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Introduction
In addition to the aural noise effects that have been stud-
ied in detail, sound events that are perceived as noise of-
ten result in so-called extra-aural noise effects [4]. They
describe negative impacts to the entire body, psycholog-
ical or physiological, in response to noise. Examples of
extra-aural noise effects include decreased cognitive per-
formance or bodily stress responses. The former can be
assessed in laboratory studies using established cognitive
tests. Numerous studies have demonstrated the negative
effect of various noises on cognitive performance by com-
paring performance indicators of cognitive tests between
processing the test in silence and with presentation of the
noise as described in a review by Schlittmeier [8]. She
concludes that a serial recall test is used most frequently.
Here, the participants have to remember combinations of
numbers or letters in order to be able to reproduce them
as accurately as possible. In addition, the so-called N-
Back-Test is used in some of these studies to demonstrate
the negative effects of noise on cognitive performance.
Since extra-aural noise effects usually affect several di-
mensions, the physiological response to noise is being
studied increasingly [5]. For the stress response men-
tioned above, well-studied mechanisms operate in the
body. In such a reaction, noise perceived as a stressor ac-
tivates the sympathetic nervous system, which puts the
body into a state of alarm in order to be able to react
to the stressor [9]. In this process, various parameters
change in the body, such as an increased heart rate or a
decreased heart rate variability. Increased sweat produc-
tion in the palms of the hands also represents a reaction
to a stressor. Physiological sensors make it possible to
record these changes in the body and thus allow conclu-
sions to be drawn about the participant’s stress response
in reaction to sounds. In this field, the measurement of
heart rate variability by means of an ECG system and
the measurement of skin conductance as a value for sweat
production in the palms of the hands have already proven
to be reliable indicators of a stress response [3]. In the
context of listening tests, these parameters have already
been used to identify stress responses. In addition to the
self-reported questioning of the participants about per-
ceived stress responses, the physiological measurements
open up the recording of a further dimension, which also
allows the detection of unconscious stress responses [9].
However, since the various processes in the body during a
stress response are often associated with certain latencies

or require certain measurement durations, the addition
of physiological measurements imposes a variety of re-
quirements on the experimental design.
The study conducted here therefore represents a pre-
study for an investigation with physiological measure-
ments. Physiological measurements are not yet used
in this pre-study, but the experimental design has been
adapted to the requirements of physiological measure-
ments. The use of a cognitive test is primarily aimed at
obtaining an equal and controllable activity for all par-
ticipants, while the physiological measurements will take
place in the main study. However, since a cognitive test
can also provide information about another dimension of
extra-aural noise effects, this pre-study will investigate
whether a measurement of influences on cognitive perfor-
mance is also possible in this experimental design, which
has already been adapted to physiological measurements.

Methods
Participants
A total of 15 participants (age: 24-36 years; Mean = 27.6
years, SD = 3.4 years, 4 female) took part in the exper-
iment. Before the experiment started, informed consent
was obtained from each participant for the whole pro-
cedure of the experiment. All participants were native
German speakers, as German speech signals were used
as stimuli.

Cognitive Test
During the experiment, the participants performed a cog-
nitive test. The engagement in cognitive work is in-
tended to create a more realistic environment with ev-
eryday tasks that occur, for example, in the workplace.
In addition, the test can measure losses in cognitive per-
formance as an extra-aural effect. A cognitive test that
allows simultaneous measurement of HRV and skin con-
ductance is the N-Back-Test. In this test, participants
are presented with individual letters on the screen one
after the other. For each letter, participants must press
one of two possible buttons. One button must be pressed
for letters that are the same as the N-th letter before and
thus represent a target. For all other letters where this
is not the case, the other button must be pressed. As a
performance indicator, the percentage of missed targets
is used in the N-Back-Test. In addition, the reaction time
can be used as an indicator. Letters were presented for
500ms each, followed by a blank screen for the duration
of an inter-stimulus interval (ISI) until the next letter was
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presented. Only easily distinguishable letters were taken
for the letter sequences. In addition, the number of tar-
gets as well as their positions was balanced between each
test phase of the N-Back-Test. For example, the number
of targets in direct succession or targets with one letter
distance was balanced over the individual test phases.
Furthermore, it was ensured that the number of lures,
i.e. identical letters at positions N-1 and N+1, was bal-
anced across the test phases.
In a small pretest, a suitable difficulty of the N-Back-Test
was to be determined by comparing different variants of
the test with each other. The variables of the test that
could be changed were the duration of the ISI and the
variable N. In this pretest, ten participants (age: 26-30
years; Mean = 28.3 years, SD = 2.1 years, 3 female) com-
pleted four different variants, each with three repetitions
of the individual variants. The four variants were

- 2-Back Test (1500ms ISI),
- 2-Back Test (1000ms ISI),
- 2-Back Test (700ms ISI),
- 3-Back Test (3250ms ISI).

The aim of the comparison was to achieve relative high
error rate on missed targets during processing in silence,
comparable to error rates from other cognitive tests that
have already demonstrated losses in cognitive perfor-
mance. For the individual variants, this resulted in the
error rates in Figure 1.

Figure 1: Error rate of missed targets within the four differ-
ent variants of the N-Back Test

The 2-Back-Test with 700ms ISI was chosen since the
mean error rate of 24% is comparable to error rates in
silence from studies with the serial recall task [6]. Al-
though the 3-Back-Test produced an even higher error
rate, the participants reported that they used different
strategies to complete the test due to the relatively long
ISI. It is reasonable to assume that different strategies
also show different sensitivity to interference by noise.

Acoustic Stimuli
In order to validate whether losses in cognitive perfor-
mance could also be detected in this experimental design,
acoustic stimuli were selected that had already signifi-
cantly reduced cognitive performance in other studies.

First, irrelevant speech was chosen, using a continuous
speech signal (65 dB(A)) by a German female speaker.
In several studies, speech signals have decreased cogni-
tive performance [6] [7]. In addition to the speech signal,
traffic noise (65 dB(A)) was used as a second stimulus,
as this category of noise is one of the most significant
categories in terms of impact on health [10].

Experimental Design
For the construction of an experimental design, the re-
quirements of the physiological measurements for the de-
sign should first be discussed in more detail. To analyze
HRV, features in time- and frequency-domain are first
calculated from the ECG signal. To obtain meaning-
ful features, a sufficient number of heartbeats must be
recorded within the measurement interval. For features
in time domain, measurement intervals of at least 60 s are
required [2]. For the calculation of features in frequency
domain, a minimum duration of 90 s is required. In order
to be able to make valid statements based on the features
in the future main study, the duration of a test phase and
thus the duration of the presentation of individual stim-
uli was therefore set to 120 s. Also for the measurement
of skin conductance, this duration leads to a calculation
of valid slowly changing (tonic) features [3]. These tonic
features of skin conductance are the Skin Conductance
Level (SCL) and the frequency of Skin Conductance Re-
sponses (fSCRs). These SCRs in particular, which repre-
sent individual peaks in skin conductance, require a time
of at least 20 s to return to a resting value [3]. This time
specification determines the choice of the duration of rest
periods between the individual test phases, which was set
at 60 s. As a final experimental design, the processing
time of the 2-Back-Test was 120 s, which was followed by
a rest period of 60 s, during which the participants were
asked to remain seated.
The different test phases took place under three differ-
ent conditions: the processing of the 2-Back-Test with
simultaneous presentation of the speech signal or traffic
noise and the processing of the test without presenta-
tion of an acoustic stimulus. Each of the conditions was
repeated once, resulting in six sessions of 120 s of the 2-
Back-Test. The order of conditions was counterbalanced
using a Latin Square between all participants. Two iden-
tical conditions never followed each other directly. The
experiment started with a training session of the 2-Back-
Test.
After each session of the 2-Back-Test, participants were
asked via a Visual Analog Scale (VAS) how disturbed
they felt during the previous test. The VAS allows the
experimental procedure to be minimally disturbed by
the questioning and enables a subsequent comparison be-
tween the self-reported VAS-data and the cognitive per-
formance.

Hypothesis
From the independent variables (presence and absence of
irrelevant speech or traffic noise) and the dependent vari-
ables (measures of cognitive performance; error rate and
reaction time) and self-reported disturbance, the follow-
ing hypotheses emerge based on the literature: H1: The
presentation of irrelevant speech or traffic noise reduces
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cognitive performance in comparison to silence. H2: The
presentation of irrelevant speech or traffic noise increases
self-reported interference in comparison to silence.

Experimental Environment
The experiment took place in the listening studio of
HEAD acoustics with a constant room temperature.
The acoustic stimuli were presented using calibrated and
equalized hardware from HEAD acoustics via Sennheiser
HD 650 headphones. Like the N-Back-Test, the com-
plete experiment was created in HEAD acoustics’ SQala
software utilizing the SQala Extension API.

Results
Cognitive Performance
For the cognitive test results, the error rate on missed
targets was first evaluated as a score for cognitive per-
formance. As described in Figure 2, this resulted in an
average error rate of 22.6% (SD = 12.2%) for processing
the 2-Back-Test in silence. Under the auditory stimulus
of irrelevant speech, the average error rate increased to
29.3% (SD = 10.0%), and for the presentation of traffic
noise there was an increase to 24.5% (SD=12.6%). Af-
ter verification using the Shapiro Wilk Test (p > .05 in
all cases), a normal distribution of the data was found
for all conditions. Thus, the one-way repeated measures
ANOVA could be performed, that showed no significant
differences of the mean values (F (2, 87) = 1.79, p = .17,
η2g = 0.04).

Figure 2: Results of the error rates on missed targets for the
individual sessions of the N-Back-Test in silence and with the
acoustic stimuli of irrelevant speech and traffic noise.

As a second score for cognitive performance, the reaction
time of the participants for answering the 2-Back-Test
when a target was presented was analyzed. As described
in Figure 3, this resulted in an average reaction time of
535ms (SD = 62ms) for processing the test in silence.
When irrelevant speech was presented, the average re-
action time decreased slightly to 531ms (SD = 66ms),
and when traffic noise was presented, the average reaction
time increased to 557ms (SD = 61ms). After verification
using the Shapiro Wilk Test (p > .05 in all cases), a nor-
mal distribution of the data was found for all conditions.

Thus, the one-way repeated measures ANOVA could be
performed, that showed no significant differences of the
mean values (F (2, 87) = 1.3, p = .18, η2g = 0.03).

Figure 3: Results of the reaction time for pressing the button
on targets for the individual sessions of the N-Back-Test in
silence and with the acoustic stimuli of irrelevant speech and
traffic noise.

Self-Reported Disturbance
The score for the self-reported disturbance were the re-
sponses of the VAS for the individual conditions, which
could take values from 0 to 100. As described in Figure 4
this resulted in an average VAS rating of 8.5 (SD = 18.6)
for processing the test in silence. When processing the
test during the presence of irrelevant speech, the aver-
age VAS rating increased to 69.6 (SD = 27.5), and when
presenting traffic noise, the VAS rating increased to an
average value of 57.8 (SD = 23.2). A normal distribution
was not present for any of the conditions according to the
Shapiro Wilk test (p < .05 in all cases). The Friedman
test was therefore used for statistical analysis, that indi-
cated significant differences (χ2(2) = 34.85, p < .0001).
In the course of the Wilcoxon Test with Bonferroni Cor-
rection as a subsequent post-hoc test, there was a sig-
nificant increase in the VAS rating between silence and
irrelevant speech (p < .0001) and between silence and
traffic noise (p < .0001), as it is visualized in Figure 4.
Analyzing the conditions with acoustic stimuli, there was
a significant higher VAS rating in the condition with ir-
relevant speech compared to the condition with traffic
noise (p = .017).

Discussion
The evaluation of the collected data shows that the ex-
pected losses in cognitive performance under presenta-
tion of acoustic stimuli were not significant, contrary to
hypothesis H1. Nevertheless, the observed tendencies in
the increase of the mean error rate from 22.6% to 29.3%
during presentation of irrelevant speech and in the in-
crease of the mean reaction time from 535ms to 557ms
during presentation of traffic noise may indicate the pres-
ence of extra-aural effects. The fact that the error rate
was not significantly higher in the presentation of speech,
as it was found by Liebl et al. [6] for example, could be
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Figure 4: Results of the VAS ratings for the individual ses-
sions of the N-Back-Test in silence and with the acoustic stim-
uli of irrelevant speech and traffic noise.

due to the different cognitive tests used. In their study
they applied the frequently used serial recall test, which
mainly requires short-term memory. The influence of ir-
relevant speech on short-term memory has already been
demonstrated several times [8]. In the N-Back-Test, on
the other hand, it is the working memory that is more in-
volved. The choice of cognitive test for this pre-study fell
on the N-Back-Test, since it is considered to be more suit-
able for the simultaneous use of physiological measure-
ments. This is because, compared to Serial Recall, the
N-Back test produces a constant activity for the partic-
ipants and thus a more constant underlying basic stress
level. On the other hand, it should be noted that the
number of participants for this pre-study was relatively
small and the tendencies might have become significant
with a larger number of participants.
The higher error rate in the presentation of speech com-
pared to the presentation of traffic noise has already been
found in other studies [7]. Likewise, the influence of traf-
fic noise on the reaction time of the participants has al-
ready been observed, which coincides with the tenden-
cies detected in this study [1]. Regarding the record-
ing of the reaction time, it should be mentioned that it
was recorded via time stamps of the computer. Thereby,
the computer induced delay is often determined. In this
study this was not tested, since no considerable compu-
tations in the program occur during the recording. The
error rate in silence was at 22.6%. In the pretest with
different versions of the N-Back-Test, an comparable er-
ror rate of 24.0% was determined when processing the
2-Back-Test in silence. The reproducibility is therefore
suggested for this version of the N-Back-Test.
Regarding self-reported VAS ratings, hypothesis H2 was
confirmed with significant increases in VAS ratings in
the presence of irrelevant speech and traffic noise. The
increases are consistent with observed tendencies in cog-
nitive performance. However, the large increases from
8.5 to 69.6 respectively 57.8 suggest that there are other
extra-aural effects besides the decreases in cognitive per-

formance visible only in tendencies. These further extra-
aural effects could be e.g. stress responses triggered by
the background sounds [5].

Conclusion
The suspected extra-aural effects were significantly re-
flected only in the self-reported data of the participants
but not in the cognitive performance. This pre-study
thus shows that the experimental design adapted to phys-
iological measurements does not clearly reveal cognitive
effects of the disturbing noises, but that tendencies of
these effects can be observed. In subsequent studies with
this design, where the focus will be on the analysis of
physiological data, the analysis of concurrent cognitive
effects must therefore be handled with caution. Nev-
ertheless, the N-Back-Test promises to be suitable as a
cognitive test for the simultaneous measurement of phys-
iological data due to its constant load and simplicity of
execution.
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