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ABSTRACT 

Corresponding to the topics of Team 4 of the International Commission on Biological Effects of 
Noise (ICBEN), a literature review is presented covering the years 2017 to 2021 with a focus 
on the effects of noise on cognitive performance and the methods used to study these effects. 
We used sound or noise and cognitive performance as well as several related terms in the 
search string. Using a stepwise procedure, we reduced 1410 records to 70 reports for 
inclusion in the literature overview. Since task-irrelevant background speech is considered one 
of the main acoustical challenges for work-places at which predominantly cognitive 
performance must be achieved, we included 8 further cognitive-psychological reports, which 
explored how and why task-irrelevant background speech and its characteristics affect 
cognitive performance. Thus, the overall amount of included reports in the present literature 
overview is 78, each reporting at least one original empirical dataset on the effects of noise on 
cognitive performance. We analysed the results of the selected 78 empirical reports and 
discussed the main trends in terms of topics and methodologies. 

 

LITERATURE SEARCH 

A literature search was conducted covering the years 2017 to 2021 in the “Web of Science 
Core Collection”, namely on the Science Citation Index Expanded (SCI-Expanded), Social 
Sciences Citation Index (SSCI), Arts & Humanities Citation Index (A&HCI), Conference 
Proceedings Citation Index - Science (CPCI-S), Conference Proceedings Citation Index - 
Social Sciences & Humanities (CPCI-SSH) and Emerging Sources Citation Index (ESCI). The 
search string was designed without truncations but with phrases, and searches included titles, 
abstracts and keywords: 
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ALL=( "Noise" OR "Sound" ) AND ALL=( "Cognitive Performance" OR "Cognitive work" OR 
"Cognitive activity" OR "Cognitive Ability" OR "Cognitive task" OR "Mental Work" OR "Mental 
task" OR "mental processing" OR "memory task" OR "working memory" OR "Executive 
function" OR "Attentional focus" OR "Attentional capture" OR "Problem solving" OR "adaptive 
behaviour" OR "human behaviour" OR "speech intelligibility" OR "Coping" ) AND ALL=( 
"Work" OR "Job" OR "public place" OR "in public" OR "dwelling" OR "building acoustics" ) 

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=2017-2021 

 

Using this search method and the procedures described in the following, altogether 78 
empirical reports have been included in the literature overview [1-78]. 

We ran the search string on 1st April 2021, which resulted in the identification of 1410 records. 
These records were then reduced following the PRISMA 2020 scheme [79]. Before screening, 
272 records were removed because they obviously did not match the intent to present an 
overview of empirical reports (e.g. duplicates, tables of contents, editorial statements, 
announcements, letters to the editor). The abstracts of the remaining 1138 records were 
screened which resulted in the exclusion of 735 more records because these did not match 
the area of interest. Thus, 403 reports were sought for retrieval of which 24 could not be 
retrieved. Since the latter were also excluded, 379 reports were assessed for eligibility. In this 
process, 309 reports were excluded due to at least one of the following reasons: (i) already 
reported in the last ICBEN review [80], (ii) the topic of the report fell outside of ICBEN area 4 
(e.g. speech intelligibility when exploring hearing in noise, which falls into ICBEN area 2), (iii) 
no report of original empirical data (overview articles, meta-analyses, reviews), (iv) no adult 
participants (e.g. reports exclusively focusing on children; yet reports on teachers have been 
included since area 4 focuses on work places), (v) reporting exclusively neurophysiological 
measures. 

This procedure resulted in 70 reports being included in the present literature overview [1-21, 
24-36, 38-46, 49-66, 68-71, 73, 75-78]. We additionally included 8 further empirical reports 
[22-23, 37, 47-48, 67, 72, 74], the rationale behind this is described below. Thus, the overall 
amount of included reports is 78, each reporting at least one original empirical dataset on the 
effects of noise on cognitive performance [1-78].  

The presence of task-irrelevant background speech while undertaking predominately cognitive 
performance, is considered as one of the main acoustical challenges for work-places. We 
therefore additionally searched for basic research reports on how and why irrelevant speech 
and its characteristics affect cognitive performance (e.g. by capturing one’s attention or 
producing interference in short-term memory). In the end, we were able to include 8 more 
reports in our overview that were not found in the search-string based literature search [22-23, 
37, 47-48, 67, 72, 74]. We decided to keep reports in the overview that fulfilled the search 
string but did not test background speech as a noise condition [e.g. 4]. However, we refrained 
from additionally searching for, and including, basic research studies that did not test speech 
signals, but exclusively focused on performance effects attributable to to-be-ignored non-
speech sounds like music or tone sequences.  

Note, that we decided not to limit the overview to studies reporting objective measures of 
cognitive performance. Instead, we retained studies in the overview that solely reported 
subjective ratings on perceived performance [2, 3, 5, 19, 20-21, 24, 29, 34, 39, 54]. This takes 
into account field studies facing certain restrictions which often do not allow researchers to 
collect objective performance measures under controlled and systematically varied noise 
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conditions of interest. However, since it is often the case that valuable impetus for further 
research, as well as insights for recommendations, can come from field studies, we did not 
want to exclude those field studies that fulfilled the search string from our overview by a strict 
criterion for objective performance data. 
 

LITERATURE REVIEW 

General information 

In order to pre-structure the overview of the empirical reports published in the years 2017-
2021, the included reports were first divided into two groups. From the total amount of 78 
reports, 23 reports that, in our view, could be classified as applied research were grouped 
together in one group [1-3, 5, 13-14, 18-21, 24, 27, 29, 30, 34, 38-40, 42, 54, 71, 76, 78]. The 
compiled information on these reports can be found in Table 1 in the appendix. The other 55 
reports that we consider to be more related to basic research, were grouped together in a 
second group [4, 6-12, 15-17, 22-23, 25-26, 28, 31-33, 35-37, 41, 43-53, 55-70, 72-75, 77]. 
The aggregated information on this group of reports is depicted in Table 2 in the appendix.  

Obviously, the assignment of a report to one of these two groups could hardly be made 
according to a strict criterion. Therefore, we assigned a report to the group of applied reports 
if, for example, a field study was reported (e.g. in open-plan offices, banks) [e.g. 3, 5, 19, 21, 
27, 29, 34, 54], if a certain work-space or work-place (open-plan office, open-plan study 
environment) was considered [e.g. 14], or if noise was considered as one of several 
multimodal stressors (e.g. temperature, lighting) [1, 13].  

In the following, we focus first on key aspects of the applied research reports before turning to 
the more basic research reports. 
 

Applied Research Reports 

Sound Quality 

Most of the applied studies in the considered period 2017-2021 dealt with background speech 
[2, 14, 18, 30, 76], office noise [3, 5, 20-21, 29, 38, 39] and/or masking sounds for noise 
abatement [2, 24, 30, 38-39, 40, 42, 78].  

Most field studies, by their very nature, examined noise scenarios without further systematic 
variations or treatments [3, 5, 19, 21, 29, 34]. However, one field study [27] examined the 
effects of relocation from one office concept to another by means of cognitive performance 
measures during the resulting office noise conditions (serial recall task). The second study 
[54] focused on the effects of an acoustic treatment of a school on teachers’ (and students’) 
subjective evaluations.  

In laboratory studies a variety of systematically varied noise conditions were examined. Most 
often background speech, including single [e.g. 2, 78] and multi-talker speech [e.g. 14, 76], as 
well as semantically meaningful speech and foreign language [e.g. 14] was examined. Yet 
also music [18], noise bursts [2] as well as natural and urban soundscapes [71] were tested. 
In most laboratory studies, a quiet condition was included as a reference auditory condition. In 
addition to auditory-only variations, single studies realised audiovisual experimental conditions 
to examine the impact of additional and/or varied visual input on subjective assessments [2, 
42]. To our surprise, only a few applied studies applied auralization techniques to generate the 
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sound conditions of interest, this was done, for example, to render different spatial source 
locations [76] or different reverberation times [14].  

Speech Intelligibility and Level 

Several of the applied studies examined whether the effects of background speech on 
cognitive performance and subjective evaluations depend on the intelligibity of background 
speech. Intelligibility was calculated instrumentally in the form of the Speech Transmission 
Index (STI) or related measures [e.g. 2, 3, 14, 19, 40]. In some field studies, distraction 
distance (rD) has also been reported [e.g. 19, 21, 24]; it describes the distance at which the 
Speech Transmission Index (STI) falls below 0.50. Yet note that further acoustic measures 
such as spatial decay rate of speech (D2,S), or speech level at 4 m distance (LA,S,4m) have been 
reported in various studies, but are not fully listed in Table 1 in the Appendix.  

In some studies on the effects of masking sounds, the SNR (signal-to-noise ratio) between the 
speech sound to be masked and the masker was deliberately varied [e.g. 14, 30, 40, 78], and 
so was speech intelligibility. Furthermore, the STI was also varied due to room parameters (cf. 
e.g. [14]). However, a systematic level variation was not the subject of the applied reports 
included in the review. The level was often reported as the A-weighted equivalent sound level 
(LAeq). Most applied studies presented - or found in the case of field studies - background 
sounds in a moderate range of about 40-60 dB(A) LAeq - but background sounds of 70 dB(A) 
or greater have also been reported [1, 13, 18, 20, 71, 85].  

Cognitive performance during noise - objective measures 

Not all applied research reports collected objective performance measures by presenting 
participants a specific cognitive task and measuring task performance, as mentioned above. 
Most studies that took objective measures of cognitive performance usually did so while 
utilising only one cognitive task (but cp. e.g. [30]) to compare the effect of different sound 
conditions on cognitive performance. Here, the verbal serial recall paradigm [27, 30, 76, 78] is 
still used most frequently, in which unrelated verbal items (e.g. letters or digits) are presented 
one after the other and are to be reproduced afterwards in their exact presentation order. This 
is a standard paradigm in cognitive psychology that it used to measure short-term memory. 
Several studies also report the use of further standard paradigms from basic research, like 
free recall [13], n-back [1, 13], visual search [42], forced choice ([18]; here as a so-called 
image interpretation task), stroop and flanker tasks [38]. However, several studies also used 
tasks tapping more complex cognitive performance, like mental arithmetics [30], proofreading 
[30], reading comprehension [30, 40] or a semantically-based collaboration task [14]. It is 
worth noting that all these cognitive tasks were presented visually. Reported performance 
impairments under noise cannot therefore be due to partial masking of the task material or by 
increased listening effort. However, the fact that there are no reports with auditory item 
presentation in the current selection is also due to the fact that we excluded all studies that 
focused on speech intelligibility in noise or auditory effort, as these topics fall within ICBEN 
Area 2 (and are outside the remit of the current ICBEN Area 4 overview). 

Subjective measures targeting cognitive performance  

The effects of noise on cognitive performance can be assessed both objectively, through 
performance measurements, and subjectively through the collection of assessments of 
participants’ perceptions. In the latter case, participants are presented with a questionnaire or 
single scales on which they are asked to rate a specific aspect. In terms of subjective 
evaluation of one's cognitive performance, some studies asked their participants to rate 
perceived performance [24, 39, 40], perceived productivity [5] or perceived satisfaction with 
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performance [38]. Several studies targeted the perceived difficulty of task completion during 
background noise or the effort involved, namely participants were asked for judgments on 
perceived task load or workload [5, 20, 30, 78], perceived mental effort [13] or perceived task 
difficulty [34]. Finally, several studies’ ratings focused on the background sound by presenting 
participants with scales to assess perceived disturbance [3, 14, 38, 40, 78] or perceived 
distraction [24, 34].  

It can be seen that a whole range of different subjective measures were collected in the 
compiled applied studies. And even if there are certain similarities regarding addressed 
concepts or constructs, the same items or scales were used in exceptional cases rather than 
as a rule. 

Subjective measures of annoyance, mood and satisfaction 

Noise-induced annoyance was also considered in several of the applied studies [19, 20, 24, 
39, 42]. These studies measured noise annoyance mostly on 5-point or 7-point ratings scales; 
however, a 100-point scale was also reported [19]. Noise annoyance as the subjective 
experience of displeasure, nuisance, disturbance, or irritation caused by unwanted sound, 
might also be related to mood, which was also measured in several of the applied studies [e.g. 
14, 42, 71]. Finally, several studies asked their participants to rate environmental satisfaction 
or acoustic comfort [2, 24, 29, 39-40, 78]. This approach widens the focus in the subjective 
assessment of background sound beyond possible negative aspects. 

Further reactions to noise and mediators 

In addition to the dependent and independent variables mentioned so far, the applied 
research reports have addressed a number of other aspects, like reported coping strategies 
during noise [3, 5], restorative effects [42, 71], health indicators and neurophysiological 
responses [1, 13, 20, 38, 42]. A number of variables were also examined for their role as 
mediators of noise reactions, such as, for example, the presence of visual input [2], sound 
preferences [3], age [30], one’s role in a surgical team [34], or noise sensitivity [14, 20, 78].  

 

A Summary of Empirical Findings from the Applied Research Reports  

The focus of most applied studies centres on office noise and background speech, which is 
probably due to the fact that office and office-like workplaces are nowadays one of the most 
common workplace types. In group and open-plan offices, background speech from 
colleagues at distant workplaces is the dominant noise problem for employees who are 
supposed to do concentrated silent work. Since complete silence cannot be achieved in 
occupied group and open-plan offices, the challenge is to create acoustic conditions that have 
as little negative impact as possible on both cognitive performance and subjective well-being. 
However, many applied studies in the period 2017-2021, especially the field studies, are not 
(yet) concerned with abatement measures, but with examining the given acoustic conditions 
and the potential correlations with (objectively measured or subjectively assessed) cognitive 
performance and/or subjective evaluations. 

The discussion that has often been held in recent years as to whether sound masking is a 
necessary part of the solution to noise at workplaces, now seems to have motivated quite a 
number of applied reports to turn their attention to the potential of additionally playing back 
partial maskers. Not only has the SNR to the noise to be masked been varied and the 
corresponding effects on performance been investigated, but also different kinds of maskers 
apart from continuous broadband noise as a kind of "standard" masker, e.g. springwater 
sounds. And, importantly, the idea seems to have been pushed back that the only criterion for 
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the suitability of a masker is its potential to reduce intelligibility of background speech and the 
corresponding adverse performance effects. Instead, subjective assessments of different 
maskers and masking conditions are now also considered. 

The field studies in the period considered by the current overview often did not collect 
objective performance measures. This is certainly due to the fact that it is difficult to get 
permission by companies for employees to work on non-work tasks during working hours 
and/or by staff councils for taking performance measures. And even if objective performance 
measures were permitted, it may be that the existing background noise is simply not typical of 
the environments under investigation, so that the informative value of the results would be 
reduced. Furthermore field studies often aim to assess the medium and long-term effects of 
specific office situations or characteristics. In the reporting period, the literature search yielded 
only one intervention field study wherein subjective judgements were collected before and 
after optimization measures and were even supplemented with data from a control group [27]. 
Since such studies can be realised only with an enormous effort and on certain occasions, it is 
not surprising that such studies are rarely carried out and even more rarely published as peer-
reviewed publications due to the considerable methodological demands. 

 

Basic Research Reports 

Sound Quality 

Most of the basic studies in the 2017-2021 period included background speech [6-12, 15-16, 
22-23, 25-26, 28, 31-33, 35-37, 43-45, 47-48, 50, 52-53, 60-65, 68-70, 72, 77] that was 
sometimes vocoded [16, 65-66, 68, 75] or masked [26, 41, 53, 55-59]. Some studies 
manipulated the language or meaningfulness of the speech [9, 44, 47-48, 68, 72, 77] or its 
semantic similarity to the memoranda [22-23]. Other studies used piano notes [4] or melodies 
[61], tones [46-47, 65, 73] or instrumental sounds [12, 15, 17, 33]. Some deployed 
environmental noise [51, 74], broadband noise [49-50, 52], or bursts of broadband noise [43, 
46, 72]. Most studies included quiet as a baseline condition but sometimes broadband noise 
was used instead [e.g., 33]. 

Speech Intelligibility and Level 

Many reported manipulations within the basic studies reduced the speech intelligibility of to-
be-ignored sound without any objective measurement of speech intelligibility per se. For 
example, several studies used noise-vocoded speech [16, 65-66, 75]. One study manipulated 
the spectral content and the envelope of speech independently [65]. Methods to manipulate 
intelligibility also included time-reversal of local (short-segments) as compared to longer 
segments [68]. Further, masking sounds were introduced in several studies to manipulate 
SNR [26, 41, 52, 53, 55-59], whereby the masker was either a speech signal [26, 55-59] or 
broadband noise [41, 53, 55]. Reported sound levels in the basic studies varied from 55 dB(A) 
[28, 49] to 75 dB(A) [50] and sound pressure was usually measured on a A-weighted scale. 

Cognitive performance during noise - objective measures 

The majority of studies used the visual-verbal serial recall task [4, 7-12, 16-17, 25, 28, 31, 33, 
35-36, 43, 52, 55-66, 68-70]. However, a few used auditory-verbal serial recall [33, 37, 75] 
and some required backward digit [26] or word [53] recall. A single study used a probe task 
involving serial-short-term memory [28] while a number of others used a non-serial short-term 
memory task: the missing-item task [16, 25, 28, 31, 45]. One study used tonal sequence 
recognition and phoneme sequence recognition and recall [15] and another used a serial 
recall task for tonal and verbal material [33]. Several studies used eye-tracking measures 
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while reading for meaning [48, 72-74, 77] or for non-character detection [48]. Cued recall was 
adopted in two studies [22, 49]. Other infrequently used tasks included free recall [23], 
psychomotor speed, continuous performance, trail making, odd-even number sequencing [44], 
grammatical reasoning, mathematics [49], stroop, response inhibition [51], key combination 
discovery [50] and a search for target material in tabulated information [44]. 

Subjective measures targeting the effects of noise on cognitive performance  

A few of the basic studies administered questionnaires in relation to environmental satisfaction 
(acoustic comfort [41]), the unpleasantness of noise [50] and its perceived annoyance [51, 55-
59]. These involved either marking a point along a line anchored at either end [50], a visual 
analogue scale [51] or a multi-point Likert scale [55-59]. 

 

A Summary of Empirical Findings from the Basic Research Reports  

Two main research lines can be identified in the basic science reports. On the one hand, there 
is a focus on the question of which characteristics of task-irrelevant sounds determine their 
potential to impair cognitive performance. On the other hand, the cognitive processes 
vulnerable to background sounds are under consideration. Both strands of research are 
obviously not independent of each other but approach the question of "which sound interferes 
with which cognitive performance" from different directions. 

Let us first consider the basic research reports focusing on different characteristics of task-
irrelevant sound and their propensity to disrupt task performance, namely (usually) visual-
verbal task performance. In this context, there has been an increased focus on the semantic 
properties of sound and their propensity to produce disruption over and above acoustic 
properties. There has also been a continued focus on the psycho-acoustical elements of 
speech with closer approximations to natural speech typically producing more disruption of 
tasks involving serial short-term memory [16, 65, 66] but not non-serial short-term memory 
tasks [16], with spectral changes playing a primary role [65]. Generally, a growing body of 
work has sought to determine the impact of different masking conditions on visual-verbal serial 
recall performance [55-59] and a trade-off between the effectiveness of the masker (at various 
SNRs or spatial set-ups) with reduced objective performance decrements that are sometimes 
accompanied with increased subjective annoyance from the masker being reported [55]. 
Previous work demonstrating that speech intelligibility plays a role in the disruption of visual-
verbal serial recall has been replicated in a virtual reality setting [52] thereby validating this 
method for future research. 

Several studies have further addressed the additional disruption that the (semantic) meaning 
of task-irrelevant speech has on visual-verbal task performance. The meaning of task-
irrelevant speech was found to be disruptive of visual-verbal serial recall with segmental 
reversals of longer duration (thereby reducing speech intelligibility) reducing the disruption 
produced by speech within a participant’s spoken, but not non-spoken, language [68]. In this 
context, the field has also observed a wave of research investigating the impact of task-
irrelevant sound on eye-movement measures during reading. These are online behavioural 
measures used to infer cognitive processing. Meaningful speech (e.g., in a language spoken 
by the participant), as compared to meaningless speech (e.g., in a language unknown by the 
participant, or spectrally altered), increases re-reading of text [73, 77] and disrupts reading 
comprehension when re-reading is prevented [73] suggesting that comprehension processes 
(e.g., integrating text into a coherent discourse) are disrupted by meaningful speech. The 
disruption produced by meaningful speech has also been shown to be modulated by the 
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characteristics of the focal reading task: It occurs when participants have to decide whether 
sentences make sense, but not when a non-character has to be searched for within the 
sentence [48]. This study and others show that the question of performance-reducing sound 
characteristics and the question of cognitive processes that are vulnerable to task-irrelevant 
sounds cannot be considered independently from one another.  

Within the line of research that is dedicated to the elucidation of the cognitive processes 
underlying a disruptive effect of task-irrelevant sound, the question of whether the disruptive 
effect on attentional processes - as one specific cognitive function besides others - can be 
managed and controlled still features prominently. In this context, it has been shown that 
increasing task-engagement by making text difficult to read by means of, for example an 
unusual font reduces disruption by meaningful speech in various tasks [6, 44-45]. 
Furthermore, foreknowledge - through prior exposure to a subsequently ignored meaningful 
sentence - reduces the disruption produced by that sentence [8, 25]. Disruption by predictable 
as compared with unpredictable auditory sequences has also been investigated but with 
mixed results [8, 25, 62, 64]. This line of research also includes the investigation of the role of 
person-specific perceptual and cognitive characteristics for detrimental noise effects. Here, it 
was shown that working memory capacity [35] or auditory global pattern matching ability [17] 
did not modulate the disruption of visual-verbal serial recall produced by task-irrelevant sound. 
Surprisingly, however, extensive auditory training has been shown to attenuate the disruption 
in the visual-verbal serial recall setting [32].  

Finally, work has established that the disruption produced by sound on visual-verbal serial 
recall does not occur simply because participants have an expectation that the sound will 
disrupt their performance [61]. Moreover, although participants have been shown to be aware 
of the disruption produced by speech on free recall of word lists, they fail to adjust, when 
possible, presentation rates to compensate for this performance decrement [23]. 

 

CONCLUSIONS 

This overview demonstrates that there is some overlap between the aspects targeted by 
applied and basic research reports from 2017-2021, while there is also a clear separation. We 
would like to conclude by addressing these two perspectives. 

In our view, the most striking overlap between applied and basic research reports is in the 
interest in masking noise to combat negative noise effects, particularly those from background 
speech. The superimposition of office noise or especially background speech with a partial 
masker alters the overall sound signal for the involuntary listener in several ways. On the one 
hand, reduced speech intelligibility results in a reduction of the semantic content (e.g., 
meaning) of the background speech. With this, the resulting overall signal produces less 
disruption of cognitive performance that is ordinarily produced by the concurrent, semantic 
processing of speech including that underpinning reading comprehension, text recall or 
semantically-oriented proofreading (vs. searching for typographical errors). The reason for this 
lies in the so-called "interference of process principle" (cp. [81]). Even if background speech is 
irrelevant and one intends to ignore it, the speech signal is automatically and obligatorily 
processed by the listener`s auditory-perceptual and cognitive systems. Evidence suggests 
that this obligatory processing may include semantic analysis of background speech. When 
background speech is meaningful, these automatic sound-related processes can interfere with 
corresponding semantic-based processes involved in task performance. Thus, the greater the 
reduction in (and thereby processing of) the semantic properties of background speech, the 
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less the speech signal will interfere with performance on semantically-based tasks. On the 
other hand, the introduction of a partial masker also reduces the temporal-spectral variability 
and distinct temporal structure of the overall background sound. But it is precisely this acoustic 
variability and structure that endows the background sound with its power to disrupt verbal 
short-term memory (cp. [82]). Therefore, the introduction of a partial masker usually also 
reduces the disruptive impact of the overall background sound on visual-verbal serial recall, 
which is the standard measure of verbal short-term memory. Thus, partial maskers can reduce 
the disruptive impact of speech and other background sounds in a wide variety of tasks, but 
the underlying causes or cognitive mechanisms of action can be fundamentally different in 
each case. The reports in this overview illustrate that from an applied research perspective, 
the overarching potential of masking sounds in noisy work environments to reduce cognitive 
disruption is of particular interest, while the basic research reports focus on elucidating the 
underlying cognitive mechanisms of action in each case. 

Another area of overlap between applied and basic research reports is the very common use 
of the aforementioned visual-verbal serial recall task in the considered period. This might be 
due to two different reasons: First, performance in this task has been shown to be very 
sensitive to disruption from task-irrelevant sound. Second, this task allows the impact of 
several noise conditions to be measured and evaluated within one experimental group, which 
is very time efficient. Third, from the point of view of basic research, there is broad agreement 
among cognitive psychologists concerning the processes underpinning the task. However, as 
cognitive psychologists, we must also point out that this task measures a very specific 
cognitive performance, namely the capacity to retain sequences of visual items over the short 
term. According to the cognitive-psychological information processing approach, it is assumed 
that complex cognitive performance involved in, for example, understanding a read or heard 
text, is achieved through the interaction of a limited number of basic cognitive functions, only 
one of which is short-term memory. Other basic cognitive functions are, for example, attention 
and executive functions. However, the overview shows that other cognitive tasks and 
functions, respectively, are examined less frequently. Since they are potentially disrupted by 
sound characteristics other than those which disrupt verbal short-term memory, as described 
above, the dominant use of the verbal serial-recall task might not be as helpful in applied 
contexts as it might appear at first glance.  

This applies, for example, to the challenge of acoustically optimising workspaces for certain 
cognitive performances. For example, if a substantial part of the work in an architectural or 
construction office is based on the accomplishment of spatial tasks, then from a cognitive 
psychology perspective, verbal tasks such as proofreading or verbal serial recall probably do 
not capture the cognitive processes of interest. Accordingly, it is questionable to what extent 
research results obtained from verbal tasks indicate the disruptive effect of existing office 
noise or the beneficial effects of certain optimisation measures on the predominantly non-
verbal cognitive performance that is actually of interest. 

In addition to the aforementioned parallels between applied and basic research in the 
reporting period, we also noticed at least two striking demarcation lines. Firstly, there is an 
asymmetrical distribution in the extent to which objective and/or subjective data are collected. 
Many of the applied studies collected subjective ratings and field studies often exclusively 
focused on such data. In basic research studies, however, there was often a restriction to 
objective performance measurements; subjective assessments concerning whether one felt 
disturbed and/or annoyed by certain background sound conditions were rarely made. The 
omission of either subjective or objective assessments certainly has to do with various 
practical and methodological aspects. In field studies it may not always be possible to collect 
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performance data, as already described above. Furthermore, subjective assessments might 
be of apparent relevance for researchers in the applied context as the concept of annoyance 
has much more awareness here, since, for example, a certain proportion of "Highly Annoyed" 
(HA) persons in a population is the reference for legal regulations of traffic noise in many 
countries. Finally, many studies that collect both objective performance data and subjective 
judgements probably share the belief that “feeling disturbed” and “being disturbed” are two 
different or even independent effect dimensions of noise which both need to be considered for 
human-centred evaluation of the acoustic environment. In the basic research reports, 
however, cognitive psychology research interests are often - and legitimately, of course - in 
the foreground, such as the question of which sound characteristics are processed obligatorily 
and automatically, which characteristics a task must possess for it to be vulnerable to 
disruption, and how precisely the mechanisms behind a sound-induced performance 
decrement operate. In this context, participants are rarely asked whether they feel disturbed 
by a certain background sound. Indeed, such a question appears somewhat peripheral to the 
main goals of such studies. 

A further difference between applied and basic research reports is apparent regarding the 
background sound conditions considered. Although background speech plays an essential 
role in both research fields, there are very different aspects and characteristics of speech that 
are considered and, if applicable, also deliberately varied. For example, in basic research 
reports meaningless foreign speech, taboo words or sequences of different syllables are 
considered, that appear to be of little interest in the applied context wherein sound pressure 
level and intelligibility are of central interest. Since background speech is often investigated 
with respect to a given room or certain room characteristics, room acoustic parameters are 
also measured or even varied, for example the reverberation time or spatial decay rate of 
speech. The report and consideration of these room acoustic parameters corresponds with the 
ISO 3382-3:2012 [83] and its recommendations for the evaluation of the acoustics of an open-
plan office. This will not change with the recently published ISO 22955:2021 [84]; rather, this 
standard further emphasises the need to distinguish between different types of work 
(individual concentrated work, collaborative work and call centres) and the specific acoustic 
optimisation of work environments for each.  

This brings us back to the tasks used and the current dominance of the highly specific visual-
verbal serial recall task. Certainly, there were a number of reports in the period under 
consideration that applied other cognitive tasks to investigate noise effects on cognitive 
performances. These reports often justified task selection by referring to the relevance of 
certain task performance, cognitive processes or functions at the workplaces under 
consideration. As cognitive psychologists, we hope that the demand for cognitive tasks 
beyond visual-verbal serial recall will continue to grow from the applied research community. 
We also hope that this will motivate the basic research community to develop and provide 
corresponding cognitive tasks that, at best and like the serial recall task, are suitable for 
comparing the effects of different acoustic conditions using just one sample. Although our 
hopes are tempered with the caveat that it is a goal of cognitive psychologists to understand 
the mechanistic processes underpinning a task, prior to understanding how it could be 
susceptible to disruption from background speech or other noise. A task for which the 
underpinning processes are reasonably well understood in this regard is reading. The recent 
wave of research on reading (comprehension) processes, as supplemented with eye-tracking 
measures, may thus offer a way of increasing the use of tasks beyond that of visual-verbal 
serial recall. A focus on reading may also afford an opportunity to make representation to 
employers, facility managers and policy makers given the importance of literacy at workplaces 
and in society in general. While the processes involved in visual-verbal serial recall likely 
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underpin a number of more complex cognitive tasks, such as mental arithmetic, to infer so 
often requires some analogy that might not be easily grasped by decision-makers. Reading 
studies may therefore be useful in addressing the long-standing issues in relation to drawing 
better parallels between tasks undertaken in the laboratory compared to tasks undertaken in 
real workplace settings. Further, the use of portable eye-tracking measures may offer an 
opportunity to undertake field studies that are hitherto better matched to laboratory-based 
studies. And finally, if one dares to look into the future, a standardised test battery for the 
differential investigation of noise effects on cognitive performance would be highly desirable, 
from which one can draw as a researcher depending on the specific research intention or as a 
practitioner depending on the task analysis at the workplace of interest. 
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APPENDIX 

Please note that the following tables cannot depict the complete information provided in the 
reports. For example, some applied studies report many different acoustic parameters or 
applied very extensive questionnaires. In the basic research studies, there is much information 
on the characteristics of tasks and testing procedures, which might be highly relevant for the 
obtained results but cannot be presented here. Last but not least, most reports provide much 
more insights and results than we have been able to condense in these tables. Taken 
together, the tables presented below do not claim to be complete or free of errors. 
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er; 

after relocation
, perform

ance in active zon
e w

o
rse tha

n in a
ll other 

areas (e.g., sh
ared q

uiet zo
n

es as w
ell as in

divid
ua

l w
orkin

g room
s)  am

on
g five ke

y aspects of ind
oor environm

e
ntal qu

ality, the
 quality of 

the acoustic en
vironm

e
nt had the hig

hest positive correlatio
n

 w
ith 

perce
ived w

o
rk productivity; satisfaction w

ith
 acoustic environm

e
nt 

larg
ely de

pe
nd

ent on p
erception of quietness 

S
o

u
n

d
 q

u
ality 

soun
d recordin

gs at regular office tim
es (occupied) in a

ll office typ
es 

at baselin
e; an

d after relocation  
 

S
p

eech
 in

tellig
ib

ility 
 

 

L
e

ve
l 

C
ell ro

om
s: L

A
e

q  =
 32 dB

(A
); share

d quiet zo
ne, lou

ng
e: L

A
e

q  =
 41-

45 dB
(A

); active zone: L
A

e
q  =

 49 dB
(A

) 
 

O
ffice T

yp
e 

before re
location tradition

al o
ffices (open-plan, share

d roo
m

s of 2-3 
em

plo
yees, a

n
d cell offices) vs. activity-b

ase
d w

o
rkp

laces a
fter 

relocation 

university ope
n

-pla
n research offices (U

O
R

O
s) 

P
erfo

rm
an

ce 
serial recall task  

no ob
jective pe

rform
ance m

e
a

sure w
as take

n
; ratings on office 

prod
uctivity on a 5-po

int scale  

T
ask L

o
ad

 
 

 

A
n

n
o

yan
ce

 
 

 

D
istra

ctio
n

 
 

 

P
erceived

 D
istu

rb
an

ce 
 

level of noise d
isturba

nce ca
u

sed b
y 10 com

m
on no

ise so
u

rces rated 
on a 5-p

oint scale
 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
 

M
oderator: age

 (<
 24 years vs. 24-35 years)  

*M
oo

d, H
ealth, Job S

atisfactio
n, E

nvironm
ental S

atisfactio
n, M

oderator  
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A
u
th
o
r 

[30] K
an

g
 et a

l. (2019) 
[34] K

eller et al. (2018) 

S
am

p
le 

38 un
iversity stude

nts (20 fem
ales; 22-27 ye

ars; m
ean ag

e 24) 
m

edical team
s involved in 11

0
 surgeries 

R
esu

lt 
significant n

eg
ative effects of speech no

ise o
n seria

l recall 
perform

a
nce a

nd sub
jective ratings o

n perceive
d perform

a
nce, 

w
o

rk lo
ad, sou

nd disturba
nce

, and aco
ustic com

fort; negative 
effects increased w

ith increasing S
T

I; subjective ratings m
o

re 
sensitive to different sou

nd co
nditions tha

n p
erform

ance 
m

easures 

self-rep
orted distraction b

y ba
ckg

rou
nd n

oise
 in operatio

n ro
om

s 
during op

en a
b

dom
inal surgeries varied over three ph

ases (ope
nin

g, 
m

ain p
hase, closin

g) and w
ith

 regard to different surgical tea
m

s 

S
o

u
n

d
 q

u
ality 

5 acoustic co
n

ditio
ns: (1) no m

asker an
d no

 speech n
oise, (2) no 

m
asker an

d sp
eech n

oise (S
T

I =
 0.67), (3) m

asker an
d no speech 

noise, (4) m
asker and sp

eech noise w
ith S

T
I =

 0.32, (5) m
asker 

and sp
eech noise w

ith S
T

I =
 0.5 

 

S
p

eech
 in

tellig
ib

ility 
different S

N
R

 resulting in diffe
rent S

T
I values: S

T
I =

 0.32 - 0.67
 

 

L
e

ve
l 

pink n
oise as m

askin
g soun

d
: S

P
L =

 40.4 dB
(A

); speech: S
P

L =
 

39.5 - 45.9 dB
(A

) 
L

5
0  =

 53.79 - 56.85 dB
(A

) 

O
ffice T

yp
e 

ope
n-plan office environm

e
nt sim

ulated in a laboratory 
operation room

s 

P
erfo

rm
an

ce 
serial recall, m

ental arithm
etic, readin

g com
p

rehe
nsio

n, 
proofre

ading; subjective p
erfo

rm
ance rate

d o
n a 5-po

int scale 
no ob

jective pe
rform

ance m
e

a
sures w

ere taken
 

T
ask L

o
ad

 
w

o
rk lo

ad on a 5-po
int scale

 
difficulty of surgery on a 7-po

int scale  

A
n

n
o

yan
ce

 
 

 

D
istra

ctio
n

 
 

perce
ived d

istraction o
n a bip

olar 7-point scale
 

P
erceived

 D
istu

rb
an

ce 
5-po

int scale
 

 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
A

coustic C
om

fort on a 5-p
oint scale

 
M

oderator: surgery ph
ase a

n
d role in the su

rgical te
am

 

*M
oo

d, H
ealth, Job S

atisfactio
n, E
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ental S

atisfactio
n, M

oderator  
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A
u
th
o
r 

[38] L
ee et al. (202

0) 
[39] L

en
n

e et al. (2020) 

S
am

p
le 

16 em
p

lo
ye

es of a pharm
ace

utical com
pan

y (4 fem
ales) 

90 em
p

lo
ye

es 

R
esu

lt 
discre

pancy b
e

tw
e

en su
bjective prefere

nce of soundscap
e

s and 
perform

a
nce; n

o sign
ificant effect of noise co

nditions o
n 

perform
a

nce; typ
ical office noise w

ith
out m

a
sker at least 

satisfactory for cognitive perform
ance; lo

w
e

st preference ratings 
for spring w

ate
r sound m

aske
r 

lon
g-term

 field stud
y revea

le
d no positive effe

cts of a sound m
askin

g 
system

 o
n assessed psychological factors; noise an

no
ya

n
ce even 

increased 

S
o

u
n

d
 q

u
ality 

no office n
oise vs. typ

ical daily office noise vs. tw
o m

asker 
cond

itions: w
h

ite noise or spring w
ater so

un
d superim

pose
d on 

typical d
aily office noise  

broa
dba

nd n
oise em

itted b
y a

 sound m
askin

g system
; diffu

se soun
d 

field 

S
p

eech
 in

tellig
ib

ility 
 

 

L
e

ve
l 

60 dB
(A

) for office no
ise; 44

–4
5 dB

(A
) for sou

ndsca
pin

g (w
h

ite 
noise an

d sprin
g

w
ater so

un
d) 

autom
atically a

dapte
d to soun

d leve
l of office

 activities 

O
ffice T

yp
e 

m
eetin

g room
 w

a
s use

d to sim
ulate a typica

l larg
e ope

n-p
lan 

office in a p
harm

aceutical co
m

pan
y 

ope
n-plan office 

P
erfo

rm
an

ce 
three tasks: F

lanker task, S
h

ape N
-back task and S

troo
p task; 

perce
ived satisfaction w

ith p
erform

ance o
n bipolar 7-po

int scale
 

no ob
jective pe

rform
ance m

e
a

sures w
ere taken; perce

ive
d 

perform
a

nce o
n 5-po

int Likert scale (M
ultidim

ensiona
l F

atigue 
Inventory) 

T
ask L

o
ad

 
 

8-po
int Likert scale (q

uestio
nn

aire) 

A
n

n
o

yan
ce

 
 

5-po
int Likert scale (G

A
B

O
 qu

estion
naire) 

D
istra

ctio
n

 
 

 

P
erceived

 D
istu

rb
an

ce 
bip

olar 7-point scale
 

 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
H

ealth: blo
od p

ressure; pu
lse oxim

eter; E
D

A
 sensor; 

E
nviro

nm
enta

l S
atisfaction: ra

ting on w
illing

n
ess to hear a 

m
askin

g soun
d

 for a full w
o

rking da
y o

n bipolare 7-p
oint sca

le
 

Job S
atisfactio

n: 5-point Likert scale (M
ultid

im
ensiona

l F
atigue 

Inventory); E
nvironm

e
ntal S

atisfaction: 5-po
in

t Likert scale (G
A

B
O

 
question

naire) 
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atisfactio
n, M

oderator  



The 13th ICBEN Congress on Noise as a Public Health Problem, 
Karolinska Institutet, Stockholm, Sweden, 14-17 June 2021 

 
 

 

26 

 

 

  A
u
th
o
r 

[40] L
o

u
 et al. (202

0) 
[42] M

a et al. (201
8) 

S
am

p
le 

20 participa
nts (22-2

7 years, m
ean a

ge 2
5) 

75 un
iversity stude

nts (m
ean age 2

5 years) 

R
esu

lt 
detrim

e
ntal im

pact of backgroun
d spe

ech o
n read

ing perfo
rm

ance 
dep

en
ded o

n S
T

I of backgrou
nd spe

ech; w
ith hig

her S
T

I, read
ing 

perform
a

nce a
nd perceive

d a
coustic com

fort decreased, w
h

ile 
perce

ived d
istu

rbance incre
ased

 

soun
dsca

pe elem
ents perceived as pleasant had a p

ositive effect on 
tiredn

ess resto
ration a

nd a
nn

o
yance red

uction; soun
d ele

m
ents had a 

greater effect o
n psycho

lo
gica

l restoratio
n co

m
pare

d w
ith visual 

scenes; contin
uous so

un
d did

 not have b
etter restorative effects than 

interm
ittent so

und
 

S
o

u
n

d
 q

u
ality 

backgroun
d sp

eech (C
hin

ese =
 m

other tongu
e) during m

asking 
soun

d (pink noise) w
ith differe

nt signa
l-to-no

ise ratios (S
N

R
) 

resulting in 5 cond
itions w

ith different S
T

I 

(a) different so
und types (p

ilot stud
y o

n prefe
rences): flo

w
in

g w
a

ter 
soun

d, birdson
g, footsteps, traffic noise, air-cond

ition
er no

ise; (b) 
different sou

nd
 seque

nces; (c) differe
nt aud

io-visu
al con

ditions 
(photos of diffe

rent ope
n-p

lan offices) 

S
p

eech
 in

tellig
ib

ility 
S

T
I =

 0.08 - 0.78
 

 

L
e

ve
l 

S
P

L =
 50 dB

(A
) for all five sou

nd con
ditions 

all so
und scen

arios presente
d at 55 dB

(A
) 

O
ffice T

yp
e 

lab
oratory w

as used to sim
u

late a com
m

on m
id- or large-sized 

ope
n-plan office 

sim
ulated op

en
-pla

n office
 

P
erfo

rm
an

ce 
read

ing com
prehe

nsio
n (accu

racy) m
e

asure
d w

ith E
S

LR
 m

ateria
l 

(eng
lish te

xts for C
hinese p

articipa
nts) 

visual search: find a target figure from
 m

any sim
ilar fig

ures 

T
ask L

o
ad

 
perce

ived p
erform

ance on 5-point scale
 

 

A
n

n
o

yan
ce

 
 

7-po
int Likert-typ

e scales 

D
istra

ctio
n

 
 

 

P
erceived

 D
istu

rb
an

ce 
5-po

int scale  
 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
E

nviro
nm

enta
l S

atisfaction: acoustic com
fort on 5-p

oint sca
le 
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A
u
th
o
r 

[54] P
o

lew
czyk et al. (2020) 

[71] van
 H

ed
g

er et al. (201
9) 

S
am

p
le 

44 teach
ers an

d 378 stu
dents (second to eig

hth grad
e)** 

63 participa
nts (35 fem

ales; 18-44 ye
ars; m

ean ag
e 21) 

R
esu

lt 
teachers re

ported a sig
nificant im

provem
ent regardin

g their w
o

rk 
w

ith stude
nts (e.g., better und

erstand
ing of verba

l instructio
ns) 

and in their o
w

n w
o

rk con
ditio

ns (e.g., overall com
fort of w

o
rk, 

reduced voice effort) after the acoustic treatm
ent of a scho

ol 

perform
a

nce a
ssessed b

efore
 and after e

xp
o

sure to natural or 
urba

n sou
ndscapes; sig

nifica
nt im

provem
en

ts in cognitive 
perform

a
nce fo

r individu
als e

xpose
d to natural sou

ndscape
s; 

urba
n sou

ndscapes d
id n

ot system
atically affect perform

ance 

S
o

u
n

d
 q

u
ality 

 
40 natural a

nd 40 urb
an so

un
dscap

es 

S
p

eech
 in

tellig
ib

ility 
 

 

L
e

ve
l 

 
avera

ge lo
ud

n
ess of the soun

dscap
es (root-m

ean-sqare) 7
0 dB

 
S

P
L 

O
ffice T

yp
e 

A
coustica

lly tre
ated scho

ol 
 

P
erfo

rm
an

ce 
no ob

jective m
easures taken; teacher versio

n of the A
coustic 

C
ha

nge F
e

elin
gs S

cale (A
C

F
S

-T
) 

directe
d attention: com

posite perform
a

nce of backw
ard dig

it 
span task a

nd a dua
l n-b

ack task  

T
ask L

o
ad

 
 

 

A
n

n
o

yan
ce

 
 

 

D
istra

ctio
n

 
 

 

P
erceived

 D
istu

rb
an

ce 
 

 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
 

M
ood: affective

 questio
nn

aire pre an
d post in

terventio
n 

(P
A

N
A

S
) and aesthetic jud

ge
m

ents of soun
dscap

es (three
-point 

scale) 

*M
oo

d, H
ealth, Job S

atisfactio
n, E
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atisfactio
n, M

oderator 
**C

h
ildren w

e
re not considered in this overvie

w
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A
u
th
o
r 

[76] Y
ad

a
v et al. (2019) 

[78] Z
h

an
g

 et al. (2021) 

S
am

p
le 

E
xp. 1: n =

 60 (31 fem
ales; 18

-55 years; m
ea

n age 2
5); E

xp. 2: n 
=

 62 (31 fem
ales; 18-55 ye

ars; m
ean age 2

6) 
30 un

iversity stude
nts (15 fem

ales; 18-27 ye
ars; m

ean ag
e 22) 

R
esu

lt 
E

xp. 1: increasing the n
um

b
er of talkers from

 0 to 1 and fro
m

 1 to 
2 resulte

d in statistically sign
ificant declin

e in
 visual-verba

l serial 
recall perform

a
nce; in the w

riting task, pause
s betw

ee
n w

ords 
incre

ased sign
ificantly from

 1 to 2 sim
ulta

ne
o

us talkers; E
xp

. 2: 
cogn

itive p
erfo

rm
ance rem

ain
ed largely u

nch
ang

ed b
etw

ee
n 45 

to 57 dB
 

typ
e of m

askin
g soun

d an
d signa

l-to-no
ise ratio (S

N
R

) affe
cted 

objective p
erfo

rm
ance, sub

jective w
o

rkload, perce
ived d

istu
rbance 

and acoustic satisfaction; spring w
ater so

un
d resulte

d in b
est 

objective p
erfo

rm
ance w

h
en prese

nted at a hig
h S

N
R

, an
d in highest 

acoustic satisfaction w
h

e
n presente

d at m
e

dium
 S

N
R

 

S
o

u
n

d
 q

u
ality 

acoustic sim
ulation of rea

listic m
ulti-talker speech from

 spatially 
separated talkers. F

or E
xp. 2

, a range of ga
in valu

es w
ere used 

(45-5
7 dB

). 

quiet vs. speech only vs. 12 m
askin

g sou
nd cond

itions in w
h

ich 
different m

askers at different S
N

R
 w

ere sup
erim

posed o
n speech

 

S
p

eech
 in

tellig
ib

ility 
 

four m
askin

g soun
ds (spe

ech
-like pink no

ise
, air-cond

ition
in

g noise, 
sprin

g w
ater so

und, spe
ech b

abb
le), each given un

der thre
e leve

ls of 
S

N
R

 levels (2.3 dB
 - 6.6 dB

) 

L
e

ve
l 

 
~

55 dB
(A

) 

O
ffice T

yp
e

 
clim

ate-co
ntrolled cham

ber th
at w

a
s set-up a

s a m
edium

-sized 
ope

n-plan office. 
lab

oratory roo
m

 sim
ulatin

g a
n ope

n-plan office
 

P
erfo

rm
an

ce 
cogn

itive tasks: visual-verbal (digit) serial recall task, and a w
riting 

task 
visual-verb

al serial recall 

T
ask L

o
ad

 
 

N
A

S
A

-T
LX

 

A
n

n
o

yan
ce

 
 

 

D
istra

ctio
n

 
 

 

P
erceived

 D
istu

rb
an

ce 
 

5-point rating scale  

A
d

d
itio

n
al In

fo
rm

atio
n

* 
M

oderator: nu
m

ber of talkers 
E

nviro
nm

enta
l S

atisfaction: acoustic satisfaction on 5-po
int rating 

scale; M
od

erator: education
al level (u

nder- vs. post-gradu
ate), 

gen
der, no

ise sensitivity (W
einstein sca

le) 

*M
oo
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atisfactio
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Table 2: Overview of Basic Research Studies 
A

u
th

o
r 

[4] A
n

to
n

ietti et al. (2018) 
[6] B

all et al. (201
8) 

[7] B
arker et a

l. (2019) 

S
am

p
le 

university stu
d

ents; E
xp. 1 +

 2: n =
 24 (23 

fem
ales; 19-31

 ye
ars; m

ean a
ge 23); E

xp. 3: 
n =

 24 (22 fem
ales; 19-24 ye

ars; m
ean ag

e 
22); E

xp. 4: n =
 24 (21 fem

ale
s; 19-42 years; 

m
ean a

ge 2
5) 

E
xp. 1: 64 participa

nts (36 fem
ales; 18-49 

ye
ars; m

ean a
ge 27); E

xp. 2: 68 participa
nts 

(41 fem
ales; 18-45 ye

ars; m
ean ag

e 25) 

E
xp. 1: 17

9 un
iversity stu

dents; E
xp. 2: 60 

participants (5
3 fem

ales; m
e

an ag
e 23) 

R
esu

lt 
w

h
ile effect of irreleva

nt pure-tones varied 
w

ith intervallic orga
nisation (i.e., random

 
soun

d seq
uences im

pe
ded re

call, w
h

ereas 
ascen

din
g sou

nd seq
ue

nces or repe
ated 

soun
ds did not), this effect w

a
s not observe

d
 

in the case of irrelevant pia
no-note 

sequ
ences; w

ith rand
om

 an
isynchro

n
y (i.e., 

rand
om

 tem
poral variation), n

either p
ian

o 
notes nor p

ure tones caused d
isruption

 

E
xp. 1: an intrinsic m

etaco
gnitive cue in 

form
 of processing d

isflue
ncy (m

anip
ulate

d 
usin

g an e
asy-to-rea

d vs. difficult-to-rea
d 

font) m
itigated detrim

e
ntal im

pact of aud
itory 

distractio
n on solution rates fo

r C
R

A
T

s; E
xp. 

2: an e
xtrinsic m

etacog
nitive cue that took 

the form
 of an incentive for go

od task 
perform

a
nce (i.e., 80%

 or better C
R

A
T

 
solutions) elim

inated th
e neg

a
tive im

pact of 
distractio

n on C
R

A
T

 solution rates 

E
xp. 1: rob

ust effect of irrelevant speech on 
visual-verb

al serial recall; effect size not 
influ

ence
d b

y talker fam
iliarity; E

xp. 2: still 
no effect of fam

iliarity after fo
ur 30-m

in 
training sessio

ns in w
h

ich participa
nts w

e
re 

fam
iliarise

d w
ith the talker 

S
o

u
n

d
 q

u
ality 

E
xp. 1: silence vs. piano n

otes (stead
y-state  

vs. ascending vs. random
 so

und 
sequ

ences); E
xp. 2: sam

e as E
xp. 1 b

ut 
pure ton

es; E
xp. 3: sam

e as E
xp. 1 b

ut 
different tim

in
g

; E
xp. 4: sam

e as E
xp. 3 but 

w
ith pure tones from

 E
xp. 2

 

irrelevant spe
e

ch (spoke
n from

 a transcript 
of a story) vs. quiet  

silence vs. speech (from
 R

evised List of 
P

hon
etically B

ala
nced S

ente
nces: H

arvard 
S

entences); pa
rticipa

nts w
e

re either fam
iliar 

w
ith the talker (a fem

ale course instructor) or 
not; the

y w
e

re either inform
ed that they w

ere 
or w

e
re n

ot fam
iliar w

ith the talker 

S
p

eech
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ib

ility 
 

 
 

L
e

ve
l 
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) 
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fortable listening level (E
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m
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 com
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O
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R
A

T
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S
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 ta
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A
d

d
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n
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A

u
th

o
r 

[8] B
ell et al. (201

7) 
[9] B

ell et al. (201
9a) 

S
am

p
le 

pilot stud
y: 9

2 university stu
d

ents (66 fem
ales, m

ean ag
e 24 years); rep

lication 1: 
162 G

erm
a

n u
niversity stud

e
nts (127 fem

ales; m
ean ag

e 23 years); rep
lication 2: 

88 S
w

e
dish university stu

dents (41 fem
ales; m

ean a
ge 2

7 years) 

E
xp. 1: 10

3 participa
nts (74 fem

ales, m
an a

g
e 23 

ye
ars); E

xp. 2: 106 p
articip

ants (70 fem
ales, m

ean a
ge 

24 years)  

R
esu

lt 
pilot stud

y: visual-verba
l serial reca

ll m
ore distracted b

y sequ
ences of chang

ing, 
as com

pared w
ith non-cha

nging (stead
y-state) m

onosylla
bic w

ord distracters; 
disru

ption from
 sententia

l distracters (com
ple

x ch
ang

in
g-state sequ

ences) greater 
com

pared to sequ
ences of chang

ing and re
p

eated m
o

nosyllabic w
o

rds; 
sequ

ences w
ith an un

e
xp

ected item
 (e.g., different m

onosyllab
ic w

ord a
m

ong 
repe

ated m
o

no
syllab

ic w
ord) prod

uced disru
ption re

lative to
 repeate

d w
ord

 
(stead

y-state) cond
ition; forekno

w
led

ge o
nly reduced disrup

tion pro
duced b

y 
sentential d

istracters (com
ple

x ch
ang

in
g-state); effect of forekno

w
le

dg
e on

 the 
com

ple
x chan

g
ing-state co

nd
ition significant in both rep

lication studies, but the 
critical interaction betw

e
e

n forekno
w

le
dg

e an
d distracter typ

e attaine
d statistical 

significance on
ly w

h
e

n the data of both rep
lication stud

ies w
ere com

b
ine

d
 

face recog
nitio

n im
pa

ired b
y irreleva

nt spee
ch relative 

to quiet; cha
nging-state (sente

ntial) sp
eech disrupted 

perform
a

nce m
ore than ste

ad
y-state (re

peated w
ord) 

speech, w
h

ich in turn pro
duce

d disru
ption co

m
pare

d 
w

ith qu
iet; resu

lts w
ere rep

lica
ted in a second

 stud
y 

w
h

erein the sp
eech w

a
s reversed; sugg

ests that the 
disru

ptive pote
ntial of backgro

und sp
eech on

 face 
recog

nitio
n do

es not de
pen

d on its sem
antic content 

S
o

u
n

d
 q

u
ality 

stead
y state (repe

ated o
ne syllab

le w
o

rd), d
eviation (like stead

y state b
ut w

ith on
e 

deviant distracter), sim
ple ch

a
nging state (8 different on

e-syllab
le w

o
rds), com

ple
x 

chan
gin

g state (coherent sentences) 

E
xp. 1: cha

ng
ing-state (sente

ntial sp
eech) vs. stead

y-
state (repeated

 m
onosyllab

ic w
o

rd) vs. sile
n

ce; E
xp. 2: 

sam
e as E

xp. 1 but sou
nd file

s w
ere reverse

d 

S
p

eech
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ility 
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E

R
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A

u
th

o
r 

[10] B
ell et al. (201

9b
) 

[11] B
ell et al. (201

9c) 
[12] B

ell et al. (201
9d

) 

S
am

p
le 

273 p
articip

ants (199 fem
ales, m

ean age 22 
ye

ars) 
university stu

d
ents; E

xp. 1: n =
 162 (114 fem

ales, 
18-3

8 years, m
edian a

ge 21); E
xp. 2: n =

 419
 

(313 fem
a

les, 17-4
0 years, m

edian a
ge 22) 

university stu
d

ents; E
xp. 1: n =

 130 (108 
fem

ales, 17-41
 ye

ars, m
ean a

ge 21); E
xp. 2: n 

=
 139 (106 fem

ales, 17-50 ye
ars, m

ean ag
e 23) 

R
esu

lt 
sequ

ences of chan
gin

g item
s (m

onosylla
bic 

w
o

rds; cha
ngin

g-state) prod
uced m

ore 
disru

ption th
an

 a repeate
d m

o
nosyllab

ic 
w

o
rd (stea

d
y-state) - the chan

gin
g-state 

effect; sequences com
prising a sing

le 
chan

ge to a re
peate

d m
on

osyllab
ic w

ord 
(deviant) prod

u
ced m

ore d
isru

ption tha
n a 

sequ
ence of repeate

d sin
gle w

o
rds - the 

aud
itory devian

t effect; results w
e

re 
com

parable across tw
o testing sessions; 

neith
er cha

nging-state effect nor au
ditory 

deviant effect correlated sig
nificantly w

ith 
an

y of the persona
lity tra

its m
easured 

(E
yse

nck persona
lity qu

estio
nna

ire E
P

Q
-R

) 

visual-verb
al serial recall w

as disrupte
d b

y 
stead

y-state distracters; “stead
y-state” effect 

significantly re
duce

d after pre
-exposure to 

repe
ated d

istra
cter item

, w
hich w

a
s eith

er a one-
syllab

le w
o

rd (E
xp. 1) or a

n in
strum

ental so
u

nd 
(E

xp. 2) 

disru
ption incre

ased n
ot only w

h
e

n distracter 
token set size increased from

 1 to 2, but also
 

w
h

e
n it increased from

 2 to 8 one-sylla
ble w

ords 
(E

xp. 1) a
nd brief instrum

e
ntal sounds (E

xp. 2); 
findings are interprete

d to be inconsistent w
ith 

the dup
le

x-m
e

chan
ism

 accou
nt and su

pport the 
attention

al account 

S
o

u
n

d
 q

u
ality 

stead
y state co

ndition (rep
eated on

e-
syllab

le w
o

rd) vs. auditory de
viant con

dition 
(stead

y state sequ
ence w

as interrupte
d b

y 
one d

eviant on
e-sylla

ble w
ord

) vs. changin
g 

state condition (ten different o
ne-syllab

le 
w

o
rds) 

quiet-cond
itio

n vs. stead
y-state cond

itio
n (on

e-
syllab

le w
o

rd repe
ated d

urin
g

 pre-e
xp

osure 
interva

l and m
em

orization interval) vs. quiet-
stead

y con
ditio

n (no distracter durin
g pre-

exposure, but during m
em

orization interval); E
xp. 

2: sam
e as E

xp. 1, but w
ith in

strum
ental so

u
nds 

instea
d of one-syllab

le w
o

rds 

E
xp. 1: zero-to

ken (qu
iet) vs. one-token (ste

ad
y-

state =
 1 one-syllab

le w
o

rd) vs. tw
o-toke

n (2
 

one-sylla
ble w

ords) vs. eight-token con
dition

;  
E

xp. 2: sam
e a

s E
xp. 1 but in

strum
ental so

u
nds 

instea
d of one-syllab

le w
o

rds 

S
p

eech
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A

u
th

o
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[15] D
efilip

p
i et al. (2019) 

[16] D
o

rsi et al. (2018) 
[17] E

llio
tt et al. (2020) 

S
am

p
le 

22 un
iversity stude

nts w
ith little or no 

m
usical trainin

g (m
ean a

ge 2
6 years) an

d 2
1 

professiona
l m

usicia
ns (m

ea
n

 age 30 ye
ars) university stu

d
ents; E

xp. 1: n =
 81; E

xp. 2: n =
 

77; E
xp. 3: n =

 77
 

university stu
d

ents; E
xp. 1: n =

 102 stude
nts (81 

fem
ales; 18-36

 ye
ars; m

ean a
ge 20); E

xp. 2: n 
=

 80 (18-36 ye
ars; m

ean ag
e 20) 

R
esu

lt 
prese

nce of irrelevant tones (but not w
ords) 

significantly im
ped

ed ton
e recogn

ition; 
pseu

do
w

o
rd re

cogn
ition w

a
s neith

er 
disru

pted b
y irrelevant tones n

or w
o

rds; 
m

usicia
ns better in tone (b

ut not 
pseu

do
w

o
rd) recog

nitio
n than

 particip
ants 

w
ith little or no m

usical training 

noise-voco
de

d speech resulte
d in the Irrelevant 

S
oun

d E
ffect; the gre

ater the num
b

er of noise 
chan

nels (i.e., greater sign
al com

ple
xity), th

e 
m

ore im
p

aire
d recall perform

a
nce; speech-like 

noise-voco
de

d speech (i.e., greater spe
ech 

fidelity) resulte
d in a m

ore pro
nou

nce
d Irrele

vant 
S

oun
d E

ffect than se
lectively reversed n

oise-
vocod

ed sp
eech; w

h
ile, in the m

issing item
 task, 

noise-voco
de

d speech lo
w

e
re

d perform
a

nce 
com

pared to th
e sile

nt control, this effect did not 
dep

en
d on sig

nal com
ple

xity and sp
eech fid

elity 

D
id n

ot replicate prior w
o

rk b
y M

acken, P
helps, 

and Jo
nes (2

0
09) 1, in w

h
ich the size of the 

Irreleva
nt S

oun
d E

ffect w
as n

ot significantly 
relate

d to a typ
e of auditory processing calle

d 
global pattern m

atching.  

S
o

u
n

d
 q

u
ality 

silence vs. irrelevant ton
es (six ton

es during 
retentio

n interval) vs. irrelevan
t speech 

(disyllabic w
o

rds during rete
n

tion interval) 

E
xp. 1: N

o
ise-vocod

ed sp
eech

, varyin
g in the 

num
b

er of cha
nne

ls (3, 6, 9, and 1
2) vs. w

h
ite 

noise (control); E
xp. 2+

3: N
oise-voco

ded spe
ech 

vs. selectively-reverse
d noise

-vocod
ed sp

ee
ch 

vs. silence (co
ntrol) 

the sam
e sou

n
ds files w

ere u
sed as in M

acken 
et al. (2009) 1; tones sp

an
nin

g the octave. 
S

tarting at 25
0 H

z, these w
ere

 divid
ed into 

seven e
qu

ally-space
d lo

garith
m

ic steps. 

S
p
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ility 
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es each); phon
ological seq

ue
nce 

recall (se
qu

ence of pseu
do

w
o

rds); tonal an
d 

pho
nolog

ical re
cogn

ition in the
 presence of 

irrelevant sou
n

ds (sile
nce vs. irrelevant 

tones vs. irrele
vant speech) 

E
xp. 1: visual recall task; E

xp. 2: visual reca
ll 

task; E
xp. 3: m

issing item
 task 

E
xp. 1: 3 W

orking-m
em

ory ca
pacity tasks 

(operation spa
n, sym

m
etry sp

an, rotation sp
an); 

R
ave

n’s advan
ced pro

gressive m
atrices; 

A
ttention co

ntrol task (antisaccade task); 
A

uditory sequencing tasks; V
isual-verbal serial 

recall task (d
igits); E

xp. 2: A
uditory seq

ue
ncing 

task and visu
al-verbal seria

l recall task  

A
d

d
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n
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atio
n
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M

oderator: m
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n
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. P
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m

ic B
ulletin &

 R
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, 16(1), 139
–14
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A
u

th
o

r 
[22] H

an
czako

w
ski et al. (2017) 

[23] H
an

czako
w

ski et al. (2018) 

S
am

p
le 

university stu
d

ents; E
xp. 1: n =

 23; E
xp. 2: n =

 20; E
xp. 

3: n =
 42; E

xp. 4: n =
 44; E

xp. 5: n =
 28; E

xp. 6: n =
 19 

university stu
d

ents; E
xp. 1: n =

 30; E
xp. 2: n =

 30; E
xp. 3: n =

 29; E
xp. 

4: n =
 30; E

xp. 5: n =
 56; E

xp. 6: n =
 21; E

xp. 7: n =
 23; E

xp. 8: n =
 34 

R
esu

lt 
disruptive effect of sem

antic sim
ilarity betw

een visual 
m

em
ora

nda a
n

d aud
itory distracters w

a
s reversed 

w
h

e
n distracters w

ere sem
a

ntically related to studie
d 

visual lists, and
 w

h
en cate

gory-cued recall tests w
ere 

provided d
urin

g retrieva
l; P

articipa
nts’ ju

dg
e

m
ents of 

their le
arning o

f category-item
s w

ere higher w
h

e
n 

relate
d distracters accom

p
anied the to-b

e-re
m

em
bered 

visual item
s  

prese
nce of ba

ckgrou
nd sp

ee
ch disru

pted free reca
ll; participa

nts' 
jud

gem
e

nts of learn
ing for visual w

o
rds acco

m
pan

ied b
y ba

ckgrou
nd 

speech sho
w

e
d that the

y w
e

re a
w

are of the disru
ption; give

n 
opp

ortunity, pa
rticipa

nts did n
ot adjust study tim

e to com
pensate for 

these effects; therefore, this b
ackgro

und-spe
ech in

duced disruptio
n 

w
a

s m
ore pron

ounced as com
pare

d w
ith pre

sentatio
n rates im

pose
d 

b
y th

e researchers; evid
ence is provided th

at the presence of 
distracter durin

g enco
ding disrupts tim

e perceptio
n rather th

an 
disru

pting a deliberate strateg
y 

S
o

u
n

d
 q

u
ality 

E
xp. 1: qu

iet vs. related au
ditory d

istracter vs. unrelate
d 

aud
itory distracter (fem

ales speaker); E
xp. 2 - 6: related 

vs. unrelate
d a

uditory d
istracters (fem

ales speaker) 

sem
antic cate

g
ory-e

xem
plars 

S
p

eech
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nts of learn
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A
u
th
o
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[25] H
u

g
h

es e
t al. (2020) 

[26] Jag
ad

e
es

h
 et al. (2019) 

S
am

p
le 

university stu
d

ents; E
xp. 1: n =

 28; E
xp. 2: n =

 62 (25 w
ho u

sed a 
serial re

he
arsa

l strateg
y and 37 w

h
o did not) 

24 norm
al-h

earing n
ative sp

ea
kers (14 fem

ales; 18-25 
ye

ars; m
ean a

ge 21) 

R
esu

lt 
E

xp. 1: op
portu

nity to predict (fore
w

arnin
g) contents of an im

m
inent 

spoke
n distracter reduced its disru

ptive effect, but this w
as only 

observed for com
ple

x chan
ging-state seq

ue
nces (m

ea
nin

g
ful 

sentences) an
d the leve

l of disruptio
n pro

du
ced b

y sim
p

le chan
gin

g-
state sequ

ence
s; unpred

ictab
le sim

ple chan
g

ing-state se
qu

ences 
w

e
re as d

isruptive as pre
dicta

ble sim
ple ch

a
nging-state se

que
nces; 

E
xp. 2: disruptive effect of com

ple
x ch

ang
in

g-state sequ
en

ces 
observed in th

e m
issin

g-item
 task and occurred reg

ardless of w
h

ether 
participants self-reported usin

g seria
l rehe

arsal; ho
w

e
ver, 

forekno
w

le
dg

e reduced disrup
tive effect of com

ple
x ch

ang
in

g-state 
sequ

ences to the level o
bserved from

 the sim
ple ch

ang
in

g
-state 

sequ
ences; disruptio

n pro
duced b

y sim
p

le chan
gin

g-state sequ
ences 

as com
pared w

ith stead
y-state

 seque
nces w

a
s not m

odulate
d b

y 
forekno

w
le

dg
e and m

a
nifest o

nly for participa
nts w

h
o self-re

ported 
usin

g a reh
earsal strateg

y 

a m
asker containing le

xica
l-sem

antic inform
ation 

(2S
B

) prod
uce

d the greatest disru
ption to W

M
 scores 

on a backw
a

rd digit sp
an task; m

askers conta
inin

g 
acoustic-pho

ne
tic inform

atio
n (8S

B
 and R

B
s) produce 

a sign
ificantly sm

aller am
ou

nt of disruption a
nd 

speech spectru
m

 noise (e
nerg

etic m
askin

g) w
a

s not 
significantly d

isruptin
g as com

pare
d w

ith a q
uiet 

control co
nditio

n 

S
o

u
n

d
 q

u
ality 

E
xp. 1: stea

d
y-state sequ

ence
 vs. unpredicta

ble sim
ple ch

a
nging-

state sequ
ence

 [letters] vs. predicta
ble sim

ple chan
ging-sta

te 
sequ

ence [letters] vs. com
plex chang

in
g-state sequ

ence [m
ean

ingful 
sentences]; E

xp. 2: stead
y-state sequ

ence vs. sim
ple cha

n
gin

g-state 
sequ

ences vs. com
ple

x chan
g

ing-state se
qu

ences 

six b
ackgroun

d
 conditions: (1) quiet, (2 &

 3) 2- and 8-
speaker ba

bbles (2S
B

 and 8
S

B
), (4 &

 5) tim
e-

reverse
d 2- an

d 8- speaker b
abb

les (2R
B

 a
nd 8R

B
), 

(6) speech spe
ctrum
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L
e
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l 

~
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(A
) 

 

O
ffice T
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e 

 
 

P
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rm
an
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serial recall task and m
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a
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A
d

d
itio

n
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rm

atio
n

* 
M

oderator: task strateg
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earsa
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o
w
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ge

 
M
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rm
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al m
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A

u
th

o
r 

[28] Jo
sep

h
 et al. (2018) 

[31] K
attn

er et al. (2018) 
[32] K

attn
er et al. (2020a) 

S
am

p
le 

89 childre
n (47

 girls; 7-9 years; m
ean age 8) 

and 8
9 un

iversity stude
nts (69

 fem
ales; 18-

22 years; m
ea

n age 2
0) 

E
xp. 1: 40 participa

nts (19 fem
ales; 19-67 years; 

m
ean a

ge 3
2); E

xp. 2: 51 participa
nts (37 

fem
ales; 20-40

 ye
ars; m

ean a
ge 26) 

75 participa
nts (55 fem

ales; 18-31 ye
ars, m

ean 
age 2

2) 

R
esu

lt 
disru

ption prod
uced b

y se
qu

e
nces of 

chan
gin

g-item
s com

pare
d to sequ

ences of 
repe

ated item
s (the chang

in
g-state effect) 

w
a

s foun
d for children a

nd a
d

ults; disruption 
b

y an un
e

xp
ected sou

nd (a d
e

viant) w
as 

stronger for childre
n than for a

dults 

perform
a

nce w
as affected b

y the prosod
y 

(em
otio

nal into
natio

n), but not b
y the sem

antics 
(w

o
rd m

e
aning

), of irrelevant speech; E
xp. 2

: 
dissociatio

n be
tw

e
en d

isruptive effects of 
contin

uo
us spe

ech an
d spe

ech w
ith sud

de
n 

acoustical d
eviations o

n serial and no
nserial 

verbal S
T

M
 tasks 

interfere
nce produced b

y task-irrelevant spe
ech 

could be re
duced throu

gh a
n extensive dich

otic-
listening trainin

g (training of a
uditory se

lective 
attention) 

S
o

u
n

d
 q

u
ality 

stead
y-state irrelevant sou

nd repe
ated 

speech token) vs. changing-state (tw
o 

altern
ating spe

ech tokens) vs. chang
in

g-
state w

ith deviant token (m
ale voice toke

n 
w

ithin otherw
ise fem

ales vo
ice chan

ging-
state sequ

ence
) vs. stead

y-sta
te w

ith 
deviant item

 vs. silence  

ind
epe

nd
ent varia

ble 1: different em
otio

na
l 

sem
antics (n

eu
tral, positive, n

egative) (from
 

B
erlin A

ffective
 W

ord list); indepe
nd

ent varia
ble 

2: em
otion

al intonation (proso
d

y) (inton
ated 

neutra
lly, e

xa
g

gerate
d an

gry or exag
gerated

 
hap

p
y) +

 gaussian n
oise as control co

ndition
; 

E
xp. 1: irre

leva
nt w

ords prese
nted durin

g serial 
recall varied; E

xp. 2: full sentences varied in 
em

otio
nal sem

antics an
d into

natio
n +

 proso
dic 

deviation of sin
gle w

o
rd w

ith
in

 neutral se
nten

ces  

three types of irreleva
nt soun

d (fem
ale sp

ee
ch, 

m
ale sp

eech, a
nd no

ise); reco
rdin

gs of arbitrary 
excerpts from

 G
erm

an te
xtbo

oks (and thus 
m

ean
ingfu

l to the participa
nts). 

S
p

eech
 in

tellig
ib

ility 
 

 
 

L
e

ve
l 

~
55 dB

(A
) 

m
ean S

P
L of 6

5.7 dB
 G

aussian no
ise w

a
s p

la
ye

d 
as a non-spe

e
ch control co

nd
ition at 63 dB

 S
P

L 
72 dB

(A
) 

O
ffice T

yp
e 

 
 

 

P
erfo

rm
an

ce 
1. digit span task (to assess short-term

 
m

em
ory capacity); 2. serial recall task; 3. 

prob
ed-order recall task; 4. m

issing-item
 

task 

E
xp. 1: serial recall task; E

xp. 2: serial recall task 
+

 m
issing item

 identification  
pretest and po

sttest: visual and au
ditory serial 

recall 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
M
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M
oderator: de

m
ands of the focal task 

 

*T
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oderator 



The 13th ICBEN Congress on Noise as a Public Health Problem, 
Karolinska Institutet, Stockholm, Sweden, 14-17 June 2021 

 
 

 

36 

 

 

  A
u

th
o

r 
[33] K

attn
er et al. (2020b

) 
[35] K

ö
rn

er et al. (2017) 
[36] K

ö
rn

er et al. (2019) 

S
am

p
le 

50 participa
nts (37 fem

ales; 27 non-m
usician

s 
age

d 18-55 ye
ars, m

ean ag
e 26; 23 

m
usicia

ns ag
e

d 18-3
9 years, m

ean a
ge 2

3) 

university stu
d

ents; E
xp. 1: n =

 138 (95 
fem

ales; m
ea

n
 age 24 ye

ars); E
xp. 2: n =

 63 
(42 fem

ales; m
ean a

ge 2
5 ye

ars); E
xp. 3: n =

 
142 (1

10 fem
a

les; m
ean ag

e 22 years) 

university stu
d

ents; E
xp. 1

a: n =
 90 (63 fem

ales; 19-
40 years; m

ea
n age 2

6); E
xp. 1b: n =

 79 (47 
fem

ales; 18-45
 ye

ars; m
ean a

ge 26); E
xp. 2a

: n =
 

102 (6
7 fem

ale
s; 19-39 years; m

ean ag
e 24); E

xp. 
2b: n =

 123 (83
 fem

ales; 18-3
9 years; m

ean age 2
3)  

R
esu

lt 
irrelevant instrum

enta
l m

usic w
a

s foun
d to 

prod
uce m

ore disru
ption of to

nal recall tha
n 

w
h

ite n
oise, w

here
as irreleva

nt speech 
prod

uced interm
ediate leve

ls of disruption 
(ind

epe
nd

ent o
f m

usical e
xp

ertise); 
participants w

ith m
usica

l e
xpe

rtise w
e

re 
gen

erally bette
r at recalling to

nes; conclusio
n 

w
a

s that differe
nt m

echan
ism

 exists for 
m

em
orizing to

nal a
nd p

hon
ological in

put  

w
o

rkin
g m

em
o

ry cap
acity w

a
s unrelated b

oth 
to the size of the chan

ging-sta
te effect and to 

the size of the deviation effect (for sim
ple as 

w
e

ll as com
ple

x stim
uli); add

ition
ally, in E

xp. 
2, frequency of chang

in
g-state or deviatio

n 
sequ

ences w
ithin e

ach b
lock did n

ot m
odu

la
te 

aud
itory distraction at all; fin

dings cha
lle

ng
e 

ide
a that there are tw

o
 fund

a
m

entally differe
nt 

m
echa

nism
s of auditory d

istra
ction

 

chan
gin

g-state
 and devia

nt distracter sound
s 

interfere
d w

ith both encod
ing and rete

ntio
n o

f the 
targets: chan

ging-state effect and d
eviation e

ffect 
are parallel in ho

w
 the

y vary as a functio
n of the 

tim
e of distraction 

S
o

u
n

d
 q

u
ality 

to-be-rem
em

b
ered ton

es: three differe
nt sin

e 
tones w

ith freq
uencies of 26

1.6 H
z (C

4,“lo
w

”), 
293.7 H

z (D
4, “m

edium
”), and 329.6 H

z (E
4, 

“hig
h”); irreleva

nt sounds: classical 
instrum

e
ntal m

usic vs. speech in unkno
w

n
 

lan
gua

ge vs. w
hite no

ise
 

chan
gin

g-state
 (G

erm
an sentences) vs. 

stead
y-state se

que
nces (re

pe
ated 

m
onosylla

bic w
ord); deviation block (re

peate
d 

m
onosylla

bic w
ord w

ith d
evia

n
t m

onosyllabic 
w

o
rd in betw

een)  

stead
y-state vs chang

in
g-state (E

xp. 1a); sententia
l 

speech (E
xp. 1

b); devia
nt distracter w

o
rds a

dde
d 

(E
xp. 2

a); tim
e of distraction (4 different tim

ing 
cond

itions) 

S
p

eech
 in

tellig
ib

ility 
 

 
 

L
e

ve
l 

to-be-rem
em

b
ered so

un
ds: S

P
L of 72 dB

; 
irrelevant sou

n
ds: 66 dB

  
aud

itory distracter seque
nces: averag

e sou
n

d 
level of 60 dB

(A
) L

e
q  

~
55 dB

(A
) 

O
ffice T

yp
e 

 
 

 

P
erfo

rm
an

ce 
tonal serial recall vs. verba

l serial recall  
operation span

 task; sentence
 span task; 

standard seria
l recall task  

serial recall 

A
d

d
itio

n
al In

fo
rm

atio
n
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A

u
th

o
r 

[37] K
reitew

o
lf et al. (2019) 

[41] L
u

 et al. (202
0) 

[43] M
aro

is et al. (2019) 

S
am

p
le 

66 un
iversity stude

nts (59 fem
ales, 17-48 ye

ars) 
and 2

0 fam
ily m

em
bers or close frien

ds of tw
o 

individ
uals pro

vidin
g voice re

cordings 

22 colleg
e stud

ents (m
ean a

g
e 22 years) 

34 un
iversity stude

nts (19 fem
ales; 

m
ean a

ge 2
6 years) 

R
esu

lt 
fam

iliarity w
ith the voice co

nve
yin

g au
ditory 

distracter sentences d
urin

g retentio
n of 

m
em

ora
nda le

d to lo
w

er p
erform

ance for stude
nts 

w
h

o w
e

re fam
iliar vs. unfam

iliar w
ith the spe

aker’s 
voice (h

avin
g b

een tau
ght b

y them
), altho

ug
h

 this 
w

a
s not observed for a sam

ple w
h

o w
e

re fa
m

ily 
m

em
bers or friends of o

ne of the speakers; 
disru

ption prod
uced b

y fam
ilia

r against unfa
m

iliar 
speakers w

as evid
ent eve

n w
hen p

articip
ants 

expecte
d to he

ar a sentence spoke
n b

y a fa
m

iliar 
speaker that w

as not prese
nted; degree of 

fam
iliarity a

pp
e

ars to m
oderate effect of speaker 

fam
iliarity o

n w
orkin

g m
em

ory disruption
 

colo
ur noises im

prove
d participa

nts’ cog
nitive 

perform
a

nce; in the P
sychom

otor S
pee

d T
est, 

respo
nse tim

es w
ere lo

ngest in the prese
nce

 of 
backgroun

d no
ise on

ly, com
p

ared to an
y colour 

noise; perform
ance in the C

o
ntinu

ous 
P

erform
ance T

est w
a

s better in the pink noise 
cond

ition th
an in backgrou

nd noise only; in the 
E

xecutive F
un

ction T
est, participa

nts w
ere 

significantly faster in the prese
nce of colo

ur n
oise 

(particularly re
d noise) than in backgrou

nd noise 
only; in the W

o
rking M

em
ory T

est, red and p
ink 

noise resulte
d in sign

ificantly better perform
ance 

levels th
an b

ackgrou
nd n

oise only 

the ph
ysiological in

de
x of atte

ntion 
orie

nting, the p
upillary d

ilation
 

response (P
D

R
) occurred to an 

une
xpecte

d de
viant sou

nd (p
ink noise) 

in a seq
ue

nce of chang
in

g letters but 
not to a letter-to-letter change per se; 
this und

erlines the (unitary) vie
w

 that 
both devia

nts and letter-to-letter 
chan

ges produ
ce attentio

nal capture 
and su

pp
orts a (duple

x) vie
w

 that 
deviants pro

du
ce attentio

nal capture 
w

h
ereas aco

ustic chang
es pro

duce a
n 

interfere
nce-b

y-process 

S
o

u
n

d
 q

u
ality 

G
erm

an versio
n of speech-in-noise sente

nce
s 

spoke
n b

y tw
o

 different spe
akers 

m
askin

g soun
d

s: red noise vs. pink no
ise vs. 

w
h

ite n
oise vs. backgro

un
d n

oise o
nly 

pink n
oise burst, letters  

S
p

eech
 in

tellig
ib

ility 
 

 
 

L
e

ve
l 

participants a
djusted lo

ud
ness to com

fortable
 

levels 
m

askin
g soun

d
s: 47 dB

(A
) for colo

ur noises (red, 
pink, an

d w
h

ite
 noise), an

d 44
 dB

(A
) for 

backgroun
d no

ise on
ly 

not includ
ed

 

O
ffice T
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e 

 
 

 

P
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rm
an

ce 
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itory-verb
al serial recall 

P
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om
otor S

pee
d T

est, C
ontinu
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P

erform
ance T

est (Identical P
airs), E

xecutive 
F

unction T
est (T

rail M
aking), and W

orking 
M

em
ory T

est (odd-even num
ber seq

ue
ncin

g) 

visual-verb
al serial recall 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
M
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e

gree of fam
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e spe
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E
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A

u
th

o
r 

[44] M
arsh

 et al. (2018a) 
[45] M

arsh
 et al. (2018b

) 
[46] M

arsh
 et al. (2020) 

S
am

p
le 

university stu
d

ents; E
xp. 1: n =

 76 (betw
ee

n-
participants; 17

-20 years, m
ea

n age 1
9); 

E
xp. 2: n =

 76 (betw
e

en-p
articipants; 18-4

7; 
m

ean a
ge 2

1) 

university stu
d

ents: E
xp. 1: n =

 134 (18-5
4 

ye
ars); E

xp. 2: n =
 6 (18-41 ye

ars) 
university stu

d
ents; E

xp. 1: n =
 60 (betw

ee
n-

participants); E
xp. 2: n =

 30 (w
ithin-participa

nt) 

R
esu

lt 
ign

orin
g on

e h
alf of a conversation (e.g., on

e
 

speaker) resulted in p
oorer pe

rform
ance 

than ig
noring b

oth halves (e.g
., both 

speakers); this ‘halfalo
gu

e’ effect only 
m

anifeste
d w

h
en participa

nts could 
com

pre
hen

d th
e m

ean
ing of the spe

ech a
nd

 
w

a
s ab

olishe
d w

h
e

n the task-eng
ag

em
ent 

w
a

s gre
ater w

h
en the foca

l task m
aterials 

w
e

re presente
d in a disflue

nt font 

post-categ
orical au

ditory distraction in seria
l 

short-term
 m

em
ory is functio

nally unre
late

d to the 
classica

l irrelevant speech effect; valent w
ords 

prod
uced greater disru

ption th
an ne

utral w
ords 

regardless of w
hether the foca

l task required 
serial recall (the m

issin
g-item

 task w
as ado

pted 
in E

xp. 2); the disru
ption prod

uced b
y va

le
nt 

w
o

rds w
a

s m
o

dulated b
y increasing task-

eng
ag

em
ent (E

xp. 1); the disruptio
n pro

duced b
y 

speech per se (neutra
l au

ditory distracters) w
as 

attenuated for the m
issing-ite

m
 task (E

xp. 2) as 
com

pared w
ith the seria

l recall task (E
xp. 1) 

participants w
e

re prese
nted w

ith hierarchical 
stim

uli, N
avon letters, for recall w

h
erein a larg

e 
letter com

prise
s a num

ber of sm
aller letters of a 

different id
entity. P

articip
ants w

e
re e

ither 
requ

ested to attend an
d reca

ll the sm
all letters 

m
akin

g up larg
e letters (hig

h enco
din

g lo
ad), or 

recall th
e larg

e
 letters (lo

w
 en

coding lo
ad); high 

enco
din

g lo
ad elim

inate
d disruptive effect of an 

une
xpecte

d au
ditory deviant (w

h
ite n

oise) w
ithin 

a sequ
ence of repe

ated ton
es, but failed to 

am
eliorate the disru

ption prod
uced b

y a 
chan

gin
g seq

u
ence of ton

es 

S
o

u
n

d
 q

u
ality 

conversation
al speech, spectrally-rotated 

speech. 
irrelevant spe

e
ch vs. quiet; different em

otio
n

al 
vale

nce (positive vs. negative
 vs. neutral) 

pink n
oise burst, sine-w

a
ve to

nesE
4) 

S
p

eech
 in

tellig
ib

ility 
 

 
 

L
e

ve
l 

~
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(A
) L

e
q  

 65 dB
(A

) 
~

65 dB
(A

) 

O
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yp
e 

 
 

 

P
erfo

rm
an

ce 
search task for statistical inform

ation in 
tabulated form

 
serial recall (E

xp. 1); m
issing-item

 task (E
xp. 2) 

visual-verb
al serial recall 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
M

oderator: hig
h task-difficulty m

oderate
d the

 
disru

ption prod
uced b

y th
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ean
ingful) 
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log

ue, i.e. task load as m
oderator  

T
ask Load: task-enco

din
g lo

a
d (E
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task process (E

xp. 2) 
T
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oderator: hig

h perce
ptua

l lo
ad 

m
oderated the deviation but n

ot the chan
gin

g-
state effect 
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A

u
th

o
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[47] M
arsh

 et al. (2021) 
[48] M

en
g

 et al. (2020) 
[49] M

o
lesw

o
rth

 et al. (2018) 

S
am

p
le 

university stu
d

ents; E
xp. 1: n =

 48 (34 fem
ales; 

m
ean a

ge 2
4 years); E

xp. 2: n =
 36 (18 fem

ales; 
m

ean a
ge 2

4 years); E
xp. 3: n =

 30 (20 fem
ales; 

m
ean a

ge 2
3 years) 

60 un
iversity stude

nts (52 fem
ales, m

ea
n ag

e 23 
ye

ars); C
hinese-spe

akin
g; be

tw
e

en-participa
nts 

design w
ith 30 in each gro

up) 

40 participa
nts (half no

n-n
ative E

nglish 
speakers; 21 fem

ales; m
ean age 2

2 
ye

ars) 

R
esu

lt 
sequ

ence of different letters (E
xp. 1) a

nd ton
es 

(E
xp. 2) as co

m
pare

d to repe
ated toke

ns 
prod

uced greater disru
ption to

 creative task 
perform

a
nce; speech that w

as m
eaningful to 

participants produced a
n ad

d
ition

al disruptive 
effect; conclusion w

as that ch
ang

ing-state soun
ds 

disru
pt solutio

n
-evaluatio

n pro
cesses (involving 

inn
er speech plann

ing) w
h

ere
as the sem

anticity of 
speech im

pacts on solution-g
eneration processes 

m
ean

ingfu
l spe

ech pro
duced m

ore disruptio
n of 

C
hin

ese re
ad

in
g than m

ea
nin

gless sp
eech w

h
e

n 
the read

in
g task required ju

dg
em

ent of w
hether a 

sentence m
ad

e sense, b
ut not w

h
en p

articipants 
w

e
re re

quired to search for a non-character; the 
prese

nce of m
ean

ingful ag
ain

st m
eanin

gless 
speech an

d quiet increased n
um

bers of fixations, 
regressions, re

gression path and total re
ad

ing 
tim

es; disruptio
n b

y th
e m

ea
ning of task-irrelevant 

speech de
pen

ds on both the nature of the soun
d 

and the task-process de
plo

ye
d 

w
o

rkin
g m

em
o

ry an
d reco

gnition 
m

em
ory w

e
re im

m
une from

 th
e effects 

of babb
le at either 55 or 6

5 d
B

(A
); 

recognition m
em

ory (cued recall) w
as 

found to b
e vulnera
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e m
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lti-talker incom

pre
hensible 

speech) vs bro
adb

an
d noise (sim

ilar to 
services a

nd m
achinery no

ise) 

S
p

eech
 in

tellig
ib

ility 
 

 
 

L
e

ve
l 

65-7
0 dB

(A
) 

58-7
0 dB

(A
) 

55 vs. 65 dB
(A

) vs. no noise (38-4
0 

dB
(A

) L
e

q   

O
ffice T

yp
e 

 
 

 

P
erfo

rm
an

ce 
com

po
und rem

ote associates test; self-report of 
solution 

e
ye-tracking m

easures; ide
ntify n

on-ch
aracte

r; 
sentence acce

ptability decisio
n 

w
o

rking m
em

ory tests (linguistics, 
gram

m
atical re

ason
ing and 

m
athem

atics); recognition m
em

ory test 
(cued recall) 

A
d

d
itio

n
al In

fo
rm

atio
n

* 
M

oderator: cha
nging vs. stead

y state pro
perties of 

backgroun
d so

und a
nd its m

e
aning

 
M

oderator: task process 
 

*T
ask Load , A

nno
ya

nce, D
istraction, P

erce
ived D

isturbance, M
ood, H

ealth, Job S
atisfaction, E

nviro
nm

ental S
atisfaction, M

oderator 



The 13th ICBEN Congress on Noise as a Public Health Problem, 
Karolinska Institutet, Stockholm, Sweden, 14-17 June 2021 

 
 

 

40 

 

 

 
A

u
th

o
r 

[50] M
o

lesw
o

rth
 et al. (2020) 

[51] M
o

n
teiro

 et al. (2018) 
[52] M

u
h

am
m

ad
 et al. (2019

) 

S
am

p
le 

66 un
iversity stude

nts (34 fem
ales; m

ea
n ag

e 
23 years) 

15 fem
ale un

iversity stu
dents (20-2

3 years; m
ean 

age 2
2) 

20 stude
nts (6 fem

ales; 21-37
 ye

ars; 
m

edian ag
e 26

) 

R
esu

lt 
both ba

bb
le a

n
d broa

db
and n

oise induced 
learned h

elplessness; w
h

e
n it w

a
s possible to 

escap
e from

 noise, b
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b
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perce
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esu
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A
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o
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em
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N
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as m
ore an

no
ying

 

(201
8b): In co

m
pariso

n to a stead
y-state 

m
askin

g soun
d

, tim
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ore an

no
ying; (201

8c): 
ben

eficia
l effects of a m

asker on ob
jective 

perform
a

nce w
ere de

pe
nde

nt on its freque
ncy 

spectrum
 at ce

rtain sig
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d m
asker in 3 differe

nt S
N

R
s are 

prese
nted; (20

18c): ana
lysis on 9 m

asking 
soun

d con
ditio

ns is reporte
d in w

h
ich tw

o 
m

askers of different frequ
ency sp

ectra w
ere 

superim
posed on the sp
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 m
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to-be-m
asked speech source

 

a m
asker’s b

en
eficial effect on

 objective 
perform

a
nce w

as dep
en

dent on sig
nal-to-

noise ratio b
ut also o

n the spa
tial set-up of 

m
asker an

d sp
eech a

nd the so-called b
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disru
ptive tha

n a sequ
ence of different ne

utra
l w

o
rds; 

an un
e

xp
ected

 taboo w
ord inserted in a se

qu
ence of 

repe
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w
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ntatio
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e se
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nce, 
repe
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h
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w
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ings, 
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the disru
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y ta
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h
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e
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.g., changes 
in relative lo
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e) w
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d
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w
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ence of the num

ber of b
an

ds on 
perform

a
nce b
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s. 

S
o

u
n

d
 q

u
ality 

sentences w
ith

 expected or u
ne

xp
ected 

end
ings 

snip
pets of m

eaningful tests that w
ere a

ltere
d; noise-

vocod
ed sp

eech (ind
epe

nd
ently m

a
nipulatin
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d m
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usic enha

nces cre
ativity 

all form
s of task-irrelevant sp
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n b
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non-contin

ge
nt fashion is re

po
rted; the 

im
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al deviants (a letter 
occurrin

g am
o

ngst repe
ated 

prese
ntatio

ns of the sam
e letter) and 

spatia
l deviants (one sou

nd o
ccurring 

contra-laterally to the others) disru
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ales; m
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g fixations; preve

ntin
g participants from

 re-rea
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 d
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