,9 ,1 0

b
,1 1 ,1 4 2 ,7 ,8 ,1 2 ,1 3

a
S ee Table 1 for key to instrum ent code s .

b
Case s w he re a g iv en subje c t m ade ratings of a g iv e n categ ory (larg e or sm all ) in both ex pe rim e ntal se ss ions .
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obtained for a g iven pair of tim bres w as four (tw o

prese ntation orde rs for e ac h of tw o se ssions).

A ll data on the frequency of use of ve rbal units

are presente d in te rms of normal iz ed coe f ® c ient

(Kp s ) . Me ans for the sm al l and larg e rating groups

w ere com puted on the se le c te d set of data ac ros s

subje c ts and the nine pairs of tim bres . The num ber

of ve rbal units ex trac te d from the protocols that

corresponded to the e stabl ished rating constraints

w as large enoug h to pe rform statistic al analy se s

only for the ® rst s ix ste ps of the ve rbal unit

analy s is schem e .

Results and Discussion

The analy sis of the use of diffe rent ty pe s of ve rbal

units required a sorting of the database ac cording

to the s chem e de sc ribed earl ie r (Fig . 1 ).

Step 1 . U n its R efe rr ing to Sim ila rity o r

Diffe r en ce . The distribution of v erbal units

used to ex press s im ilarities \s im \ and diff erence s

\d if \ be tw een the tim bres in the groups of S MALL

and LA RGE diss im ilarity rating s are pres ente d in

Fig . 5 . This ® gure show s that al though ve rbal

units corre sponding to diffe rence identi ® c ations

w ere m ore frequent ove ral l in both groups [ for

rating < 4 : t(16 ) = 4 .0 , P < 0 .00 1 ; for rating >

5 : t(1 6 ) = 13 .3 , P < 0 .0 01 ] , sim ilarity

identi ® c ations w ere used m ore frequently w hen

sm all diss im ilarity rating s w ere g iven [ t(16 ) =

3 .6 , P < 0 .0 05 ] , and a g reate r frequency of use

of diffe rence units c orre sponded to large

diss im ilarity rating s [ t(16 ) = 4 .24 , P < 0 .001 ] .

How ev e r, i t should be note d that th is fac t

re ¯ e c ts the diffe rence in the am ount of al l ty pe s

of ve rbal units use d to de sc ribe the sim ilarity

be tw een the tim bres. In orde r to unde rstand

w hich conc re te ty pe of the se units is

disc rim inative , the frequenc ie s of the ir

util iz ation in the tw o g iven g roups (sm al l and

larg e dis s im ilarity rating s) are com pared. O ur

analy sis w as run separate ly for ve rbal units used

to de sc ribe sim ilaritie s \s im \ and diffe rence s \dif \

be tw een the tim bres.

Verbal Units Describing Similarities

Step 2 . Leve l o f G ene ra l i ty o f

Simila rity. There w ere no signi ® c ant

diffe rence s be tw een the LA RGE and S MA LL

groups in the frequency of use of conc re te

\s im \c on\ or gene ral \s im \gen\ forms of ve rbal

units [ \con\: t(16 ) = 1 .56 , ns; \g en\: t(16 ) = 0 .28 ,

ns] . The re w ere al so no diffe rence s for e ithe r

g roup be tw een the frequencie s of use of ve rbal

units c las sed as \s im \con\ or \s im \gen\ [ SMA LL:

t(1 6 ) = 1 .31 , ns; LA RGE: t(16 ) = 1 .24 , ns] . A s

such, our analy s is of identi ® c ation of sim ilarity at

subsequent leve ls w il l be m ade ac ros s S te p 2

(g rouping \con\ and \gen\ de sc riptions of

s im ilaritie s ).

FIG. 5. A ve rag e n orm al iz ed f re -

q uency of use of v e rbal un its e x p re s -

s ing s im i lari ti e s \s im \ or d iffe ren ces

\d if \ be tw een stim ul i. T h e d ata are

c lassed ac cord ing to gro ups of sub -

je c ts g iv ing S M ALL (1 ± 3 ) and

L A RG E (6 ± 8 ) dis sim i lari ty rating s .

V e rtic al bars rep re s ent 1 S D .
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Step 4 . Spec i ® c i ty w ith Respec t to th e Sound

Stim u lu s. The group m aking S MALL

diss im ilarity rating s produced m ore ve rbal units

to de sc ribe sim ilaritie s for both sing le attribute s

of sounds \s im \ . . . \s sp\ and the holis tic nature of

sounds \s im \ . . . \s g e \ than did the LARGE group

[ \ssp\: t(1 6 ) = 2 .99 , P < 0 .01 ; \sge \: t(16 ) = 2 .33 , P

< 0 .05 ] .

Step 5 . Spec i ® c i ty w ith Respec t to Sing le

Stim u lu s Param e te rs . S ince the num ber of

ve rbal units used to desc ribe sim ilaritie s of

tim bre s in te rm s of spatial \spa\, te m poral \te m \,

and inte nsity \int\ param ete rs w e re neg l ig ible

(le ss than 2% ), w e w ill discuss data conce rning

only the spec tral \spe \ c lass of de sc riptors. This

ty pe of ve rbal unit w as used m ore frequently by

the SMA LL group than by the LARGE group

[ t(16 ) = 2 .5 2 , P < 0 .05 ] . Thus, the sim ilaritie s

be tw een the tim bres in the pair w e re ve rbal ized

predom inantly on the bas is of spec tral param ete rs.

Step 6 . F ea tu re s and Ho listic Mea n ing fu l

En titie s .

1 . Simila ritie s in s ing le s tim u lu s param e te r s

(s orting \s im \ . . . \s sp\ . . . \fe a\ or \s im \ . . .

\ssp\ . . . \hen\). For both groups, the av e rag e

frequency of use of the holistic m eaning ful enti -

tie s for des c ribing the sim ilaritie s of sing le sound

attribute s \s im \ . . . \ssp\ . . . \hen\ w as le ss than

5% of the total for this ste p. A s such, our analy sis

w il l be con® ned to de sc riptions of features. V e r-

bal units de sc ribing features of attribute s \s im \

. . . \s sp\ . . . \fe a\ w ere used m ore frequently in

the SMA LL group than in the LA RGE group

[ t(16 ) = 3 .15 , P < 0 .0 1 ] . Thus, w e can conc lude

that the tw o groups are distinguished only in the ir

use of features of s ing le attribute s for express ing

the sim ilarities be tw een the tim bres.

The fol low ing l is t of v e rbal units w as used to

de sc ribe sim ilarity in te rm s of features (95 ve rbal

units analy s ed) [ our translation] : ``s im ilar in ton-

al i ty ’ ’ (4 3% ); the ``sam e note ’ ’ (31% ); `̀ s im ilarity

in pitc h’ ’ or ``high-pitc hed sound’ ’ (20% ); ``sta-

tic ’ ’ or `` long beg inning ’ ’ or ``long end’ ’ (< 4% );

`̀ v olum inous ’ ’ (< 2% ).

2 . Simila ritie s in soun d G esta lts (sorting : \s im \

. . . \sg e \ . . . \fe a\ or \s im \ . . . \sg e \ . . . \he n\) .

The re w ere no s igni ® c ant difference s be tw een the

SMA LL and LA R GE groups in their use of hol is -

tic m eaning ful enti tie s (\s im \ . . . \sg e \ . . . \hen\)

for de s cribing sim ilaritie s in Ge s talts [ t(16 ) =

1 .45 , ns] . V e rbal units des cribing fe atures of

Ges talts \s im \ . . . \sg e \ . . . \fe a\ w e re used

m ore frequently by the SMA LL g roup than by

the LA RGE group [ t(16 ) = 4 .29 , P < 0 .001 ] .

This re sult sugg e sts the ex iste nce of a corre spon-

dence be tw een the use of ve rbal features of

Ges talts to de sc ribe sim ilaritie s and subje c tiv e

distance s separating the tim bres. The re w as no

such corre spondence in the use of hol istic m ean-

ing ful enti tie s for eithe r attribute s or Ges talts.

The fol low ing list of ve rbal units w as used to

de sc ribe sim ilarity in te rm s of fe atures of Ge stalts

(56 v erbal units analy sed) [ our trans lation] :

``w e l l- coloured sounds ’ ’ (2 5% ); ``saturated

sounds ’ ’ (1 8% ); ``ring ing sounds ’ ’ (12 % ); `̀ j in-

g l ing sounds ’ ’ (9% ); ``m uddy sounds ’ ’ (8% );

``c le an sounds ’ ’ (7% ); ``harsh sounds’ ’ (7 % );

``noisy , nasal sounds ’ ’ (7% ); ``rich sounds ’ ’ (7% ).

Summary

The m ain ® ndings of this s e c tion are sum m ar-

iz ed in Fig . 6 , w hich show s the points of s ignif i -

c ant diffe rence be tw een the S MA LL and LA RGE

dissim ilarity rating groups in the ir de sc riptions of

s im ilaritie s . The S MA LL rating group produced

m ore ve rbal units de sc ribing sim ilaritie s than did

the LA RGE group at four ste ps of the analy sis .

The se v e rbal units conce rn prim ari ly spec tral and

Ges talt fe atures.

Verbal Units Used to Describe
Differences between the Timbres

Step 2 . Leve l o f G ene ra l i ty o f

D iffer enc e . This analy s is ste p revealed that

units corre sponding to LARGE ratings w ere

m ore num erous than those corre sponding to

SMA LL rating s [ t(16 ) = 2 .7 , P < 0 .05 ] . On the

contrary , the diffe rence be tw een the groups in the

frequency of use of general \d if \g en\ v e rbal units

w as not signi ® c ant [ t(16 ) = 1 .7 , ns ] .

The analy sis show s that the conc rete ve rbal

units \dif \con\ w e re used m ore ofte n than ve rbal

units of gene ral form \dif\g en\ in both groups

[ SMA LL: t(16 ) = 17 .9, P < 0 .0001 ; LA RGE:

t(1 6 ) = 12 .8 , P < 0 .0 001 ] . S inc e the re lativ e

num ber of g ene ral ve rbal units \dif \g en\ w as neg -

lig ible (< 8% ), in subsequent ste ps w e w il l discus s

only the data conce rning the conc re te \dif \con\

c las s of de sc riptors.

Step 3 . G radua l and C la ssi ® c a tiona l

U n its . The re lativ e use of g radual v erbal units

\d if \con\g ra\ w as sim ilar for both groups [ t(16 ) =

1 .27 , ns] . The re fore , the spec i ® c s of the cog nitiv e

V E RB A L CO M PARIS O NS O F TIM BRE 26 7
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ope ration of g raduation w ere not re ¯ e c te d in

corresponding evaluations. On the contrary ,

c lass i ® c atory desc riptors \dif \con\c la\ w e re used

m ore ofte n w ith LA R GE ratings than w ith

SMA LL ratings [ t(16 ) = 4 .2 3 , P < 0 .00 1 ] . A s

such, w e can conc lude that the sounds judged as

diss im ilar w e re reported m ore ofte n as be long ing

to diffe rent se m antic c lass es .

Step 4 . Spec i ® c i ty w ith Respec t to th e Sound

Stim u lu s .

1 . G radua l d iffe r en c es (sorting : \dif \con\

g ra\s sp\ or \dif \con\g ra\sge \) . The re w ere no sig -

ni ® c ant difference s be tw e en the groups for e ithe r

the gradual s ing le attribute s \dif \con\] g ra\s sp\

[ t(16 ) = 1 .67 , ns] , or the g radual de sc riptions of

hol is tic nature of sounds \d if \con\g ra\sge \ [ t(1 6 ) =

0 .08 , ns ] .

2 . Classi ® c a tiona l d iffe re nc e s (sorting : \dif \

con\c la\ssp\ or \dif \con\c la\sge \) . The group g iv -

ing LARGE dissim ilarity rating s produced m ore

ve rbal units de sc ribing diffe rence s for both c las -

s i ® c ational s ing le attribute s of sounds

\d if \con\c la\ssp\ and the holistic nature of sounds

\d if \con\c la\sge \ than did the S MALL group

[ \s sp\: t(16 ) = 3 .9 , P < 0 .00 5 ; \sg e\: t(16 ) =

2 .61 , P < 0 .0 5 ] . W e can thus use this analy si s

ste p to he lp de ® ne the pe rceptions corre sponding

to the subje c tiv e distance s betw een the tim bres.

Step 5 . Spec i ® c ity w ith Respec t to Sing le

Stim u lu s Parame te rs . S ince the num ber of

ve rbal units used to de sc ribe s im ilaritie s of

tim bres in term s of inte nsity \int\ param e te rs

w ere neg lig ible (< 2 % ), w e w il l dis cuss data

conce rning only spatial \spa\, te m poral \te m \,

and spec tral \spe \ c lass e s of de sc riptors. S inc e

the portion of the se v erbal units w as ve ry

lim ite d, w e pe rform ed the sorting ac ross S te p 3

(com m on for both \c la\ and \g ra\ de sc riptions of

diss im ilaritie s) . The re w ere no signi ® c ant

diffe rence s be tw een the groups in the use of

e ithe r spatial or spec tral charac te ristic s [ \spa\:

t(1 6 ) = 1 .0, ns; \spe \: t(1 6 ) = 1 .03 , ns] . O n the

contrary , the te m poral units w e re used m ore

frequently in the LARGE g roup than in the

SMA LL group [ t(16 ) = 3 .96 , P < 0 .00 5 ] . Thus ,

the pe rce iv ed diffe rence s be tw een the tim bre s in

the pair w e re desc ribed predom inantly on the

bas is of te m poral param e te rs.

FIG. 6. S te ps in the analy s i s

sc hem e at w hich s ig ni ® c an t d if fe r-

enc e s w e re fou nd be tw e en grou ps of

su b je c ts g iv ing sm all an d larg e dis -

sim i lari ty rating s in d es c rip tion s of

sim i lari tie s \s im \. T h e d ire c tion of

d iff e re n ce in av e rag e frequ en cy of

u se of v e rbal un its o f a g iv en c ate -

gory is ind ic ate d .
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Step 6 . F ea tu re s and Ho listic Mea n ing fu l

En titie s .

1 . G radua l d iffe r en c e s in so un d a ttr ibu te s

(s orting : \d if \con\g ra\ssp\. . .\fe a\ or \dif \con\

g ra\s sp\. . .\hen). For both SMA LL and LARGE

groups , no subje c ts used holistic m eaning ful enti -

tie s for de sc ribing the difference s of g radual,

s ing le sound attribute s \dif \con\g ra\ssp\. . .\hen\.

As suc h, our analy sis w as con ® ned to de sc rip-

tions of features . The diffe rence be tw een the

groups for the features in gradual s ing le attri -

bute s \dif \con\g ra\ssp\. . .\fe a\ w as not signif i -

cant [ t(1 6 ) = 1 .6 9 , ns] .

2 . G radua l d iffe renc e s in soun d G esta lts

(s orting : \dif\con\g ra\sge \fea\ or \dif \con\g ra\

sge \hen\) . As in the prec eding exam ple , the av e r-

ag e frequency of use of the holistic m eaning ful

enti tie s for de s c ribing the diffe rence s of g radual

sound Gestalts \dif \con\g ra\sge \hen\ w as neg l ig i-

ble for both groups (le s s than 4 % of the total for

th is ste p). As such, our analy sis w as con® ned to

de sc riptions of features. Furthe r, the re w ere no

sig ni ® c ant difference s be tw een the g roups for

the fe atures of g radual Gestalts \dif \con\g ra\sge \

fe a\ [ t(16 ) = 0 .46 , ns] .

3 . Classi ® c a tiona l d iffe renc e s in soun d a ttr i -

bu te s (sorting : \dif \con\c la\ssp\fea\ or \dif \con\

c la\ssp\hen\) . The re w ere no signi ® c ant diffe r-

ence s be tw een the groups for the holistic m ean-

ing ful enti tie s in c lass i ® c ational sound attribute s

\d if \con\c la\ssp\hen\ [ t(16 ) = 0 .93 , ns] . Units in

the form of ve rbal features in attribute s

\d if \con\c la\ssp\fea\ w e re used m ore fre quently

in the LARGE group than in the S MALL group

[ t(16 ) = 4 .4 2 , P < 0 .0005 ] . Thus, w e c an conc lude

that tw o groups of data can be dis tinguished only

in the use of f eatures of s ing le attribute s for

ex press ing the diffe rence s be tw ee n the tim bre s

\d if \con\c la\ssp\fea\ .

He re , w e present the l ist of ve rbal units used to

de sc ribe difference s in te rm s of features of s ing le

attribute s (20 6 v e rbal units analy s ed) [ our transla-

tion] :

a. S patial charac te ristic s ( \spa\fea\) : `` loca-

liz able at one point in spac e ’ ’ or `` localiz able

inside the head’ ’ (6 % ); ``volum inous ’ ’ (6% );

`̀ near sound’ ’ or `` far sound’ ’ (4 % ); ``broad

sound’ ’ (3% ); `̀ large spac e ’ ’ (3% ); `` ¯ at sound’ ’

(2 % ); `̀ l im ited in volum e ’ ’ (2 % );

b. Tem poral charac te ristics ( \te m \fea\) : `̀ short

sound’ ’ or ``fas t sound’ ’ or `̀ l im ite d in duration’ ’

(1 9% ); ``ve ry pe rceptible attack’ ’ (11% );

``dynam ic sound’ ’ (9 % ); `` long sound’ ’ or ``s low

sound’ ’ (8% ); `̀ s table sound’ ’ (5% ); ``continuous

sound’ ’ (4% ); ``v ibrating sound’ ’ (4% ); ``double

sound’ ’ (2% );

c . Intensity c haracte ristic s (\ int\fe a\ ) : `̀ change

from soft to loud’ ’ (2 % );

d. Spec tral charac te ristic s ( \spe \fea\) : `̀ lot of

high f requenc ies ’ ’ (5% ); `` the se cond oc tave ’ ’

(3% ); `̀ v e ry high pitc h’ ’ or ``v e ry low pitc h’ ’

(2% ).

4 . Clas si ® c a tion a l d iffe re nc e s in soun d

G es ta lts (sorting : \dif \con\c la\sge \fea\ or \dif \con\

c la\sge \hen\) . There w as no difference betw een

the groups in the use of hol istic m eaning ful enti -

tie s \dif \c on\c la\sge \hen\ for de s cribing the diffe r-

ence s in Gestalts [ t(16 ) = 0 .34 , ns] . V e rbal units

de sc ribing features of Gestalts \s im \ . . . \sg e \ . . .

fe a\ w e re used m ore frequently in the LA R GE

group than in the SMA LL group [ t(16 ) = 2 .82 ,

P < 0 .0 5 ] . The re ex ists , the re fore , a corre spon-

dence be tw een the use of features of Gestalts to

de sc ribe the diffe rence s and subje c tiv e distance s

separating the tim bres. The re w as no suc h corre -

spondence for the use of hol is tic m eaning ful enti -

tie s of e ithe r attributes or Gestalts .

The fol low ing list of ve rbal units w as used to

de sc ribe diffe rence s in te rms of features of

Ges talts (43 v e rbal units analy se d) [ our transla-

tion] : ``harsh sound’ ’ (20% ); ``rich sound’ ’ (18 % );

``pie rc ing sound’ ’ (16% ); ``j ing l ing sound’ ’

(14% ); ``arti ® c ial sound’ ’ (11% ); ``c le an sound’ ’

(9% ); ``noisy -nas al sound’ ’ (8 % ); ``natural

sound’ ’ (4% ).

Summary

The m ain results of this se c tion are sum m ar-

iz ed in Fig . 7 , w hich show s the points of s ignif i -

c ant diffe rence be tw een the S MA LL and LA RGE

rating g roups in the ir de sc riptions of diffe rence s

\d if \ . The ve rbal units express ing diffe rence s w e re

produced m ore frequently by the LARGE rating

group than by the S MA LL rating group. The se

diffe rence s prim ari ly conce rned te m poral and

Ges talt fe atures of a conc re te and c lass i ® c ational

nature .

Our results conce rning the c orre spondence of

the num erical rating s of dis s im ilaritie s betw een

sounds to the w ay the ir s im ilaritie s and diffe r-

ence s are de sc ribed are im portant in the conte x t

of those s tudie s w he re attem pts hav e been m ade

to com pare the results obtained w ith m e thods

using ve rbal iz ations and othe r m e thods for ana-

ly sing subje c tiv e representations. It should be
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m entioned that al thoug h a num be r of s tudie s

using v e rbal de sc riptions hav e been pe rformed,

fe w of them w ere direc te d at m aking this kind

of direc t com parison. A lthough the re se em s to be

no prev ious w ork on this corre spondence for the

auditory m odality , a num ber of studie s hav e

ex am ined the v isual m odal ity . The s tudie s of

Artem ieva (1980 ), for exam ple, em ployed a spe -

c ial procedure of reproduc tion (draw ing ) of com -

plex v isual stim uli on the bas is of v erbal feature s

produced be forehand in situations of re ferential

com m unication. The se w ere used to support the

claim that the ve rbaliz ed features w e re the real

`̀ psycholog ical coordinate s ’ ’ of the stim uli. The

adequac y of ve rbal de s criptions of obje c ts has

been dem onstrate d by m eans of sim ultaneous

re g is tration and c ol lation of the se de sc riptions

w ith traje c torie s of v isual trac ing of the s e obje c ts

(Urvantsev , 1979 ). Tve rsky (1977 ) found a corre -

lation be tw een sim ilarity rating s be tw een obje c ts

and the num ber of identical v e rbal features used

to de sc ribe eac h of them .

In sum m ary , subje c ts g iv ing sm al l dis s im ilarity

rating s for spec i ® c tim bre pairs produce a greate r

proportion of ve rbal units expres s ing sim ilarity

than do subje c ts g iv ing larg e rating s . Com plem en-

tary to th is re sult is the fac t that subje c ts g iv ing

larg e diss im ilarity rating s produce a g reate r pro-

portion of v e rbal units express ing diffe rence s .

This re sult is not surpris ing in itse lf and m ere ly

se rve s to show that the ve rbal iz ations are cohe rent

w ith the dis s im ilarity rating s. None the le ss , the

ve rbal iz ation analy sis al low s us to go one ste p

furthe r in revealing the nature of the sound prop-

e rtie s that are focuse d on. The type s of ve rbal

units that are used to express s im ilarity m ore

ofte n by the S MA LL group than by the LA RGE

group are prim arily re lated to spectral and Gestalt

fe atures of the sounds. O n the contrary , the units

used m ore of te n by the LA RGE group than by the

SMA LL group to express diffe rence s are m ore

re lated to te m poral and Gestalt fe atures of a

c las s i ® c ational nature . The re fore this analy sis

te chnique prov ide s us w ith m ore information

conce rning the aspec ts of sounds that are used

in com paring the m than doe s the dis s im ilarity

rating .

FIG. 7. S te ps in the analy s i s

sc hem e at w hich s ig ni ® c an t d if fe r-

enc e s w e re fou nd be tw e en grou ps of

su b je c ts g iv in g sm al l an d larg e

d iss im i lari ty ratin gs in de sc riptio ns

o f d iffe ren ces \d if\ . T he d ire c tion of

d iff e re n ce in av e rag e frequ en cy of

u se of v e rbal un its o f a g iv en c ate -

gory is ind ic ate d .

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
c
G
i
l
l
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
1
3
:
3
7
 
7
 
A
p
r
i
l
 
2
0
1
0



IDENTIFICATION OF TIMBRES AS
MUSICAL INSTRUMENTS

This analy sis conce rns the recognition of the

tim bre s as conc rete sound obje c ts as revealed in

the last analy sis ste ps (7 ± 10 ). A furthe r c lass if ic a-

tion of S te p 10 allow ed us to c lass i fy the tim bre s

ac cording to m usical instrum ent categorie s (a

kind of `` identi ® c ation portrait’ ’ of the sounds

de sc ribed).

For this analy sis , w e se le c te d and sorted the

data ac cording to one branch of the analy sis tre e

(. . . \hen\ . . . \m us ) and calculate d the num ber of

conc re te re fe rence s indicating spec i ® cal ly m usi -

cal instrum ents (e .g . ``guitar,’ ’ ``bras s instru-

m ent,’ ’ ``v ibraphone ,’ ’ ``piano’ ’ ) or qual i tie s that

unequivocal ly evoked the se instrum ents (``brass -

like ,’ ’ ``pe rcuss ive ’ ’ ) . A conte nt analy s is of the

se le c te d ve rbal units sugg e ste d that it w as possi -

ble to group them into the fol low ing gene ral

c lass e s by m usical instrum ent fam ilie s :

`̀ W inds,’ ’ ``S tring s ,’ ’ and ``Pe rcuss ion.’ ’ Key -

board instrum ents (e .g . piano, harpsichord) w e re

class i ® e d as S tring s. A fourth c lass ( `̀ O the rs ’ ’ )

corresponded to all othe r re fe rence s to m usical

instrum ents . The v e rbal units as s ig ned to this

latte r c lass w e re often of a gene ral nature (e .g .

``m usical instrum ent’ ’ w ithout spec ify ing the

ty pe , or various re fe rence s to e le c tronic instru-

m ents such as ``e le ctric organ’ ’ ). They also

inc luded negative identi ® c ations (e .g . ``not

brass,’ ’ `` le s s pe rc ussive ,’ ’ ``bac kw ards pe rc us-

s iv e ,’ ’ ``approac he s le ss the sound of a string ’ ’ ) .

W e calculated the frequency of use of re fe rents in

eac h c lass for eac h type of tim bre pres ente d to the

subje c ts . A total of 7 20 v erbal units corre sponding

to the appropriate branch of the analy sis tre e w e re

se le cte d for the se com parisons across subje c ts .

The g lobal pe rcentage of units that w e re furthe r

c las s i ® e d into instrum ent fam ily categorie s w e re

as fol low s: W inds (33% ), S tring s (2 8% ), Pe rc us-

s ion (9% ), and O the rs (3 0% ).

Nex t w e exam ine the use of the se c lasse s of

re fe rents during com parisons of TPR (trum parÐ

trum pe t/guitar hybrid) w ith eac h of the tim bre s

TPT (trum pe t) , V B S (v ibraphone ), PB O (piano-

bow Ð bow ed piano), GTR (guitar), and STG

(bow ed string ). Figure 8 pres ents the `` identif i -

c ation portraits ’ ’ of the se synthe tic tim bres. The

value s for TPR are com pute d ac ross al l ® v e pairs .

The c lass i ® c ation of TPT by the subje c ts in the

conte x t of TPR w as ve ry vag ue : W inds , S tring s ,

and m ostly O the rs (this latte r identi ® c ation ofte n

be ing sim ply ``m usical instrum ent’ ’ or ``e le c tronic

V E RB A L CO M PARIS O NS O F TIM BRE 27 1

FIG. 8. Rate o f identi® c ation of tim b re s TPT , V B S , PB O , G TR, S T G, and T PR as sp e c i ® c al ly b elon ging to th e W in d, S tring , o r

Pe rcuss ion fam i l ie s o f m us ic al in strum en ts . T he cate g o ry `̀ O th ers ’ ’ ind ic at es identi® c ation s be lo nging to d if fe ren t c ate gorie s or iden ti fi c a-

tio ns to o g ene ral in natu re to be cate g o riz ed at th is le v e l ( se e T able 1 for tim bre abb re v iatio ns) .
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w ind instrum ent’ ’ ) . The pe rcus sion instrum ent

V B S w as identi ® e d as S tring or Pe rcuss ion or

ofte n as `` instrum ent’ ’ or ``organ.’ ’ PB O , a sim u-

lation of an unusual m anne r of play ing a piano (by

bow ing ) is m ost often identi ® e d as `̀ ins trum ent, ’ ’

`̀ e le c tronic w ind instrum ent,’ ’ or ``e le c tric

organ,’ ’ and rare ly as W ind or S tring . GTR w as

m ore unam biguously identi ® e d as S tring w ith a

fe w `` instrum ent, ’ ’ ``organ,’ ’ or `̀ approac he s le ss a

string sound’ ’ labe ls. O n the othe r hand, S TG w as

identi ® e d m ost ofte n as a S tring w ith a few addi-

tional vag ue `` instrum ent’ ’ labe ls . Final ly , TPR,

the m ost unusual hybrid of the se t, w as labe l led as

`̀ instrum ent, ’ ’ `` synthe siz e r,’ ’ ``e le ctric organ ,’ ’

fo llow ed by S tring , and a rare W ind or Pe rcus -

s ion labe l . These latte r labe ls , particularly

`̀ s ynthe siz er,’ ’ te sti fy to the subjec ts ’ inabil i ty

to m atch this hybrid of a plucked string and a

blow n air colum n to a plaus ible physical obje c t.

This analy sis led us to the conc lusion that the

subje c ts used labe l l ing categ orie s that w e re not

ve ry w e l l de ® ned c om pared to w hat one m ight

ex pec t from profe ss ional m usic ians, for exam -

ple . The descriptors te nded to be at broade r

leve ls of a hie rarchical categorization schem e in

w hich m usical instrum ent is a category containing

w ind instrum ent, w hich contains brass instrum ent,

w hich in turn contains trum pe t and trom bone , for

ex am ple . It w ould be ve ry inte resting to ex te nd

th is re search to se e if the se lev els of c ategory

struc ture could be l inked to Rosch’ s notion of

supe rordinate , bas ic , and subordinate lev e ls

(Rosch e t al ., 1 976 ) as a func tion of m usical

training . The hybrid sounds that did not s trong ly

ev oke ac oustic instrum ents m ay hav e se em ed

m ere ly ``m usic al ’ ’ w ithout a m uch ® ne r distinc -

tion for the se nonm usic ian subjec ts . W e w ould

like , nev erthe le ss , to em phas iz e the fac t that

som e of the se synthe tic im itations, and the tw o

hybrid tim bres, reveal a c e rtain am biguity in

te rm s of the identi ® c ations the y evoked.

CONCLUSIONS

W e hav e e laborated a schem e of v e rbal protocol

analy s is cons is ting of the progress iv e diffe rentia-

tion of free ly produced ve rbal units into a hie r-

archy of c las se s adapte d to the de sc ription of

com plex sound events . W e hav e show n the ana-

ly sis schem e to be prec ise and relativ e ly unam -

biguous as conce rns re l iab il i ty am ong expe rts in

the se le c tion of ve rbal units from the inte g ral

protocol and the ir c lass i ® c ation ac cording to the

schem e.

It should be note d that the m ost e laborated

psycholog ical c lass i ® c ations of ve rbal units hav e

been c reate d for v isual stim uli . One of the m ost

inte resting ex am ple s of such a c las s i ® c ation w as

proposed in the re ferential c om m unication s tudy

of Fussel l and Krauss (198 9 ), w he re express ions

c reated by subje c ts for re fe rring to abstrac t ® gures

w ere ® rs t div ided into three general ty pe s: `` li t-

e ral’ ’ m e ssag e s de sc ribing w hat the ® gure is ;

`` ® gurativ e ’ ’ one s de sc ribing w hat ® gure is like ;

and ``sy m bolic ’ ’ one s l im ite d to le tte rs and num -

be rs. Figurativ e m essag es w e re furthe r subdiv ided

into nine m ajor categ orie s : people , body parts ,

anim als , plants , sm al l obje c ts , large obje c ts , fe a-

tures of the env ironm ent, buildings/parts of bui ld-

ing s, and ``othe rs.’ ’ As for express ions ref erring to

auditory stim uli , there is , to our know ledg e , no

ex isting sy ste m atic c las s i ® c ation sy s te m as ide

from the one proposed he re .

The analy sis schem e proposed in our studie s

dem onstrate s that ve rbal iz ations can be adequate

for s tudy ing pe rceptual representations and for

reveal ing spec i ® c aspec ts of the pe rception of

sim iliari tie s and diffe rence s am ong m us ical tim -

bres. To il lustrate th is adequac y , w e ex am ined

tw o points on the bas is of the databas e con-

struc te d from verbal izations com paring the tim -

bres of synthe tic m us ical ins trum ent sounds: (1 )

the inte r- and intra-subje c t disc repanc ie s in

num erical dis s im ilarity rating s and the ir corre -

spondence w ith de sc riptions of s im ilarity and

diffe rence , and (2 ) the spec i ® c i ty of identif ic a-

tion of diffe rent tim bres as m usical instrum ents .

The m ain ® ndings are sum m ariz ed nex t.

Correspondence between
Dissimilarity Ratings and
Verbalizations

The pecul iari tie s of pe rception of diss im ilaritie s

be tw een m usi cal tim bres w e re re vealed in eac h of

three leve ls of analy sis of v e rbal units : the ir

lo g ica l sen se , the ir stim u lu s- re la te dne ss , and

the ir se man tic a spe cts . W e hav e show n that, at

the lev e l of the log ica l sen s e of v e rbal units ,

num erical diss im ilarity rating s of sounds pre -

sente d in pairs w e re found to corre spond to the

re lativ e num ber of v erbal units used to de sc ribe

the ir s im ilaritie s and diffe rence s w hen the rating s

w ere c lassed as sm al l (m ore sim ilar) and large

(m ore diss im ilar). V e rbal izations of s im ilar char-

ac te ristics of sounds w e re used m ore ofte n by the

group that gav e sm al l diss im ilarity rating s than by
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the g roup g iv ing large rating s to the sam e tim bre

pairs , and the rev erse w as true for ve rbal iz ations

of difference . So num erical dis s im ilarity rating s

are g lobal ly cohe rent w ith the proportion of v e r-

bal units produced to expres s both sim ilarity and

diffe rence ac ross g roups .

It is im portant to note that this com parison

conce rns the sam e tim bre pairs as judg ed by

diffe rent g roups of subje c ts . In spite of the fac t

that all subje c ts rec e ived the sam e stim uli , the ir

judgem ents varie d a great deal for c e rtain pairs.

This re sult sugg e sts that liste ne rs ’ perceptions can

vary a great deal , as judged by the kinds of

fe atures they c hoose to report in com paring sim i-

lari tie s and diffe rence s am ong the tim bre s. At the

leve l of stim u lu s-r e la te dne s s , the correspondence

be tw een ve rbal de sc riptors and num erical rating s

conce rned both spec i ® c sound attribute s ( for

ex am ple : ``attack’ ’ ) and the charac te ristic s of

sound Gestalts (for exam ple : `̀ a rich sound’ ’ ) .

Furthe r, the sim ilaritie s be tw een the tim bre s in

the pair w e re v erbaliz ed predom inantly on the

bas is of spec tral param e te rs. How eve r, at the

leve l conce rning s em an tic a spe c ts of ve rbal

units , a s ig ni ® c ant corresponde nce betw een the

ve rbal and psychophysical data w as found only

for ve rbal units c lassed as sound features. The

frequency of use of ve rbal units re lated to holistic

m eaning ful enti tie s doe s not diffe r be tw een the

tw o subje ct g roups. This ® nding sugge sts to us

that in the cog nitiv e ope ration of com paring tim -

bres, the charac te ristic s that are im portant for

dec iding on the sim ilarity be tw een tim bres are

found in categorie s conce rning spec i ® c fe ature s

of the pe rce ived sounds.

The ve rbal ization of diss im ilar charac te ristic s

of sounds w ere used m ore ofte n by the group of

subje c ts g iv ing larg e r diss im ilarity rating s than by

the g roup g iv ing sm alle r rating s . A t the leve l of

the log ica l sen s e of the ve rbal units , a corre spon-

dence be tw een the v e rbal de sc riptors and num er-

ic al rating s of diffe rence s conce rned only the

ve rbal units that had a c lass i ® c atory nature ,

re porting com pared sounds in diffe rent sem antic

cate gorie s . The use of a strateg y of g raduation in

the v erbaliz ation of dis s im ilaritie s did not cov ary

w ith the judged diss im ilarity be tw een the sounds.

At the leve l of stim u lu s -re la te d ne ss , the corre-

spondence of v e rbal charac te ristic s to num erical

rating s conc erne d both sound attribute s

\d if \con\c la\ssp\ and the charac te ristic s of sound

Gestalts \dif \con\c la\sge \. As for sing le s tim ulus

param e te rs, the diss im ilarities be tw een the tim -

bres in the pairs w e re ve rbal iz ed predom inantly

on the bas is of te m poral param e te rs

\d if \con\c la\s sp\tem \. A s w ith the ve rbal iz ation

of sim ilaritie s, at the leve l of analy sis conce rning

the sem an tic a spe c ts of ve rbal units , a s igni ® c ant

corre spondence be tw e en the ve rbal data ex pres-

s ing dis s im ilaritie s and the psychophysical data

w as found only for desc riptions of sound features

\fe a\ . The holistic m eaning ful enti tie s \hen\ had no

re lation to the diss im ilarity rating s. W e m ay thus

conc lude that our analy sis reveals a corre spon-

dence be tw een the num erical rating of diss im ila-

riti e s be tw een sound and the w ay that subje c ts

de sc ribe their s im ilaritie s and diffe rence s. It

furthe r sugg e sts that the kinds of features em pha-

siz ed by subje c ts are diffe rent for s im ilarity and

diffe rence . It is at this le ve l that w e hav e show n

the te chnique to be a pote ntial ly pow erful tool in

re ® ning diss im ilarity rating analy se s.

Spontaneous Identi® cation of
Musical Instruments

The nonm usic ian subje cts ofte n used categorie s

that w e re not v ery diffe rentiated in attem pting to

identi fy the obje ct that produced the sound

( `̀ w ind instrum ent, ’ ’ ``m us ical instrum ent’ ’ ) .

Furthe r, they w ere not alw ay s in ag reem ent

w hen m ore diffe rentiated categorie s w e re used.

S inc e the se synthe tic sounds w ere m ore or les s

succ e ssful in the ir im itations of traditional instru-

m ents , som e w ere identi ® e d am biguously ac ros s

our subje c t pool. This am biguity w as also ev i-

denced w ith the sounds m eant to be hybrids of

traditional instrum ents , as one w ould e xpec t.

In c losing , w e w ould l ike to sugg es t that the

proposed procedure of ve rbal protocol analy sis

m ay be used not only for the analy sis of de sc rip-

tions of auditory stim uli , but could al so be

adapte d for othe r m odalitie s . In this case the

ste ps corresponding to refe rential analy sis (S teps

7 ± 10 ) w ould need to be spec i ® e d. In the auditory

dom ain, one research pe rspec tiv e that w e hope to

fol low w ith this te chnique involv e s the study of

pe rceptual proce ss ing of com plex ac oustic events

and source s for w hich it m ay be dif ® cult to de ® ne

a c lear l ink be tw een stim ulus prope rties and pe r-

c eptual reac tions. In particular, w e inte nd to con-

tinue this l ine of research addres sing m ore

directly the diffe rence s in de sc ription that reveal

soc iocultural differences in com plex auditory pe r-

c eptual phenom ena and that reveal the sem antic

categorie s sy ste m atically as soc iated w ith the
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unde rly ing perceptual dim ensions of the tim bre of

com plex sounds.

Manusc ript ® rs t re c e iv ed June 1 9 9 4

Re v is ed m anusc ript ac c epted January 1 9 9 6
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APPENDIX: DETAILED
DESCRIPTION OF THE VERBAL

PROTOCOL ANALYSIS PROCEDURE

The A ppendix de sc ribe s the de tai led schem e for

analy s ing ve rbal data that w as elaborated for

com parisons of com plex sounds. The various

ste ps of the analy sis are presente d in Fig . 1 .

Eac h v e rbal te x t, produc ed by a g iven subjec t in

com paring a pair of sounds, is cons idered at three

m ain leve ls of analy sis of the v e rbal units : (1 )

their log ica l s en se (S te ps 1 ± 3 ) , (2 ) the ir stimu -

lu s- re la te d ne ss (S te ps 4 ± 5 ) , and (3 ) the ir se man -

tic a spe c ts (S te ps 6 ± 10 ).

Level 1. Logical Sense of Verbal
Units Used in a Comparison

Step 1 . Iden ti ® c a tion o f Ve rba l U n its Refe rr ing

to Simila rity o r Diffe ren ce . In an inte g ral ve rbal

protocol produced by a subjec t, the parts

containing de sc riptions of stim ulus sim ilaritie s

\s im \
3

and diffe rence s \dif \ are m arked

ac cording ly . In orde r to dis ting uish the g iven

parts , corre sponding syntac tic and lex ical

construc tions ex isting in a g iven languag e

(Russ ian in the present cas e ) are taken into

conside ration. For express ing sim ilarity , one

use s various syntac tic construc tions l ike

com plex sente nce s w ith a copulativ e conjunc tion

`̀ and,’ ’ or s im ple se nte nce s w ith hom ogeneous

parts connec te d by re peating and double

conjunc tions (``both . . . and,’ ’ ``this and that,’ ’

e tc .) along w ith lex ical construc tions

representing the identi ty of obje c ts (``sam e ,’ ’ `` to

the sam e ex te nt, ’ ’ ``com m on,’ ’ ``equal ,’ ’ ``also,’ ’

``c orre sponds,’ ’ `̀ do not diffe r,’ ’ e tc .). For

express ing diffe re nce, one use s syntac tic

construc tions l ike com plex sente nce s w ith an

adve rsativ e conjunction or le x ical form s

express ing diffe rence (``diffe rs ,’ ’ ``diffe rence

in,’ ’ e tc .).

For ex am ple , conside r the fol low ing inte g ral

ve rbal protocol (``. . . ’ ’ indicates a pause in the

spee ch stream ): `̀ S im ilarity in that . . . both

attack tim es are long . . . al though the se cond

one is shorte r and the re is at the end som e sort

of noise like a dam ping or som ething and it’ s also

brighte r in the spec tral qual ity .’ ’ The ve rbal units

corre sponding to the sim ilarity \s im \ identi ® c ation

are represente d in the fol low ing part of the pro-

tocol: ``S im ilarity in that . . . both attac k tim es are

long . . . .’ ’ The ve rbal units corre sponding to the

identi ® c ation of diffe rence s \dif \ are represe nte d

in the re st of this protocol .

Step 2 . Ana lys is o f th e Leve l o f G en era l ity o f

Simila rity an d Diffe r en ce . The v e rbaliz ations

are categ oriz ed ac cording to w he the r sim ilaritie s

and diffe rence s are expressed in a gene ral or a

conc re te form . W ithin parts of a ve rbal te x t

identi ® e d as refe rring e ithe r to sim ilarity or to

diffe rence , ve rbal units representing te rm s

corre sponding to a general bas is of com parison

\g en\ and those ex pressing conc re te (or de tai led)

com parisons \c on\ are labe l led. For instance , in

the statem ents `` the sounds hav e a ve ry sim ilar

spec trum ’ ’ or `` the sounds hav e diffe rent spec trum

qual itie s ,’ ’ the re is a lac k of ve rbal units

express ing how the spec tra are s im ilar or how

the spec trum qual itie s are diffe rent. The ve rbal

units ``spe c trum ’ ’ and ``spec trum qualities ’ ’ are

labe lled as gene ral bas e s of com parison \gen\ of

s im ilarity and diffe rence , re spec tiv e ly .

On the contrary , in the state m ents l ike ``sim i-

lari ty in that . . . both attack tim es are long ’ ’ or

``the se cond sound is shorte r and there is , at the

end, som e sort of noise , l ike a dam ping or som e -

th ing , and it’ s al so brighte r in the spectrum qual -
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Lette rs be tw een b ack-s lash es `̀ \ ’ ’ corre sp ond to codes re lated to diffe re n t lev e ls of the ve rb alizatio n analy s is sche m a.

Th ese c an be co nc atenated to in dicate a de scent th ro ug h seve ra l lev e ls of analy s is, e .g . \di f\con\c la\ (se e Fig . 1 ) . Th e

no tatio n \d if \ . . . \sg e \ ind icate s al l p erm iss ible paths fro m \di f \ to \sg e \.
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ity ,’ ’ the re is a conc re te spec i ® c ation \con\ of

attack tim es as long or of the ir spec trum qual ity

as brig ht, e tc . Thus , the corre sponding ve rbal

units are labe lled as conc re te representations of

s im ilarity and diffe rence .

Step 3 . G ra dua l and C la s si ® c a tio na l

Opp osition s in th e R epre sen ta tion s o f

Diffe r en ce . This analy sis is pe rform ed only for

conc re te diffe rence ve rbal iz ations \dif \con\.

V e rbal units are analy se d ac cording to the w ay

sounds are opposed and are categoriz ed as

`̀ c lass i ® c ational ’ ’ \c la\ or `̀ g radual ’ ’ \g ra\. The

fo llow ing categorization is based on notions

from the theory of oppositions elaborated by

Trube tskoy (1960 ) for the phonolog ical le ve l of

lang uag e .

In c la ss i ® c a tion a l ve rbal units , the tw o sounds

are identi ® e d as poss e ss ing diffe rent qual i tie s , or

a sing le sound of the pair is charac te rized. For

ex am ple :

``The ® rst is a harpsichord, the othe r is a

v iolin.’ ’

``The ® rst sound is ve ry bright. ’ ’

In gra dua l ve rbal units, the tw o stim uli are

com pared w ith respec t to the sam e sem antic

c lass . The se units re fe r to the degree of diffe r-

ence be tw ee n the tw o obje c ts. For exam ple :

``The se cond sound is m ore roug h [ than the

® rst one ] .’ ’

``The ® rst one resem ble s a plucked string m ore

than the se cond one .’ ’

Level 2. Stimulus-Relatedness of
Verbal Units Used in Comparison

A t this le v e l of analy s is the ve rbal units are

labe l led ac cording to w he the r they are used to

de sc ribe g lobal aspec ts of the sounds or the ir

spec i ® c (s ing le ) prope rtie s (S te ps 4 ± 5 ) .

Step 4 . Spec i ® c i ty w ith Respec t to th e Sound

Stim u lu s. The ve rbal units can be used to

de sc ribe the holistic nature of the sound (sound

Gestalts Ð \s g e \) or be lim ite d to a sing le attribute

of the heard sound (sing le sound prope rtie s Ð

\s sp\).

The re fe rence of a ve rbal unit to the w hole

sound event m eans that it is im possible to iden-

ti fy a s im ple, conc re te sound param e te r be ing

com pared. For exam ple :

`̀ First w e have the plucked string . The second

one is a horn sound’ ’ (concrete dif fe renc e in

c lassi ® c ational Gestalts \di f\con\c la\sge \);

`̀ The ® rs t one resem ble s m ore a plucke d string ’ ’

(conc rete di ffe re nc e in gradual Gestalts

\di f\con\g ra\sge \);

`̀ They are produced by diffe rent m us ical instru-

m ent’ ’ (g ene ral dif fe renc e in Gestalts

\di f\gen\gap\sge \) ;

`̀ They both are harpsichords’ ’ (concrete sim ilar-

ity in Gestal ts \sim \con\gap\sge \) ;

`̀ They are produced by the sam e m us ical instru-

m ent’ ’ (g ene ral sim ilarity in Gestalts

\s im \gen\gap\sge \) .

The re fe rence of a ve rbal unit to a sing le

prope rty \s sp\ of a sound al low s a furthe r identi -

® c ation of the spec i ® c sound param e te rs be ing

com pare d. The se param e ters are labe l led in S te p

5 .

Step 5 . Spec i ® c ity w ith Respec t to Sing le

Stim u lu s Parame te rs . S ing le sound param e te rs

are div ided into four m ajor c lasse s: spa tia l \spa\ ,

te m po ra l \te m \, in te n siv e \ int\ , and spe c tra l \spe \.

V erbal units used to de sc ribe spatial

charac te ristics gene ral ly re fe r e ithe r to the spac e

occupied by the sound (`` large spac e ,’ ’ `̀ broad

sound,’ ’ `̀ narrow ,’ ’ ``volum inous ’ ’ ) or to its

localiz ation in space w ith respec t to the liste ne r

( `̀ n ear,’’ `̀ fa r,’’ `̀ lo cal izab le ’’ ) . U n its co rresp on d -

ing to tem po ra l character ist ics refer to tem p oral

parts o f a sou nd ( `̀ b eg inn in g ,’’ `̀ a tta ck ,’’ `̀ steady

part, ’’ `̀ bo dy o f th e sou nd ,’’ ``en d ,’’ `̀ d ecay ,’’

`̀ d am p ing ,’’ `̀ resonan ce part ’’ ) , to its du ra tio n

( `̀ lo ng ,’’ `̀ sho rt ’’ ) o r to its tem p ora l behav iou r,

tex tu re , o r fo rm (`̀ fa st,’’ `̀ slow , ’ ’ `̀ m od u la tio n , ’’

`̀ rou gh ne ss, ’’ ``evo lu tio n ,’’ ``stab le ’’ ) . V erb a l un its

u sed to d esc rib e the in ten sitycharacter ist icsrefer to

in ten sity d irec tly o r to lou dn ess ( `̀ in ten sity ,’’

`̀ en ergy ,’’ ``lo ud ,’’ `̀ so ft ,’’ ``am p li ® ed , ’’ ``m ezzo

p ian o ’’ ) . V erba l u n its u sed to characterize spectra l

a spec ts o f a sou nd refer in general to freq uen cy

con ten t ( `̀ sinu so ida l so un d ,’’ `̀ lo t o f h igh

freq uen cies ,’’ `̀ inh arm o n ic, ’’ `̀ h a s no ise com -

po nen ts,’’ `̀ r ich sp ectru m ’’ ) , to p itch ( `̀ th e secon d

octave,’’ `̀ a ® f th ab ove, ’’ `̀ m ed ium reg ister’’ ) , o r to

p rop ertiesre la tedto the sp ectra lenvelo pe ( `̀ sp ectral

p ro ® le ,’’ `̀ sp ectra l envelo pe, ’’ `̀ n a sa l,’’ `̀ h ead

ton e ’’ ) . R efe rence to co rre la tes o f sp ace, in ten sity ,

and sp ectru m th at chan ge over tim e are cla ssi ® ed

un der \tem \.
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Here are a few exam ple s of te m poral attribute s:

``The second one has an e volution in the spe c -

trum , the ® rst one does not have it’ ’

( \d if \con\c la\ssp\tem \);

``In the second case w e have a s low er attack’ ’

( \d if \con\g ra\s sp\tem \);

``The m ain di ffe renc e he re is in the attack’ ’

( \d if \gen\gap\ssp\tem \) ;

``B oth of them have a quite soft attack’ ’

( \s im \con\gap\ssp\tem \) ;

``They are quite s im ilar in the s teady part’ ’

( \s im \gen\gap\ssp\tem \) .

Level 3. Semantic Aspects of Verbal
Units

This leve l aim s to analy se s em antic categ orie s

used to de sc ribe the tw o sounds be ing com pared

(S te ps 6 ± 1 0 ). A div is ion into tw o princ ipal cate -

gories is ® rst m ade in S te p 6 : features \fe a\ and

holis tic m eaning ful entitie s \hen\. Features are

then further subdiv ided in S te ps 7 ± 9 , w ith holis -

tic enti tie s subdiv ide d in S te ps 7 ± 10 .

Features

A de sc ription of separate features m eans that

distinguishing prope rtie s of sounds are repre -

sented w ithout ass igning a holistic m eaning to

those sounds .

Step 7 . S eparate fe atures are ® rst div ided into

those hav ing de sc riptiv e features \dfe \ ( `̀ loud,’ ’

`̀ inte nse ,’ ’ e tc .) or attitudinal features \afe \ by

m eans of w hich a pe rson expres se s an em otional

or ev aluative attitude to pe rceived sounds (``a

ve ry pleasant sound,’ ’ e tc .).

Descriptive Features

Step 8 . The g roup of de sc riptiv e features \dfe \

is div ided on the one hand, into those normal ly

used by people only to desc ribe sound

phenom ena, that is , fe atures re fe rring only to the

auditory m odality (unim odal ) \um d\ ( `̀ loud,’ ’

`̀ h igh-pitc hed,’ ’ ``noisy ’ ’ ) , and, on the othe r

hand, into features that can be used to de sc ribe

subje c tiv e represe ntations for othe r sensory

m odal itie s (polym odal) \pm d\ (``colourful ,’ ’ e tc .).

Attitudes

Step 8 . The group of de sc riptions express ing

em otional ± e valuative atti tude s \afe \ to pe rce ived

sounds is alw ay s cons ide red to be polym odal and

is div ided ® rs t into those containing information

about em otional \em v \ relations to sounds

( `̀ pleasant sound’ ’ ) and those w he re an aspec t of

arti ® c ial ity or naturalne s s \ntl \ is m entioned (`` i t is

ve ry far from natural ’ ’ ) .

Step 9 . The \em v \ units are furthe r div ided

into those de sc ribing positiv e and negative

aspec ts (e .g . `̀ ple asant sound’ ’ and ``ug ly

sound’ ’ Ð \pos\ and \neg \, re spe ctiv e ly ). The \ntl\

de sc riptions are div ided into those indicating the

naturalnes s \ntr\ of a sound and those m entioning

its arti ® c ial nature \art\ (``a synthe siz ed sound’ ’ ) .

Holistic Meaningful Entities

Step 7 . Holistic m eaning ful enti tie s are

div ided ® rst into the v e rbal units that are

spec i ® c al ly re lated to the produc tion of sound

phenom ena (re lated) \re l\ (``sound of a piano’ ’ )

and those that are not usual ly assoc iated

spec i ® c al ly w ith sound phenom ena (unrelated)

\unr\ (``sound resem bling happine ss ’ ’ ) .

Step 8 . Holistic m eaning ful entitie s can

contain inform ation about real obje c ts \rob\ or

abstrac t concepts \abs \. For exam ple , `̀ piano’ ’ or

``loudspeake r’ ’ w ould represent a real obje c t

de signed to produce sound, w he reas a `` jaz zy

sound’ ’ w ould be an abstrac t sound concept. A s

for the group of hol is tic ve rbal representations not

spec i ® c al ly re lated to sound phenom ena,

``ham m er’ ’ w ould be an exam ple of a real obje c t

that is not de sig ned to produced sound (unle s s it

w as c learly a piano ham m er or a sim ilar

com ponent of m usical instrum ent) , w he reas the

express ion ``sound resem bling happine ss ’ ’ w ould

contain an abstrac t concept not re lated to sound.

Step 9 . V erbal units conce rning conc re te

obje c ts not de signed to produce sound are

® nal ly div ided into those conce rning natural

\nat\ obje c ts and phenom ena ( `̀ sound produced

by an ocean’ ’ or ``sound produced by a

w oodpecker,’ ’ for exam ple ) and those

conce rning obje c ts used in various hum an

ac tiv itie s \ac t\ (``sound produced by a

ham m er’ ’ ) . As for de sc riptions conce rning

sound-re lated obje c ts , they are also div ided at

th is ste p into those conce rning natural \nat\

obje c ts habitual ly involved w ith sound ac tiv ity

( `̀ voic e of a s ing ing bird’ ’ ) and those

conce rning obje c ts used in sound reproduc ing
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ac tiv ity \ac t\ (``sound of m usical ins trum ent, ’ ’

`̀ loudspeake r’ ’ ) .

Step 10 . Final ly , the m eans of sound-

re produc ing ac tiv ity are div ided into m usical

instrum ents \m us \ (``brass instrum ent sound’ ’ )

and othe r sound reproduc ing dev ic e s \dev \

( `̀ loudspeake r’ ’ ) .
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