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Motivation
Assessment of noise effects in controlled listening experi-
ments for young children aged three to six years is a chal-
lenge. The tasks must be designed appropriately for this
age group and sound reproduction methods should con-
sider children’s smaller anthropometric head dimensions
to deliver plausible spatial impressions of close-to-real life
scenarios. This work focuses on the adaptation of a dual-
task paradigm developed for adults and older children to
meet yound children’s expectations when measuring their
listening effort in various noise conditions.

Child-appropriate paradigm
We developed a dual-task paradigm for three to six year
old children. The primary task is a double-word recogni-
tion task. The secondary task is a memory task, which
consists of recalling the correct order of five symbols. One
group of trials comprises a memory task encasing four
double-word recognition tasks (Figure 1).

Figure 1: An example of a group of trials consisting of one
memory task encasing four double-word recognition tasks.

In the dual word recognition task, the participant was
asked to identify the picture of the target word from three
distractor pictures. We used the adapted NORAH word
lists [3], which consisted of groups of four phonetic similar
words. The memory task was designed comparable to
Choi et al. [2] including five symbols instead of numbers.
This design decision was taken with respect to the fact
that we cannot expect three to six year old children to
be able to count at this young age.

Seven balanced word lists were tested with 28 word com-
bination each, so that one group of trials was repeated
seven times.

Game elements and colorful pictures were added to the
experiment to address children. The introduction to the
experiment was presented orally including a three-step
training for each part of the dual-task as well as the com-
bined version. We added a feedback system for the chil-

dren to keep their motivation at a sufficient level through-
out the experiments. After every trial the participant was
informed whether the answer was correct or not. Addi-
tionally, the progress was indicated by the incremental
amount of puzzle pieces after every block.

Sound reproduction
For the experiment, we used a static sound reproduction
presented via headphones including an individual head-
phone equalization [5] for each participant. Furthermore,
we did an head-related transfer function (HRTF) indi-
vidualization via interaural time difference (ITD) match-
ing [1] by morphing the HRTF set of the ITA artificial
head for every individual participant. To provide a plau-
sible sound perception, we measured the participants’ in-
dividual head sizes, especially in terms of children.

Noise conditions
We tested three different noise types: a Speech-Shaped
Noise (SSN) based on the long-term spectrum of children
babble, an Irrelevant Multi-Talker Babble (IMTB) [4]
recorded from four Swedish-speaking girls (nine to eleven
years old), and a Relevant Multi-Talker Babble (RMTB)
recorded from four German-speaking girls (eight to noise
years old). Furthermore, we included two speaker and
noise position combinations: speaker and noises in the
front (collocated) and speaker in the front and noise po-
sitioned left and right (separated).

Pilot study
We run a pretest to validate the paradigm with 16 young
adults (18-30 years old), who were normalhearing, Ger-
man speaking, and non-expert listeners. They were
tested in seven experimental blocks (no noise, three noise
types, two noise positions), which were counterbalanced
over the participant IDs.

Results
For the primary task, the dependent variables were re-
sponse times for the first and second word, as well as the
total response time and total error rate (both words iden-
tified correctly). The expected noise effect with regard to
the noise position (Figure 2) and noise types (Figure 3)
was only reflected in the error rate. However, slight ten-
dencies in the reaction time were found with worst per-
formance in the no-noise conditions. It is noticeable that
the tendency in the reaction time was mainly determined
by the reaction time from the first word. The reaction
time with regard to the second word showed almost no
difference.

In the secondary task, we measured response time (all
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Figure 2: Reaction times (word 1, word 2 and both words
together/ total) and (total) error rates with respect to the
two target-noise-position combinations and no-noise condition
from the primary task. Average and standard error are shown.

Figure 3: Reaction times (word 1, word 2 and both words to-
gether/ total) and (total) error rates with respect to the noise
types (SSN: speech-shaped noise; IMTB: Irrelevant Multi-
Talker Babble; RMTB: Relevant Multi-Talker Babble) and
no-noise condition from the primary task. Average and stan-
dard error are shown.

symbols entered) and error rate (all symbols correct).
The results did not show the expected pattern incidating
a noise effect introduced by the noise types (Figure 5)
or a spatial release from masking through the noise posi-
tions (Figure 4). Almost no significant effects were found,
except for SSN in error rate versus all other noise condi-
tions. With this, it can be assumed that the secondary
task was not able to reflect listening effort in adults.

Challenges
The pretest was conducted with adults at an SNR of
-5 dB. From the results, it can be assumed that the
paradigm is not challenging enough to measure listen-
ing effort in adults.
Different methods to memorize the symbols were ob-
served. Two main approaches were noticeable, pattern
vs. translation to digits. Forcing one method should be
considered, though it will increase the complexity of the
task.
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Figure 4: Total reaction times and total error rates with
respect to the noise positions and no-noise condition from the
primary task. Average and standard error are shown.

Figure 5: Total reaction times and total error rates with re-
spect to the noise types (SSN: speech-shaped noise; IMTB: Ir-
relevant Multi-Talker Babble; RMTB: Relevant Multi-Talker
Babble) and no-noise condition from the primary task. Aver-
age and standard error are shown.
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