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Introduction

Employees in the trade sector are affected by different
mental load factors. Noise is one of them. During an
extensive evaluation of the mental and physical load in
a previous project [1, 2], the project team discovered a
thorough use of headsets in German retail trade. To
examine the mental stress and noise exposure caused by
the use of headsets in the trade sector, an additional
project has been scheduled.

However, the capturing of the noise exposure needed a
special solution, since the measurements needed to be
conducted during the day-to-day business in the retail
sector on site. Therefore, a measurement apparatus was
designed, built, evaluated, and improved. This contribu-
tion presents VINCENT — a measurement apparatus to
examine the exposure to noise caused by wearing head-
sets during a work shift in retail trade. VINCENT is a
soundproof, handy box with one ear simulator and the
possibility to measure the sound pressure level close to
the ear.

Method

Figure 1: CAD model of the base plate of VINCENT, where
the ear simulator is placed from the bottom side and the ar-
tificial ear is placed in the notch.

The overall research formulation in this project is to de-
termine the mental stress and noise exposure of employ-
ees using headsets in retail trade and capture the result-
ing mental strain. The aims of this project are
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reduction of hazards,

guide to minimize the strain caused by using head-
sets in the retail sector, and

creation of a selection guide for the most suitable
headsets depending on the activity performed.

Fulfilment of these objectives is achieved by simultane-
ously applying several approaches. An online question-
naire, provided by flyers with QR codes for the retail
stores, is used to capture the mental stress and strain.
In total, 53 items are used: twelve questions regarding
the usage of headsets, ten questions concerning effort
and perceived interference, eight items as self-assessment
(e.g. “‘When I use the headset, I often make mistakes.”),
five aspects of demographic and company data are asked.
‘Affinity for technology’ (nine items) [3] and ‘noise sensi-
tivity’ (nine items) [4] are measured using two validated
questionnaires. Additionally, the measurement personnel
complete the context data concerning the company, the
headsets used and measurement conditions.

The noise exposure is measured in three different ways:

activity-based sound pressure level with personal
sound exposure meters,

sound pressure level in different store areas with a
sound level meter, and

noise exposure using headsets with VINCENT.

The latter is described by the sound pressure level close
to the ear and the duration of the wireless transmitted
conversations.

To achieve this, an iterative approach led to the devel-
opment of VINCENT. The challenge was to design and
build a lightweight, portable, but soundproof box with an
ear simulator inside. The units ‘Noise and Acoustics’ and
‘Mechanical Engineering’ of the IFA collaborated in the
design and development process. Ear simulators for the
measurement of earphones [5] in combination with sound
level meters are used as measurement devices. The ear
simulators are attached to the bottom side of a specially
built base plate and fixed inside the measurement box
(see Figure 1). On the top side of the base plate a !/5”
calibrator fits to check the sensitivity of the measurement
chain. An artificial ear needs to be placed at the top side
of the base plate to examine the headsets sound pressure



level close to the ear. A spring fixture is used to place
the different headsets in or on the ear (Figure 1).

The box itself is built with aluminium profiles with syn-
thetic walls and melamine foam inside. In a first iteration
one box was built and tested in a grocery retail store. Dif-
ferent improvement suggestions were collected. For ex-
ample the cable entry was optimised by a more suitable,
sound insulated 3D printed strain relief with less leak-
age. In a next step version 2 of VINCENT was built in
five copies — four VINCENTS for the measurement teams
of the BGHW and one for the IFA (see Figure 2). The
equalisation curves were measured for each ear simulator-
sound level meter combination in the diffuse field using
pink noise (see Figure 3). The microphone associated
with the corresponding sound level meter serves as ref-
erence, whereas the ear simulator is corrected to those
results for every third octave band.

Figure 2: Four VINCENTS, version 2, without tape, open
lid.

Furthermore, the sound insulation was analysed. Due to
the design, a gap between the aluminium profile and the
walls occurred (Figure 3). To reduce the possible leak-
age, adhesive textile tape was applied in a first step, for
testing. The effect of the tape was surprisingly high. A
difference of 10 dB in Laeq between the untaped (Fig-
ure 2) and taped version 1 box was determined. Because
of the improved design in version 2 of VINCENT the dif-
ference with and without tape lowered to a nevertheless
high value of 7 dB.

Measurement procedure

The measurements take place during the day-to-day busi-
ness on site for the duration of one work shift. Each
VINCENT-sound level meter combination has its own
calibration chart according to the equalisation measure-
ments in the laboratory described above. The calibration
can be checked by removing the artificial ear and using
the accompanying calibrator before and after every mea-
surement series. The stores have to provide a radio with
their standard in use headset. The radio volume is ad-
justed to the usual setting of the employees. Most of the
stores use only one broadcast channel, where every head-
set sends and receives their signals from every headset in
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Figure 3: Measurements of third octave bands for equali-

sation of VINCENT (version 2, reference microphone) in a
diffuse field with pink noise as excitation signal and deter-
mination of sound level differences between measurement of
coupler, coupler inside VINCENT and coupler inside a ‘taped’
VINCENT.
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Figure 4: VINCENT, version 2, taped, with sound level
meter, headset and radio, open lid. Lid needs to be closed for
measurement.

the store. The headset needs to be fixed on/in the ear
inside the box and the box must be closed. Even though,
the sound pressure level close to the ear is considerably
high and the sound insulation with about 30 dB (Fig-
ure 3) is also sufficiently high for such an environment,
VINCENT (Figure 4) needs to be stored in any calm en-
vironment inside the store during the measurement, e.g.,
in the manager’s office or a calm corner in the employees
break room.

The third octave band measurement results, with a reso-
lution of 125 ms are used to evaluate the noise exposure.
A MATLAB script processes the data automatically, pro-
viding the results for the sound pressure level close to
the ear, corrected according to the equalisation measure-
ments, as presented in Figure 3, and in compliance to
ISO 11904-2 [6]. In addition, the duration of conversa-
tions transmitted by the wireless systems can be calcu-
lated. With this information it can be deduced whether
the resulting diffuse-field related equivalent sound pres-
sure levels reaching or exceeding action values of the Ger-
man law (Lgx s, > 80 dB or 85 dB) [7].
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Furthermore, the results will be compared with those ob-
tained using the questionnaire, to investigate the overall
questions: Are there technical measurement indicators
that can be used to describe mental stress? Is it pos-
stble to measure a potential psychological hazard using
(acoustic) measurement technology?

Since a sufficiently high number of measurements is
needed to build a statistically evident evaluation, mea-
surements in 40 stores are planned at least. The project
is ongoing and the measurements are planned.
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