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IV. MUSIC AMXTSTICS 

A. GROUP DIFFERENCES IN ABILITY TO JUDGE EMOTION& STATE FROM VOICE 
FUNQAMENTAL FRMX]ENCY 
h a  Nilsonne* and Johan Sundberg 

Abstract 
114 listener judges evaluated speech samples containing the funda- 

mental frequency contour only of patients recorded during depression and 
after recovery. In 80% of the ratings the listeners could determine 
whether or not the recording emanated from the depressive pkaase. A group 
of conservatory students contained a significantly larger percentage of 
proficient raters than a group of law students. No significant differ- 
ence was found between male and female judges. 

Introduction 

It is well recognized that extra linguistic components of speech 

mediate information about the emotional state of the speaker independ- 

ently of the linguistic content of the utterance. This is important in 

several fields in which the emotional state of a person is of interest, 

such as in psychiatry. Thus, most psychiatric textbooks point out the 

diagnostic value of speech changes in affective disorders, particularly 

in depression (see, eq., Nicholi, 1979). However, attempts to describe 

the voice changes associated with depression in acoustical terms have 

yielded partially contradictory results. 

In a number of investigations concerning the speech of depressed 

patients it has been found that the voice changes occur mainly in speech 

tempo and pause time - and in the fundamental frequency and its varia- 
bility. Zwirner (1930), Newman & Mather (1938) , and Zuberbier (1957) 
all found a slowing of tempo, an increase of Fuse time, and a decrease 

of variability of fundamental frequency. In addition, Szabadi & a1 

(1976) found longer pauses when counting to ten in depressed patients 

than in healthy controls and Greden & Carroll (1980) found that after 

recovery from depression the mean pause time decreased and returned to 

values similar to those of a control group. Leff & Abberton (1981) 

reported a reduced variability of fundamental frequency in retarded 

depressives only. On the other hand, Hargreaves & a1 (1965) found no 

uniform pattern of voice change in a study of 32 depressed patients, and 

Darby & Hollien (1977) fourid no significant changes in speech rate, in 

average fundamental frequency, or in the variability of fundamental 

frequency in six patients wMse depression had been successfully treated 

with electmconvulsive therapy. Scherer (1979) found a 9.5 Hz decrease 
of mean fundamental frequency after treatment in a study of nine pa- 

tients. 
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The lack of agreement between these results is not surprising. 

Firstly, there have been some difficulties in finding relevant acoustic 

characteristics. Secondly, the diagnosis of depression covers a wide 

range of coditions with varying symptomatology. For instance, the motor 

activity which would have some bearings on speech production may vary 

considerably within a group of depressed patients; some patients may be 

retarded, some may be agitated, and others maybe essentially unaffected 

with respect to motor function. Thus, measurements on small groups of 

patients may yield differing results, and the likelihood of finding 

consistent speech changes in a group of depressed patients is presumably 

rather small unless special precautions are taken in defining the pa- 

tient group. Ebwever, the above-mentioned difficulties should not ob- 

scure the empirically well established diagnostic usefulness of speech 

changes associated with depression although the crucial acoustic parame- 

ters that mediate this emotional information still seem to be insuffi- 

ciently defined. 

Studies of extralinguistic components in speech often involve lis- 

tening experiments. In such experiments subjects are asked to identify 

the perceived emotionality of a speech sample. Most studies have used 

speech samples either produced synthetically (see the review by Scherer, 

1981) or produced by subjects attempting to portray a given emotion, and 

only rarely by persons recorded in authentic emotional states. Each of 

these alternatives involve both advantages and methodological difficul- 

ties. In a recognition experiment the use of authentic samples seems 

preferable even though perhaps experimentally cumbersome. 

The choice of listeners is seldom discussed in such investigations, 

the tacit assumption apparently being that the ability to perceive 

emotional information from speech does not vary significantly between 

different groups of listeners. kbwever, some studies have compared male 

and female listeners. Aronovitch (1976) had male and female raters 

judge personality from male and female voices and found all raters to 

make essentially the same judgements. Scherer & Oshinsky (1977) let 166 

male and female subjects listen to 16 electronically generated sbmdi 

representing various emotional states; he found no significant differ- 

ences in their evaluation of the stimuli. the other hand, RDsenthal 

& a1 (1979) compared the ability of male and female subjects to recog- 

nize emotions from prosody, expressive facial movements, and body lan- 

guage; they found the females to succeed 80% better than the males in 

t k i s  respect. Other listener categories have also been compared. Thus, 



~ f a f  f (1954) found support for the assumption that the code used for 

signaling the emotional state of a speaker, and also a listener's abili- 

ty to identify it, differs with the sociological and educational back- 

ground of the listener. 

It is generally agreed that music communication includes emotional 

components. Hence, the ability to sense the emotional atmospheres 

encoded in music would be essential to the ability to perform music. It 

is likely that the expression of emotions in music and in speech are 

partially analogous (cf., Fonagy, 1981; Sundberg, 1983). If this is 

correct, the ability to decode emotional information from speech can be 

expected to be more developed among musicians than in a group of listen- 

ers lacking musical training. 

The purpose of the present investigation was twofold: (1) to find 

out if the voice fundamental frequency contour of fluent speech contains 

sufficient information to allow listeners to correctly judge whether a 

speaker is depressed or not, and (2) to find out if the ability to 

discern the emotional state from the fundamental frequency varies signi- 

ficantly between different groups of listeners. 

Me- - 
Voice samples were taken from a number of depressed patients diag- 

nosed according tothe Spitzer-Endicott Research Diagnostic Criteria 

for Major Depressive Disorder (Spitzer & al, 1979) and selected for a 

research project on depression at the Department of Psychiatry of the 

St =ran's Ehospital (head: Professor LRnnart Wetterberg), Stockholm. m e  

patients were asked to read a standard text, about 30 sec long, with a 

contact microphone (accelerometer) fastened to their neck 2 or 3 cm 

below the thyroid cartilage. This signal was recorded on a Sony dual 

track tape recorder, and the signal from a normal microphone in front of 

the subject's mouth was recorded on the second track. Qne recording was 

made during depression, and another recording was made when the patient 

had recovered. Voice samples from the first ten of these patients who 

were recorded both during depression and after recovery were used for 

the listening experiment. These patients, four males and six females, 

exhibited different degrees of motor disturbance; the group included ag- 

itated and retarded cases as well as cases without obvious psychomotor 

abnormality. All patients reported lowering of mood. 
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The tape for the listening experiment was derived from the voice 

samples by isolating the fundamental frequency by means of filtering. 

The resulting signal was used to trigger a pulse generator connected to 

a vowel synthesizer. In this way a signal was obtained which consisted 

of one single vowel of constant amplitude, which was used as the test 

sound. In the test tape the two recordings from each of the ten patients 

were juxtaposed, so that ten pairs of voice samples were obtained, in 

which either the first or the second emanated from the individual pa- 

tient's depressive phase. The test tape consisted of two series, each 

containing pairs of recordings from the ten patients presented in random 

order; the order within the pairs was also random throughout the test 

tape. Each voice sample was approximately 15 sec long and adjacent 

voice samples and adjacent pairs were separated by different acoustic 

signals on the tap.  For the purpose of acquainting the listeners with 

the particular sound quality of the recordings the two series of ten 

voice sample pairs were preceded by a series of four voice samples for 

training purposes. The entire test took 20 min. 

b) Subjects f 

The test tape was presented to a total of 113 subjects. Sixtytwo 

were music conservatory students (23 females and 39 males, mean age 21.2 

years, extremes 14 and 34). The second group was chosen among university 

students from a field not associated with music. For practical reasons 

51 law students made up this second group (20 females and 31 males, 

mean age 23.8 years, extremes 20 and 54). The students were recruited 

with the help of their teachers, who kindly agreed to devote part of a 

lecture to this experiment. In the case of the law students, the listen- 

ing experiment was carried out at the end of a lecture; in this group 

approximately 30 students preferred not to participate. ?he conservatory 

students listened to the tape at the beginning of a lecture, so that all 

of them participated. 

C) Rocedure 

The test was presented to the listeners as a means to test their 

ability to detect emotional information about a speaker from his/her 

voice. All subjects were tested in their respective lecture hall, and 

the tape was presented at a comfortable sound level over a loudspeaker. 

The law students were all tested at the same time. The conservatory 

stdents consisted of three groups, each of which was tested separately. 
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A comparison of the data pertaining to Series 1 and 2 reveals no 

great differences between the series, though most subject groups per- 

formed slightly better in series 2, ie., during the secord presenta- 

tion of the voice pairs. This effect is small except in the case of male 

law stldents, for whom the percentage of error dropped from 24% to 18%- 

This suggests that there was a small training effect. Also, some sub- 

jects reported that it took a long time before they got used to the 

stimulus sounds. Since the two series consist of recordings from the 

same ten patients, the results from these two series are dependent and 

may not be pooled in the following statistical evaluation. As there 

might have been a small training effect between series 1 a d  series 2, 

it was considered preferable to disregard the data from series 1. 

Twentyfive of the law students (12 female and 15 male) reported 

that they either sang or played a musical instrument or both. m e  per- 

formance of these students is compared with the remainder of the group 

of law students in Table 11. It can be seen that there is a trend for 

the musically active law students to perform better than the law stu- 

dents who were not musically active. 

Musically active Musically nut active 

N=27 N=25 

I % I % 

Series 1 57 21.1 65 26.0 

Series 2 51 18.9 55 22.0 

Series 1+2 108 20.0 120 24.0 

Table 11. Number ( # ) and percentages of erroneous answers in the first 
and second presentation (Series 1 and 2, respectively) of the ten pairs 
of voice samples given by law students who mre engaged or not engaged 
in musical activities. 

Five law students and one conservatory student reported psychiatric 

experience. Their test results did not deviate noticeably from those of 

the rest of the listeners. 

A quantitative measure of the judging ability of the individual 

rater was obtained from the number of mistakes he/she made. In order to 

compare the different groups of raters, i.e., males contra females, law 

students contra conservatory students, we have compared the number of 
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raters within each group which made no more than a certain number of 

errors. This level was arbitrarily set at two errors out of ten. The 

result is shown in Table 111. 

Subject: Law Music Male Female 

?rota1 52 100 62 100 70 100 44 100 

Table 111. Number ( # ) and percentages of raters in different groups who 
made a maximum of two errors out of ten and number and percentages of 
raters who made more than two errors (out of ten in the test. 

The results are not normally distributed; 12 subjects made correct 

judgements only, and no subject made more than seven incorrect evalua- 

tions out of ten. A 2 x 2 Chi Square test for homogeneity yields x=7.37 

for the law versus the conservatory students corresponding to a p<.01. 

The corresponding value for the male versus the female subjects is x=a, 

which is a nonsignificant difference. From this we conclude that the 

conservatory students were more successful in identifying the emotional 

status of the speaker from the voice pitch contour than the law stu- 

dents, whereas the difference between the male and female listeners was 

not significant. 

Discussion 

Our data show that in a large majority of ratings (80% of all 

ratings) listeners presented with only the fundamental frequency contour 

of fluent speech were able to determine whether a speech sample emanated 

from a patient recorded during depression or after recovery. It should 

be noted that this parameter encompasses not only the average funda- 

mental frequency and its variability, but also speech rate and pause 

time. The successful use of the fundamental frequency contour in dif- 

ferentiating between depressed and mn-depressed patients is in agree- 

ment with most of the investigations referred to in the introduction. Ch 

the other hand. some investigations (Hargreaves 6. all 1965; Darby 6 

Ebllien, 1977) failed to detect any consistent voice changes associated 



with depression. It may be relevant that Hargreaves & a1 studied a 

comparatively large (32 patients) and heterogenous group of depressed 

patients. Moreover, the analysis was concentrated on timbre aspects, 

such as loudness and spectral characteristics, rather than fundamental 

frequency, even though inconsistent changes of voice pitch were mted in 

a few patients. The study of Darby & mllien is similar to ours in that 

the patients were recorded both during depression a d  after recovery, so 

that all patients could be used as their own controls. An aural evalua- 

tion of the recordings by a speech pathologist showed a mild trend 

towards improved inflection, prosodic stress, and articulation and to- 

wards an increased vitality after recovery. The acoustical analysis 

included the speech rate as well as the mean and the standard deviation 

of fundamental frequency. The failure of the acoustic analysis to re- 

flect the changes that the speech pathologist perceived suggests that 

other voice characteristics than those measured were important. Since we 

found that the fundamental frequency contour carries sufficient informa- 

tion for recognition of depression in most cases, it seems that other 

aspects of voice Mamental frequency than the average and the standard 

deviation could be of relevance. 

The likelihood of finding one single acoustic parameter which 

always changes in a particular way in all depressed patients is probably 

limited, as mentioned. Rather, we would expect depression to be mani- 

fested in the voice in a number of alternative ways which may differ 

drastically between different individuals and which may be related to, 

e.g., type of depression, personality, age, sex etc. of the patient. 

still, our study has shown that relevant characteristics are contained 

in the fundamental frequency contour of fluent speech. It seems that one 

such relevant characteristic is represented by the rate of change of 

fundamental frequency (cf., Askenfelt & Sjolin-Nilsonne, 1980). 

Regarding the differences between the male and female listener 

groups, our results are similar to those of Aronovitch (1976) and Sche- 

rer & Oshinsky (1977). On other hand, Kosenthal & a1 (1979) found 

substantial sex differences in the ability to infer emotion from non- 

verbal cues. It is perhaps relevant that their cues included not only 

prosody, but also visual information on body language presented on 

video-tape . 
It is possible that the group difference as regards the law and 

conservatory students was underestimated. It will be recalled that 

approximately 30 law students preferred not to participate in the exper- 





non-active individuals. Probably, attention should be paid to this when 

listener-judges are selected for studies of perception of emotion h-om 

auditory signals. 
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