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The purpose of this study was to investigate the ability

of trained musicians and musically untrained college

students to discriminate music instrument timbre as a

function of duration. Specific factors investigated were

the thresholds for timbre discrimination as a function of

duration, musical ensemble participation as training, and

the relative discrimination abilities of vocalists and

instrumentalists.

The subjects (N=126) were volunteer college students

from intact classes from various disciplines separated into

musically untrained college students (N=43) who had not

participated in musical ensembles and trained musicians

(N=83) who had. The musicians were further divided into

instrumentalists (N=51) and vocalists (N=32).

The Method of Constant Stimuli, using a same-different

response procedure with 120 randomized, counterbalanced

timbre pairs comprised of trumpet, clarinet, or violin,

presented in durations of 20 to 100 milliseconds in a

sequence of pitches, in two blocks was used for data



collection. Complete, complex musical timbres were recorded

digitally and presented in a sequence of changing pitches to

more closely approximate an actual music listening

experience.

Under the conditions of this study, it can be concluded

that the threshold for timbre discrimination as a function

of duration is at or below 20 ms. Even though trained

musicians tended to discriminate timbre better than

musically untrained college students, musicians cannot

discriminate timbre significantly better then those subjects

who have not participated in musical ensembles.

Additionally, instrumentalists tended to discriminate timbre

better than vocalists, but the discrimination is not

significantly different.

Recommendations for further research include

suggestions for a timbre discrimination measurement tool

that takes into consideration the multidimensionality of

timbre and the relationship of timbre discrimination to

timbre source, duration, pitch, and loudness.
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CHAPTER 1

RATIONALE AND PURPOSE OF THE STUDY

Aural discrimination, the ability to recognize how

sounds are similar or different, is fundamental to the

perception of musical sounds and important to both listeners

and performers (Petzold, 1969; Nierman, 1985). Pitch,

duration, loudness, and timbre, singly or in more complex

combinations, are the subjective, fundamental elements of a

musical tone and of musical compositions (Copland, 1939;

Grey, 1977). Because of their fundamental importance as

elements of a musical tone, they are also of fundamental

importance to the understanding of music perception and

discrimination and consequently to music education (Madsen &

Madsen, 1970; Regelski, 1981; Tait & Haack, 1984).

It is well established that these fundamental

attributes of a musical tone interact and affect the

perception and discrimination of the other attributes

(Fletcher, 1934; Risset and Wessel, 1982). One of the

primary means used in psychophysics and psychoacoustics for

investigating the psychological responses to these

interactions is through the determination of thresholds.

Thresholds help discern the changes in discrimination of one

1
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variable, in this case timbre, due to a change in another

variable. Previous research on timbre has investigated the

relationship between timbre discrimination and other

fundamental tonal elements such as loudness, pitch, steady

states, attacks and releases.

It has been suggested that features of a stimulus can

be measured through the determination of the amount of time

required to discriminate a change in the stimulus (West,

Cross, & Howell, 1987). While there has been a substantial

amount of research relating tonal duration to pitch and

loudness, there is a dearth of research investigating the

relationship between timbre discrimination and the duration

of the tone (Pollard & Jansson, 1982). The focus of this

investigation is the discrimination of timbre and its

relationship to duration.

Rationale

The many definitions of timbre are varied and ambiguous

(Kendall, 1975). This ambiguity may be due to the fact that

timbre is a multidimensional qualitative element of a tone

and is difficult to quantify. Consequently, the definitions

of timbre are most often subtractive in that they do not

describe what timbre is but rather what it is not. These

definitions describe timbre as the remaining element of a

tone other than pitch, loudness, and duration by which it

can be distinguished from other tones. An example of one of

the most common definitions describes timbre as the
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attribute of a complex sound that allows the listener to

distinguish between two sounds when pitch and loudness are

held constant (Plomp, 1970).

Timbre is used as a musical element by performers and

composers and contributes to the expressive and formal

aspects of a composition (Campbell & Huller, 1978; Regelski,

1981). In order to recognize and comprehend various timbre-

related musical elements, listeners and performers often

must be able to track single or multiple instruments or

voices, and discriminate and identify the sounds of

instrument families (Campbell & Huller, 1978; Carlsen,

1981). Timbre discrimination has become even more important

in twentieth-century music because of its increased use as a

compositional variable (Babbit, 1964; Slawson, 1985).

Even though there is a substantial body of research

literature that has investigated timbre discrimination, an

understanding of timbre discrimination is far from complete.

One facet of timbre research that is incomplete and might

contribute to a better understanding of timbre

discrimination is basic research concerning the relationship

of the other fundamental attributes of a musical tone such

as pitch, loudness, and duration. The previously presented

definition of timbre proposed by Plomp (1970) acknowledged,

by specifying that pitch and loudness be held constant, the

potential for interaction between these fundamental
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attributes and the discrimination of timbre due to the

multidimensional characteristics of a musical tone.

Researchers maintain that one of the obstacles that

inhibit research on timbre is the complex

multidimensionality of both a musical sound and timbre

(Kendall, 1975; Krumhansl, 1989; Pagham, 1986). A sound is

multidimensional when two or more attributes, such as

loudness and pitch, are present and a physical change in one

creates a perceived change in the other (Bloothooft & Plomp,

1988; Fletcher, 1946; Grey, 1978).

Just as researchers have investigated the relationship

of timbre discrimination and other fundamental attributes of

a musical tone such as pitch (Melara & Marks, 1990),

loudness (Hack, 1975; Melara & Marks, 1990),the overtone

series (Luce and Clark, 1967; Kendall, 1980; Pollard, 1988),

formants (Slawson, 1967) and attacks and releases (Elliot,

1975), other researchers have suggested that there may be

relationship between the discrimination of timbre and the

duration of the tone (Pollard & Jansson, 1982; Wang, 1983).

And, it seems possible that timbre discrimination may be

measured in relation to tonal duration.

Unlike pitch, with is measured in cycles per second,

or loudness, which is measured in decibels or sound pressure

levels, timbre cannot be quantified on a unidimensional

scale (Hodges, 1980). It is a multidimensional tonal

element that is most often considered a qualitative, or



5

nominal, variable and not a quantitative variable. The

discrimination of qualitative variables, such as timbre,

though, can be quantified in relation to other response

measures selected from the component variables of the

targeted attribute. Often researchers quantify the

qualitative variable, timbre, by determining the subjects'

responses to a quantitative component of timbre, such as the

overtone series (Kendall, 1980, Seashore, Lewis, & Saetveit,

1939). The present study proposes the use of time as a

quantitative response measure of timbre discrimination.

West, Cross, and Howell (1987) proposed that music

perception be quantified within a time "slice" or window

that relates the perception of specific features, such as

timbre, to time. Response time and patterns of accuracy

have been a key to the study of psychological discrimination

from experimental psychology's inception (Towsend, 1992).

And, it is generally accepted that there is a relationship

between the amount of time a sound is heard and the ability

to discriminate features of the sound (Olsen & Carhart,

1966).

In light of the potential for the quantification of

perception to time this study proposes that subjects with

better timbre discrimination skills might successfully

discriminate timbre in less time than might less skilled

subjects. The determination of thresholds for

discrimination by the senses is one of the primary
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activities of psychophysics and psychoacoustics. Timbre

discrimination, like pitch and loudness discrimination,

might be measured through the establishment of duration

thresholds.

Many researchers have cited the need for research

designs that come closer to a realistic listening experience

(Fletcher, Blackham, and Christensen, 1963; George, 1957;

Hall, 1980; Hedon, 1980; Pollard, 1988). Although many

timbre discrimination tests use only the steady state, or

sustained portion, of single, isolated, musical tones as the

stimuli (Padgam, 1986; Wedin & Goude, 1972), there is

evidence to suggest that timbre discrimination may be a

complex process involving the interaction of the overtone

series, the attacks, the way the musical sound is started,

the shape of the temporal sound envelope, and cues from a

sequence of pitches (Hall, 1980).

All of these variables might contribute to a timbre

discrimination task that comes closer to a more realistic

music listening experience such as listeners sitting in a

group listening to musical complex tones. Digital Audio

Tape (DAT) technology would allow control of the duration,

pitch, and loudness of complex, pre-recorded, realistic

musical tones that would contribute to the fidelity of the

sound sources for a timbre discrimination test. The

durations could be varied by shortening the steady states

while still maintaining the entire sound envelope.
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Wang and Gosseck (1978) justified their selection of

musicians as subjects in a timbre discrimination task by

stating that timbre discrimination required discrimination

of subtle differences in the stimuli that only musicians

might detect. However, music education researchers have

questioned whether this is true and have shown an interest

in whether training in music performance develops listening

skills for the discrimination of elements of a musical tone

such as timbre (Beal, 1985; Rentz, 1988). Additionally,

there has been interest in whether the ability to

discriminate elements of a musical tone is further affected

by whether the listener has been a member of a specific

musical ensemble such as band, chorus, or orchestra (May &

Elliot, 1980; McCarthy, 1970).

It seems possible that individuals who have

participated in ensembles and repeatedly heard the various

musical timbres of these ensembles would have been trained

through this experience to discriminate timbre better than

individuals not exposed to instrumental music timbres to the

degree possible through music ensemble participation.

Further, it seems possible that tonal discrimination skills

may be developed through participation in any ensemble or

may vary according to membership in either a vocal or

instrumental ensemble.

However, there is uncertainty as to whether training in

performance and participation in an ensemble provides
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training in discrimination of tonal elements, such as pitch,

rhythm, and timbre, and whether discrimination abilities

vary according to whether the subjects are members of a

vocal or instrumental ensemble (Cleak, 1967; Henson & Wyke,

1982; Platt & Racine, 1985). The evidence concerning the

relationship between timbre discrimination and performance

training also conflicts. Beal (1985) reported that

musicians could discriminate timbre better then

nonmusicians. Other evidence suggests that trained

musicians do not discriminate timbre significantly better

then subjects without training in a variety of timbre

discrimination tasks (Beal, 1985; Gridley, 1987; Henson &

Wyke, 1982; Zimmerman, 1971). There is no baseline of

timbre discrimination data available to serve as the

criteria with which to compare the relative success of

ensemble performance training.

The determination of duration thresholds for timbre

discrimination is proposed here to investigate another

variable involved in timbre discrimination. The results of

this study might help clarify and extend the findings of

other researchers concerning the general areas of duration

studies and timbre studies, the duration required to

discriminate timbre, and the effectiveness of participation

in musical ensembles as timbre discrimination training.

Also, it seems logical that the use of subjects who have

participated in musical ensembles through their school
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training, but have not been away from this participation for

long, would help control for the possible effects of age in

the discrimination task. Consequently, college students

will be used as subjects in the study.

Purpose Of The Study

The purpose of this study was to investigate the

abilities of trained musical performers and musically

untrained college students to discriminate music instrument

timbre as a function of duration.

Research Problems

The research problems were:

1. To determine the duration at which adult listeners

discriminated between selected music instrument timbres 75%

of the time;

2. To determine if instrumental timbre discrimination

significantly varied between subjects who participated in

musical ensembles and subjects who did not;

3. To determine if instrumental timbre discrimination

significantly varied among musically trained subjects who

were members of an instrumental ensemble or a vocal

ensemble.

Delimitations of the Study

1. This study was delimited to timbre discrimination by

college students.
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RELATED LITERATURE

The research literature reviewed in this chapter will

cover two major areas: the variables that are involved in

timbre discrimination and research relevant to the

development of a timbre discrimination tasks.

Variables in Timbre Discrimination

The variables to be considered in timbre discrimination

include the multidimensionality of a complex tone, the

psychological attributes of timbre discrimination which

include the role of musical context and sequences of

pitches, the elements of the sound envelope, the verbal

attributes of timbre discrimination, and the training

effects of participation in an ensemble.

The Multidimensionality of Complex Sounds

One of the reasons for the neglect of timbre studies

and the difficulty in accomplishing them is the complex

multidimensional nature of timbre (Pagham, 1986). A sound

is multidimensional when two or more attributes are present

and a physical change in one creates a perceived change in

the other. The multidimensionality of sound perception and

discrimination is well established in psychophysical

literature (Chaney & Webster, 1966; Durrant, Lovrinic, &

10
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Jean, 1984; Fletcher, 1934, 1946; Luce, 1963; Miller &

Carterette, 1975; Heller & Campbell, 1977; Roederer, 1975;

Stevens, 1934; Terhardt, 1978; Ward, Foley, & Cole, 1986).

Depending on the authority, the multidimensional attributes

of a complex sound are reported to number from three

(Fletcher, 1934) to at least twenty-three (Plomp, 1973).

Timbre, while being one of the main elements contributing to

the multidimensionality of sound and its discrimination, is

itself multidimensional (]Bismarck, 1974; Bloothooft & Plomp,

1988; Fletcher, 1934, 1946; Grey, 1977, 1978; Pratt &

Broshwer, 1978; Wedin, 1972; Risset & Wessel, 1982). An

article by Fletcher (1946) is a classic example of the

description of physical and psychological variables that

contribute to the multidimensionality of a complex sound.

Fletcher cites six physical aspects of a complex sound;

intensity, fundamental frequency, the overtone structure,

duration, the growth and decay pattern, and vibrato.

Researchers often reduce these elements to frequency, the

overtone structure, intensity, and objective duration.

These aspects, when measured objectively by machines, can be

measured according to scales that will give, within the

approximate limits of machines, the same results after

repeated measurements. The psychological elements that

result from subjective perception and discrimination by

humans with individualized perceptual mechanisms, such as

hearing acuity, are pitch, timbre, loudness, and subjective
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duration. Fletcher states that loudness depends principally

upon frequency but can vary with changes in frequency or

overtone structure. Pitch depends principally on frequency

but varies with changes in intensity and overtone structure.

Timbre depends on the overtone structure and the growth and

decay characteristics, but also changes with changes in

intensity and frequency. The perceptual process becomes

increasingly multidimensional when consideration is given to

the fact that a unit change in a physical scale does not

equal a unit change in a psychological scale of sensation.

Loudness and Pitch as Functions of Duration

Because there are few studies that focus on the

relation of duration and timbre, and since the role of

fundamental frequency is important in timbre discrimination,

a selective and general overview of the topics concerning

duration and temporal integration, duration and pitch, and

timbre and pitch may be useful for a better understanding of

duration and timbre (Backus, 1977). While loudness merits

equal consideration as a multidimensional variable in

general psychoacoustics, because of the dearth of literature

related to music, loudness will only be referred to later

when discussing the contributions of intensity and amplitude

to the transients and steady state of a complex sound

envelope.

Doughty and Garner (1947) investigated the pitch

characteristics of short tones and proposed three stages of
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pitch discrimination. In the stage with the shortest

durations the ear only perceives clicks. In the second

stage, the subject still mainly hears a click, but also some

pitch. In stage three the pitch is easily identifiable.

Increases in duration after stage three produce no

significant difference in pitch discrimination.

Pitch discrimination improves with longer durations

(Turnbull, 1944). As frequency increases, precision

increases and less time is required for discrimination

(Turnbull, 19944). However, as pitch goes extremely higher

precision decreases (Fyk, 1987). More time is required to

discriminate low tones than higher tones (Fyk, 1987). The

perceived pitch of high tones is lowered by shortening

durations and the pitch of low tones is raised (Doughty &

Garner, 1947).

In musical listening experience, the durations of tones

will vary and there will often be silence between tones.

When the interstimulus interval, the duration of the silence

between two stimuli, is increased pitch discrimination

deteriorates slightly (Ekman, Berglund, & Berglund, 1966);

Konig, 1957). The frequency discrimination between two

tones is best when the standard and comparison tones are of

equal duration (Hartmann, Rakerd, & Packerd, 1985). When

the durations of the two tones being compared are varied,

frequency discrimination improves as the duration of either

the standard or comparison tone is increased. As duration
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in the form of rhythm becomes more complex, discrimination

becomes more difficult (Kelly & Brandt, 1984). Monahan and

Carterette (1985) found that the tendency to rate melodic

patterns according to duration in the form of rhythm was

negatively correlated to the tendency to rate patterns

according to pitch.

A study by Warren, Gardner, Brubaker, and Bashford

(1991) went some degree closer to investigating duration and

pitch in a listening situation that more closely

approximates a real music listening experience . Not only

is this study important because of its closer approximation

to musical context, but it also used accepted psychophysical

procedures that are more rigorous than procedures used in

much music research. Three experiments examined the effects

of duration on melodic and nonmelodic pitch discrimination.

Experiment 1 used an unspecified number of untrained

subjects. The subjects were presented with familiar

melodies in increasing and decreasing durations using the

psychophysical procedure of Method of Limits. This is a

procedure that tests groups of subjects, which is closer to

a live listening experience, rather than using headphones to

test individuals. The mean of the durations required for

recognition were from 160 to 1,280 milliseconds. At the

longest durations the sounds were heard as being independent

and not as part of a melody.
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Experiment 2 used 72 untrained subjects divided into

two equal groups. They were presented equal numbers of

"Same" and "Different" synthesized, complex, nonmelodic

tonal sequences in a random order through headsets. Timbre

was held constant. Each subject was matched with another

who was presented the stimuli in counterbalanced (reversed)

order. The total number of trials for each item was 108.

The subjects could discriminate different arrangements of

three tones in durations of from 10 ms. to 5,000 ms. The

third experiment replicated experiment 2, except that the

pitch was held constant and the timbre was varied. The

percentages of correct responses were used as measurement.

The subjects could discriminate timbre differences at the

same durations as with pitch. This study may suggest that

the discrimination times for timbre and pitch are similar.

The Pychoacoustical Attributes of Timbre Discrimination

Knowledge of the relationship of the acoustical

elements of a musical tone to instrumental timbre

recognition is important in the development of a listening

task of timbre recognition, especially when deciding on the

nature of the musical sound to be used as stimuli. Tests

using only steady states of musical tones or using isolated

tones out of context may not approximate a true listening

experience. As will be seen in the following literature

review, there is disagreement as to which elements of a

musical tone are sufficient or necessary for instrument



16

identification, as to whether many elements interact to

facilitate identification, as to whether recognition varies

according to instrument, and about the role of musical

context in timbre recognition. Merely identifying the

physical elements that come into play in timbre recognition

may not adequately account for recognition, for some

acoustic features of timbre may not be as significant or

necessary as others (Lo, 1987).

Researchers have attempted to reduce the many elements

possible for timbre recognition to those features which seem

sufficient for timbre recognition. Researchers interested

in composition with computers have contributed much to the

understanding of timbre recognition. In order to synthesize

timbres, they have attempted to isolate those factors that

seem to be sufficient for the description of timbre.

Consequently, synthesis greatly aids tonal analysis

(Freedman, 1968; Grey & Moorer, 1977; Risset, 1966; Risset &

Mathews, 1969; Risset & Wessel, 1982; Strong & Clark, 1966).

Many researchers acknowledge the importance of musical

context in timbre discrimination. However, the majority of

studies are concerned with the individual physical elements

heard in isolated tones. This seems to be due to the

difficulty of controlling the various possible elements that

comprise musical context and the complex interaction of

these elements. If these elements are not controlled, they

become intervening variables. Consequently, the variance in
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the subjects' discrimination may not be a function of

timbre, but some other elements in the musical context such

as loudness, pitch, and rhythm.

Many researchers propose that both the transient and

the steady state spectrum are important for timbre

recognition (Fletcher, 1946; Pollard and Jansson, 1982;

Richardson, 1975; Saldanha and Corso, 1954). Bruijn (1978)

used multidimensional scaling and triadic comparisons to

determine the number of criteria a person needs to

distinguish between two timbres. In a triadic comparison,

three tones are presented to the listener at once. After

listening, the subject lists which of the tone pairs is most

similar and which is most dissimilar. Similar ratings

receive two points and dissimilar receive no points. The

scores for each tone pair are totaled and used in the

multidimensional scaling. He concluded that the two

required criteria were the harmonic content of the steady

state and the slopes of the amplitude patterns.

Different subjects seem to rely on different features

of complex sounds for identification. Musicians seem to

rely on the fundamental frequency while others rely on the

waveform and formant structure (Howard & Silverman, 1976).

Grey (1975, 1977), using a multidimensional scaling

technique, found timbre discrimination factors to be the

spectral energy distribution, categorization according to

the three instrument families, and the temporal
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synchronicity in attacks and decays of the upper harmonics

with the corresponding degree of spectral fluctuation.

Charbonneau (1981) used a data reduction technique and

reported that the spectral envelope is important, that

amplitudes of the harmonics evolve in a pattern, and that

harmonic frequencies are not important in perception.

Timbre discrimination may be a complex process involving the

interaction of the overtone series, the temporal integration

of musical events, and the context within which the stimuli

is presented (Hall, 1980).

Timbre Discrimination, Musical Context,

and Pitch Sequences

Musical sounds may take on additional properties when

presented in a musical context (George, 1957). The

possibility that musical context influences timbre

discrimination has frequently been proposed (Fletcher,

Blackham, and Christensen, 1963; Hall, 1980). George (1957)

maintained that the idea that timbre is the result of a

steady state modified by transients should be abandoned and

that timbre should be considered to be a pattern of

acoustical properties. These patterns occur in musical

context. Some researchers (Kendall, 1986; Pollard and

Jansson, 1982) contend that any analysis of timbre

discrimination should involve a sequence of pitches that
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would approximate music. With a single sound the brain has

unlimited time to analyze whereas in a sequence it does not.

Grey (1978) compared the timbre discrimination of

isolated tones with the discriminations of tones in various

contexts of single and multiple voice patterns. The

instruments used were clarinet, trumpet and bassoon. He

reported that identification of different instruments varied

according to single or multiple voiced contexts. Clarinets

and trumpets were identified most accurately in isolated

tones with discrimination becoming progressively less

accurate in single and multivoiced contexts. Bassoon was

best recognized in single voice patterns. Grey suggested

that there may be a composite of discrimination cues derived

from hearing a particular timbre at the different

frequencies that musical context would allow. Consequently,

timbre recognition for isolated tones may differ from timbre

recognition of tones in successive musical patterns.

There is evidence that suggests that the importance of

the initial transient and steady state may change according

to whether the tones are isolated or in sequence and that

recognition is better for sequences of tones rather than

isolated tones (Kendall, 1985, 1986; Risset and Mathews

(1969). The steady state may provide for better instrument

recognition than the transients when the stimuli are

presented in musical context (Kendall, 1986). In a single
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pitch, isolated tone context, the transients may be more

important then they are in musical context.

One of the major determinants of timbre, found in

musical context, may be the transition from one tone to

another (Saldanha & Corso, 1964). Articulation may be

important because the manner by which the tones are joined

together may effect discrimination (Grey, 1978). The

amplitude envelope of the transients and the time-varying

spectra of musical tones may change according to whether the

pitches are started by a tongued attack or are part of a

slurred passage. This may result in some change in timbre

perception (Strawn, 1985). Sandell (1986) found that

timbres with clean, quick attacks, and "dark" sounds

contributed to the fusion or blend of concurrently sounding

tones.

Musical context seems to extend and amplify spectral

differences between tones whereas isolated contexts may make

temporal features more apparent. For instance, Campbell and

Heller (1978) reported that isolated tones containing only

transients were better discriminated than tones with only

steady states. While timbre discrimination may rely on a

composite of acoustical cues, the transients and the steady

state most often compete for consideration as the primary

timbral determinants. Both of these primary features of a

complex sound may be considered temporal events that vary

according to duration (Pollard & Jansson, 1982).
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The Overtone Series and Timbre Discrimination

Even though a substantial amount of research suggests

that many other factors influence timbre recognition, the

majority of research on musical timbre has focused on the

overtone series of the steady state of a complex sound

(George, 1954; Luce and Clark, 1967; Pollard, 1988; Pratt &

Doak, 1976). The features of the steady state most often

referred to as necessary for timbre identification seem to

be the content of the overtone series and the amplitude

pattern (Clark and Milner, 1964; Clarkson, Clifton, &

Perris, 1988; De Bruijn, 1978; Plomp, 1970; Wedin & Goude,

1972).

Padgam (1986) reported that the timbre of organ pipes

is a function of the strengths of the first five aurally

separable harmonics. Wedin and Goude (1972) found that

perceptual similarity of instruments may be explained by the

relative strengths of the harmonic partials. Three

characteristics of these partials were the high level

overtone richness, successively decreasing intensity of the

upper partials, and the low fundamental intensity of the

lower partials. Strong and Clark (1967) found that

instruments were inaccurately identified due to the

different amplitude envelopes.

Kendall (1980) found that changes in timbre were

discriminated when the intensity of various overtones was

varied. Six musically trained subjects were randomly
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presented seven complex tones with partials of varying

intensities. A modified Method of Limits procedure with a

same-different response method was used. Approximately 30%

of the items were different. Each stimulus pair was

presented through headsets for two seconds with an

interstimulus silence of one second. Four seconds of

silence separated the items. Each stimulus pair was

presented to each subject three times, which apparently

resulted in only 18 trials per stimulus pair. Apparently

the standard and comparison stimuli were not counterbalanced

for order of presentation effects. The author recommended

replication of this study with more subjects and in musical

context.

Temporal factors and tonal fluctuation may affect the

nature of the overtones (Bregman, 1983). Most complex tones

continuously change in timbre through time (Miller &

Carterette, 1975; Beauchamp, 1974). The detailed nature of

the temporal variations of the overtones and their

amplitudes are important in determining timbre (Kendall,

1986; Pratt and Doak, 1976). Grey and Gordon (1978)

reported that steady states seem to be of two natures; those

that are static, such as woodwinds, and those that are

dynamic or fluctuate such as flutes, strings, and brass.

The steady state spectral envelopes may vary between

instrumental families and be similar within instrumental

families. Luce (1967) reports that for brasses other than
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horn, spectral envelopes are approximately frequency-scaled

versions of each other. If the spectral envelopes are

significantly similar, then discrimination may also vary

according to fundamental frequency (Fletcher, 1946; Pollard

& Jansson, 1982; Saldanha & Corso,1964; Slawson, 1967;

Strong and Clark, 1967).

Another of the possible distinguishing features of the

overtone series and the amplitude pattern is a formant.

Often referred to in relation to the timbre of a singer's

voice, it is defined as a range of frequencies within the

overtone series of some fundamental frequency within which

the partials have relative large amplitudes (Wedin & Goude,

1972). Changes in perceived timbre may result from changes

in the two lower formants, the upper formants, and the

fundamental frequency (Slawson, 1967).

Transients and Timbre Discrimination

It has been proposed by some researchers that tones

containing only transients are better discriminated than

tones with only steady states (Campbell & Heller, 1978).

The attack transient and decay are most often referred to

when duration is discussed in relation to timbre

discrimination (Pollard & Jansson, 1982). Topics related to

the attack transient are whether the attack transient

affects timbre discrimination, if so to what degree, whether

timbre discrimination through the attack transient varies

according to instrument, and whether the starting transient
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is heard as a whole or if there is enough time for the ear

and brain to conduct a detailed analysis (Pollard & Jansson,

1982). Additionally, since the rise time is an important

element in the attack transient, knowledge of the rise

portion of the attack transient is also important.

George (1954) used a tape recorder to play isolated

instrumental sounds in reverse. He hypothesized that if the

primary element responsible for timbre recognition was the

steady state, then subjects would accurately identify

instrumental sounds played in reverse as well as they

identified the original presentations. The fact that the

subjects could not identify the instruments as well when

presented in reverse, lead George to the conclusion that the

steady state was not sufficient for instrument

identification.

Kendall's position that transients are not necessary

for the identification of violin, clarinet, and trumpet

prompts inquiry as to whether instruments not used in his

study require attack transients for identification. Weyer

(1976) maintains that transients often are important. The

method by which an instrument initiates a sound, such as

bowing or blowing, produces a characteristic attack that is

specific to each instrument, allowing timbre recognition

through transient behavior (Fletcher, Blackham, & Geerstsen,

1965).
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Supporting the contention that musical context

contributes to timbre recognition, Campbell and Heller

(1978) found that the timbre of tones presented as slurred

sounds were more accurately discriminated than tones that

were initiated by tongued attacks. Legato tones would be

found in musical contexts where there was a sequence of

tones and points further to the inadequacies of isolated

tones for the study of timbre recognition.

Elliot (1975) presented instrumental timbres with and

without attack transients and decay transients to 57

graduate music students. He reported that only clarinet,

trumpet, and oboe were correctly identified without the

transients, making transients necessary for identification

of the other instruments. Clark, Luce, Abrams, Schlossberg,

and Rome (1963) reported attack transients to be of little

significance for the identification of percussion

instruments but are important to others. Berger (1964), in

an attempt to establish the relative importance of timbre

features, found timbre recognition to be best for tones that

were unaltered, next best for tones played backwards, and

least accurate for tones with attacks and decays removed.

Studies involving organ pipes can be viewed as early

studies in music instrument synthesis and the importance of

transients (Fletcher, Blackham, and Christensen, 1963;

Nolle, 1941). Pagham (1986) investigated the scaling of the

timbre of the pipe organ and reported that timbre changes
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with loudness and initial transient. Strong and Clark

(1966) found that the attack transient and frequency

affected identification and that clarinet and trumpet were

often confused.

Tonal onset and the rise time are two of the details of

the attack transient, referred to earlier, that could be the

objects of more detailed auditory inspection and analysis.

Vos and Rasch (1989) gave both physical and perceptual

definitions of onset. Physical onset is the moment at which

a tone is initiated. Perceptual onset is the moment at

which a tone is first perceived. Rise time, or the rise

portion of a tone, is the time interval during which the

harmonics of a tone establish their maximum intensity levels

following the physical onset. The onset and rise portion

together form the attack transient. The onset and rise

times are important elements that make up the initial

transient. If the transient is important to timbre

identification, then these primary transient elements may

have significance as well.

The duration of the attack transient is related to the

rise time. The rise portion, or rise time, and the attack

or onset can also be considered the constituent parts of the

temporal envelope. Risset and Mathews (1969) cite that each

partial has its own amplitude envelope and the relative

onset and decay of these partials are critical to timbre
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identification. The steady state is considered the spectral

envelope (Strong & Clark, 1967).

There is debate as to whether the rise time of an

initial transient can be discriminated categorically.

Categorical perception is defined as the ability to

discriminate between, but not within, category differences

(Hary and Massaro, 1982). Music instrument categories are

variously referred to as instrumental families, such as

brass, woodwinds, and strings, or as specific instruments,

such as clarinet, violin, and trumpet.

Cutting, Rosner, and Foard (1976) assert that speech

and music sounds share much in relation to categorical

perception. Thus studies in the categorical perception of

music, such as instruments or instrumental families, may

have implications for speech and vice-versa. Asserting that

a violin plucked with a rise time 30 ms. and bowed with a

rise time of 50 ms. satisfy the criteria for categories

applied to speech, they used the stimuli, labeled "plucked"

and "bowed" and two bipolar stimuli each representing a

category. They established that rise times can be perceived

categorically. In an earlier study Cutting and Rosner

(1974) found that rise time could produce enough information

to the listener to allow timbre distinctions by categories.

Additionally, it was more difficult to distinguish between

members of the same category than between members of

different categories. Since rise times are an important
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component of initial transients of musical sounds, their

studies could be interpreted to support the importance of

transients in instrument identification.

Contrary to the findings of Cutting and Rossner,

Smurzynski and Houstma (1989) found that rise times could

not be perceived categorically. Broecke and Heuven (1983),

principally investigating speech sounds, found that rise and

decay time discrimination was too poor to reliably cue

recognition of more than two categories. Using a sawtooth

wave, Smurzynski (1985) found that trained subjects do not

classify a continuum of tones with various rise times into

the two distinct categories of "pluck" and "bow" which

encompass 10 ms. (pluck) to 60 ms. (bow). He asserts that

the trained subjects can distinguish more minute differences

to discriminate a continuum. Rosen and Howell (1983) found

that perception of a sawtooth wave continuum was best at

shorter durations and found no evidence of categorical

perception of plucks and bows. Kewley-Port and Pisoni

(1984), could find no categorical perception of rise times.

These studies argue against rise times of specific

instruments contributing to recognition.

According to Luce and Clark (1965), durations of attack

transients vary from one instrument to another, with the

note being played, and according to the way the player

starts the tone. As pitch went up, durations of the attack

decreased but did not vary according to duration of the
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pitch or loudness. They found the nature of the rise

portion of the transient to be the result of the fraction of

the stored acoustical energy that is radiated per cycle, the

coupling between the sources of excitation, and the behavior

of the excitation. As frequency increases radiation

efficiency also increases resulting in shorter rise times

for higher frequencies. According to Vos and Rasch (1989)

rise times are between 5 to 100 ms. They agree that the

duration of the attack depends on the type of instrument,

the frequency, and the way the player starts the tone.

While stating that the duration of the attack

transient, which can be the result of rise time, does not

affect timbre, Clark, Robertson, and Luce (1964) proposed

that instrumental timbre recognition relies on gross

features of the attack transient, by modulations during the

steady state, by one or more formants, and probably by other

features not yet, in 1964, understood. Pollard (1988), in

order to synthesize instrumental sounds, simplified the

measurement of the effect of the loudness growth curve to

the attack and steady state, thus further exaggerating the

gross features to test for recognition.

The facts that the steady state, transients,

fundamental frequency, and musical context all hold some

claim to being significant determinants of timbre and that

the significance of each of these may vary according to

instrument, would seem to suggest that the discrimination
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and recognition of instrumental timbre may vary according to

instrumental families or individual instruments.

Attack transients have been reported to be of little

significance for the identification of percussion

instruments but are important to others (Clark, Luce,

Abrams, Schlossberg, & Rome, 1963). It has been reported

that some instruments, such as clarinet, oboe, and flute,

are easier to identify than others (Saldanha and Corso,

1964). Strong and Clark (1967) found that the steady state

spectral envelope was more important to discrimination than

the temporal envelope for oboe, clarinet, bassoon, tuba, and

trumpet. The temporal envelope was equal to or more

significant for flute, trombone, and horn. Elliot (1975)

found that only clarinet, trumpet, and oboe were correctly

identified when the steady states were presented without

attacks and releases.

Grey (1978) found that the identification of different

instruments varied according to context. Clarinet and

trumpet were best discriminated in isolated tones with

discrimination progressively worse in single and multivoiced

contexts. Bassoon was best in single voice patterns.

Campbell and Heller (1978) found that legato transients, the

initiating of a pitch within a slurred passage, produced

better timbre discrimination than attack transients. In

contrast, Strawn (1985) found there was no categorical

perception of the transitions due to the varying transient
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envelopes produced by slurred or tongued passages. Musical

context seems to extend and amplify spectral differences

between tones, isolated contexts may make temporal features

more apparent, and articulation, another feature of musical

context, may also affect recognition. For the purpose of

this study it would seem that complete complex tones with

complete envelopes presented in the musical context of a

sequence of pitches, not isolated tones, would be most

appropriate for the study of timbre discrimination.

Duration and Timbre Discrimination

There is a void in the literature concerning the

minimum time required to register a change in timbre

(Pollard & Jansson, 1982) and studies addressing this issue

are almost nonexistent. It seems that the bulk of timbre

research assumes that timbre is separate from time except

when referring to initial transients (George, 1954). The

attention given to the relationship between duration and

timbre has a narrow range from speculation to research using

pure tones. Pollard and Jansson (1982) speculated that the

time required to recognize a change in timbre is between 5

and 20 ms. Pollard (1988), in a subsequent study,

speculated the the time required is between 10 and 20 ms.

Clark et al. (1963) sought to determine the importance

of the attack transient, steady state, and decay to the

discrimination of instrumental timbre heard in solo and in

unison. Solo and unison synthesized sounds of .5, .3, .1,
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.05, and .03 seconds long were compared by an unspecified

number of listeners to find the durations required to

distinguish between the sounds. They reported that solo and

unison sounds could very easily be distinguished from each

other at longer durations and, with reasonably careful

listening, at shorter durations. The facts that the sounds

were synthesized and not generated with acoustic instruments

and that the nature and number of the listeners, as well as

the method of the stimulus presentation, were not reported

imposes serious limitations on acceptance of the results.

The authors acknowledged these limitations, considered this

"informal" research, and recommended replication with more

experimental control.

Wang and Gossick (1978) attempted to establish a

relationship between timbre discrimination and duration.

They hypothesized that since research has revealed that

loudness and pitch perception greatly depend on duration,

and, pitch, loudness, and timbre interrelate to define a

musical tone, then, duration may also affect the perception

of timbre. The study used 15 graduate music students and

music faculty who were pretested by recognizing orchestral

instrument tones which had the attacks and releases

eliminated. The authors presented no rationale as to why

the characteristic attacks and releases had been eliminated.

The reader is left to speculate that the ability to

recognize parts of orchestral instrument tones is related to
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the ability to hear the sine-wave pure tones used in the

final study. Since there is much debate as to whether the

steady state or transients are responsible for timbre

recognition, it would seem that the elimination of

transients could possibly eliminate recognition as well,

particularly in isolated tone contexts. This decision to

eliminate the transients could be the result of a

misunderstanding of the criteria required for timbre

recognition. The authors, without referring to any source,

identify the overtone series and the formant structure of a

tone as the general criteria for timbre perception.

The authors claimed that this selection of subjects was

necessary due to the subtle nature of the timbre changes to

be detected. It would seem, though, that this narrowing of

the subjects to those that best hear timbre changes could

possibly bias the study in favor of obtaining significant

results. Additionally, it would be difficult to generalize

the results to anyone other than those with the same

abilities as the subjects.

Twenty series of tones at five frequencies and four

different intensity levels were presented to the subjects in

decreasing durations. It is unclear how many trials of each

stimulus condition were observed. Having only 15 subjects

in the study would tend to suggest caution in accepting the

results because of too few trials. Additionally, no

reliability was reported for the listening test. There may
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Since this study has the same purpose as well as research

problems as the Wang and Gossick study (1978), this appears

to be a refinement of the first study. Unfortunately, this

study shares similar limitations with the first.

The subjects were 19 members of a college chorus. The

author reports an average of 9.47 years of musical training

for the subjects. This limits the generalization of the

results to experienced subjects, those in a college chorus

who possibly are musically trained at the college level.

This may not generalize to musically untrained populations.

It may not translate to musically trained populations

because choral and instrumental musicians may have different

timbre discrimination skills (May & Elliot, 1980).

Each subject was presented twice with sine-wave tones

at five frequencies and at four intensity levels. This

resulted in 38 trials for each stimulus. Even though the

author reported a Pearson reliability coefficient of .903, a

number of trials closer to 100 would be more desirable.

Also, the specific research questions to be addressed by the

researcher made no mention of intensity as a variable in the

study. The author justifies the use of pure tones, rather

than music-like complex tones, because they would allow

comparisons to be made with previous pure tone studies and

because the onset and offset would be free of frequencies

other than those of the oscillator frequency. In complex
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tone timbre discrimination, the characteristics of the onset

may provide cues for recognition.

The method of presentation of the stimuli described by

the author seems to be the classical psychophysical Method

of Adjustment procedure. This method is commonly used in

listening research but, in this writer's opinion, has

limitations in its use in the study of music listening

because the acoustic environment of the head phones does not

approximate a room. The subjects in the study turned a knob

to decrease the duration and stopped when they first

distinguished a change in timbre. Just as in the previous

study, this may result in bias on the part of the subjects

who are expecting the next stimulus to contain the timbre

change and are thus biased toward the next presented

stimulus. The author reported that the duration of tones

decreased as the frequency decreased. The nature and number

of the subjects, the nature and presentation of the stimuli,

the method for obtaining responses from the subjects, and

the number of trials in this study are limitations that

suggest caution in accepting these results as knowledge of

the relationship of duration to musical timbre

discrimination.

The Verbal Attributes of Timbre Discrimination

A review of literature that examines the relationship

of timbre discrimination and its verbal description may

suggest whether verbal descriptors are appropriate responses
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to signify timbre discrimination by musically untrained

subjects. Verbal responses may give some indication as to

whether performing in an ensemble provides training in

timbre discrimination. The development of the ability to

recognize and remember timbre is related to a commonly

accepted vocabulary that identifies timbre categorically

(Letowski, 1985). It would seem that the vocabulary that

does exist might vary between musicians who have more

experience hearing musical tones through ensemble

participation, and nonmusicians who would have less

experience. The identification of verbal responses to

timbre recognition has generally utilized the technique of

semantic differential scaling (SDS) with bipolar adjectives,

developed by Osgood (Truax, 1971), in combination with or

separate from multidimensional scaling (MDS).

Lichte (1941) reported that musicians use a nonspecific

terminology to describe timbre. Both Lichte and Abeles

(1973) contend that musicians used a consistent vocabulary

to describe timbre. Abeles found that nonmusicians did not.

Edwards (1978) found a wide variety of metaphors used to

describe trombone timbre and that the same adjectives had

different meaning to different people, often as a result of

the type of performance they were involved in.

Gridley (1987) reported that when untrained subjects

supplied their own adjectives to describe tenor saxophone

timbre, there was no universal agreement of terms. There
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was considerable agreement, though, when the subjects were

provided with such bipolar adjectives as hard/soft and

rough/smooth. Gridley concluded that, when measured by

scales using forced choice responses, untrained subjects

tended to use timbre descriptors that were very similar to

those used by musicians when describing jazz tenor sax

timbres.

Most often the adjectives used as timbre descriptors

are metaphors (Edwards, 1978). A comparison of the

descriptors used in the following studies shows a good deal

of similarity. Kendall and Carterette (1991) investigated

verbal descriptors of timbre of pairs of instruments in both

musicians and nonmusicians. They found that functional

terms were nasal/not nasal, rich/brilliant, and

simple/complex. Pratt and Doak (1976) used three sets of

bipolar adjectives, dull/brilliant, cold/warm, and

pure/rich. Bismarck (1974) performed a factor analysis of

30 rating scales. He found that the four scales of

dull/sharp, compact/scattered, empty/full and

colorless/colorful were nearly sufficient to describe

timbre.

While some evidence exists that there may be some

similarity between descriptors used by musicians and

nonmusicians, there is doubt as to whether there is a

successful vocabulary that describes timbre either

qualitatively (Hickman, 1968; Stubbins, 1954; Fletcher,



39

Blackham, & Christensen , 1963) or quantitatively (Stubbins,

1954). The difficulty with timbre descriptors and labeling

has inhibited the study of timbre recognition in the general

adult population and in children (Andrews & Deihl, 1968;

McDonald, 1974; Fletcher et al., 1934). Two results of this

difficulty have been research into the existence and nature

of a functional timbre vocabulary and attempts to develop

non-verbal responses to timbre identification free of

vocabulary (Hickman, 1968; Utley, 1970).

The accepted vocabulary that describes timbre according

to instrument categories or family categories exists, but

does not function successfully due to either the inability

of listeners to discriminate between instrumental timbre

sources, the inability to apply the appropriate labels, or

both. The previous studies suggest that the use of verbal

labels for the identification of instrumental timbre may be

too unreliable. It does not seem that the use of labels

such as clarinet, trumpet, or violin would be appropriate

for a listening test with subjects that are nonmusicians and

musicians. The test may reflect the subjects' knowledge of

the labels and not timbre discrimination.

Ensemble Participation and Tonal

Discrimination Training

Since the beginnings of the testing movement in music,

which was concerned mainly with aptitude testing,

researchers have investigated the correlation between aural
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discrimination skills and performance training. The authors

of the tests often considered some form of pitch

discrimination to be a construct of musical aptitude.

Researchers using published tests such as the Seashore

(Seashore & Mount, 1918), the Kwalwasser-Dykema test

(Bienstock, 1942), and the Bentley test (Cleak, 1967) found

low or no significant correlation between membership in a

performance organization and pitch discrimination.

Often, the tests were considered too unreliable for

acceptance of the results (Bienstock, 1942).

May and Elliot (1980), using the Gaston Test of

Musicality, reported higher scores for members of

instrumental ensembles than those in vocal ensembles. Even

though high reliability coefficients are often reported for

this test, its shortness alone suggests caution in accepting

its results.

In studies not utilizing published tests, researchers

have reported a positive correlation between pitch

discrimination and participation in an ensemble (Haack,

1969; Long, 1969; Taylor, 1969). Kendall (1986) had

expected musicians and nonmusicians to be equally successful

at timbre discrimination if the effect of labeling was

eliminated and was surprised when he found musicians to be

more accurate. Marciniak (1974) reported a significant

correlation between amount of ensemble experience and music

perception, but found no correlation between perception and
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instrument played. This study used multiple regression

based on several published tests. Unfortunately, the

researcher does not identify which test was used or what

elements were considered to be constructs of music

perception. Consequently, the results have little meaning.

There is evidence that members of instrumental

ensembles can discriminate tonal elements better than

members of vocal ensembles (May & Elliot, 1980; Taylor,

1969; Young, 1976). Sink (1984) found that the subjects'

ability to organize rhythmic dissimilarity was most affected

by the instrument the subjects played. Cleak (1967),

though, found no differences for instrumentalists on the

rhythm test of the Bentley tests.

In addition to studies on pitch and rhythm, Nierman

(1985) reported that students who participated in an

ensemble scored significantly higher than those who did not

when describing recorded musical excerpts with verbal

descriptors. McCarthy (1969), also using recorded music,

found effects of participation in school music performance

organization on the ability to perceive aesthetic elements

in recorded music but no relationship between age and

perceptive-descriptive music skills.

The following studies would seem to suggest that

membership in an ensemble provided no significant training

in timbre recognition. One study (Henson & Wyke, 1982)

presents a rather dramatic result. The subjects for the
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study were 21 volunteer professional musicians from "an

internationally celebrated orchestra". They were given the

timbre test from the 1960 version of the Seashore

Measurements of Musical Talents. The timbre items consisted

of pairs of tones made up of the fundamental and the first

five harmonics. The intensities of the third and fourth

harmonics were varied and the subjects were to respond same-

different. Musicians scores were significantly lower than

an estimate of the population. The authors hypothesized

that this was due to the fact that the high degree of

discrimination required by the test was of little

consequence for the professional musician. They suggested

caution in accepting the results of this test when comparing

musicians and nonmusicians. The current writer suspects

that the small number of subjects and the lack of

randomization from within the available population of the

orchestra should be considered as possible factors.

Beal (1985) reported musicians recognizing timbre only

slightly better than nonmusicians. This study used 24

subjects, 12 nonmusicians and twelve musicians. The degree

to which the musicians were trained was not specified. The

stimuli were 4 tapes that had been used in a previous

experiment intended to examine musicians and nonmusicians

differences in discriminating between chordal items. The

subjects were told to disregard the pitch differences. The

instruments used were guitar, harpsichord, and piano. A
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same-different response procedure was used. This result

should be viewed with caution. There were not enough

subjects for each category of subjects. The failure to keep

pitch constant may have allowed pitch to be an intervening

variable. The choice of pitched percussion instruments that

have very little steady state was poor.

There is evidence to suggest that musicians are not

significantly more successful than nonmusicians when

applying verbal descriptors to timbre. Zimmerman (1971)

reported that ensemble members were only slightly better

than nonmusicians in using appropriate verbal descriptors

for timbre. Gridley (1987) also found the use of timbre

descriptors for saxophone to be similar between performers

and nonperformers.

Based on the results of the previous studies, it would

seem there is scant evidence that participation in an

instrumental ensemble provides training in pitch, rhythm, or

timbre discrimination. However, for the most part, the

inadequacies of the tests used invites caution and further

study.

Duration Thresholds, Psychophysical Procedures,

and Timbre Listening Tests

The goal of research in music perception and

discrimination is to explain and predict how listeners

respond to musical sound (Rash & Plomp, 1982).

Psychophysics is a scientific field which is concerned with
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the relationship between the subjective, psychological

responses of subjects to the objective, physical properties

of stimuli (Shiffman, 1976). In this study, the objective,

physical stimuli are music instrument timbres presented at

various durations of time. The subjective psychological

response is the discrimination of music instrument timbre.

The subfield of psychophysics that is concerned with

responses to acoustical stimuli, such as musical tones, is

called psychoacoustics.

One of the primary concerns of psychophysics, and

subsequently psychoacoustics, is the determination of

thresholds to quantify the subjective responses to some

physical property of a stimulus (Stevens, 1975). Of the

four attributes of a musical tone, pitch, loudness,

duration, and timbre, that are the potential foci of

quantification, the two that are most often quantified are

pitch and loudness. Unlike pitch, which is measured in

cycles per second, or loudness, which is measured in

decibels or sound pressure levels, timbre cannot be

quantified on a unidimensional scale (Hodges, 1980). Timbre

is a multidimensional tonal element that is most often

considered a qualitative, or nominal, variable and not a

quantitative variable. The discrimination of qualitative

variables, such as timbre, though, can be quantified in

relation to other response measures.
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Two of the response measures that have historically

been used to measure mental processes, such as the

discrimination of musical tones, are response frequency and

response time (Towsend, 1992). Time can be used as a

measure of response strength or ability. Subjects who can

successfully discriminate differences in stimuli in shorter

durations of time may be considered better at discrimination

then those who require longer durations of time. The metric

value at which the frequency of correct responses reaches

some predetermined proportion to incorrect responses is

called a threshold. Accordingly, the concept of a response

threshold, determined in relation to response frequency and

response time, can be useful in determining some aspect of

listener responses to and discrimination of musical stimuli.

While it is beyond the purview of this study to fully

discuss all aspects of response measures utilizing time,

response frequency, and thresholds, some degree of

background is important to this study and the development of

a timbre discrimination task.

Time and its Relationship to the Measurement of

Discrimination

The elements that comprise musical experience are

temporal phenomena (Bariaux, Cornelissen, DePrins, Guisset,

& Willems, 1975; Moog, 1984; Sedak, 1987) and the perception

and discrimination of them may vary according to the

duration of the stimulus. From casual observation and
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intuition it would seem that the more time an organism has

to hear a sound, the more accurate discrimination may be.

Time can be considered a variable in all experience.

The experimental procedures that measure response

frequency and response time are two concepts that have

helped sustain the empirical development of psychophysical

models (Link, 1992). Response time and patterns of accuracy

have been a key to the study of psychological discrimination

from experimental psychology's inception. They are used for

measurement in a variety of circumstances such as task

comparisons, manual equipment, and individual performance.

Other uses of response times are to draw inferences about

the architecture of mental processes, about how these

processes interact, and to describe or quantify memory for

past stimuli (Townsend, 1992). Link (1992) speculates that

both response frequency and response time are the result of

a single mental process which generates empirical laws that

relate the two. The study of the perceptual growth of a

sensation in relation to time and the use of time to

establish measurement laws relating to experimental

variables has long been the focus of much psychophysical

research (Link, 1992; Munson, 1947).

Studies concerned with the duration of a stimulus and

the recognition of a specified feature of the stimulus have

focused on a variety of factors, such as thresholds and

repetition rates (Garner, 1947), masking of a tone by a tone
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(Jeffries, 1975), the discrimination of various durations at

various durations (Small & Campbell, 1964), initial phase

(Balaz, 1977), level discrimination of tones (Florintine,

1986), and pitch discrimination as a function of the

duration of the interstimulus interval (Konig, 1957; Ekman,

Berglund, & Berglund, 1966; Fyk, 1987).

The process by which the detection of a stimulus

improves as the stimulus is presented for longer durations

is often called temporal integration (Richards & Dunn,

1974). Most often this term is used in connection with the

relationship of time and intensity, or loudness. Some

writers prefer the term temporal summation (Olsen & Carhart,

1974). The auditory system integrates or summates the power

of the stimulus over time. It is the total energy over time

that determines the threshold at which a change inthe

stimulus is detected (Durrant & Lovrinic, 1984). Durrant

and Lovrinic call this the threshold of power integration.

Zwislocki (1960) defines temporal summation (integration) as

the growth of a sensation as the stimulus duration is

increased. The integration of sensory information can be

viewed as an averaging process within a time frame called a

time window. The duration of these time windows required to

detect a signal is called the minimum integration time

(Green, 1973). Durrant and Lovrinic (1984) maintain that by

200 milliseconds (ms.) the integration process is
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essentially complete and further increases in duration

result in little improvement.

Duration or time thresholds can also be established for

the discrimination of the features of a sound other than

simple detection resulting from loudness, such as onset,

attack, pitch, and, as in this study, timbre. When duration

is changed, there may be a resultant change in perceived

loudness, pitch, and timbre (Fletcher, 1946; Melara & Marks,

1990).

The Background, Descriptions, and

Definitions of Thresholds

According to Corso (1963) the first use of the term

threshold was by Herbart (1824). He used the term in

reference to a "threshold of consciousness" that served as a

boundary between conscious and unconscious thought. Weber

and Fechner established the quantitative meaning of

threshold by proposing laws that describe how mental sensory

activity responds to the physical world or the relationship

between psychological responses to physical stimuli. Since

sensations could not be directly measured and quantified,

they attempted to measure sensation in relation to responses

to changes in physical stimuli. Weber proposed what was

later to be called Weber's Law. He maintained that whenever

there was a unit change in the physical stimuli, there was a

directly proportional unit change in sensory discrimination.

Fechner refined Weber's law and established that there is
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not a direct relationship, but a logarithmic relationship

between the scale that measures the physical stimulus and

the scale that measures sensory discrimination. This

relationship is known as Fechner's Law (Stevens, 1975).

Two concepts important to the measurement of these

relationships were the absolute threshold and the just

noticeable difference (JND) or difference limen. The

absolute threshold was the point below which no sensation is

perceived and above which detection begins. The difference

limen is the smallest unit of change in the stimuli that can

be recognized by an observer (Guilford, 1954).

Fechner and others quantified the absolute threshold by

establishing a statistical value for it. A single subject's

threshold is not an absolute value that is always the same.

For a variety of reasons, when a subject, often called an

observer, is asked on multiple trials to indicate that a

difference in the stimuli is discriminated, the value that

corresponds to the moment when the change is detected will

not be the same for each trial. Rather then attempt to

determine a threshold at an absolute value, the average of

the values from repeated trials is used as an estimate of

the threshold (Manning & Rosenstock, 1968). That value is

most often the point at which there is 50% correct responses

in discrimination tasks (Guilford, 1954).

Just as the absolute threshold may vary within an

individual, it will vary between individuals. Reporting an
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individual's threshold will not represent the thresholds of

all humans. Consequently, thresholds are determined from the

average of all subjects responses from repeated trials.

Because of this, thresholds are considered statistical

concepts.

While the absolute threshold that defines the

difference limen between no recognition and recognition is

50%, Volkmann redefined the absolute threshold as halfway

between the lower threshold (50%), which was often

considered the absolute threshold, and the upper threshold

(100%). The interval from 50% to 100% is called the

interval of uncertainty. At 50% correct responses the

observer is doubtful. At 100% correct responses the

observer is certain. This results in a 75% threshold. The

75% correct response rate is most often defined as the

threshold in psychoacoustical studies (Link, 1992; Rasch &

Plomp, 1982). One rationale for setting the threshold at the

75% level rather then the 50% level is to correct for

guessing (Thurstone, 1948).

When these values are represented on a graph, it is

called a psychometric function (Thurstone, 1948). When one

element, such as timbre discrimination, is affected by

changes in another element, such as duration, one element

can be said to be a function of the other. Timbre

discrimination, then, may be said to be a function of

duration. Conversely, if the focus is on whether the
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duration required for timbre discrimination is affected by

changes in timbre, duration can be said to be a function of

timbre.

Attempts have been made to refine Fechner's concepts by

trying to provide an explanation of the events which occur

on the assumed psychological continuum when the values on

the physical continuum change from zero to the point at

which the observer makes the arbitrary percentage of correct

responses (Michels & Helson, 1949; Stevens, 1961). There

has been debate as to whether the continuum is continuous,

which is the classical theory, or increases by steps, which

is the quantal theory. Stevens (1975) proposed the quantal

theory that thresholds increase in units. This is known as

Steven's Power Law (Shiffman, 1976).

Another perspective on thresholds comes from the Theory

of Signal Detection (Shiffman, 1976). An old problem in

psychophysics is the problem of specifying or controlling

the criterion that an observer uses in making a perceptual

judgement (Savage, 1970). The fact that the value of the

stimulus required for a threshold or detection response

changes on repeated trials suggests that there may be other

factors, besides the subject's discrimination ability or the

nature of the stimulus, that affect the subject's responses.

Thus, such variables as the sense organs, attention,

attitude, acceptance and understanding of directions, and

the degree of practice, may also be involved in the
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measurement of the threshold. The influence of these other

factors is called background "noise" and results in subject

bias.

When the subject's threshold response changes, it is

not known if the subject's discrimination capacity has

changed or whether the subject has changed the criteria that

is used to make a decision. The subject may say he or she

detects the stimulus when in fact the subject is uncertain.

The threshold, when considering these types of variables, is

called a response threshold or stimulus threshold. Savage

(1970) asserts there are no sensation thresholds at all,

only stimulus thresholds. Osgood (1953), taking a similar

position, feels sensations are never measured.

Instead, the physical stimuli and the recorded judgement of

the observer are being measured.

Psychophysical Procedures and Thresholds

The procedures most often used in psychoacoustics for

the collection of data can be separated into two categories

called choice methods and adjustment methods. Each category

of methods has two components that determine category

membership. These two components are the procedure for

presenting the stimuli and the procedure by which the

subject responds. Sometimes these two types of methods use

procedures from other methods to form various types of

hybrid methods. Stevens (1958) calls them fixed stimuli and
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adjustable stimuli methods. Others refer to them as

constant methods and adaptive methods.

Fixed stimuli, or constant methods, remain the same

during the observation and are controlled by the

experimenter. The terms adaptive and adjustment seem to be

used by different authorities in different ways. Adjustment

methods are often defined as methods where the stimuli is

adjusted by the experimenter according to the response of

the subject. Adjustable, or adapted methods, are altered

during the observation, usually by the observer, even though

the experimenter may alter it, or it is altered

automatically, which is called tracking. In either case

there is often a stimulus, called the standard stimulus,

which the subject attempts to match by choosing a stimulus,

called the comparative stimulus, that seems to the subject

to be the same as the standard. Others consider adjustable

and adaptive methods to be the same. Even though the

experimenter may physically change the stimulus according to

the subjects response, this is viewed as still being like an

adaptive measure because the change in stimulus, whether by

the experimenter or the subject is changed according to the

subject's response.

The procedure by which data are collected can greatly

affect the values of the data. An important variable in

these data collection procedures is the means by which the

subject's response is indicated. Blackwell (1952) uses the
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term indicator response. In a choice method the subjects

are forced to make a choice for each trial from response

alternatives that are determined by the experimenter. The

response alternatives most often have some property of the

stimulus, in the case of this study duration or timbre,

varied among trials. When the subject is unsure of the

correct response, the subject must guess.

These forced choice alternatives can be one, two-

alternative-forced-choice (2AFC), three-alternative-forced-

choice (3AFC), or more. The Same-Different, Yes/No response

procedures are often considered to be a variety of forced

choice procedures. The subjects may be asked to respond that

the stimuli are "Same" or "Different" or that some property

is or is not present by responding "Yes" or "No" (Robinson &

Watson, 1970). These procedures help minimize problems with

verbal description of the stimuli which may arise if the

subjects lack a satisfactory ability to use appropriate

verbal descriptors. Forced-choice response procedures are

most often associated with fixed stimuli methods such as the

Method of Constant Stimuli and the Method of Limits.

There are at least three classes of methods used to

present varying stimuli to subjects. The Method of Limits,

the Method of Constant Stimuli, and Adaptive methods (Baird

& Noma, 1978). In the Method of Limits the experimenter

adjusts the stimulus in a systematic way, usually up or down

in equal steps. The subject responds "Yes" when a change in
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the stimulus is discriminated or "No" when it is not. The

mean of the values where the response changes from "Yes" to

"No" is calculated separately for ascending and descending

trials. The average of these values at the 50% correct

response level is the absolute threshold. In order to find

the interval which contains the threshold the researcher

must do a preliminary study.

A common variation of the Method of Limits is the

staircase or up-down method. When the response changes form

" Yes" to "No" or vice-versa the direction of the stimulus

values is reversed. When a plateau is reached the threshold

is found. The staircase method is often considered to be an

experimenter-controlled Method of Adjustment (Baird & Noma,

1978).

The Method of Constant Stimuli is an attempt at

reducing some of the subject bias found in the Method of

Limits. In the Method of Limits the stimuli are presented

in some combination of ascending or descending stimulus

values. Because the subject knows that the trials are

either ascending or descending, the subject may be biased or

predisposed to guess that the next trial is correct. To

correct for this possible bias, the Method of Constant

Stimuli requires that the stimuli be presented randomly and

be counterbalanced. In this study, an example of

counterbalanced stimuli would be to present two instrumental

timbres in some order, such as trumpet-clarinet. The
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counterbalanced trial would be in the reversed order of

clarinet-trumpet.

This method requires pilot studies to narrow the range

of possible values that correspond to the threshold. The

researcher then selects and prepares a given number of

stimuli in a prearranged order with values around the

expected threshold. These are then presented successively

or simultaneously (Simpson, 1988). Guilford (1954) maintains

that the stimuli should be presented 50 to 200 times with

only two categories of responses. Bock and Jones (1968) seem

to agree with Guilford about the use of only two response

categories and do not advocate the use of a "doubtful"

alternative. They maintain that the subject may have

information he does not recognize. Also, the statistical

treatment will be more straight forward. The threshold is

then determined after many trials by the proportion of

correct to incorrect responses (Bock & Jones, 1968; Manning

& Rosenstock, 1968).

Another often used method is called the Method of

Adjustment. Other names used by researchers for this method

are the Method of Average Error, Method of Reproduction, and

Method of Equivalent Stimuli (Guilford, 1954). This method

is most often used to test individuals. The stimuli are

presented at some predetermined initial value of the

stimuli. The observer (0), or subject (S), adjusts the

stimulus to a standard stimulus until the subject identifies
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what is believed to be the correct response. Then the

stimulus is varied according to whether the subject made a

correct or incorrect response. This process centers in on

the threshold value for that individual (Guilford, 1954).

The just noticeable difference determined by the Method of

Adjustment is approximately one half of the just noticeable

difference determined by the Method of Constant Stimuli

(Baird & Noma, 1978).

Comparison of Psychophysical Procedures

Heddon (1980) cited two criticisms of psychophysical

research; that the research typically used too small a

number of subjects, and the search for general laws often

leads researchers to only find individual differences in

responses. Robinson and Watson (1970) asserted that two

concerns common to all psychoacoustical research are the

control for the intervening variables of response bias and

the need for a large number of trials. The main criticism

of the Method of Limits is the possibility of the subject's

response bias referred to earlier. This bias is often

considered to be the result of persistence effects. There

are two types of persistence effects. These are errors of

habituation and errors of anticipation. Errors of

habituation result when the subject makes the same response

a number of times in a row and continues to make that

response even when it does not apply. Errors of

anticipation result when the subject anticipates a change in
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the stimulus and changes his response before it is

applicable. Errors of persistence can be partially balanced

out by altering the direction of the trials for the Method

of Limits and Adjustment (Manning & Rosenstock, 1968).

Additionally the Method of Limits is often thought to be

time consuming (Baird & Noma, 1978).

The Method of Constant Stimuli has a venerable history.

Osgood (1953) considers it to be the most accurate method,

the most generally applicable, to be relatively simple, and

that masking judgements are usually reduced through its use.

And, in contrast to the view that the analysis methods are

primitive, he feels this method uses refined computational

processes. He proposes that the Method of Constant Stimuli

is best for establishing an index of variability. Simpson

(1988) cites its low bias, low variability, and the extreme

simplicity of implementing the trial placement rule which

requires no prior assumptions about the shape of the

psychometric function. In contrast to those who feel it

requires a large number of trials, Simpson feels that for

trials of 100 or less it is better than adaptive procedures.

The Method of Constant Stimuli is in many ways useful

in approximating a real classroom or concert listening

experience, for it can be used with groups in situations

much like a concert or classroom instruction. Often

researchers, such as Petzold (1969) and Bentley (1966), have

expressed a preference for group testing over individual
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testing. In addition, the random presentation of the

stimuli is similar to the variable and often unanticipated

presentation of tones in a musical composition.

A major complaint regarding the Method of Constant

Stimuli has been that the primitive analysis methods

required a large number of trials per stimulus (Simpson,

1988). This requires either a fairly large number of

subjects or a large number of repeated measures for a few

subjects. Another complaint is that it is very time

consuming because of the need for pilot studies. These

pilot studies serve to narrow the range of possible values

that may correspond to the threshold. Also, Swets (1964)

maintains that having the stimulus present in every trial,

as is done in this method, is inappropriate. He suggests

randomly chosen trials, called "catch trials" in which the

stimulus is not present. Also, the threshold has to be

determined from a psychometric curve and there is a

lack of clarity about the determination of the standard

errors.

An adaptive method is very efficient when the

experimenter is testing individuals (Guilford, 1954).

This method has high reliability (Simpson, 1988) and is

considered very efficient in regards to time and number of

trials for determining the absolute lower threshold (Osgood,

1953). The size of the value at which an observer can

discriminate a just noticeable difference (JND) in a change
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of the stimulus is about 50% lower for an adaptive method

than for a constant method (Guilford, 1954; Wier, Jesteast &

Green, 1976). Also, the threshold can be determined from

the final adjusted value of the subject and not from a

psychometric curve.

One of the negatives of adaptive methods are that they

are often limited by the degree to which the subject is able

to make successful adjustments. For instance, an infant may

not be able to use the controls of whatever device is used

for responses. Also, subjects complain that when all the

trials are near the threshold, the discrimination task

becomes difficult. While the Method of Constant Stimuli is

considered time consuming because of the pilot studies

required, adaptive methods can be time consuming when a

large number of subjects is being tested, for they are

tested individually. The effect of the type of response

procedure on the value of a threshold has been of concern to

researchers. Swets (1964) maintains that it is common that

the thresholds vary according to the procedure used.

Alternative-Forced-Choice (AFC) procedures produce lower

thresholds then Yes/No. In contrast, Mckee, Klein, and

Teller (1985) maintain that forced choice is surprisingly

poor and approximately twice as variable as Yes/No.

Creelman and Macmillan (1979) compared nine procedures

in determining thresholds for the discrimination of

frequency and phase. They found that the results varied
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according to the response procedures used and the nature of

the discrimination task. 2AFC procedures were twice as good

as Yes-No methods for both the frequency and phase tasks.

Fixed standard methods were slightly better then Yes-Now for

both discrimination tasks. Yes/No was better then variable-

standard tasks for frequency discrimination. Fixed-standard

tasks were better then variable-standard, which in turn,

were better then Yes/No for phase discrimination. Shelton

and Scarrow (1984) found that the use of 3AFC, as opposed to

the 2AFC, reduces the probability of guessing.

Baird and Noma (1978) suggested some reasons for the

fact that different procedures produce different values:

each method has its own arbitrary criterion for determining

probabalistic JND's and cut-off points; different methods

may alter the normal underlying normal distributions; and

the variance of the distribution is constant but each of the

various methods induces the subjects to use different

judgement criterion. Stevens (1958) proposed that the

decision concerning which method to use should be determined

by the nature of the stimulus and the manner by which is can

be manipulated. He recommends that, given a variety of

methods, the most simple be chosen. Harvey (1986) asserted

that methods using forced-choice are superior to the

adaptive methods for measuring a subjects sensitivity to

stimuli because they minimize the response bias. Simpson

(1988, 1989) corroborated the evidence of Hesse (1986) and
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Shelton (1982) that the various psychophysical methods are

more or less equal and that there is little, if any,

difference in efficiency between constant methods and

adaptive methods. Simpson further states that the

experimenter need not be overly concerned about which method

to use. The threshold estimate will have approximately the

same value, same bias, and same variability.

Further Experimental and Test Design Considerations

While the researcher who uses a discrimination task to

determine how subjects respond to some stimuli would wish

that any variance in the subjects responses is the result of

the subjects' responses to changes in the stimuli, there may

be a good deal of variance that is due to other factors

referred to previously. Bock and Jones (1968) suggest the

subjects may show a personal preference for a stimuli that

creates variance due to the subject's bias. Swets (1964)

cites internal and external noise, the subjects' unstable

response criterion, and uncertainty caused by the subjects'

faulty memory. Durrant and Lovrinic (1984) cite internal

and external events, fluctuations in the stimulus due to

instrumentation or procedural limitations, the subjects'

degree of attention over time, the internal

noise in the nervous system, and that the threshold is

likely to vary from moment to moment or day to day due to

changes in the subjects' emotional state or response

variance.
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Other variance may occur when the stimuli are presented

successively. This variance may be the result of a time

error or an error due to the interstimulus time interval.

Two ways to minimize time errors are to use counterbalanced

stimuli where the standard and comparison stimuli are

reversed in order of presentation. Or, replace successive

stimuli with simultaneous stimuli.

Robinson's and Watson's (1970) recommendations

concerning test design include: the use of a warning signal

before each trial to reduce uncertainty about when the next

trial begins; an observation interval of 10-20 seconds

before the beginning of the next trial; a response interval

of 1-3 seconds; the use of minimal total trial time; 1-2

seconds of interstimulus interval time; the use of a block

size of 80-100 trials; 4 to 8 minutes per block to avoid

fatigue; and rest periods of 2 to 3 minutes between blocks.

Rasch and Plomp (1982) suggest the use of headphones unless

the spatial effect of the listening environment is to be

considered.

Because of the nature of the stimuli, the simplicity of

the response procedure, the desire to test subjects in

groups, the simplicity of determining the threshold, and the

possibility that this study will be expanded later to

determine timbre discrimination differences of children,

this study will use the Method of Constant Stimuli with a

Yes/No procedure, repeated measures, counterbalanced



64

presentation of stimuli, duration as a response measure, an

interstimulus interval of one second, a silent interval of

four seconds between test items, and graphically determined

thresholds for timbre discrimination.

Timbre Listening Tests

Timbre tests and their methodologies will be reviewed

to help provide insight into the development and methodology

of the timbre discrimination test for the current study.

The American Psychological Association asserted, in its

Standards for Educational and Psychological Tests (Guion,

1974) that basic and acceptable standards for tests apply to

all tests that are used as the basis for making inferences

about people through any systematic assessment procedure.

Two essential standards are reliability and sufficient

validity. Stimuli presented with a lack of musical context

and synthesized stimuli not associated with music are

proposed as limitations specific to music tests (Bridges,

1978).

Based on these standards, limitations, and the previous

review of literature concerning psychophysical tests, the

characteristics that will be considered in reviewing timbre

discrimination tests will be the intended purposes of the

tests, the characteristics of the response procedures, the

sound sources, reliability, validity and the experimental

designs. All of these elements have some relationship to

validity as well as reliability. No attempt will be made to
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identify strengths or weaknesses in individual tests.

Instead this overview will survey the tests for the range of

possible variables and for a sense of the general procedures

used in the methodologies.

As might be expected, timbre tests and their

methodologies vary to some degree according to the purposes

of the research studies. These purposes include research to

investigate preferences for timbres; to investigate the

relationship of verbal descriptors and labels to timbre

discrimination; and to investigate perceptual and

discriminatory sensitivity to musical sounds in relationship

to age, training, achievement, and aptitude.

One of the primary reasons for using timbre tests to

assess timbre preference is the possibility that listeners

and performers are more motivated to listen to musical

sounds and perform on musical instruments whose timbre they

prefer (Gordon, 1984). Often the preferences and listening

behaviors of students who perform on an instrument and those

who do not are compared (Bernier & Stafford, 1972; Holton,

1990; Rentz, 1988; Wapnick, 1978). Other timbre preference

tests are used to determine a preference according to age

(Geringer & Madsen, 1981; Scott, 1978) or a preference for

synthesized or acoustic timbres (Weaver, 1987).

Researchers who use timbre tests to investigate the

relationship of verbal descriptors and labels to timbre

discrimination are concerned with the development of tests
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free of labels or technical vocabulary (Hickman, 1968;

Utley, 1970) the determination of descriptors used to

describe timbre (Ables, 1979; Bismarck, 1974; Fletcher,

Blackham & Christensen, 1963; Grey, 1977; Gridley, 1987;

Jetter, 1978; Lichte, 1941; McMahon, 1985; Truax, 1971) and

the use of verbal descriptors to assess perception (Kendall

& Carterette, 1991; Pratt & Doak, 1975; Zimmerman, 1971).

While timbre tests used in determining timbre

preference requires timbre discrimination skills, unlike the

current study, preference and not discrimination is what is

being measured. The determination of timbre descriptors and

the use of timbre descriptors to assess qualitative aspects

of timbre are relatively unimportant to the current study.

However, an important consideration resulting from a review

of these tests is the desirability of test item responses

free of labels, descriptors, and technical jargon so that

the subjects' possible inability to relate their perception

to the stimuli labels does not become a confounding

variable.

Timbre discrimination according to age is most often

investigated to attempt to determine at what age and to what

degree timbre can be discriminated as part of the overall

aural music discrimination skills of children. This

information is then available to support instructional

decisions, especially those involving sequence and

readiness, based on developmental stages of learning. The
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purposes of the research into timbre discrimination and its

relationship to age include the investigation of the timbre

discrimination abilities of children in the years preceding

formal schooling (Best, Hoffman, & Glanville, 1982;

Clarkson, Clifton, & Perris, 1988; Hickman, 1968; Serephine,

1981), a comparison of the abilities of preschool and school

children (Cianf lone, 1986; Hufstader, 1977; Zimmerman, &

Sechrest, 1970) or the abilites of children of school age

(Petzold, 1969).

Timbre tests to investigate the effects of training are

relative rare. They are often used to measure achievement

as a result of a proposed instructional strategy or method

(Colwell, 1970a). There is a dearth of proposed

instructional strategies or methods to specifically develop

timbre discrimination and, consequently, timbre tests used

to assess the effects of training are subtests of or

integrated into a general music discrimination test.

Timbre tests used as subtests of a general test of

listening or perceptual skills often suffer many limitations

and are not usually specific enough to use as models for the

development of a more specific timbre test. These

limitations include not enough timbre items (Bailey, 1968;

Bridges, 1978; Hufstater, 1977; Jetter, 1978), stimuli not

controlled for possible confounding variables (Beal, 1985)

and non-music-like tones used as stimuli (Hickman, 1969).
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A substantial number of tests that measure responses to

musical timbre have been developed for research in

psychology and psychoacoustics, a subfield of psychophysics.

Psychophysic's primary focus is on sensory responses to

stimuli. Consequently, psychoacoustic's primary focus is on

sensory responses to aural stimuli, sound. Psychophysicists

have investigated sensory responses to the elements of

musical sounds, such as timbre. The purposes of this timbre

research include the constructs and definition of timbre

(Plomp, 1970; Pollard & Jansson, 1982a, 1982b) the

perception and discrimination of timbre, (Pratt & Doak,

1976; Saldhana & Corso, 1964; Slawson, 1967; Wang, 1983;

Wang & Gossick, 1978; Wedin & Goude, 1972) and the synthesis

of timbre (Fletcher, Blackham & Christensen, 1963; Risset &

Wessel, 1982; Strawn, 1987; Strong & Clark, 1966, 1967).

While it is convenient to categorize these studies for

the purpose of the present study, this could be considered

an artificial categorization since each of these categories

is related to the others. For instance, an understanding of

musical sound synthesis requires knowledge of the physical

aspects of timbre and how listeners subjectively perceive

and discriminate these aspects. Knowledge of the constructs

of timbre and it's perception and discrimination can be

acquired through modifying and presenting synthesized

sounds.



69

By far the preferred response procedures are those that

avoid the limitations of labeling or verbal descriptors by

asking the subjects to compare two or more stimuli and

determine how similar they are. Of these response

procedures the most preferred are forced choice procedures.

In a forced choice procedure the subject must choose from

the alternatives presented in each test trial. The most

preferred forced choice procedure is paired comparisons with

Same/Different or similar adjective responses such as

Similar/Dissimilar or Yes/No (Grey, 1977; Hufstader, 1977;

Kendall,1980; Kendall & Carterette, 1991; Kwalwasser &

Dykema, 1930; Seashore, 1919; Zimmerman & Sechrest, 1970).

Most often two stimuli are presented one after the other

with silence, often called the interstimulus interval,

between them. The rationale supporting this procedure is

that the subjects can compare the stimuli in order to

discriminate similarities or differences and communicate

their ability to discriminate timbres without having to have

labeling skills. A response procedure that does not require

the subjects to be able to verbally identify timbres by

providing the names of the instruments is essential when

subjects without musical training are being assessed.

Aonther type of forced choice procedure used was three

alternative forced choice (3AFC) (Cianflone, 1986; Clark &

Milner, 1964; Colwell, 1970a) and matching (Kendall, 1986).

In the three alternative forced choice procedure three tones
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are presented and the subject must determine which of the

two are alike or which one is different. A last form of

forced choice comparison requires the subject to press a

button when the subject recognizes the targeted timbre from

an array of instrumental sounds (Prior & Troup, 1988)

Similarity ratings are another form of stimuli

comparison that requires the subjects to determine the

similarity of stimuli (Grey, 1977; Grey & Gordon, 1978;

Miller & Carterette, 1975). In this case, the subjects are

asked to determine, using a number scale, to what degree the

stimuli are similar. A related procedure is triadic

comparisons (DeBruijn, 1978). In triadic comparisons three

tones are presented and the subject determines which of the

tone pairs are most similar and which most dissimilar.

In contrast to comparison procedures, other tests do

require that the subjects have instrument labeling skills

(Berger, 1964; Bryce, 1979; Clark, Luce, Abrams, Saldhana &

Corso, 1964; Schlossberg & Rome, 1963; Strong & Clark,

1967). In these studies the subjects respond to the

presentation of a single instrument by naming the

instrument. Most often these studies use musically trained

subjects. This would seem to limit the generalizabilty of

the results of these studies only to a musically trained

population. However, the researchers seem to be more

concerned with the potential upper limits of sensory

perception, which would tend to be more developed in trained
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musicians, then in generalizing the results to a normally

distributed population.

Other procedures include the psychophysical procedures

magnitude estimation (Slawson, 1967), Method of Limits

(Kendall, 1980), and adaptive procedures (Wang, 1983; Wang,

& Gossick, 1978). Regrettably and finally, many studies did

not specify any response procedure (Clark, Robertson & Luce,

1964; Fletcher, Blackham, & Christensen, 1963; George, 1957;

Strong & Clark, 1966).

Three of the data analysis procedures that are

important to the present study are the form of the grouped

data, reliability estimation, and the tests used to

determine the significance of differences between subjects.

In studies that investigated the differences between and

among groups of subjects, the percentage of correct

responses was most often the initial measurement used to

group data. When a test for the significance of variance

between variables and subjects was used it was an Analysis

of Variance (ANOVA). In a surprising number of studies

there was no test for significance. The other most common

analytical procedure used was Multidimensional Scaling

(MDS).

The reliability estimation procedures included Kuder-

Richardson #20, Person Product Moment Correlation

Coefficient, and Coefficient Alpha. The reliability

estimates ranged from .59 to .97 with most being .80 and up.
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In most cases no justification was given for the choice of

reliability procedures. In many studies the reliability of

the test was not reported.

Related to the reliability of the tests are the number

of items, the number of subjects and, as a consequence of

the number of subjects and items, the number of trials for

each single test item or for the total number of test items.

The number of items on the tests ranged from 10 to 59 with

most being 10 to 20. On very few occasions the number of

trials were reported.

While it can be accepted that there is no absolute

index for estimating validity (Gordon, 1965), outside of the

published tests, there was seldom any attempt made to claim

any type of validity or seldom any attempt to support that

claim with a rationale. The validity of the tests was often

inferred from the rationale of the study. Other validity

claims were also established through a rationale for useing

a particular procedure or a stimuli. In the case of studies

investigating music listening it would seem that the

procedure used should be as close to a realistic music

listening experience as possible and the stimuli should be

as close to a musical tone as possible. This would, at the

least, support a claim of construct validity. The authors

of the published tests included claims of construct validity

(Seashore, 1919), content validity (Bridges, 1978; Colwell,

1970a), and predictive validity (Gordon, 1984).
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The sound sources used for the stimuli in a test have

implications for the validity of the listening tests. It

would seem that if the sound source is not a musical sound

or a synthesized sound that approximate very closely the

music sounds heard in past experience and training, then the

test would have less validity then possible and caution

should be considered when attempting to generalize the

results to musical experiences. The sound sources, which

varied with the purposes of the tests, included real

instruments, synthesized music-like sounds, deformed

instrumental and synthesized tones, and pure tones.

Deformed timbres were changed in attack, steady state,

decay, and in the intensity of the overtone series.

The number and nature of the subjects is an important

consideration in any methodology. The number of subjects

used in these studies ranged from 8 to 57 with a substantial

number having used under 20. Musicians, nonmusicians,

college choral students, graduate music majors, and band

students were all categories of subjects used in timbre

studies. In most cases there was no justification given for

the selection of subjects. There seemed to be an assumption

that trained musicians are potentially the most successful

at timbre discrimination. Some studies compared musicians

and nonmusicians. Other studies used musicians and

nonmusicians with no justification as to the mix.



74

When musicians were used as subjects they were often

described by the number of years of training or by whether

they are vocalists or instrumentalists. When the subjects

were identified as vocalists or instrumentalists, there was

no rationale to support their selection and no caution

suggested in the generalization of the results to a normally

distributed population. Often, however, they were only

called musicians. Many studies failed to specify the number

or characteristics of the subjects. There was some

reference to the random selection of subjects, especially if

the research was experimental. Often the topic of

randomization of subjects was never addressed.



CHAPTER 3

METHODOLOGY

The purpose of this study was to investigate the

abilities of trained musical performers and musically

untrained college students to discriminate music instrument

timbre as a function of duration. One of the intentions of

this study was that the design of the listening task would

attempt to approximate more closely a realistic listening

experience, whether it be a live performance or a recording

used in a classroom or home, while still retaining

experimental control of possible confounding and intervening

variables. Consequently, the fidelity of the stimuli and

the use of a sequence of pitches, rather than isolated

pitches, was important. Two pilot studies were used to

narrow the range of values which might contain the

thresholds for the study, to establish the quality of the

stimuli, and to evaluate the procedures.

Subjects

The subjects (N=126) were undergraduate and graduate

students from a small, private, northeastern liberal arts

college. All subjects were volunteer members of intact

classes from various disciplines or undergraduate and

graduate music majors from an intact music major population.

75
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They were asked if they had participated in a musical

ensemble during their school years. If they had, they were
asked to identify their performance medium and were grouped
according to whether they would have participated in an
instrumental or vocal ensemble. They were first separated

into three groups according to the number of years they had
participated in a musical ensemble during their pre-college

schooling.

The first group was comprised of musically untrained

college students (N=43) who had not participated in musical
ensembles. The members of the second group had participated

in a vocal ensemble (N=11) or an instrumental ensemble

(N=18) through the twelth grade. The third group (N=54) was
comprised of undergraduate and graduate instrumental (N=33)

and vocal music majors (N=21). When groups two and three

were combined, the total N of all subjects that had

participated in ensembles at least through the twelth grade
was 83. The data for subjects that had participated in an
ensemble but had quit before graduation was not used in the

study. This was done because of the uncertainty caused by

the inability to determine if they were trained or

untrained.

There was the possibility that some subjects had

abnormally poor timbre discrimination skills and were not

able to discriminate between two timbres under any

conditions. To address this possibility, five practice
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trials were used at the beginning of the listening test to
identify these subjects. The duration of these trials were
2,500 milliseconds (ms), a duration at which all subjects,

from second grade to college students, in the first pilot

study could discriminate between timbres. The presentation

order was: 1. trumpet-clarinet, 2. violin-trumpet, 3.

violin-violin, 4. trumpet-trumpet, and 5. clarinet-violin.

If a subject was incorrect in three out of the five

responses, the subject was deemed unable to discriminate

between timbres and the subject's responses were not used in

the data analysis. One subject was eliminated as a result

of this process. The subjects for the pilot studies were

chosen from different populations than those used in the

main study to ensure the integrity of the data collected

from the main study.

Stimuli

Two pilot studies were used to narrow the interval

within which the thresholds may be found to 0-100 ms. Based

on the results of the pilot studies, the stimuli for this

study were presented in five 20 ms intervals at 20, 40, 60,

80, and 100 ms. This divided the 100 ms interval into five

equal 20 ms intervals. A further pilot study could possibly

have narrowed the stimulus interval to a smaller interval.

Unfortunately, this was not possbile due to technical

limitations.
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In order to control for possible intervening and

confounding variables such as pitch and loudness, all

modifications of the stimuli were made from the original

recorded tones. In an attempt to keep the complex musical

tones complete, the steady state was shortened for each

stimulus value. It was not possible to shorten the tone to

less than 20 ms without unacceptably distorting the

relationship of the attack transients, steady states, and

decay transients to the point of negatively affecting the

fidelity of the sound sources. However, researchers have

speculated that the threshold for timbre discrimination as a

function of duration might be from 10 to 20 ms. If the the

thresholds were determined to be at or below 20 ms, this

would confirm their speculations while still narrowing the

threshold to within a few milliseconds.

Two factors that often limit the contribution of timbre

studies to a better understanding of timbre discrimination

are the use of pure tones, rather then complex tones such as

those produced by music instruments, and the use of isolated

tones rather then tones in a sequence. In this study, the

complex tones of violin, clarinet, and trumpet were the

timbre sources. These instruments were chosen because they

are commonly used in ensembles and are representative of

three different instrument families, string, woodwind, and

brass that share the same approximate ranges in their middle

ranges.
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In order to reduce sampling error due to order of

presentation effects, each stimulus pair of the timbres at
each duration level was counterbalanced. The timbre first

presented as the standard stimulus and the timbre secondly

presented as the comparative stimulus exchanged positions.

For example, the stimulus pair violin-clarinet presented at
the duration of 100 ms was presented a second time as

clarinet-violin at 100 ms. This resulted in two trials, the

original and the counterbalancing trial, at the same

duration but in reversed order of timbre presentation, of

each timbre-pair at each duration.

Each stimulus timbre was presented on the pitches Bbl

and Ebi. These pitches were in the middle frequency ranges,

those frequencies not in the lower or upper extremes of

their most commonly used respective ranges, for each

instrument. This helped reduce timbre cues that are the

result of the extremes of their respective frequency ranges

and present timbre cues provided by a sequence of pitches.

These pitches were initially recorded in quarter notes at

M.M.=60. They were then presented in longer and shorter

durations to be described later. There was one second of

silence between each timbre of the timbre pairs.

Experimental control was increased by controlling for

loudness, pitch, duration, and the wave form. Loudness and

pitch was equal for all stimulus pairs. The range of this

motive is well within comfortable tessaturas for each
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instrument, approximately at the midpoint of each
instrument's respective range, and is representative of
possible and probable performance ranges found on recordings
and in concerts. The motive is short enough to accommodate
the various time restrictions of this study during the test
administration, such as test fatigue and the length of time
available to administer the test.

The source tape was recorded in a professional

recording studio on a Digital Audio Tape (DAT) tape deck.
The DAT recording allowed for adjustment of the duration of
the stimuli while retaining the complete sound envelope.
Attacks and decays do not vary with the duration of the
entire tone. The overtone series of the steady state is
constantly changing in intensity and pitch throughout its
duration. Without the use of a DAT tape, the splice that
shortens the steady state is heard as a re-articulation.

The use of the DAT tape, a DAT deck, and a computer allow
the steady state to be shortened with no apparent loss of
fidelity. Graduate music students used in one of the pilot
studies found the instrumental sounds to approximate and
almost equal live sounds. The frequency level for tuning
for each instrument and pitch were established with an
electronic tuner. Intensity levels for each sound were

equalized in the recording studio.

The need for the entire sound envelope to be presented

is due to the fact that the identification of various
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instruments can vary according to the different elements of

the sound envelope. These envelopes can differ in the

initial attack transient, the steady state, the final decay

transient, and in the temporal relationships of the previous

elements. Different parts of an envelope, singly or

in combination, provide recognition cues specific to each

instrument.

The stimuli for the discrimination task were presented

on Digital Audio Tape (DAT) with a Sony TCM 2300 DAT deck,

through a Crown DC300 amplifier and Altec Lansing speakers.

Since the threshold estimations could be affected by the

room acoustics and sound reproduction systems, test variance

due to room acoustics and sound reproduction systems were to

be accepted as inherent limitations in this study. The use

of headphones was rejected because they would not provide a

typical concert hall or classroom music listening

environment.

Procedure for Data Collection

The first objective of the procedure for data

collection was to provide data to determine the thresholds

for timbre discrimination as a function of duration for all

subjects. Next, the thresholds for each subject group would

be determined and used to compare each group's timbre

discrimination abilities under the conditions of the study.

Threshold estimates of tonal stimuli established under

the most ideal conditions and procedures, such as
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headphones, may not be applicable to real listening

experiences due to variance in subjects responses caused by

the restrictions and variables within the listening

environment. The acoustical environment, the seating

positions of the subjects within the room, the fidelity of

the sound reproduction system, and the research requirement

of a sufficiently large number of trials, imposes

restrictions on the test. Any variance due to these

restrictions can be accepted as being inherent in a common,

real life, listening environment and experience.

Because of the attention span of the subjects, test

fatigue, and time available for test administration, the

test needed to be as efficient and short as possible. The

requirement of a sufficient number of trials of each

stimulus pair for statistical analysis can be satisfied by

presenting many trials of each duration treatment and fewer

subjects, or fewer trials and more subjects. More subjects

can be tested in less time using group testing than

individual testing. A psychophysical procedure was required

that could provide sufficient amounts of data within these

restrictions. Because of these restrictions, the Method of

Constant Stimuli employing a randomized, counterbalanced,

block design was used.

The order of presentation of the items in each block of

the discrimination task was determined by constructing a

matrix that combined every possible duration value with
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every possible timbre pair combination and its

counterbalanced form. This resulted in 30 timbre pairs that

had two timbres that were different and 15 timbre pairs that

had two timbres that were the same. In order to equalize

the possibility of either either same or different timbre

pairs being selected, 15 more timbres pairs with two timbres

that were the same were added for a total of 60 items.

These 60 items were then randomized with a random number

generator.

The stimulus pairs were presented in two equal blocks

of 60 pairs each with a short break between the blocks to

lessen test fatigue. Combined, the two blocks presented 120

stimulus pairs for the timbre discrimination task (see

Appendix A). The stimulus pairs were presented with one

second of silence between each member of the pair and four

seconds between each pair (Alluisi, 1957).

Directions for the test were read by the test

administrator who was the same for all test administrations

(see Appendix B). The subjects responded to the stimuli by

marking on a Scantron answer sheet [A] same, or [E]

different. The Same/Different response method was used to

eliminate error variance due to the subjects' possible

inability to apply labels to timbres. Subjects may be able

to distinguish between two different timbres, but may lack

the ability to correctly name the instrument. The ability

to determine that the instruments are the same or different
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would signify discrimination between wave forms without the

limitations of labels.

Analysis of the Data

The objectives of the analysis of the data was first to

determine the thresholds for timbre discrimination as a

function of duration for all subjects and subject groups and

then to compare these thresholds to compare the subject

groups' timbre discrimination abilities under the conditions

of the study. The estimation of the thresholds was

determined according to percentages of correct responses.

As previously discussed, a threshold is an arbitrary point

at which there are 50%, 75%, or other percentages of correct

responses, as determined by the researcher. While the 50%

threshold, the difference limen, is often sought by

psychophysicists using psychophysical procedures, the 50%

correct response rate is too close to the point of

uncertainty on the part of the subject to ensure an

indication of successful discrimination. The present study

sought a threshold of 75% of correct responses.

To confirm the variance between subject groups

determined through the threshold estimations a series of

independent ANOVA procedures were calculated. Although

timbre is a qualitative variable, for analysis purposes it

qualifies as a quantitative variable because of the

dichotomous response of "Same" or "Different" which can be

represented by 0 for "Different" and 1 for "Same". The
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total number of trials per stimulus pair for each block,

using 126 subjects, was 256. With the replicated second

block, the total number of trials per stimulus pair totaled

512.

Reliability was estimated using Coefficient Alpha. The

F ratio was used to test the hypothesis. The significance

level was .05. The Statistical Package for the Social

Sciences (SPSS) was used to calculate the statistics.



CHAPTER 4

RESULTS

This chapter presents the results of the analysis of

the data according to the order of the research problems.

Timbre Discrimination Thresholds as a

Function of Duration

The objective of the first research problem was to

determine the duration at which listeners could successfully

discriminate between the selected music instrument timbres

75% of the time to establish the lower threshold of timbre

discrimination as a function of tonal duration. Based on

the mean scores in Table 1 (p. 87) and the corresponding

percentage of correct responses in Tables 2 (p. 88), the

threshold of 75% for all subjects combined was at or below

20 ms. The lowest percentage of correct responses for any

condition of the study, as shown in Table 3 (p. 89), was 91%

for untrained subjects at 20 ms for t-c. Based on this

data, it appears that a ceiling effect had been encountered.

For all practical purposes, all subjects could discriminate

instrumental timbre close to 100% of the time at the

shortest duration of 20 ms.

It is common in psychophysical studies to approximate

the threshold at the midpoint of the distance between the

86
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Table 1

Mean Total Scores of Correct Responses and Standard
Deviations for Musically Untrained College Students
and Musically Trained Performers

Mus

Total Subjects Untr Mus Inst Voc

N 126 43 83 51 32

Mean 119 118 119 119 119

SD .33 .17 .38 .33 .46

Note. Maximum score = 120. SD = Standard Deviation;
N = number of subjects. Inst = Instrumentalists, subgroup
of Mus; Mus = Trained Musical Performer;
Untr = Musically Untrained College Students;
Voc = Vocalists, subgroup of Mus.

lower and upper data points of the interval containing

thethreshold (Guilford, 1954). In the present study, the

upper data point is 20 ms, and the lower 0 ms. Since this

study, due to technical limitations, was not able to present

stimuli below 20 ms, it must be speculated that the duration

required for a 75% correct response rate, for all subjects

combined, is in the interval of 0 to 20 ms with 20 ms being

the longest possible duration of the threshold. The

discrimination thresholds, whose significant differences

were to be confirmed through ANOVA procedures, were to be

used to determine the differences between the subject
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Table 2

Percentages of Correct Responses According to Duration for
All Timbre Pairs Combined

Duration

Subjects 20 ms 40 ms 60 ms 80 ms 100 ms Total

Percentage of Correct Responses

Total 98 99 100 100 99 -

Untr 97 98 99 99 98 98

Mus 99 99 100 100 99 99

Inst 99 99 100 100 100 100

Voc 98 100 100 100 98 99

Note. ms = milliseconds. Untr. = Musically Untrained
College Student; Mus = Trained Musical Performer;
Inst = Instrumentalists; Voc = Vocalists.

groups. The ceiling effect negated the comparison of

thresholds to establish differences in timbre

discrimination.

Even though a ceiling effect was encountered, there

were discernable patterns of discrimination according to the

For all subjects, shown in Table 2 (p. 88), discrimination

was less accurate at the shortest duration of 20 ms and

became progressively more accurate at 40 ms and 60 ms.

Discrimination was most accurate for all subjects at 60 and
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Table 3

Mean Percentages of Correct Responses According to Timbre
Duration, and Subiects

Timbre Pairs

Dur Total

Sub ms C-C T-T V-V T-C V-C T-V S D Dur

Percentages of Correct Responses

Total 20 100

Total 40 100

Total 60 100

Total 80 100

Total 100 100

Untr 20 100

Untr 40 99

Untr 60 100

Untr 80 100

Untr 100 100

Mus 20 100

Mus 40 100

Mus 60 100

Mus 80 100

Mus 100 100

100

99

99

100

99

100

99

98

100

99

99

99

100

100

99

100

99

100

99

99

99

99

100

99

100

100

100

100

100

99

93 98 97 100 96 -

98

99

98

97

91

97

98

97

94

95

99

100

100

99

99

99

99

99

95

98

98

98

99

99

99

100

100

100

99

100

99

98

98

97

99

99

98

98

98

100

100

99

99

100

100

99

100

99

99

100

100

100

100

100

100

100

99

99

99

98

95

97

98

98

97

97

97

100

100

99

97

98

99

99

98

98

99

100

100

99
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Table 3 (continued)

Timbre Pairs

Dur Total

Sub ms C-C T-T V-V T-C V-T T-V S D Dur

Percentage of Correct Responses

Inst 20 100 100 100 98 99 99 100 99 99

Inst 40 100 99 100 99 99 99 100 99 99

Inst 60 100 99 100 99 100 100 100 100 100

Inst 80 99 100 100 100 99 100 99 99 100

Inst 100 100 99 99 100 100 100 100 100 100

Voc 20 99 99 100 92 98 95 99 95 97

Voc 40 100 98 99 99 100 99 99 100 99

Voc 60 99 100 100 100 99 99 100 99 100

Voc 80 100 100 99 99 100 100 100 100 100

Voc 100 100 98 98 98 99 97 99 98 98

Note. Inst = Instrumentalists; Mus = Trained Musical
Performer; Untr = Musically Untrained College Student ;
Voc = Vocalists. C-C = Clarinet-Clarinet;
T-T = Trumpet-Trumpet; V-V = Violin-Violin;
T-C = Trumpet-Clarinet; V-C = Violin-Clarinet;
T-V = Trumpet-Violin. S = Same; D = Different.
Sub = Subjects. Dur = Duration. ms = millisecond.

80 ms. duration of the stimulus, based on mean scores, that

suggest some slight differences between subject groups that
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are related to the group comparisons of the research

problems.

Both the untrained subjects and vocalists were less

successful at the longest duration of 100 ms than at 60 ms,

80 ms, and, in the case of the vocalists, 40 ms. The 98%

correct response rate at 20 ms (see Table 2) might be

considered the upper threshold which is the percent of

correct responses that approach 100%. It is certainly

arrived at by 60 ms with a 100% response rate.

The Timbre Discrimination Abilities of Musically

Trained Performers and Musically Untrained

Subjects as a Function of Duration

The objective of research problem 2 was to determine if

instrumental timbre discrimination varied between subjects

who have participated in musical ensembles and those who

have not. As described in the Methodology, an ANOVA

analysis found no significant differences between musically

trained subjects who where music majors and those who were

not (see Table 4, p. 92). Consequently, these two subjects

were combined and thereafter considered to be one subject

group of musically trained subjects. The hypothesis that

musically trained performers who participated in musical

ensembles can discriminate timbre significantly better than

musically untrained subjects who did not participate in

musical ensembles cannot be sustained.
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The mean scores shown in Table 1 (p. 87) indicate that

the musicians, with a mean score of 119, scored slightly

Table 4

Summary of Analysis of Variance for Trained High School
Musical Performers and Trained College Musical Performers

SS DF MS F Sig of F

.011 1 .011 .011 .956

*p<.05.

higher than the untrained subjects with a mean score of 118.

The corresponding percentages of correct responses in Table

2 (p. 88) was 99% for all durations for the musicians and

98% for the untrained subjects. The analysis of variance

summary, (see Table 5, p. 93), suggests that the variance

between the untrained subjects and the musicians was

statistically significant (p = .029). This would seem to

support the hypothesis that those who participated in

musical ensembles could discriminate timbre significantly

better then those who did not.

However, even though the mean score for musicians was

consistently higher then those for the untrained subjects,

and the difference appears to be statistically significant,

three considerations inhibited acceptance of the statistical

significance. The mean total score for each of these groups



93

on the 120 item timbre discrimination test varied by only

one question and the standard deviations were substantially

Table 5

Summary of Analysis of Variance for Musically Untrained
College Students and Trained Musical Performers

SS DF MS F Sig of F

36.223 1 36.223 4.870 .029*

*p<.05.

less than the two standard deviations often required by

researchers to support significance (see Table 1, p. 87).

Also, because of the ceiling effect, the distribution of

scores were far from normally distributed. ANOVA procedures

assume that the scores are normally distributed. Even

though ANOVA procedures are somewhat robust to the violation

of the assumption of a normal distribution, in light of the

standard deviations and mean scores, the statistical

significance cannot be accepted. Although the musicians

could discriminate timbre slightly better than untrained

subjects, these findings would seem to be of statistical

significance only and of no practical significance.

The factors that seem to influence the variance between

the untrained subjects and musicians, as seen in Table 3

(p.89), were the type of timbre comparison required of the
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subjects by the test items, the duration of the stimulus,

and the timbres comprising the timbre pairs. Of these, the

primary factor affecting discrimination seems to be the type

of timbre comparison required of the subjects by the test

items, particularly when the subjects were required to

discriminate between timbre pairs comprised of different

timbres.

Table 3 (p. 89) lists the percentage of correct

responses when the scores for all durations are combined for

all subjects and for each subject group. Timbre

discrimination was better for all subjects under all

stimulus conditions when the same instruments (S) were

compared, e. g. trumpet compared to trumpet, with a total

mean of 100 % correct responses, than when different timbres

(D) were compared, with a total mean of 98% correct

responses.

For test items comparing "Different" timbres the

percentage of correct responses was 97% for the untrained

subjects and 99% for the musicians. This would seem to

suggest that when determining if timbres are the same both

populations are equally successful. However, when comparing

different timbres, the musicians can discriminate

significantly better.

The Timbre Discrimination Abilities of Instrumentalists

and Vocalists as a Function of Duration

The objective of research problem three was to
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determine if the discrimination of instrumental timbre

varied within the subjects trained in music according to

whether they were members of an instrumental ensemble or a

vocal ensemble. Table 2 (p. 88) indicates that there was a

Table 6

Summary of Analysis of Variance for Instrumentalists
and Vocalists

SS DF MS F Sig of F

5.821 1 5.821 1.756 .189

tendency for the instrumentalists with a 99% correct total

response rate to score higher then the Vocalists at 98%.

However, the results of an analysis of variance in Table 6

(p.95) indicates that instrumentalists did not discriminate

significantly better than vocalists .



CHAPTER 5

SUMMARY, CONCLUSIONS, DISCUSSION, AND RECOMMENDATIONS

FOR FUTURE RESEARCH

Summary

The purpose of this study was to investigate the ability

of trained musical performers and musically untrained

college students to discriminate music instrument timbre as

a function of duration. Factors investigated for their

contribution to a better understanding of this ability were

the thresholds for timbre discrimination as a function of

duration, musical ensemble participation as training in

timbre discrimination, and whether the discrimination skills

varied according to whether the subjects participated in

vocal or instrumental ensembles.

Previous studies often have utilized stimuli with

limited fidelity due to the fact that they were not

complete, complex, acoustical musical tones. Often these

tones were presented as isolated tones which may provide

fewer timber cues than a sequence of changing pitches. The

timbre discrimination tasks had additional limitations due

to insufficient experimental control. Timbre discrimination

tasks in these previous studies had employed changes of

various fundamental elements of a musical tone such as

steady states, attacks, and decays and their relation to

96
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timbre discrimination. This study investigated timbre

discrimination in relation to another fundamental element of

a musical tone, duration.

The Method of Constant Stimuli, using a same-different

response procedure with randomized, counterbalanced timbre

pairs in a sequence of pitches in two blocks was used to

collect the data and to help control for intervening and

confounding variables. The duration of time required to

discriminate the timbres was the response measure. To

determine the length of time required for timbre

discrimination, duration thresholds were sought for each

group of subjects. These thresholds were then compared

according to subject groups.

The elements of the listening test that were

incorporated in an attempt to contribute to a closer

approximation of an actual listening experience were the use

of complete, acoustically generated, complex musical tones,

in contrast to tones comprised of only steady states without

attack transients and decays, pure tones, or synthesized

tones, and tones presented in a sequence of pitches in

contrast to isolated tones using the same pitch. Digital

audio tape and tape machines increased the fidelity of the

stimuli in contrast to older recording technology.

The subjects were college students who had not

participated in musical ensembles during their pre-college

schooling and trained college musicians who had. The
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musicians were further divided into instrumentalists and

vocalists in order to investigate whether their timbre

discrimination skills varied according to whether they had

or had not participated in a vocal or instrumental ensemble.

Findings

At the shortest duration of 20 ms all subjects could

discriminate timbre with a degree of accuracy higher then

the 75% correct response threshold. Consequently, the

threshold for timbre discrimination as a function of

duration is below 20 ms. This high degree of timbre

discrimination accuracy at 20 ms can be considered a ceiling

effect in that all subjects and subject groups could

successfully discriminate timbre far above the threshold of

75% correct responses that was sought. This ceiling effect

undermined the determination of the thresholds that were to

be used to compare subject group differences in the

subsequent research problems. ANOVA procedures confirmed

the results of the threshold estimations.

This ceiling was primarily due to the technical

limitations of the study. The primary limitation was the

inability to present tones under 20 ms and still retain the

fidelity of the sound sources. Additionally, the high

fidelity of the sound source, the timbre cues provided by

the changing sequences of pitches, and the simplicity of the

timbre discrimination task design due to the desire for
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experimental control, may have contributed to the high

degree of successful discrimination.

There were no significant differences between the

timbre discrimination skills of musicians and untrained

college students. Subjects who have received training

through participation in a musical ensemble cannot

discriminate timbre significantly better then subjects who

have not participated in musical ensembles. It can be

speculated, though, that musicians can discriminate timbre

better than musically untrained college students under

specific conditions. Musicians and musically untrained

college students can discriminate timbres that are the same

equally well. Timbres that are different are discriminated

better by musicians than musically untrained college

students. Even though the instrumentalists tended to

discriminate timbre slightly better than the vocalists,

there were no significant differences between the timbre

discrimination skills of instrumentalists and vocalists.

Conclusions

Timbre Discrimination Thresholds as a Function of Duration

On the basis of the data collected here under the

conditions of this study, it can be concluded that the

threshold for timbre discrimination as a function of

duration is at or below 20 ms.
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This study confirms the speculation of Pollard and

Jansson (1982) that the duration time required to recognize

a change in timbre to be between 5 and 20 ms and the later

speculation of Pollard (1988) that the duration of time

required is between 10 and 20 ms. Even though there is a

dearth of studies of timbre discrimination and duration with

which to compare these results, the current investigation

yielded results approximating the results of other

investigations of the relationship between duration and the

discrimination of two other tonal elements, loudness and

pitch. The range of values for the discrimination of

timbre, pitch, and loudness investigated in these other

studies is from around 6-10 ms to 60 ms.

The duration at or below 20 ms required for successful

timbre discrimination in the present study is approximately

in the same range of duration values reported in other

related studies employing timbre discrimination tasks.

Discrimination for sequences of reordered timbres of

synthesized complex tones required a minimal duration of

between 6 and 10 ms (Warren, Gardner, Brubaker, & Bashford,

1991). The recognition of a change in timbre of pure tones,

was found to require 20 ms (Wang, 1983). Unison tones could

be distinguished from solo tones "reasonably well" at 30 ms

(Clark, Luce, Abrams, & Rome, 1963). "Plucked" string

sounds were found to require 10 ms and "bowed" sounds 60 ms

(Smurzynski, 1985).
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As with timbre discrimination, the results of the

present study are similar to those found through tonal

discrimination tasks in loudness and pitch studies. The

duration required for a tone to be loud enough to be

perceived was about 2 ms for pure tones (Green, 1973) and

about 6 to 10 ms for tones of 1000 Hz (Fyk, 1987). While

substantially lower than the 220 ms required for pitch

discrimination reported by Katamori (1981), duration

required for timbre discrimination found in the present

study was close to the duration of 10 ms required for the

discrimination of different arrangements of three tones of

varying pitch (Warren, Gardner, Brubaker, & Bashford, 1991).

The Timbre Discrimination Abilities of Musically Trained

Performers and Musically Untrained College Students

as a Function of Duration

Trained musical performers cannot discriminate timbre

as a function of duration better than musically untrained

college students. The results of this study agree with the

results of the Henson and Wyke (1982) study, but do not

agree with the results of the Beal (1985) study. Henson and

Wyke determined that orchestral Musicians could not

discriminate timbre better then the normal population.

Beal's (1985) study found that Musicians can

discriminate timbre better then non-musicians, but

considered the degree of discrimination to be only slightly

better and made no mention of a statistical difference or
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what "slightly better" meant. However, even though the

current study seems to support Henson and Wyke's study,

because of the limitations of Henson and Wyke's study,

especially due to the use of the Seashore test, it is

difficult to accept it as a study that lends support to the

conclusion of the present study that musicians cannot

discriminate timbre better than musically untrained college

students.

The Timbre Discrimination Abilities of Instrumentalists and

Vocalists as a Function of Duration

There were no differences between the timbre

discrimination abilities of musicians who had been members

of an instrumental ensemble and those who had been members

of a vocal ensemble, although there was a tendency for

instrumentalists to be slightly more accurate than

vocalists.

Little research exits that compares the relative timbre

discrimination of instrumentalists and vocalists and it must

be compared to studies that investigated other tonal

elements. The conclusions of this study agree with those of

Cleak (1967) who found no differences between

instrumentalists and vocalists in discriminating rhythm.

The conclusions of this study do not agree with those of May

and Elliot (1980), Taylor (1969), and Young (1976) who found

differences in discrimination between instrumentalists and

vocalists. It can only be speculated that these conclusions
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differ due to the insensitivity of the measurement tool used

in this study or that the measurement tools of the other

studies elicited artificial variances due to limitations of

the discrimination task or test design.

Discussion

Ceiling affects have been reported and discussed in

studies investigating the relationship between duration and

the tonal elements of loudness and pitch. For example,

Durrant and Lovrinic (1984) maintained that by 200 ms the

temporal integration process is essentially complete and

further increases in duration result in little improvement.

Doughty and Garner (1947) maintained that there is a stage

after which discrimination does not significantly improve

for pitch and duration. Additionally, Watson and Gengel

(1969) proposed that the upper limit is 150-225 ms for

loudness and duration and Zwislocki (1960) proposed that the

general integration time for frequency and loudness is 175

ms. The comparison of the results of the present study to

those just mentioned raises the possibility that the ceiling

for timbre discrimination may be much lower than for

loudness and pitch.

Unexpectedly, both the untrained subjects and vocalists

were less successful at the longest duration of 100 ms than

at 60 ms, 80 ms, and in the case of the Vocalists 40 ms.

Intuitively, it would be expected that as the duration of
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the stimuli increases discrimination accuracy would improve

up to the point that the accuracy is close to 100% correct.

That is not the case here. For some subjects it was less

accurate than at a shorter duration. This poses the

possibility that under some conditions there is a region or

band of durations that, below which and above which,

discrimination worsens (Hartmann et al., 1991).

It was surprising and unexpected that any of the

subject groups would discriminate "Same" stimulus pairs more

accurately than "Different" stimulus pairs. Intuitively, it

would seem that the subjects could either recognize the

waveforms or could not. It also would seem that recognition

of "Same" or "Different" would be equally accurate as part

of one discrimination skill and not be two different

discrimination skills. There is no evident reason for this.

There are a variety of possibilities that could account

for the lack of significant differences. The first two

likely possibilities are that there is only a minimal

relationship between timbre discrimination and the duration

of the tone or that the measurement tool was not sensitive

enough to measure the relationship. Considering that there

are some differences between subject groups, durations, and

timbres, the first step in resolving more specifically the

relationship between timbre discrimination would be to

construct a more sensitive measurement tool. Also, there is

the possibility that at this level of discrimination timbre
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discrimination may be a general factor and not specific to

hearing musical tones or that humans develop it by adulthood

without the need for training past that provided by the

environment.

In regards to the lack of significant timbre

discrimination differences between the vocalists and

instrumentalists, it may be that the timbre discrimination

skills developed through participation in either vocal or

instrumental ensembles is a slight further development of a

general discrimination skill for all musical timbres,

whether vocal or instrumental, and not specific to either

vocal or instrumental timbres.

Recommendations for Future Research

One of the problems found in the timbre discrimination

literature is the lack of a valid and reliable timbre

discrimination test or tests. Since a musical tone and

timbre are both multidimensional due to the effects of

pitch, loudness, duration, and the overtone series, and

discrimination may vary as a function of any of these

elements, it is reasonable to speculate that a more refined

and effective timbre discrimination test could be developed

that would take into account the elements of pitch,

loudness, duration, the sound envelope of a musical tone,

and use a sequence of changing pitches.

Three timbre discrimination subtests with loudness,
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pitch, and duration being the quantitative response measures

might form a composite measure of timbre discrimination.

Then further tests could be developed utilizing these

elements in increasingly complex musical contexts that would

measure timbre discrimination at the appropriate level of

age and instruction.

In order to develop the previously proposed timbre

discrimination test, two tests in addition to a refinement

of the test used in the present study would need to be

developed. The first test would be a test of timbre

discrimination as a function of loudness and the second

would be a test of timbre discrimination as a function of

pitch. Each test could use the same randomized presentation

order of instruments with the corresponding same number of

test items. Then correlational studies could be run to

determine if the tests seemed to be measuring the same

targeted variable of timbre discrimination. The results of

these correlation studies could be considered a validation

measure of a composite test of fundamental timbre

discrimination that is comprised of the same

multidimensional elements as a musical tone and timbre.

Further tests could be developed that measure timbre

discrimination as a function of various combinations of

loudness, timbre, and pitch. This would then be approaching

a more musical context.
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More complex musical contexts would present, address,

and require more information about the variable of masking.

Discrimination and duration may vary according to whether

the timbres are presented in various pitch contexts such as

chords and unisons which may mask and inhibit timbre

discrimination. The combined effects of loudness and pitch

on the discrimination of each instrument should be

determined more systematically. And finally, since the

attack transient seems to be important to timbre

discrimination in general, the relationship between the

loudness of the attack, the different types of articulation

such as staccato, marcato, slurs, and the duration required

for timbre discrimination should be studied.



APPENDIX A

TIMBRE PAIRS PRESENTED AS STIMULI FOR

THE TIMBRE DISCRIMINATION TASK
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Table 7

Timber Pairs and Durations Presented as Stimuli for the Timbre
Discrimination Task

Tim Pr Dur Tim Pr Dur Tim Pr Dur Timbre Pr Dur

ms ms ms ms

01. v-t 100

02. v-v 100

03. v-c 80

04. v-v 100

05. v-t 80

06. t-t 60

07. t-v 80

08. v-c 100

09. t-t 60

10. v-v 100

11. v-t 40

12. c-v 40

13. t-v 100

14. v-v 80

15. t-c 80

16. c-t 100

17. c-v 80

18. c-c 100

19. t-t 100

20. c-c 80

21. t-t 80

40. t-v 60

41. t-v 60

42. t-v 20

43. c-c 100

44. v-v 80

45. v-c 100

46. t-c 100

47. v-v 60

48. t-t 40

49. t-c 40

50. t-t 100

51. c-t 80

52. t-t 100

53. c-c 40

54. t-c 60

55. v-v 60

56. t-t 40

57. v-v 20

58. c-t 40

59. c-v 20

60. t-t 80

79. t-t 100

80. c-c 80

81. t-t 80

82. c-v 60

83. v-t 100

84. c-c 60

85. c-c 80

86. t-c 20

87. c-c 20

88. t-v 40

89. c-c 60

90. v-v 40

91. t-t 100

92. c-c 40

93. v-c 60

94. c-t 20

95. c-c 20

96. v-t 60

97. c-v 100

98. v-v 40

99. c-t 60

118. c-t 40

119. c-v 20

120. t-t 80
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Table 7 (continued)

Timber Pairs and Durations Presented as Stimuli for the Timbre
Discrimination Task

Tim Pr Dur Tim Pr Dur Tim Pr Dur Timbre Pr Dur

ms ms ms ms

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

c-V

v-t

c-c

c-c

t-c

c-c

t-v

c-c

v-v

t-t

c-c

v-c

c-t

c-c

v-t

c-v

v-v

c-t

60

100

60

80

20

20

40

60

40

100

40

60

20

20

60

100

40

60

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73

74.

75.

76.

77.

78.

v-t

v-v

v-c

v-v

v-t

t-t

t-v

v-c

t-t

v-v

v-t

c-v

t-v

v-v

t-c

c-t

c-v

c-c

100

100

80

100

80

60

80

1010

60

1010

40

40

100

80

80

100

80

100

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

t-v

v-c

t-v

c-c

v-v

v-c

t-c

v-v

t-t

t-c

t-t

c-t

t-t

c-c

t-c

v-v

t-t

v-v

60

40

20

100

80

100

100

60

40

40

100

80

100

40

60

60

40

20

Note. c = Clarinet; t = Trumpet; v = Violin.

ms = millisecond. Tim Pr Timbre Pair; Dur = Duration.
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APPENDIX B

DIRECTIONS TO SUBJECTS FOR ADMINISTRATION OF THE TIMBRE

DISCRIMINATION TEST



DIRECTIONS TO SUBJECTS FOR ADMINISTRATION OF THE TIMBRE
DISCRIMINATION TEST

1. You are going to take a timbre discrimination test to

measure your ability to discriminate between music instrument

timbres. On you chair you will find a form titled SUBJECT

CONSENT FORM giving your consent to participate as a subject

in this study, a Scantron sheet, and a #2 pencil. Please read

the consent form thoroughly now.

2. If you have any questions concerning the consent form

please ask me for clarification. After you have read the

consent form, if you agree to participate in the study, please

sign it. If you do not wish to participate in the study you

may leave now. Please pass your consent form to the person

ahead of you when you have signed it.

3. Please fill in the information asked for at the top of the

Scantron answer sheet.

4. The timbre discrimination task will take approximately 17

minutes. There are 120 items broken up into two blocks of 60.

After completing the first 60 items there will be a 10 minute

break.

5. A pair of musical instrument tones played on two different

pitches will be heard for each item. There will be 1 second

of silence between each pair of sounds and 4 seconds between

each item. I will announce the item number of each item in

between each item.

112
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6. Here is what a single item will sound like. (One item is

played)

7. You will indicate whether you feel the instruments played

are the same by filling marking A or different by marking E.

If you forget which to mark, please look at the chalk board

and check the example there.

8. I will play five examples in order to practice. (Examples

are played)

9. If you have any questions please ask them now.

10. Thirty seconds after I start the tape machine, the first

item will be heard.

11. There will be a rest period of 10 minutes.

12. We will begin the second half of the test in 30 seconds.

13. Thank you for participating and please leave your answer

sheet with me as you leave.
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