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Theoretical Framework for
Measuring Vocal Indicators of
Coping Styles

The patient’s way of coping with illness
is of major importance for both psycho-
social (e.g., well-being) and biomedical
(e.g., compliance with treatment) aspects
of the disease. Obrist (1981) described
passive coping as a state of enduring a
stressor without expending effort to act
upon it, while active coping was defined
as tonic readiness to act upon an event.
This corresponds to the action readiness
dimension of Cannon’s emergency re-
sponse (Cannon, 1929). Generally speak-
ing, active coping styles are thought to
be more appropriate for dealing with
stressful events, while avoidant coping
appears to be a psychological risk factor
from a long-term perspective (Holahan &
Moos, 1987).

An important determinant of coping
reactions is the feeling of potency or con-
trol over the illness. The feeling of control,
or lack of control, can induce cognitive-
affective states of hopefulness or hope-
lessness (Ortony, Clore, & Collins, 1988,
p- 132) and thus significantly influence
the patients’ coping reactions, which
include both somatic and autonomic
reactions. The latter can be induced by
anticipated activity (Obrist, Webb, Sut-
terer, & Howard, 1970). f3-adrenergic
sympathetic effects on the heart have

been found to predominate during active
rather than passive coping, particularly
when environmental uncertainty and be-
havioral uncertainty are high (Bongard,
1995; Brener, 1987, Kelsey, 1991; Kelsey
et al.,, 1999; Light & Obrist, 1980; Sher-
wood, Allen, Obrist, & Langer, 19806).
Obrist (1981) also provided evidence
regarding the role of parasympathetic
physiological reactions in subjects with
passive coping style.

As voice and speech production mech-
anisms (respiration, phonation, and artic-
ulation) are strongly influenced by the
subjects’ autonomic reactions, studying
the patients’ vocal expression appeared
to be a more direct method of assessing
the emotional factors associated with
coping styles.

What Is Measured: The Voice of
Full-Blown Emotions or the Voice
of Affective Dimensions?

Research on vocal indicators of affective
states has been dominated by designs
based on the relations between acoustic
features and semantic tasks of emotion
labeling. Psychologists and speech scien-
tists rely on the subjects’ intuitive labeling
of the states called “emotions.” often in
forced choice recognition tasks (Cowie
& Douglas-Cowie, 1996; Kienast & Sendl-
meier, 2000; Mozziconacci & Hermes,
1999, Pereira, 2000; Schroder, 2001; Yuan,
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Shen, & Chen, 2002). This kind of re-
search can be “contaminated” inherently
as the word emotion is semantically
treacherous, because its meaning shifts
according to context. This point has often
been made by scholars such as Mandler
(1981; 1990; 1992), Ortony and Turner
(1990), and Russell & Barrett (1999). As

recently pointed out by Roddy Cowie, .

the word emotion has only too often
been taken “to refer to entities—natural
units that have distinct boundaries, and
that can be counted” (Cowie & Cor-
nelius, 2003).

In addition to the ambiguities inher-
ent to intuitive categorizations of emo-
tions, states of arousal often overlap with
emotions proper. Research has studied
various states involving arousal such as
excitement, agitation, lethargy, or stress.
The latter has become a subtopic in its
own right (Murray, Baber, & South, 1996).
Yet, it is not clear whether the arousal
associated with what is commonly known
as “stress” can be distinguished from the
arousal associated with an emotional
state such as fear or happiness.

Other conceptions of emotions are
based on broad elementary affective
dimensions. The latter approach dates
back to Wilhelm Wundt (1874/1905).
Subsequently, Osgood, Suci, and Tannen-
baum’s theory (1957) as well as other
authors (Davitz, 1964; Mehrabian & Rus-
sel, 1974) suggested that affective reac-
tions could be described in terms of
two or three major bipolar dimensions
(Bachorowski, 1999; Bachorowski &
Owren, 1995; Davidson, 2000; Laukka,
Juslin, & Bresin, 2005; Russell & Barrett,
1999), such as:

1. valence (displeasure—pleasure), i.e.,
how positively or negatively the sit-
uation is appraised,

2. arousal (sleepy—hyperactivated),
i.e., the degree of physiological acti-
vation, and

3. potency/control (powerful—power-
less), i.e., the degree of power or
sense of control over the situation
(Argyle & Crossland, 1987; Fecteau,
Armony, Joanette, & Belin, 2005;
Mehrabian & Russel, 1974; Osgood,
May, & Miron, 1975).

In such an approach, emotion cate-
gories emerge as specific configurations
in a two- or three-dimensional space.
Intercultural research in emotion recog-
nition from voice has shown that confu-
sions are often made between emotions
sharing the same degree of arousal (van
Bezooijen, Otto, & Heenan, 1983). This
led critics to suggest that judges’ ability
to infer emotion from the voice might be
limited to basing inference systematically
on perceived arousal (Pittam & Scherer,
1993; Scherer, 1979; 1986). It thus appears
that vocal indicators of affective states
are more closely tied with basic emo-
tional dimensions than with an emotion
per se. In Schroder’s study of vocal out-
bursts (2000), an analysis of confusions
among inferred emotions suggests two
main dimensions: valence and arousal/
activation. A vocal signature for a specific
emotion thus remains elusive and the
activation dimension often seems to
dominate (Pittam, Gallois, & Callan,
1990). Activation dimension is of partic-
ular interest as it is related to the prepa-
ration for instrumental action (Frijda &
Tcherkassof, 1997). In Frijda’s model of
emotion, action readiness (or action ten-
dency) plays a central role. As we consid-
ered the “feeling” of potency as one of
cognitive prerequisites for action readi-
ness, our approach to studying emo-
tional factors associated with coping
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styles was based on dimensional theories
of affect (e.g., Lang, Greenwald, Bradley,
& Hamm, 1993; Russell, 1980).

Vocal Indicators of Coping Style

While coping styles are usually assessed
via self-report scales (Carver, 1997; Carver,
Scheier, & Weintraub, 1989), we tried to
use a more direct way of measuring, that
is, via the acoustic indicators of emo-
tional dimensions associated with the
patients’ coping style. Our focus was
on vocal indicators of the potency and
arousal dimensions of emotions. Based
on evidence about the link between the
coping style and autonomic reactions
(Waldstein, Bachen, & Manuck, 1997), we
then investigated their relation to voice
production mechanisms. The impact of
the autonomic component of emotional
arousal on voice was first modeled by
Williams and Stevens (1972) in terms of
direct causal relationships between high
(dominantly sympathetic) or low (domi-
nantly parasympathetic) arousal states
on the one hand, and voice intensity,
vocal cord vibration, and timing of speech
on the other.

We hypothesized that the degree of
vocal expressiveness would be higher in
subjects using active/adaptive coping
style than in those with passive/maladap-
tive style. This hypothesis was rooted in
the chain of links:

1. the cognitive state of confidence in
one’s own control (the potency
dimension of emotion) of the situa-
tion induces

2. a certain degree of cortical and phys-
iological arousal (both autonomic
and somatic), which influence

3. the three systems involved in speech
production: respiration, phonation,

and articulation (Scherer & Zei,
1988), which in turn influence the

4. vocal characteristics of the person’s
verbal expression.

Design of the Pilot Study

Study Sample

This study included a sample of 10 pa-
tients with operable breast cancer who
were randomized within 6 weeks after
primary surgery into different adjuvant
therapy trials conducted by the Interna-
tional Breast Cancer Study Group (IBCSG).
The data reported here were collected
within two psychosocial substudies. The
patients came from three main language
areas of Switzerland (Swiss German, Ital-
ian, and French) and were interviewed
in their primary language. Their ages
ranged between 34 and 68 years. All
patients were informed about the studies
and agreed to participate.

Interview Rating

The patients were interviewed in the
hospital about 2 to 3 months after ran-
domization. At that time, patients had to
cope with their disease, surgery seque-
lae, and side effects of adjuvant therapy
(Hiirny et al., 1996). The interview was
semistructured and it was adapted from
an interview evaluating mental adjust-
ment in patients with early breast cancer
(Morris, Blake, & Buckley, 1985). It cov-
ered disease- and treatment-related topics
ranging from the discovery of the node
in the breast to the thoughts regarding
the patient’s future. The interviews lasted
40 to 60 minutes, and were conducted
by trained interviewers.



VOCAL INDICATORS OF COPING STYLE IN PATIENTS WITH BREAST CANCER 219

The audio-taped interviews were
“blindly” rated by two female psycholo-
gists with experience in caring for breast
cancer patients. The rating consisted of
predefined categories in a binary response
format (e.g., hopefulness versus hopeless-
ness) as listed in Table 14-1.

These categories were applied to all
topics. At the end, the raters estimated the
overall mental adjustment as “adaptive”
or “maladaptive” based on the ratings of
each of the five criteria (Table 14-1). The
raters were trained on other cases and
reached a moderate agreement on the
overall mental adjustment with kappa =
0.47 (N = 32). The test-retest agreement
within each rater over several months
was kappa =0.55 and 1, respectively. For
this pilot study, we selected five cases
with adaptive and five cases with mal-
adaptive adjustment on which the two
raters had complete agreement.

Voice Analyses
In experimental settings, voice analyses

are typically done by computing the
deviation of emotional speech patterns

from a neutral or a baseline reference
level ( Schroder, Cowie, Douglas-Cowie,
Westerdijk, & Gielen, (2001); Amir &
Ron, 1998; Simonov, Frolov, & Ivanov,
1980). As we measured vocal expression
in a natural setting, the baseline level was
not available. We therefore established
for each subject her own range of vocal
reactions by screening the interview for
a passage of perceptually high vocal and
one of perceptually low vocal arousal.
The semantic content of the verbal pas-
sages was not predefined, although it was
more likely to find low vocal arousal in
“footnote-type” of statements or descrip-
tions of sad events. Vocal characteristics
of these passages were used to outline the
range of vocal reactions for each subject.

The final parts of the interview, where
patients talked about coping with illness
and about their future prospects, were
excluded from the screening for per-
ceptually high vs. low vocal arousal.
We assumed that these parts would be
closely related to the potency dimension
of the patient’s emotional reactions and
to her mental adjustment. These pas-
sages were analyzed separately for their
degree of vocal arousal. The duration of

Table 14—1. Rating criteria for adaptive versus maladaptive mental adjustment*

1. Hopefulness

2. Active attitude toward disease and
treatment

3. Flexible coping style toward different
problems of disease and treatment

4. Perceived good social support

5. Conscious dealing with the malignancy
and its implications

Hopelessness

Passive attitude toward disease and
treatment

Rigid coping style toward different
problems of disease and treatment

No perceived social support

No conscious dealing with the malignancy
and its implications

*Global summary rating based on ratings of each of the five criteria.
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each voice sample varied between 30
and 60 seconds.

The screening and the analysis of
vocal parameters were performed by two
voice analysts independently. Neither had
information on the results of the clinical
ratings or on the patient characteristics.

Three categories of vocal parameters
were measured:

1. fundamental frequency (mean F, F,
range, F, sd);

2. acoustic energy expressed in pseu-
dodecibel units computed from the
raw signal (mean and voiced energy
range);

3. speed of delivery expressed as the
number of syllables uttered per
second.

The acoustic variables were normalized
by external reference values obtained
from emotionally neutral speech sam-
ples Zei (1999). Each vocal parameter
was thus expressed as a percentage of
the respective reference value. All the
acoustical analyses were done by means
of Signalyze (Keller, 1994), a Macintosh
platform software.

Data Transformations

Vocal Arousal Index (VAI)

Because of the trading relationships be-
tween vocal intensity, fundamental fre-
quency, and timing (Lieberman, 1960), a
vocal arousal' index (VAI) was created.
It was computed as the averaged sum of
normalized values of the parameters sig-
nificantly related to vocal differentiation

between low-arousal and high-arousal
emotions (mean F,, Fymax/min ratio, F,
coefficient of variation, voiced energy
range, rate of delivery) (Zei & Archinard,
2002). The wvocal arousal index thus
reflected an overall degree of vocally
expressed emotional arousal. The VAI
was calculated for each condition.

Vocal Differential Index

VAI was expected to be higher in sam-
ples of high emotional arousal compared
with those of low emotional arousal. To
measure such differentiation, we com-
puted a vocal differential index (VDI),
which represented the difference be-
tween the VAI of the perceptually high-
est and that of the perceptually lowest
arousal condition. Our assumption was
that vocal differential index would reflect
the width of what we termed the sub-
ject’s emotional space.

The Concept of Emotional Space

Based on evidence from research in nor-
mal vocal expression (Kaiser & Scherer,
1998) and that of affective disturbances
(Porges, Doussard-Roosevelt, & Maiti,
1994), we hypothesized that high vs. low
level of vocal variation could be related
to high vs. low level of affective involve-
ment. Andreasen and colleagues (Andrea-
sen, Alpert, & Martz, 1981) demonstrated
that affective flattening was reflected in
speech in a diminished variance in both
amplitude and fundamental frequency.
Similar findings (Zei & Archinard, 2001)
support the link between affective flat-

!By analogy to the concept of emotional arousal, the term vocal arousal is used to signify the amount of vocal

activation resulting from emotional arousal.
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tening and poor vocal expressiveness. We
thus expected a narrow emotional space
(low VDD to be related to passive cop-
ing, that is, maladaptive mental adjust-
ment, and a wide emotional space (high
VDD to be related to active coping, or
adaptive mental adjustment.

Statistical Analysis

The exact Wilcoxon test was used to
compare the VDI in the cases rated as
adaptive with the VDI in the cases rated
as maladaptive (two-sided test; StatXact,
version 4). To check for consistency, the
association between mental adjustment,
vocal parameters, and the VAI was
explored separately for each condition
and illustrated by confidence intervals of
the medians (Hodges & Lehmann, 1963).

Results

As shown in Figure 14-1, the (VAI) was
consistently higher in cases with adaptive
than in those with maladaptive adjust-
ment. This was found for the following
conditions: high arousal (90% CI of
median = 108.3-129.6 vs. 91.6-119.4),
topics of coping (90% CI of median
= 85.6-129.6 vs. 84.5-104.9), and the
topic of future (90% CI of median =
93.8-110.1 vs.80.0-111.6). In four cases
(Table 14-2: A, C, E, F), the perceptually
high arousal condition was identical to
that in the topics of coping or future.
The associations between the pitch
parameters and mental adjustment were
mostly consistent. Of particular interest
is a bigger difference in pitch range
between high and low arousal conditions

Vocal Arousal by Condition and Type of Adjustment

VAI group median
\O
=

80 —
70
60 -
Low- High-
Arousal arousal
condition condition

Adaptive adjustment

71 Maladaptive adjustment

Topic
coping

Topic future

Figure 14—1. Median values of vocal arousal index per type of topic.
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Table 14-2. Differential index according to adaptive versus
maladaptive mental adjustment

Adaptive mental

adjustment
A 64.5
B 54.3
C 53.8
D 40.0
E 387

Maladaptive

mental adjustment

F 58.5 (42.6)*
G 28.6
H 243
I 16.1
K 15.2

49.7 (11.7)

0.095
(0.05)*

28.5 (17.7)

*Value obtained after correcting subsequent to unblinding the data.

in cases with adaptive (median = 55.2,
90% CI = 46.0-60.4) versus those with
maladaptive adjustment (median = 35.2,
90% CI = 8.0-42.4).

Figures 14-2(a) and 14-2(b) illustrate
the differences in emotional space and the
position of the vocal parameters related
to the topic of future.

One notices that the adaptive group
is characterized by a wider emotional
space. The position of the parameters
related to the topic of future was consid-
ered as indicative of mental adjustment.
It was hypothesized that a mid-position
(reflecting a medium level of vocal
arousal for this topic) would be associ-

ated with adaptive coping, while too low
or too high arousal levels would reflect
a maladaptive coping style. This hypoth-
esis was conceptually linked to overesti-
mation of threat and/or underestimation
of own resources—states liable to pro-
duce underaroused or overaroused reac-
tions. The graphs below show that in the
adaptive group most of the parameters
occupy a mid-position, while in the non-
adaptive group their position is very
close to either low or high limits of
the emotional space. Figure 14-3 illus-
trates the group differences regarding
the values for each vocal parameter
across all topics.
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Figure 14-2(a). Emotional space delimited by the values related to low and high
arousal conditions and the position of those related to the topic future for the group of
adaptive cases.
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Figure 14-2(b). Emotional space delimited by the values related to low and high
arousal conditions and the position of those related to the topic future for the group of
maladaptive cases.
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Vocal Parameters by Type of Adjustment
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Figure 14-3. Vocal parameters pooled across all topics and displayed by condition

(adaptive and maladaptive).

The ranking of the differential index
scores is shown in Table 14-2. As ex-
pected, the cases whose mental adjust-
ment was rated as adaptive had a higher
score (median VDI = 53.8) than those
with maladaptive adjustment (median
VDI = 24.3; p = .09). The only exception
was case F whose VDI was high. After
unblinding the ratings of adjustment, this
case was reinvestigated. We found an
incorrect notification of the low arousal
passage. A revised analysis resulted in a
considerably lower differential index score
for this case (VDI = 42.6) and significant
result on the Wilcoxon test (p < .05).

Discussion

In this pilot study we investigated men-
tal adjustment via vocal indicators of

emotional reactions. We hypothesized
that patients rated as having an adaptive
mental adjustment would display active
emotional involvement in their commu-
nicative behavior, which in turn would
be reflected in a wider VDI. The vocal
differential index represented a cumula-
tive mean score of differences between
the values of five vocal parameters
(mean F,, F, max/min, F, coefficient
of variation, voiced energy range, rate of
delivery) measured in the low arousal
condition and those found in the high
arousal condition. Prior to the creation
of the VDI, each value was normalized
by its respective external (emotionally
neutral) reference value and expressed
on a percentage scale. In our model, the
VDI represented the subject’s individual
emotional space. A high VDI score was
expected to reflect a wide emotional
space with adaptive mental adjustment.
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We hypothesized that a narrow space
would be related to maladaptive mental
adjustment.

We found that adaptive versus mal-
adaptive adjustment to breast cancer as
rated by clinicians was associated with
both vocal arousal index and vocal dif-
ferential index in the expected direction.
We used dichotomous categories of adjust-
ment to reduce variability and reach a
sufficient agreement between the raters.
Thus, the resulting judgment did not pro-
vide a grading as it is to be expected clin-
ically. The vocal indices scores showed
a plausible pattern, suggesting that this
measure may reflect such grading.

The VDI as related to the emotional
space is a concept with links to theories
on emotions, mental adjustment, and
mind-body interaction. Adaptive adjust-
ment and the corresponding action are
usually linked to higher and more dy-
namic emotional involvement and con-
sequently to higher vocal arousal in
speech communication. In patients with
advanced breast cancer, self-reported
emotional expression was associated with
better adjustment (Classen, Koopman,
Angell, & Spiegel, 1996). Indirect sup-
port for our hypothesis is given by two
consistent findings in various chronic
diseases. Patients with a generalized high
appraisal of threat and those with a
response of helplessness or hopelessness
are particularly vulnerable, as shown for
cancer patients in a longitudinal design
(Parle, Jones, & Maguire, 1996). Both an
overestimation of threat and an underes-
timation of own resources are character-
ized by generalizing the focus of concern
and consequently by a poor differentiation
between low and high arousal topics.

In our data, this differentiation was
particularly reflected in pitch range. The
substantially greater difference in this
parameter between low and high arousal

condition in cases with adaptive adjust-
ment may be taken as an indication of
“normal” emotional functioning (Zei &
Archinard, 1998; Scherer & Zei, (1988).

Individuals characterized by active
coping and internal locus of control usu-
ally exhibit higher cardiovascular arousal
as compared to those with passive coping
(Chevrie-Muller, Dodart, Seguir-Dermier,
& Salomon, 1978), thus creating the con-
ditions for sympathetically driven vocal
arousal. In subjects with passive coping,
Obrist (1981) provided evidence of car-
diovascular reactions resulting from para-
sympathetic vagal activity. Scherer (1985)
proposed a model relating sympathetic
and parasympathetic autonomic reactions
to mental adjustment potential and in turn
to well-defined vocal characteristics.

We developed the vocal differential
index as an indicator of mental adjust-
ment in general and not for specific dis-
orders such as depression for which
vocal parameters have been established
(Hargreaves, Starkweather, & Blacker,
1965; Helfrich, Standke, & Scherer, 1984;
Scherer, 1979; 1987; 1989; Siegman &
Boyle, 1993). This concept of a broad
“bandwidth” is similar to that of the dis-
tress thermometer as proposed for the
care of cancer patients ( Holland, 2000;
Roth et al., 1998). Capturing this vocal
information may be a method to identify
patients with poor adjustment, for exam-
ple in monitoring psychiatric morbidity
induced by experimental drugs or bur-
densome situations (e.g., bone marrow
transplantation).

We used interviews taped for clinical
ratings and not for voice analysis. The
quality and standardization of the record-
ings were suboptimal. Our method is dis-
tinct from self- and observer-reported
measures. In clinical settings, vocal infor-
mation may be less influenced by inter-
fering factors such as social desirability.
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In a standardized setup a high reliability
and responsiveness could be assumed.
Given these features, the differential
index may be an alternative measure of
emotional functioning for studying mind-
body interactions, for example with the
immune or endocrine systems. Finally, in
teaching clinicians on how to recognize
psychological distress, nonverbal cues
usually do not receive the attention
deserved. Our method may be used to
sensitize clinicians for the immense rich-
ness of vocal information.
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