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QUESTIONS UNDER STUDY: Some evidence suggests
that a loud voice is a core characteristic of medical profes-

sionals. It is unknown whether medical students talk louder Introduction

than their non-medical peers and, if so, whether they com- The human voice is a (non-linguistic) component of body

mence their studies with a loud voice, representing a char- language [1-2] and the volume of one's vocalisation has

acteristic of admission, or whether sound pressure level been identified as a key factor of body expression. Fur-

changes during education, reflecting model learning. thermore, the voice appears to be an essential tool in many
METHODS: We performed a cross-sectional observation
study with 206 students (57% female), stratified in 4

groups (medical and non-medical students as freshmen and

social contexts, such as the doctor-patient relation [3—4].
Based on a speaker's voice, diverse socially relevant in-

formation such as interpersonal distance, emotional state,

fifth-year students). Habitual loudness was defined asastu-  yqca] pleasantness, conviction, attractiveness or authority

dent's sound pressure level, measured with a standardised 5y be transferred during different routine verbal clinical

sound level meter on basis of 2 vocal tasks. The hypothes- activities (e.g., in taking a history, reporting a diagnosis, or-
is was tested in a 2-way analysis of variance, with year of  gering further diagnostic examinations, medical visits, pa-

study (first vs. fifth year) and field by study (medicine Vs (ient care). A proper use of voice has been regarded as cru-

non-medicine) as main factors. cial for the doctor-patient communication, well-being and

RESULTS: The sound pressure level of freshmen in medi-

cine was, on average, 64.4 dB (SD 3.0), that of fifth-year  ¢jan's nonverbal behaviour on health outcomes is reported
medical students was 66.3 dB (3.7). The respective scores [8].

of non-medical students were 65.3 (SD 2.7) for freshmen Serber [9] detected the acoustic-perceptual voice feature
and 64.0 (3.4) for fifth-year students, resulting in a signi-

patient satisfaction [5—7]. Even an influence of the physi-

'speech loudness' (also named 'vocal loudness' or 'loudness

ficant interaction between field of study and years of study o phonation') as one of six variables involved in interact-

(F=12.7;p = 0.0005). . _ o ive behaviour. It is defined as "the sound level produced
CONCLUSIONS: The findings of this preliminary study by the voice and perceived by the listener” [10; p. 30]. A

present some evidence that medical students, in contrast to subject's default sound level, used for the majority of her

their non-medical peers, learn to raise vocal loudness dur- o his yocalisations is called 'habitual loudness' — "the per-

ing their education in medical school. Habitual loudness of ceptual correlate to the most frequently produced vocal in-

medical students, as a way to gain professional dominance tensity" [11; p. 176]. Listeners usually prefer a medium

and a possible risk for hoarseness in later life, deserves  |qudness [12]. Experts in acoustics and phoniatrics are typ-

more attention. ically concerned with the reduction of habitual loudness as

a sign of a voice and/or speech disorder [11]. Seen from a
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perspective of social psychology, a low voice volume may
suggest insecurity, submissive behaviour or vulnerability
whereas a loud voice may be a sign of strength, assertive
behaviour [13—14] or social dominance. In an older tele-
phone study, the patient's perception of the doctor's dom-
inance was positively correlated with increased amplitude
and rate of speech [15]. While a louder voice belongs to
the gender role of the male physician [6], female physicians
with a louder voice are perceived as particularly dominant
[16], because they tend to have a more emotional and less
dominant communication style [17].

It is, however, unknown whether the period of medical edu-
cation has an impact on a possible change of voice loud-
ness. No previous study investigated the effect of curricular
education on loudness or other voice parameters in medic-
al students. Further, the evidence base to support larger in-
vestigations such as cohort studies is slim because as yet
there are no observational data underlining an association
between medical socialisation and voice loudness. There-
fore, we wanted to test the hypothesis that medical stu-
dents talk louder than their non-medical peers and, if so, to
find out whether they commence their studies with a loud
voice, representing a characteristic of admission, or wheth-
er sound pressure level changes during education, reflect-
ing model learning.

Method

In this quasi-longitudinal experimental study, we compared
the voice loudness of medical and non-medical students at

Figure 1

Equipment set-up for data collection: Sound level meter;
standardised record. (Reprinted with permission from WEVOSYS.)
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Figure 2

Voice range profile (example). The cross symbolises the averaged
dB value for 1 of the 2 tasks. (Reprinted with permission from
WEVOSYS.)

2 points of time. The study was approved by the local Eth-
ics Committee.

Subjects

We randomly recruited freshmen and fifth-year students
from Géttingen Medical School (= medicine), and a broad
mix of other faculties of the university (= non-medicine).
We recruited the latter students especially at the schools
for law, business, biology, chemistry and social sciences
and addressed them as well as the medical students in lec-
ture halls and the cafeteria. A total of 206 students (117
females) between 18 and 32 years of age gave written in-
formed consent to participate in the study. They were only
informed that we recorded their voice as part of a com-
parative voice study. We strictly avoided any information
about the loudness parameter of the study.

The participants had no voice disorders, respiratory prob-
lems and no formal training in singing or speaking. All
demonstrated normal hearing (auditory impression) and,
at the time of the interview, all were healthy and free
from colds, laryngitis and hoarseness. The age-sex mix in
the 4 groups of students was comparable (table 1). The
slight over-representation of women is in accordance with
the higher percentage of female students at Goéttingen
University Medical School (57.4%; 2009; http://www.uni-
goettingen.de/de/24666.html). The percentage of women in
the other faculties where students were recruited ranged
between 34% and 67%. For a comparable gender mix,
we tried to address especially female students at the non-
medical faculties during the last period of recruitment.

Measurement of loudness

The target outcome of the study was the student's habitual
loudness. Since common microphones have technical lim-
itations for sound pressure measurements [ 18], we used the
standardised lingWAVES sound level meter for measure-
ment of the frequency-weighted sound pressure level, dis-
played in dB (A) [19]. Measurement took place in a silent
room in a quiet environment. As recommended from the
producer, the sound level meter was kept at a distance of
approximately 30 cm (12 inches) from the speaker's mouth
during the recording (fig. 1). The distance was controlled
by a special mark on the floor for the position of the speak-
er's chair, the students were asked to sit as calmly as pos-
sible.

The accuracy of measurement with the sound level meter is
reported as + 1.5 dB (Ingolf Franke, personal communica-
tion). Due to external changes (e.g., weather; time of day)
or internal processes (e.g., health status) as well as due to
unknown effects of familiarity, a valid assessment of retest-
reliability in voice measurement is difficult to realise. Or
in other words: a difference in sound pressure level values
between two measurements of the same person is not ne-
cessary a sign of low reliability. However, since we were
interested in a sort of internal quality control of our own
measurements, we tried to arrange a retest with at least a
small sample of students that was invited to a second meas-
urement about 4 weeks later.

Present in the room were the student and the examiner.
To avoid an effect of the task on the sound pressure level,
all subjects had to produce two different tasks: (1) reading
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aloud a short story consisting of 113 words composed of a
title and 6 sentences, a standard text in German in order to
measure voice parameters ("Der Nordwind und die Sonne"
= "The Borealis and The Sun" [Aesop]); (2) spontaneous
speech, elicited through 2 interview questions about the ex-
perience of students in Géttingen. Data collection took ap-
proximately 5 minutes per student. The average loudness of
a speaker for one task, expressed in dB values, is represen-
ted by a cross in the display (fig. 2). Habitual loudness was
calculated, as recommended by Zraick et al. [11], as the av-
eraged dB value elicited by the 2 tasks.

Statistical analysis

We calculated the mean sound pressure level values (and
their standard deviation [SD]) for the 4 groups of students
under study. We also compared the values of female and
male students. Differences between freshmen and fifth-
year medical students were first investigated by a t-test for
two independent samples, including the 95%-confidence
interval (CI) for the mean difference. The main hypothes-
is was tested in a 2-way analysis of variance, with year of
study (first vs. fifth year) and field of study (medicine vs.
non-medicine) as main factors. Since it was an unbalanced
design, we used the type III sum of squares to determine
F and its respective p-value [20]. Prior to this analysis, the
distribution of the dependent variable in all 4 groups was
checked for normality, using the Shapiro-Wilk test with a
cut-off of p = 0.05.

Retest-reliabilty was determined by Pearson's coefficient
of correlation between first and second measurement. Ad-
ditionally, the signed-rank test for dependent samples was
used to test whether the differences between first and
second measurement were different from zero.

All analyses were performed using the statistical software
SAS, version 9.2.

Results

For 5 of the 206 students, we obtained a second loudness
reading. Only one student's measurement differed widely
from the first measurement (4.15 dB) First and second
reading of the 5 students correlated at 0.79 (Pearson's R).
The averaged difference between both measurements
(1.34) did not significantly differ from zero (p = 0.3125).

The mean sound pressure level of freshmen in medicine
was, on average, 64.4 dB (SD 3.0), that of fifth-year med-
ical students, 66.3 dB (3.7). The respective scores of non-
medical students were 65.2 (SD 2.7) for freshmen and 64.0
(3.4) for fifth-year students. When considered separately,
men and women displayed the same tendency: The mean
scores of first semester women in medicine were 64.2 (SD
3.1) and 65.9 (3.7) for fifth-year women in medicine, that

of men 64.5 (SD 2.9) and 66.7 (3.7), respectively. The re-
spective scores in non-medicine students were 65.3 (SD
2.2) and 64.2 (3.2) for women and 65.2 (3.3) and 63.7 (3.8)
for men.

We first performed a t-test for the difference in sound pres-
sure level between medical freshmen and fifth-year med-
ical students. The difference was significant (difference
between the 2 points in time: 1.906; 95%-CI: 0.605 to
3.206; p = 0.0045).

The box plots in figure 3 show the distribution of the values
in the 4 groups. In 1 subgroup (non-medical students, fifth
year), the hypothesis of a normal distribution was rejected
(p = 0.026; Shapiro-Wilk test), probably because of several
outliers. Two of the outliers (see fig. 3) were somewhat
older (28 and 31 yrs) than the average fifth-year student
(26.5 yrs). We log-transformed the values of the students'
sound pressure level in all 4 groups.

On basis of the log-transformed values, we then performed
a 2-way analysis of variance with "field of study", "years of
study" and "gender" as main factors and the students' sound
pressure level as dependent variable. All three factors were
non-significant individually (F values for "field of study" =
2.46, for "years of study" = 0.46, for "gender" = 0.18) but
the interaction (field of study x years of study) proved to
be highly significant (F = 12.7; p = 0.0005). We repeated
this analysis but deleted the 4 outliers that can be seen in
figure 3. The F-value for the interaction of "field of study"
and "years of study" even increased (15.0; p <0.0001) and
the factor "field of study" became significant with a rather
low F-value of 4.3 (p = 0.039).

Discussion

This paper presents some evidence that medical students,
in contrast to their non-medical peers, learn to raise vocal
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Figure 3

Habitual loudness of freshmen and fifth-year students.

Table 1: Sample characteristics.

Medical students Non-medical students
Characteristics Freshmen Fifth-year students Freshmen Fifth-year students
Sample; n (%)* 51 (49) 53 (51) 50 (49) 52 (51)
Females; n (%)** 28 (55) 29 (55) 29 (58) 31 (60)
Age; m (SD) 20.9 (2.0) 25.6 (1.8) 20.4 (1.4) 25.7 (1.7)

* The percentages refer to the distribution between freshmen and fifth-year students
** The percentages refer to the share of females in the sample
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loudness during their education in medical school. Prima

facie, the higher mean dB values in fifth-year medical stu-

dents might appear in line with vocal sound pressure levels
of the normal population. For example, in their study of
100 healthy persons between the age of 19 to 32 years,
Pérez Alvarez and Hacki [21] found, for the average intens-
ity, sound pressure levels of 66.1 dB (SD 3.6) for men and
65.1 dB (SD 3.6) for women. However, it should be con-
sidered that dB values refer to a logarithmic scale so that an
increase of 1 dB is already audible; to produce an increase
of 3 dB demands a doubling of a speaker's sound power.
The increase in loudness in our study of nearly 2 dB there-
fore seems remarkable and can be interpreted (1) by theor-
ies of social learning, (2) as a means of status cueing or (3)
a gain in self-confidence.

(1) It is to be assumed that tendencies to produce higher
sound pressure levels during medical education are con-
ditioned by social learning or — as Hafferty [22] puts it —
by the hidden and powerful curriculum of medical schools.
That is to say that most values, attitudes, beliefs and related
behaviours, deemed important within medicine, are taught
and internalised in a latent curriculum, often antithetical
to the goals and content of official medical courses [23].
Since students often learn the values and ideology of the
profession by observing those in the position to which they
aspire [24], their vocal behaviour is therefore likely to be
acquired by the observation of, and in informal interactions
with, teachers, consultants and senior residents in medical
schools.

(2) Loudness is not irrelevant to socio-cultural status cue-
ing. Perhaps medical students, after successfully complet-
ing their studies, know they will belong to a high-status
group and, therefore, adopt features like vocal loudness to
compliment a social identity, positively valued by that so-
cial group and the population at large. High loudness levels
may play a role in the cueing of authority, competence or
social dominance orientation. A loud voice is a means of
dominating conversation and demonstrates (vocal) power.
Peng et al. [25] found that vocal loudness universally con-
veyed power in American and Korean male speakers. This
may also explain why our medical male students in the fifth
year spoke the loudest.

(3) A louder voice may reflect a gain in self-confidence.
Older medical students learn, perhaps more intensively and
more systematically than their non-medical peers, to
present themselves in seminars or during bedside-teaching
as competent partners and may tend to express this compet-
ency via a louder voice that helps to control the audience
and the environment conditions (Edelbert Schaffert, per-
sonal communication).

We should emphasise that these results may be differently
interpreted from experts in acoustics and phoniatrics. They
would probably take into account factors such as speech in-
tensity, vocal fundamental frequency air flow, and air pres-
sure.

There is a wealth of studies on patient-centred vs. doctor-
centred behaviours, typically assessed by the use or non-
use of specific interview techniques such as closed ques-
tions, active or passive interview style, emotional reassur-
ance or information giving besides others [3; 26]. Voice
parameters such as habitual loudness usually play no role

in such studies. And if the voice is considered important for
the doctor-patient relation there is a sort of naivety as can
be exemplarily seen in a Canadian article on the power of a
dentist's voice. The author recommends a strong, confident
voice for effective interpersonal communication to project
an image of confidence and professionalism [27]. In some
contrast to such recommendations, patients seem to prefer
a warm and slow voice and to dislike a loud and aggress-
ive voice; at least patients treated by psychotherapists [28].
According to the results of our study, a 'strong' voice seems
to be the result of a socialisation process where to gain pro-
fessional dominance is, still nowadays, often more import-
ant than to empathise with the patient [24]. A louder voice
may be an important, powerful — and largely unconscious —
component of the medical profession or, to speak with Pi-
erre Bourdieu, may be part of the embodied nature of the
medical habitus [29; p 59].

Limitations

The study has some limitations. First, cross-sectional data
at a single point in development may be misleading. Al-
though the interaction of years of study and field of study
was statistically strong and the increase of medical stu-
dents' loudness seems plausible, other factors than those in-
vestigated may be the actual — or a likewise important —
cause of this development. Second, the present study took
only notice of one acoustic parameter of the voice: the ha-
bitual loudness in speaking. Other features, such as pitch
or frequency spectrum, may give additional insight into the
voice development of students. Third, a 'loud voice' is a
complex construct, not only 'produced' by a speaker but
also 'perceived' by a listener. For a pilot study, however,
the sound pressure level may be an adequate indicator of
whether or not the students' vocal loudness increased dur-
ing their education.

While the sound pressure meter seems reliable, our test
of retest-reliability was only performed with a very small
sample of students that may not be considered a valid as-
sessment. It only ensured some minimum standard of qual-
ity control.

After the second year of medical education all students
have to undergo a communication course with simulated
patients in Gottingen. In brief, this programme aims at the
improvement of communication skills considering verbal
as well as non-verbal aspects of communication. Use and
modulation of voice are also part of the structured feed-
back, students receive after the training. All medical stu-
dents of the fifth year who participated in our study have
passed this training 2.5 years ago. Should have this com-
munication training influenced the results of our study, it
should be considered that the voice differences between
first year and fifth year students might be even more sig-
nificant without the communication training mentioned
above.

Conclusions

An increased habitual loudness at the end of medical stud-
ies may be an important carrier signal to understand how
this profession gains dominance. Furthermore, it could rep-
resent one quality the possession of which is necessary for
those persons beginning their career as a medical profes-
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sional. If further research, using a longitudinal design and
also eliciting the perceived loudness confirm our results,
habitual loudness as one prerequisite to a medical career,
should receive more attention.

Studies about communication behaviour in medical con-
sultations could also benefit from a more systematic con-
sideration of the voice as an effective tool to configurate
the relation to the patient as Haskard and collegues [5]
showed in their studies on the effects of a provider's voice
tone on patient satisfaction and treatment adherence.
According to Buddeberg-Fischer and Stamm [30] who re-
commend changes in postgraduate training in order to ad-
dress the medical profession's changing profile, further
studies could investigate whether the medical students' ha-
bitual loudness decreases, or even increases, during the
postgraduate training period.

While medical sociologists are especially concerned with
processes of power and subsequent risks for the patient,
we should also consider a risk for those who acquire a
louder voice: hoarseness and an (occupational) dysphonia
by stressing the voice through a high loudness phonation.
This may be a risk not only for medical students but also
for physicians, if they are additionally engaged in medical
teaching.
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Figure 1

standardised record. (Reprinted with permission from WEVOSYS.)
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Voice range profile (example). The cross symbolises the averaged dB value for 1 of the 2 tasks. (Reprinted with permission from WEVOSYS.)
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Habitual loudness of freshmen and fifth-year students.
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