CHAL

UNIVERSITY OF TECHNOLOGY

Influence of Speech Exposure on Working Memory: Exploring
Reverberation Time in Open Plan Office Environments

Downloaded from: https://research.chalmers.se, 2026-07-15 13:39 UTC

Citation for the original published paper (version of record):

Hedlund, E., Miiller, L., Kropp, W. (2024). Influence of Speech Exposure on Working Memory:
Exploring Reverberation Time in Open Plan
Office Environments. Fortschritte der Akustik

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)




DAGA 2024 Hannover

Influence of Speech Exposure on Working Memory: Exploring Reverberation Time in

Open Plan Office Environments

Elin Hedlund, Leon Miiller, Wolfgang Kropp
Applied Acoustics, Chalmers University of Technology, 41296 Gothenburg, Sweden, Email: elin.hedlund@chalmers.se

Introduction

In open plan offices, acoustical environments have been
identified as having a negative impact on employees’ per-
formance, with irrelevant speech exposure significantly
contributing to declining cognitive performance and in-
creased annoyance levels [1]. One cognitive system, and
focus of this paper, is the working memory. It is the pro-
cess within the brain that is responsible for the retrieval,
monitoring, processing and manipulation of information
stored in short-term memory [2]. This process plays a
role in various cognitive tasks, such as problem-solving,
decision-making and learning. By actively processing rel-
evant information, working memory enables efficient cog-
nitive processing, allowing individuals to perform com-
plex tasks.

However, disruptions to this process can arise from en-
vironmental distractions, such as noise. The irrelevant
sound effect (ISE) is the phenomenon of disruption or
reduction of cognitive performance when being exposed
to background noise, as it captures attention and over-
loads working memory resources [3]. This interference
can manifest in different ways, such as reduced accuracy,
slower reaction times, or increased errors, depending on
the nature of the cognitive task and the characteristics
of the background noise. The disruptive nature experi-
enced by background noise is believed to relate to the
variability of frequency and pitch of the acoustical envi-
ronment. In essence, the changing-state characteristics
of acoustical surroundings place a demand on individ-
uals’ cognitive systems, causing them to automatically
process the changing sounds. This continuous processing
uses the same cognitive mechanisms required for main-
taining and updating information in short-term memory.
Consequently, when confronted with varying sounds, in-
dividuals may find that the resources in working memory
are diverted toward processing the auditory stimuli, leav-
ing less capacity available for the primary task at hand.

While research highlights the significant role of variability
in distracting sounds in contributing to the ISE, speech
is argued to present a complexity beyond variability [4]
[5]. Factors such as word frequency and semantic content
have been identified as contributors to the disruptive in-
fluence of speech on working memory processes, which
suggests that the cognitive impact of speech extends be-
yond its acoustical features. That is, the intelligibility
of background speech is claimed to have additional rele-
vance for ISE [6]. Hence, reducing both variability and
intelligibility of background sounds should be beneficial
for tasks that utilize working memory.
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To explore this further, a listening experiment investigat-
ing working memory performance during speech exposure
using cognitive tests in a laboratory setting using simu-
lated auditory stimuli is carried out. Reverberation time
and background noise are used to vary both the variabil-
ity and intelligibility of the stimuli. Results from this
experiment are presented in the following.

Listening Experiment

The listening experiment was performed by 19 partici-
pants, aged 22-35 with a median age of 27 years, at the
Division of Applied Acoustics at Chalmers University of
Technology during the fall of 2023. All participants per-
formed the experiment individually in an acoustically iso-
lated room, where all steps of the experiment were per-
formed digitally in an application created in MATLAB
while wearing headphones.

The experimental procedure consisted of participants
completing rounds of Operation Span tasks (OSPAN) [7]
under different sound conditions. Following each round,
participants were instructed to fill out a NASA Task Load
Index (NASA-TLX) [8][9] questionnaire to evaluate the
subjective workload of the previously performed task.

Stimuli

Three different sound conditions which included speech
were used in the listening experiment, where the bin-
aural impulse responses (BRIR) were generated using a
hybrid method combining image sources and a radios-
ity model. Figure 1 illustrates the room dimensions and
positions. The three sound conditions including speech
were: short reverberation time (0.2 seconds), with and
without additional background noise, and long reverber-
ation time (1.0 seconds). In addition to these conditions,

Speaker Position
Listener Position
Source Positions

N w

Height in m

(=)

=]

2 3 4
Width in m
Figure 1: Room dimensions of the simulated room used in
the listening experiment, including speaker, listener and back-

ground noise source positions.



a silent case was included. The stimuli were normalized
and presented to the participants through headphones
with an equivalent A-weighted sound pressure level of
Laeq =~ 38dBA.

Operation Span Task

The operation span task (OSPAN) is a test that evaluates
working memory performance objectively. It consists of
items to be remembered (words), which are interleaved
with a processing component (equations) to act as a dis-
traction from the storage task. By using this type of
complex span test, both the processing and storage ca-
pacity of the working memory are evaluated.

In this experiment, participants were presented with to-
be-remembered words on the screen for two seconds, one
at a time. Preceding each word, an equation consist-
ing of two arithmetic operations appeared on the screen.
The participants were asked to determine whether it was
true or false by clicking the corresponding button within
10 seconds. After a number of equation-word pairs were
presented, the participants were prompted to recall the
words in the order they appeared. The number of words
for each set increased gradually from three to eight. Con-
sequently, each round consisted of 6 sets with 33 words,
with all conditions presented twice, resulting in eight
rounds in total. All words and equations were presented
in random order for each participant, with approximately
half of the equations being correct in each round.

NASA Task Load Index

The NASA-TLX questionnaire is a tool for collecting sub-
jective workload assessments. It evaluates mental, phys-
ical and temporal demand, as well as effort, performance
and frustration level, which are combined to an overall
workload score between 0 and 100. The questions in-
cluded in the questionnaire are listed below followed by
the rating end points.

Mental Demand: How mentally demanding was
the task? (Very low / Very high)

Physical Demand: How physically demanding
was the task? (Very low / Very high)

Temporal Demand: How hurried or rushed was
the pace of the task? (Very low / Very high)

Performance: How successful were you in accom-
plishing what you were asked to do? (Failure / Per-

fect)

Effort: How hard did you have to work to accom-
plish your level of performance? (Very low / Very
high)

Frustration Level: How insecure, discouraged, ir-
ritated, stressed and annoyed were you? (Very low
/ Very high)

In addition to answering the questions, the relative im-
portance of the six scale titles is determined by the re-
spondent choosing one from each combination of pairs of
titles. This results in a set of workload weights which are
multiplied with the corresponding workload score. To
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obtain the final workload score, all weighted workload
scores are summarized and divided by the sum of the
weights, i.e., 15.

Results

In this section, the results from the listening experiment
are presented and discussed regarding the participants’
objective performance levels from the OSPAN task and
subjective evaluations from the NASA-TLX question-
naire.

Operation Span Task

Figure 2 shows the number of correct words recalled by
each participant under different sound conditions during
the OSPAN task. Across all sound conditions including
speech, participants recalled a similar number of words.
However, compared to the silent condition, fewer words
were generally recalled. This suggests that speech, irre-
spective of reverberation time or additional background
noise, negatively impacts working memory performance.
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Figure 2: Correct words (correct word for correct position)
for each sound condition and participant, averaged over first
and second iteration.

Statistically significant differences were observed in the
number of correct words recalled between the speech
and silent conditions. Post hoc analysis using Wilcoxon
signed-rank tests was conducted, applying a Bonferroni
correction to adjust for multiple comparisons, resulting
in a significance level set at p < 0.008. The results of
the Friedman test and post hoc analysis are presented in
Table 1 for the number of correct words recalled.

Table 1: Correctly recalled words, Friedman test x?2
9.821,p = 0.020

RTs RTy, RTs.Bka Silence
RTs - p=0.226 | p=0.600 | p=0.015
RTy |p=0.226 - p=0.299 | p=0.001
RTs Bka |p=0.600 | p=0.299 - p = 0.004
Silence |p=0.015 | p=0.001 | p=0.004 -

Figure 3 shows the number of correct words for each
participant and condition, without considering the or-
der of appearance within each set. The results are con-
sistent with those presented in Figure 2, showing simi-
lar outcomes for sound conditions including speech but
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a decrease compared to the silent condition. There is
an overall increase in the number of correct words when
disregarding the order of appearance for all conditions,
compared to when the order of appearance is a factor.
However, this improvement is less pronounced for the
silent condition, suggesting a potential decrease in ac-
curacy and an increase in errors when participants are
exposed to speech.
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Figure 3: Correct words (disregarding order of appearance)
for each sound condition and participant, averaged over first
and second iteration.

Again, statistically significant differences were observed
in the number of correct words recalled between the
speech and silent conditions. Post hoc analysis with
Wilcoxon signed-rank tests was conducted with a Bon-
ferroni correction applied, resulting in a significance level
set at p < 0.008. The results of the Friedman test and
post hoc analysis are presented in Table 2 for the number
of correct words recalled when disregarding the order of
appearance.

Table 2: Correctly recalled words (disregarding the order of
appearance), Friedman test x* = 9.821,p = 0.020
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Figure 4: Subjective evaluations on workload for each par-
ticipant and sound condition, averaged over first and second

iteration.
100
[ ]
2 80 o
E s
()]
‘s 60 o
=
e
S 40+
3
(o]
= 20+ ° °
-
0 C 1 1 Il 1 1 1
MD PD TD P E FL

Figure 5: Subjective evaluations on weighting factors for
workload for each participant.

Statistically significant differences were found in per-
ceived workload between the speech and silent conditions.
Post hoc analysis with Wilcoxon signed-rank tests was
conducted, applying a Bonferroni correction resulting in
a significance level set at p < 0.008. Table 3 presents the
results of the Friedman test and post hoc analysis for the
subjective evaluations of perceived workload.

Table 3: Perceived workload, Friedman test x? = 16.453, p <

RTs Ry Rlsore | Silence 0.001

RTs - p=0.294 | p=0.570 | p < 0.001 RTs RTL RTs Bka Silence
RT. |p=0.294 - p=0.471 | p<0.001 RTs N »—=0.904 | p=0872 | p<0.001
RTs.pka |p = 0.570 p=0471 - p < 0.001 RTy, p = 0.904 - p = 0.629 p < 0.001
Silence |p < 0.001 p < 0.001 p < 0.001 - RTs Bka |p = 0.872 p = 0.629 - p = 0.002

Silence |p < 0.001 p < 0.001 p = 0.002 -
NASA Task Load Index
Conclusion

The subjective evaluations of perceived workload, as as-
sessed by the NASA-TLX questionnaire for each par-
ticipant and sound condition, are shown in Figure 4.
The results indicate that the sound conditions including
speech yield similar perceived workload scores, whereas
the silent condition differs. Specifically, the workload
score for the silent condition is generally lower, suggest-
ing that the number of correctly recalled words aligns
with participants’ workload assessments. Additionally,
Figure 5 shows the relative importance of the six scale
titles, with mental demand and effort ranking the high-
est, and physical demand ranking the lowest.

This paper presented the findings of a listening experi-
ment that examined the impact of speech exposure on
working memory performance. The results from the Op-
eration Span tasks indicate a decline in working memory
performance during speech exposure, regardless of rever-
beration time. This trend is consistent with the subjec-
tive evaluations from the NASA Task Load Index ques-
tionnaire, which indicate a higher perceived workload
during speech exposure. Further exploration of speech
exposure using varied tasks and auditory variables will
be the focus of future research.
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