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Noise can reduce the intelligibility of spoken language and increase the effort necessary 
to understand speech. Listening effort, “the deliberate allocation of mental resources to 
overcome obstacles in goal pursuit when carrying out a [listening] task” (Pichora-Fuller 
et al., 2016), is commonly assessed by measuring response times to secondary tasks while 
listening to speech or by testing memory for the content of the speech. Increasing the 
level of background noise tends to slow responses and impair memory, and these effects 
are attributed to the resource-intensive process of reevaluating speech that was initially 
obscured or misheard. However, given that noise can impair performance on cognitive 
tasks that do not require processing auditory information, it is possible that 
noise-induced impairments typically ascribed to processing degraded speech may instead 
reflect increased cognitive load from the presence of noise itself. The current study 
assessed whether noise, in the absence of a speech task, can affect performance on tasks 
intended to measure listening effort. In Experiment 1 (positive control), target speech 
consisting of single words was presented aurally in background noise and we measured 
listening effort with three commonly-used paradigms. Experiment 2 was identical except 
that the target words were presented orthographically rather than aurally. Results 
showed that noise impaired performance on all three tasks when the target stimuli were 
presented aurally, consistent with a large body of work in the listening effort literature. 
Experiment 2 revealed that performance on some tasks was impaired by the presence of 
masking noise (particularly two-talker babble), indicating some domain-general 
interference. However, the magnitude of the noise-induced interference effects were 
markedly smaller in Experiment 2 than Experiment 1, suggesting that measures of 
listening effort capture variability attributable to the challenges associated with listening 
to speech in noise, and do not simply measure distraction or noise-induced cognitive 
interference. 

Anyone who has attended a noisy sporting event or cock
tail party is familiar with the challenges of listening to 
speech in noise. Not only does background noise lead to 
poorer performance on transcription or identification tasks 
(Pisoni, 1996), but it can also lead to increases in listening 
effort: “the deliberate allocation of mental resources to 
overcome obstacles in goal pursuit when carrying out a [lis
tening] task” (Pichora-Fuller et al., 2016). Although the de
finition of listening effort outlined above applies to lis
tening tasks broadly, the majority of research on listening 
effort has focused on the cognitive resources necessary to 
process speech. In the speech literature, listening effort is 
commonly measured using behavioral tasks in which par
ticipants listen to speech and either simultaneously per
form another task (dual-task paradigms; see Gagné et al., 
2017a for a review) or store the speech in memory for later 
recall (recall paradigms; e.g., McCoy et al., 2005; Rabbitt, 
1968). These measures rely on the assumption that humans 

have a finite pool of cognitive resources (Kahneman, 1973), 
so when more resources are needed to process the speech, 
fewer remain available to efficiently perform other tasks. 
According to the Ease of Language Understanding model 

(Rönnberg et al., 2013), any situation that elicits a mis
match between the incoming acoustic signal and represen
tations of words in the listener’s memory (e.g., background 
noise) will increase listening effort because additional cog
nitive resources such as working memory must be recruited 
to resolve these mismatches. Critically, the detrimental ef
fects of noise or other types of signal degradation on lis
tening effort are assumed to stem from the challenges of 
processing the speech in difficult listening conditions—that 
is, from the resource-intensive process of reevaluating 
phonemes or words that were initially obscured or mis
heard. A common method for degrading speech to exper
imentally induce listening effort is to add or increase the 
level of masking noise. Noise has been shown to affect mul
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tiple tasks intended to measure listening effort; it slows re
sponse times in dual-task paradigms (e.g., Picou & Rick
etts, 2014), impairs performance on recall tasks (e.g., Brown 
& Strand, 2019a; Picou & Ricketts, 2014; Rabbitt, 1968), 
affects pupillary responses (see Van Engen & McLaughlin, 
2018), and increases subjective ratings of listening effort 
(e.g., Johnson et al., 2015; Strand et al., 2018). 
Noise-induced changes in tasks intended to measure lis

tening effort are typically thought to reflect the cognitive 
challenges of parsing degraded speech. However, there is 
another possible explanation: These effects may reflect in
creased cognitive load from the presence of noise itself, 
rather than from the effect of noise on processing spoken 
words (see Francis, 2022). Indeed, even cognitive tasks that 
do not require processing acoustic speech can be negatively 
affected by the presence of noise (see Szalma & Hancock, 
2011). For example, background noise impairs performance 
on the Raven’s Progressive Matrices test (Dobbs et al., 
2011), affects verbal reasoning (Dobbs et al., 2011), and 
hinders lipreading performance (Campbell et al., 2002; My
erson et al., 2016). 
One area in which the negative effects of noise on cogni

tive performance are particularly well documented is in the 
memory literature: Noise impairs performance on memory 
tasks even when the noise is not relevant to the task (e.g., 
the task involves visual memory; Wais & Gazzaley, 2011; 
Weisz & Schlittmeier, 2006). This phenomenon—known as 
the irrelevant speech effect1 (Baddeley & Salamé, 1986; 
Beaman et al., 1998; Beaman & Jones, 1997; Norris et al., 
2004; Salamé & Baddeley, 1982)—may occur because noise 
(and speech in particular) is automatically processed in 
the phonological loop, which disrupts working memory for 
other information that is being rehearsed subvocally (e.g., 
Neath, 2000; Salamé & Baddeley, 1982). Given that verbal 
stimuli from both auditory and visual modalities are 
processed in the phonological loop, aurally presented 
speech stimuli can impair recall of to-be-remembered 
items, even when those items are presented visually. For 
example, Colle and Welsh (1976) demonstrated that recall 
of visually-presented digits was impaired when an unfa
miliar language was played in the background. Critically, 
noise-induced interference in memory tasks does not occur 
for all types of noise: Physically changing sounds such as 
speech and music disrupt serial recall of visually-presented 
items, but steady-state noise typically does not (this is 
known as the changing state hypothesis; Jones & Macken, 
1993; Jones & Morris, 1992). In sum, there is ample ev
idence that modulating noise can impair performance on 
memory tasks, even cross-modally. 
To be clear, noise-induced cognitive interference cannot 

explain the entirety of the listening effort literature. First, 
many factors other than background noise have been shown 
to affect listening effort. For example, vocoded speech 

(Winn, 2016) and reverberant speech (Rennies et al., 2014) 
lead to greater listening effort than natural speech, and 
nonnative-accented speech requires greater listening effort 
than native-accented speech (Borghini & Hazan, 2018; 
Brown et al., 2020; McLaughlin & Van Engen, 2020). Sec
ond, steady-state noise increases listening effort without 
producing interference on other cognitive tasks (e.g., 
Brown & Strand, 2018), demonstrating that not all findings 
in the listening effort literature can be attributed to the 
irrelevant speech effect. Nevertheless, adding background 
noise is a common way to induce listening effort, and the 
mechanisms underlying noise-induced performance 
deficits on tasks intended to measure listening effort re
main unclear. Slower response times and poorer recall for 
speech in noise may indeed reflect cognitive challenges as
sociated with resolving mismatches between acoustic in
put and mental representations (as is typically assumed in 
the listening effort literature). Alternatively or in addition, 
these effects may be driven by the fact that noise impairs 
performance on cognitive tasks more generally. The exist
ing work is not able to fully distinguish between these pos
sibilities. 
Prior work attempted to assess whether performance on 

a task commonly assumed to measure listening effort was 
affected by the presence of background noise in the absence 
of speech (Brown & Strand, 2018). In this task, participants 
made speeded judgments about visually-presented num
bers while also listening to and repeating aurally-presented 
words (Picou & Ricketts, 2014; Sarampalis et al., 2009). 
In line with prior work, Brown and Strand (2018) demon
strated slower response times to the number judgment dual 
task as noise level increased. However, when the same task 
was performed without the aurally-presented speech, the 
noise-induced slowdowns on the number judgment dual 
task were not observed. This suggests that when the back
ground noise was loud and speech was present, the slowed 
responses were a function of increased effort from process
ing degraded speech; the authors did not observe cognitive 
interference from the presence of noise itself. 
However, the finding that noise alone does not impair 

performance on tasks intended to measure listening effort 
may not extend to other listening effort paradigms. Listen
ing effort has been assessed using a variety of tasks, and 
there is growing doubt that those measures tap into the 
same underlying construct (Alhanbali et al., 2019; Strand 
et al., 2018, 2021). Indeed, measures of listening effort 
are often weakly intercorrelated (e.g., Johnson et al., 2015; 
Seeman & Sims, 2015; Strand et al., 2018), and they pro
duce different patterns of results even when the same noise 
conditions and speech stimuli are used (Brown & Strand, 
2019a). It is therefore possible that some tasks designed to 
measure listening effort are more affected by the presence 
of background noise than the dual-task paradigm used by 

Note that the term irrelevant speech effect has also been broadened to include non-speech sounds (i.e., the irrelevant sound effect), reflect
ing the fact that modulating non-speech sounds such as changing tones can also interfere with working memory (Jones et al., 1999; 
Jones & Macken, 1993). 
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Brown and Strand (2018). Specifically, given that irrelevant 
sounds are particularly detrimental to memory tasks (e.g., 
Jones & Macken, 1993; Salamé & Baddeley, 1982), mea
sures of listening effort that rely on encoding and recalling 
information may be more susceptible to noise-induced cog
nitive interference than dual-task paradigms. 
Further, the results of Brown and Strand (2018) may not 

generalize to other types of noise. That study was con
ducted in steady-state background noise, which is com
monly used to degrade speech by masking phonetic detail. 
However, steady-state noise is not as disruptive to cogni
tive, perceptual, and motor tasks as more complex forms of 
noise are (see Szalma & Hancock, 2011 for a meta-analy
sis), consistent with the changing-state hypothesis (Jones 
& Macken, 1993; Jones & Morris, 1992). For example, noise 
with temporal variation is especially detrimental to work
ing memory performance (Jones et al., 1990; Salamé & Bad
deley, 1989; Tremblay et al., 2001), and two-talker bab
ble interferes with lipreading ability more than steady-state 
noise does (Lidestam et al., 2014; Myerson et al., 2016). 
Thus, although Brown and Strand (2018) provided evidence 
that steady-state noise in the absence of speech did not 
impair performance on a particular listening effort task, it 
is not clear whether that finding extends to other tasks or 
other types of masking noise. 

The Current Study    

The goal of the current study was to distinguish between 
two explanations for noise-induced performance decre
ments on tasks intended to measure listening effort. One 
explanation is that noise leads to mismatches between the 
incoming speech and representations of words stored in 
memory, and cognitive resources (i.e., listening effort) must 
be recruited to resolve these mismatches, consistent with 
the Ease of Language Understanding model (Rönnberg et 
al., 2013). Another explanation is that noise may increase 
cognitive load and therefore may interfere with working 
memory and processing speed, consistent with research on 
the irrelevant speech effect (Baddeley & Salamé, 1986). Ei
ther mechanism alone or both explanations jointly could 
explain the finding that performance on listening effort 
tasks is impaired by noise. The current research aimed to 
disentangle these explanations and provide insights about 
the mechanism by which noise affects performance on tasks 
intended to measure listening effort. 
The present study employed three widely-used listening 

effort tasks in which participants listened to and repeated 
words in silence, steady-state speech-shaped noise, and 
two-talker babble. Noise was always presented aurally, and 
the target stimuli were presented either aurally (Experi
ment 1) as they are in traditional listening effort tasks, or 
orthographically (Experiment 2) such that the tasks closely 
mirrored listening effort tasks but noise effects could not be 
attributable to mismatches between speech input and rep
resentations in memory. Experiment 1 served as a positive 
control to ensure that our lab can demonstrate effects typi
cally attributable to listening effort using each of the three 
paradigms, and Experiment 2 enabled us to assess the ex
tent to which performance impairments on the three tasks 

were due to noise-related cognitive interference generally 
rather than listening effort resulting from processing de
graded speech. 
The three tasks we selected are well established in the 

listening effort literature: a vibrotactile dual-task paradigm 
that requires making judgments about the duration of vi
brations presented to the index finger while listening to 
and repeating words (Brown & Strand, 2019a; Fraser et al., 
2010; Gosselin & Gagné, 2011), a verbal dual-task paradigm 
that involves judging whether isolated words are nouns (Pi
cou & Ricketts, 2014; Strand et al., 2018), and a running 
memory task that requires storing and later recalling lists 
of words (McCoy et al., 2005; Sommers & Phelps, 2016; 
Strand et al., 2018). We selected these tasks for three rea
sons. First, we wanted to include both a dual-task and a 
recall paradigm, as they are the most commonly used be
havioral methods of assessing listening effort. Second, we 
wanted to include a dual-task paradigm that requires ver
bal processing (making a judgment about a word) to en
able a more direct comparison to the recall task, which also 
requires verbal processing. Had we only included the non-
verbal dual-task paradigm (the vibrotactile dual task) and 
found that background noise affected performance on the 
recall and dual-task paradigms differently, it would be un
clear whether the observed differences were the result of 
a difference between recall and dual-task paradigms or be
tween verbal and non-verbal tasks. Third, given that suc
cessfully performing the noun judgment dual task relies on 
accurately perceiving the speech (i.e., a participant cannot 
judge a word as a noun if they did not hear it), we also 
wanted to include a dual-task paradigm in which the speech 
task and listening effort task could be completed indepen
dently. Each task was completed in silence, steady-state 
noise (to induce masking at the level of the auditory pe
riphery, i.e., energetic masking), and two-talker babble (to 
induce masking attributable to higher-level cognitive pro
cessing, i.e., informational masking; Freyman et al., 1999; 
see Figure 1). 
Finally, to obtain a measure of self-reported listening 

difficulty, participants completed the four questions on the 
NASA Task Load Index (NASA-TLX; Hart & Staveland, 
1988) intended to measure mental demand, performance, 
effort, and frustration. We excluded the questions regarding 
physical and temporal demand because they are not rele
vant to our research question and may confuse participants. 
These ratings were obtained throughout each of the three 
tasks in both experiments. 

Hypotheses  

Experiment 1   

In Experiment 1, the target stimuli were presented au
rally, as is always the case with listening effort research. Ex
periment 1 therefore serves as a positive control to ensure 
that our lab can demonstrate results consistent with prior 
work on listening effort using these particular tasks, types 
of noise, and stimuli. 
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Figure 1. Schematic of experimental procedure.     
Participants completed all three tasks and all three         
noise conditions in either Experiment 1 or Experiment         
2.  

Hypothesis 1:  We expected to replicate the well-estab
lished finding that both steady-state noise and two-talker 
babble adversely affect performance on all three tasks rel
ative to listening in quiet. We did not have specific pre
dictions about whether two-talker babble or steady-
state noise would lead to greater increases in listening 
effort because the extent of effort depends on idio
syncrasies of the stimuli such as characteristics of the 
talkers and signal-to-noise ratio. The magnitude of the 
effects from Experiment 1 will serve as a point of com
parison for Experiment 2. 

Experiment 2   

The purpose of Experiment 2 was to assess whether the 
performance deficits observed in Experiment 1 might be 
driven by noise-induced cognitive interference rather than 
listening effort associated with processing degraded 
speech. Experiment 2 was identical to Experiment 1 except 
that the target words were presented orthographically 
rather than aurally. If background noise impairs perfor
mance on the tasks in Experiment 2, it would suggest that 
findings typically attributed to difficulty with listening to 
speech may stem from cognitive challenges associated with 
noise. Our hypotheses for Experiment 2 were as follows: 

Hypothesis 2a:  We expected that steady-state noise 
would not impair performance relative to performance 
on the same tasks in silence. Brown and Strand (2018) 
found that response times to a non-verbal dual-task 
paradigm were unaffected by the level of steady-state 
noise, so we expected that performance on the vibro
tactile dual task (another non-verbal dual-task para
digm) is unlikely to be affected by steady-state noise. 
Furthermore, the changing state hypothesis predicts 
that modulating noise (such as speech) taxes the 
phonological loop, but steady-state noise does not 
(Jones et al., 1990; Salamé & Baddeley, 1987; Weisz & 
Schlittmeier, 2006). We therefore expected that perfor
mance on the noun judgment and recall tasks would 

also be unaffected by steady-state noise. If we find 
that steady-state noise impairs performance on the re
call task, this would be inconsistent with the changing 
state hypothesis (Jones & Macken, 1993; Jones & Mor
ris, 1992) but would be consistent with the general 
finding that irrelevant sounds can impair performance 
on cognitive tasks. Although we do not anticipate this 
effect, this would indicate that tasks intended to mea
sure listening effort may also be affected by cognitive 
challenges associated with the presence of noise. 
Hypothesis 2b:  We expected that performance on all 
three tasks would be negatively affected by the presence of 
two-talker babble relative to performance in silence. Bad
deley’s model of working memory would predict that 
two-talker babble automatically enters the phonolog
ical loop and interferes with processing and remem
bering words (see Baddeley, 1992). This leaves fewer 
resources available for completing the other tasks, 
leading to slower response times and poorer recall of 
orthographic words when the task is completed in two-
talker babble relative to silence. Given research on the 
irrelevant speech effect, finding no difference between 
the two-talker babble and silence conditions for any 
task (and the recall task in particular) would be sur
prising and would indicate that the two-talker babble 
did not place sufficient strain on the phonological loop 
to impair performance. This would strengthen the ar
gument that these listening effort tasks are assessing 
the effort that results from processing degraded speech 
rather than from the mere presence of background 
noise. 
Hypothesis 2c:  We expected that the magnitude of the 
interference from the two-talker babble would be largest 
for the recall task, smaller for the noun judgment dual 
task, and smallest for the vibrotactile dual-task paradigm. 
We anticipated that two-talker babble would be par
ticularly taxing for tasks that require greater recruit
ment of working memory (the recall task) and those 
that require more verbal processing (the noun judg
ment dual task). These experiments will clarify which 
tasks assess the listening effort associated with pro
cessing degraded speech and which tasks assess more 
general noise-induced cognitive interference. 

Experiment 1: Auditory Presentation (Positive      
Control)  

All stimuli, raw data, code for statistical analysis, and the 
Stage 1 Registered Report are available at https://osf.io/as
nqj/. 

Method  

Participants  

Participants consisted of 55 young adults (ages 18–28; 
see Supplementary Materials for full demographic informa
tion) from the Carleton College community with self-re
ported normal or corrected-to-normal vision and no known 
hearing impairment. We recruited participants via posted 
advertisements, word of mouth, and email. Sample size 
was pre-determined via power analysis (see Supplementary 
Materials). All procedures were approved by the Carleton 
College Institutional Review Board, and participants gave 

Impaired Performance in Noise: Disentangling Listening Effort From the Irrelevant Speech Effect

Collabra: Psychology 4

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/11/1/147319/913441/collabra_2025_11_1_147319.pdf by guest on 19 D

ecem
ber 2025

https://collabra.scholasticahq.com/article/147319-impaired-performance-in-noise-disentangling-listening-effort-from-the-irrelevant-speech-effect/attachment/310330.png?auth_token=SwFf3ijpqK6Rio9OiNsN
https://osf.io/asnqj/
https://osf.io/asnqj/


written consent prior to participating. Participants in both 
experiments received $15 for 80 minutes of participation. 
To reach our intended sample size, we collected data from 
65 participants. Each task used data from the first 55 usable 
participants for that task (see below). Additional data was 
discarded. Thus, the sample size was 55 participants for 
each task, and although most of the participants over
lapped across tasks, the participants are not identical 
across the three tasks. 

Speech Stimuli   

Speech stimuli consisted of 810 words selected from the 
English Lexicon Project (Balota et al., 2007), and each 
word’s dominant part of speech was determined from the 
SUBTLEX-US database (Brysbaert et al., 2012). Following 
the conventions of Strand, Brown, and Barbour (2020), we 
subsetted the full database to only include words with log-
frequencies of three or higher (Brysbaert & New, 2009), two 
to five phonemes, and one or two syllables. We also ex
cluded proper nouns, articles, conjunctions, interjections, 
profane or emotionally evocative words, and homographs 
(e.g. “lead”). We then selected words at random from this 
set, replacing multiple instances of homophones and words 
with multiple forms (e.g. “bad” and “badly”). Finally, we re
placed words as needed until 55% of words were classified 
predominantly as nouns to follow the norms of previous 
studies that have used the noun judgment dual task (Picou 
& Ricketts, 2014; Strand et al., 2018). Of the 810 words, 
we randomly assigned 180 to appear in the vibrotactile 
dual task, 270 to appear in the noun judgment dual task, 
and 360 to appear in the recall task, maintaining the 55% 
noun composition in each of the three tasks. The number 
of stimuli presented in each task was determined to ensure 
that the analyses associated with each task were sufficiently 
powered. The three sets of words were matched on length, 
frequency, number of orthographic and phonological 
neighbors, number of syllables, and number of phonemes. 
Speech stimuli were recorded with a Blue Yeti micro

phone by a female speaker without a strong regional accent 
and edited and equated on root-mean-square amplitude us
ing Adobe Audition. Speech was presented in noise at a sig
nal-to-noise ratio (SNR) of -3 dB for the steady-state noise 
condition and 0 dB for the two-talker babble condition. 
These SNRs were chosen via pilot testing to determine a 
level of noise that resulted in intelligibility levels of approx
imately 70% correct in each noise condition. This level of 
difficulty was chosen to make the task difficult enough for 
noise effects to emerge but not so difficult that participants 
can not hear the speech and therefore can not complete the 
tasks. Speech files were played at approximately 68 dB SPL 
throughout the experiment, and noise levels were set to at
tain the desired SNR.2 

Noise Stimuli   

The steady-state noise consisted of speech-shaped noise 
generated in Praat (version 6.0.36) to match the long-term 
average spectrum of the target stimuli (Winn, 2018). The 
two-talker babble also matched the long-term average 
spectrum of the target stimuli (see Brouwer et al., 2012), 
and consisted of two different female speakers producing 
simple, meaningful sentences from the Bamford-Kowal-
Bench sentence list (Bench et al., 1979; e.g., “The clown 
had a funny face”). We obtained recordings of these sen
tences that had been equalized on RMS amplitude from Van 
Engen (2010). To generate the two-talker babble, we com
bined the audio files for each speaker into one continu
ous stream, then overlaid the two speakers streams. Natural 
fluctuations in speaking speed ensure that sentences do not 
consistently start and stop at the same time, and the orig
inal stimuli are created such that there are no pauses be
tween sentences. 
For all tasks, noise played continuously during blocks 

with background noise present, but paused when partici
pants were completing the NASA-TLX questionnaire. We 
chose continuous noise presentation for the vibrotactile 
and noun judgment dual tasks to increase temporal uncer
tainty, thus making the listening task more challenging. Al
though running memory tasks typically do not have noise 
present during the recall portion, we chose to include it 
here because continuous noise presentation for some tasks 
but not for others could result in different degrees of noise 
habituation across tasks, further limiting our ability to 
compare effects of noise across these tasks. 

NASA-TLX  

Participants completed four of the six questions from 
the NASA-TLX throughout the three tasks. Participants re
sponded by clicking a location along an unnumbered 
21-point scale ranging from “Very Low” (or “Failure” in the 
case of the performance question) to “Very High” (or “Per
fect” in the case of the performance question).3 Each ques
tion was presented in the following order: 

We only analyzed data for the effort question, but we in
cluded the other questions to isolate subjective effort from 
other factors (such as beliefs about performance). 

1. “How mentally demanding was the task?” [mental de
mand] 

2. “How successful were you in accomplishing what you 
were asked to do?” [performance] 

3. “How hard did you have to work to accomplish your 
level of performance?” [effort] 

4. “How insecure, discouraged, irritated, stressed, and 
annoyed were you?” [frustration] 

We had originally planned to hold the level of the noise constant and change the amplitude of the speech, but realized that did not spec
ify the level at which to present the speech in silence. Therefore, we set the level of the speech and manipulated the noise level. 

Note that the original survey presented “Perfect” on the left end of the performance scale and “Failure” on the right end, but we 
switched the scale limits to be consistent with the other questions on the NASA-TLX. 

2 

3 
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Procedure  

Participants sat a comfortable distance from a 21.5-inch 
iMac computer in a sound-attenuating booth and wore 
sound-isolating headphones to attenuate sounds from the 
vibrotactile apparatus as well as those outside the testing 
environment. All participants completed three tasks: a vi
brotactile pulse length classification task, a noun judgment 
dual task, and a running memory task (see Figure 1). Each 
task was conducted in three noise conditions: silence, 
steady-state noise, and two-talker babble. The three tasks 
were blocked and the order of the blocks was pseudoran
domized. Within each task, words were randomly divided 
into three lists to be presented in each of the noise con
ditions to ensure that within a task, words appeared in 
all conditions approximately the same number of times 
across participants. Within each task, the noise conditions 
were blocked, and the order in which they were presented 
was randomized. For all tasks, participants repeated words 
aloud as they heard them, and responses were recorded in 
Audacity (version 3.2) and coded for identification accuracy 
offline by research assistants. 
Each participant completed the NASA-TLX four times 

per noise condition to provide multiple observations per 
participant per condition. Thus, the NASA-TLX was com
pleted every 15 words for the vibrotactile dual task, every 22 
words for the noun judgment dual task (with the exception 
of the last presentation, which occurred after 24 words), 
and after every four lists for the recall task. 

Vibrotactile dual task.   The vibrotactile dual task was 
identical to the one used in two previous studies by our 
lab (Brown & Strand, 2019a, 2019b). Vibrotactile stimuli 
were presented via a custom-made apparatus consisting of 
a 3D-printed finger rest and a direct current vibrating mo
tor that delivers pulse trains of various lengths. Vibrations 
were delivered to the index finger of the participant’s non-
dominant hand. During the task, participants were pre
sented with short (100 ms), medium (150 ms), and long (250 
ms) pulses from the vibrotactile device. The apparatus and 
the participant’s hand were placed inside a box lined with 
noise-attenuating foam to reduce any sounds generated 
from the vibrating apparatus. Prior to the main task, all 
participants completed a familiarization block. Participants 
were first presented with two short pulses, two medium 
pulses, and two long pulses. During familiarization, partic
ipants identified 18 randomly ordered pulses (six of each 
length) by pressing the appropriate button on the box. In 
the event of an incorrect response, the correct answer was 
immediately displayed on the screen. In order to pass the 
familiarization phase, participants must obtain at least 75% 
accuracy (14 out of the 18 pulses). If this threshold was 
not met, the entire familiarization block was repeated. Fol
lowing successful completion of the familiarization block, 
participants completed the remaining three experimental 
blocks. 
Participants completed a total of 180 trials in the main 

task (60 per noise condition). Each trial consisted of a vi
brotactile pulse and an auditorily presented word. The 
pulse began somewhere between 100 ms before the onset of 

the word and 150 ms after the onset of the word, randomly 
selected from 50 ms intervals. We chose these onset times 
because they ensure that the cognitive processing required 
to perform the speech task and the vibrotactile pulse clas
sification task coincide. That is, even if the shortest pulse 
is presented at the earliest onset time and the pulse itself 
does not coincide with presentation of the word, making a 
judgment about the pulse will coincide with presentation of 
the word. After the word was presented, there was a vari
able interstimulus interval ranging from 2,500 to 3,500 ms, 
randomly selected from 250 ms intervals. Participants re
sponded to the vibrotactile stimulus by pressing the appro
priate button on a button box and then repeating the word 
aloud. The outcome measure of interest was response time 
to make the vibration length judgment, measured from the 
onset of the vibration. 

Noun judgment dual task.    The procedure for the noun 
judgment dual task followed the conventions of previous 
work implementing this task (Picou & Ricketts, 2014; 
Strand et al., 2018). At the start of each trial, a word was 
presented through headphones, and participants were 
asked to press a button on a button box as quickly as pos
sible if the word can ever be classified as a noun. After 
making this noun judgment, participants repeated the word 
they perceived aloud, regardless of whether they had clas
sified it as a noun. The interstimulus interval again ranged 
from 2,500 to 3,500 ms in random 250 ms intervals. The 
outcome measure of interest was response time on trials 
during which the participant indicated that the word was a 
noun. Following the conventions of prior work, we analyzed 
all noun responses as opposed to all “correct” responses 
because many nouns can be categorized as other parts of 
speech (see Picou & Ricketts, 2014; Strand et al., 2018). 
Participants completed a total of 270 trials in the main task 
(90 per noise condition). 

Running memory task.   The procedures for this task 
were similar to those we employed in our previous work 
(Brown & Strand, 2019a). Participants completed three 
blocks of the running memory task (McCoy et al., 2005; 
Morris & Jones, 1990; Sommers et al., 2015; Sommers & 
Phelps, 2016; Strand et al., 2018), one per noise condition. 
In each block, participants were presented 16 lists of words 
ranging in length from five to ten words, with 1,000 ms 
between each word. Each list length was presented three 
times per noise condition, with the exception of the short
est and longest list lengths (5 and 10 words), which were 
each presented twice, for a total of 120 words per condition. 
Words were assigned to lists randomly, but each list was 
manually checked to ensure that none of the words within a 
list were semantically related. Participants were instructed 
to repeat each word aloud immediately after presentation, 
and at the end of each list, verbally recall the last four 
words in each list in any order. The next trial was initiated 
after a button press or after eight seconds elapsed. We in
cluded all words when calculating intelligibility scores for 
exclusion purposes (see below), but the outcome measure 
of interest is recall of the words in the 3- and 4- back posi
tions of each list. With 16 lists of words per noise condition, 
this results in 32 critical items per noise condition. Words 
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were counted as being recalled correctly if they were re
called as they had been perceived—that is, if the participant 
initially misperceived a word but then later recalled that 
misperception, this is counted as correct recall (e.g., Brown 
& Strand, 2019a; Johnson et al., 2015; Pichora-Fuller et al., 
1995). 

Results  

Model Fitting   

We used both frequentist and Bayesian multilevel mod
eling to assess evidence for our hypotheses, and used the 
following packages in R version 4.2 (R Core Team, 2022) 
for data cleaning and analysis: the tidyverse suite of pack
ages (Wickham et al., 2019), lme4 (version 1.1.23; Bates et 
al., 2014), lmerTest (Kuznetsova et al., 2017), brms (Bürkner, 
2017), data.table (Barrett et al., 2023), bayestestR (Makowski 
et al., 2019), and effsize (Torchiano & Torchiano, 2020). Of 
primary interest are the outcomes of the Bayesian models, 
primarily because Bayesian approaches enable us to accept 
the null hypothesis. However, because we created a sam
pling plan with frequentist techniques, we wanted to in
clude frequentist models as well (see Supplementary Mate
rials). Furthermore, given the widespread use of frequentist 
models in psychological science, including these analyses 
increases the accessibility and future replicability of our 
work. 
Each Bayesian model had four MCMC chains of 6,000 it

erations total, 2,000 of which were for warm-up. This re
sulted in 16,000 post-warm up samples per model. Diver
gent transitions during sampling can lead to inaccurate 
posterior sampling, so when we encountered divergent 
transitions, we increased the “adapt delta” parameter (a 
sampler control parameter) up to .99. This slows the sam
pler but ensures more accurate transitions. If divergent 
transitions were still identified, we continued to increase 
the “adapt delta” value until there were no longer divergent 
transitions. To ensure that estimation went smoothly and 
no convergence issues were encountered, we checked that 
all R-hat values were equal to 1.00 after sampling (or at 
least below 1.10). We used default priors for all models, 
which included a uniform distribution over the coefficient 
estimates of fixed effects, a half-student t-distribution (df = 
3, μ = 0) over group-level effects, and an LKJ(1) correlation 
prior for the correlations between group-level effects. Al
though concerns have been raised about the use of default 
priors for studies with small samples (Smid & Winter, 
2020), all experiments reported here employ large sample 
sizes to avoid these and other issues related to studies with 
small samples. We performed posterior predictive checks 
on each model, which are available in Supplementary Fig

ures 2-4, and model objects are available online with all 
data and code. 

Behavioral Measures.  The vibrotactile and noun judg
ment dual tasks used response time (in ms) as the outcome, 
whereas the recall task used accuracy (0 or 1) as the out
come. We assumed a Gaussian distribution and an identity 
link function for response time data. Although response 
times tend to be skewed, linear mixed effects models tend 
to be robust to violations of the normality assumption, and 
we trimmed extreme response time values before beginning 
data analysis (see Exclusion Criteria).4 For recall data, we 
assumed a Bernoulli distribution with a logit link function 
due to the binary nature of the data (i.e., the outcome of 
each trial is either 0 or 1). 
Participants and words were included as random effects, 

and following the recommendations of Barr and colleagues 
(2013) and Brown (2021), we attempted to fit the model 
with the maximal theoretically-motivated random effects 
structure justified by the design. Specifically, we included 
by-participant and by-item random intercepts, as well as 
by-participant and by-item random slopes for noise type for 
all tasks except the noun judgment dual task. In this task, 
responses were only included in the analysis if the word was 
classified as a noun. Given that some words may never or 
very rarely be classified as nouns, some levels of the ran
dom effect for words have very few observations. This sort 
of imbalance in the data can cause convergence issues, and 
random slopes estimates for levels with only a few observa
tions are uninformative, so we did not include by-word ran
dom slopes in any of the analyses for the noun judgment 
dual task. 

NASA-TLX. The primary goal of this study was to assess 
whether the three tasks described above that are commonly 
used to behaviorally assess listening effort are also sen
sitive to changes in background noise in the absence of 
speech. However, as a supplemental exploratory measure, 
we assessed the effect of background noise on the subjec
tive effort reported for each task separately. We used lin
ear mixed effects models (assuming a Gaussian distribu
tion with an identity link function) with random intercepts 
for participants and by-participant random slopes for noise. 
Random effects for items were not included in this analy
sis because participants responded to a block of stimuli 
rather than a particular item, and only one item on the 
NASA-TLX (the question related to perceived effort) was 
analyzed. Given that each participant responded to the ef
fort question four times per noise condition in each task, 
we analyzed 12 responses per participant for each task. 
Model fitting and comparison criteria for all subjective ef
fort analyses were identical to those for our behavioral lis
tening effort analyses. 

To ensure that our results were not affected by this modeling decision, we ran posterior predictive checks to examine whether the Gauss
ian model captures the skew of the response time distribution. Although a lognormal model better captures this skew, the fixed effects of 
interest were qualitatively similar between Gaussian and lognormal models. For ease of interpretation and to be consistent with our pre
registered plan, we report results assuming normally distributed residuals. 
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Exclusion Criteria   

For each task, we determined each participant’s accuracy 
at repeating the target words aloud to ensure that we only 
included participants who attended to the primary speech 
task. Particularly for the dual-task paradigms, if partici
pants stopped attending to the speech task, this may result 
in performance improvements on the secondary tasks. If, 
for any task and any noise condition, a participant’s word 
identification accuracy was more than three standard de
viations below the mean accuracy for that condition, that 
participant’s data was excluded from all analyses for that 
task. However, if a participant met this exclusion criterion 
in a condition but still achieved at least 90% accuracy for 
that condition, they were not excluded. We made this de
cision because if performance is at ceiling level in a given 
condition, this renders high means and small standard de
viations, which can result in an extremely conservative per
formance cutoff. We wanted to avoid unnecessarily dis
carding data from participants who were performing the 
task reasonably well, so we removed participants only if 
their performance was below 90% in addition to being three 
standard deviations below the mean. Finally, participants 
were excluded from a response time task if their mean re
sponse time in any condition was more than three stan
dard deviations above or below the mean for that condition. 
Note that if a participant met an exclusion criterion in any 
of the three noise conditions for a particular task, their data 
was excluded from all noise conditions, but only for that 
task. 
Individual trials were excluded if response times to the 

the secondary tasks in the two dual-task paradigms were 
more than three median absolute deviations above or below 
that participant’s median response time. Following the rec
ommendations of Leys and colleagues (2013), we used me
dians and median absolute deviations in lieu of means and 
standard deviations here because raw response times tend 
to be skewed. During data analysis, we discovered some tri
als in which participants pushed the noun button multiple 
times per trial, particularly in the two-talker babble con
dition. This was unexpected and was possibly the result of 
participants responding to words in the background noise 
rather than (or in addition to) the target speech. Although 
this was not part of our analysis plan, we opted to remove 
all trials in which the noun button was pressed more than 
once because responses to the two-talker babble are unin
formative, and it is unclear which response we should use if 
a trial was responded to multiple times. All multiple-press 
trials came from three participants who pushed the noun 
button multiple times per trial on more than 60% of trials. 
Two of these participants would have been replaced for the 
preregistered criterion of having low accuracy at word iden
tification, and we opted to replace the third participant as 
well out of concern for data quality. We made these deci
sions before conducting any statistical analyses. 

Critical Tests   

We assessed the effects of background noise on response 
time or recall separately for each task. We used a dummy 

coding scheme in which the silence condition served as 
the reference level. Although we did not have a specific 
prediction about whether listening effort would differ be
tween two-talker babble and steady-state noise, we con
ducted that pairwise comparison as well by re-leveling the 
full model. The Bayesian analyses reported below involved 
examining the 95% highest density interval (HDI) around 
the fixed effect of noise. For this study, we adopted the de
cision rule that values outside the HDI are rejected; thus, 
we interpreted the effect of noise as significant if the HDI 
did not contain zero (Nicenboim & Vasishth, 2016). If the 
HDI contains zero, that implies that zero is a plausible esti
mated value for the coefficient, suggesting that there is not 
good evidence that the coefficient differs from zero. 
Given that the focus of this study was on the behavioral 

measures of listening effort rather than speech intelligibil
ity, we did not statistically analyze the intelligibility data, 
but present descriptive statistics in Table 1. The results of 
the Bayesian mixed effects analyses are reported below, and 
the results of the corresponding frequentist analyses are 
reported in the Supplementary Materials (the two sets of 
analyses revealed identical patterns of results). Note that 
all references to response times below refer to response 
times to the secondary task (either identifying the length 
of the pulses in the vibrotactile dual task or classifying the 
word as a noun in the noun judgment dual task). 

Vibrotactile Dual Task    

Mean accuracy at identifying the pulses as short, 
medium, or long was 73.49%. Response times to the pulses 
were on average an estimated 106 ms slower in steady-state 
noise than silence (B = 105.82; SE = 16.95; HDI: [71.68, 
138.27]) and 181 ms slower in two-talker babble than si
lence (B = 180.80; SE = 22.56; HDI: [135.89, 225.06]). Re-
leveling the noise variable revealed that response times 
were estimated to be 75 ms slower in two-talker babble 
than in steady-state noise (B = 74.82; SE = 20.97; HDI: 
[34.48, 116.84]). None of these HDIs included zero, suggest
ing that the differences in response times between all three 
noise levels were reliable (see Figure 2). 

Subjective Effort.  Subjective effort ratings were on av
erage 3.6 points higher in steady-state noise than in silence 
(B = 3.60, SE = 0.47, HDI: [2.68, 4.54]) and 5.3 points higher 
in two-talker babble than in silence (B = 5.34, SE = 0.56, 
HDI: [4.23, 6.44]). Effort ratings were estimated to be 1.7 
points higher in two-talker babble than in steady-state 
noise (B = 1.73, SE = 0.35, HDI: [1.03, 2.41]). None of the 
HDIs included zero, indicating reliable evidence for re
sponse time differences across the three noise conditions. 

Noun Judgment Dual Task     

Relative to the silence condition, response times to the 
noun judgment dual task were an estimated 93 ms slower 
in steady-state noise (B = 93.46; SE = 18.50; HDI: [56.89, 
129.30]) and 90 ms slower in two-talker babble (B = 89.86; 
SE = 14.86; HDI: [61.18, 118.98]). Unlike in the vibrotactile 
dual task, the HDI for the comparison between response 
times in steady-state noise and two-talker babble contained 
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Table 1. By-participant means and standard deviations for speech identification accuracy in the three tasks in               
Experiment 1.   

Silence Steady-state noise Two-talker babble 

Vibrotactile dual task 99% (2%) 68% (7%) 67% (13%) 

Noun judgment dual task 98% (2%) 73% (5%) 72% (8%) 

Running memory task 99% (1%) 72% (5%) 73% (9%) 

Figure 2. By-participant average response times to vibrotactile stimuli for each noise type in Experiment 1               
(auditory). Dots represent means.     

zero (B = -4.01, SE = 19.34, HDI: [-41.87, 33.56]), suggesting 
that we did not find evidence that response times differed 
systematically between the two types of noise for the noun 
judgment dual task (Figure 3). 

Subjective Effort.  Participants rated the speech iden
tification task as 5.6 points more effortful in steady-state 
noise (B = 5.62; SE = 0.55; HDI: [4.52, 6.69]) and 8.2 points 
more effortful in two-talker babble (B = 8.23; SE = 0.62; 
HDI: [7.01, 9.44]) than in silence. Additionally, participants 
reported 2.6 points more effort in two-talker babble than in 
steady-state noise (B = 2.62; SE = 0.40; HDI: [1.83, 3.40]). 
Note that the latter pairwise comparison differs from the 
response time data: The difference between steady-state 
noise and two-talker babble was not reliable for the re
sponse time data, yet participants reported more subjective 
effort in two-talker babble than in steady-state noise (i.e., 
the HDI did not contain zero in the subjective effort analy
sis). 

Running Memory Task    

A Bayesian mixed model assuming a Bernoulli data-gen
erating process using a logit link function indicated that 
participants recalled fewer 3- and 4-back words in steady-

state noise (B = -0.35; SE = 0.09; HDI: [-0.53, -0.18]) and 
two-talker babble (B = -1.23; SE = 0.11; HDI: [-1.45, -1.02]) 
than in silence. Recall was also worse in two-talker babble 
than in steady-state noise (B = -0.88; SE = 0.10; HDI: [-1.07, 
-0.68]). None of the HDIs included zero, suggesting that we 
have reliable evidence for differences in recall across the 
three noise levels (Figure 4). 

Subjective Effort.  Participants rated the speech iden
tification task as 3.2 points more effortful in steady-state 
noise (B = 3.24; SE = 0.40; HDI: [2.48, 4.04]) and 4.8 points 
more effortful in two-talker babble (B = 4.78; SE = 0.54; 
HDI: [3.68, 5.80]) than in silence. Additionally, participants 
reported that the listening task was 1.5 points more effort 
in two-talker babble than in steady-state noise (B = 1.54; SE 
= 0.36; HDI: [0.82, 2.23]). None of the HDIs included zero. 
Taken together, the results of Experiment 1 are consis

tent with our Hypothesis 1  outlined above: Background 
noise slowed secondary task response times and impaired 
recall of previously-heard speech. These results are consis
tent with previous work in the listening effort literature, 
and this experiment therefore serves as a positive control 
demonstrating that we can reproduce robust findings in the 
listening effort literature when the target stimuli are pre
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Figure 3. By-participant average response times to the noun judgment dual task for each noise type in                
Experiment 1 (auditory). Dots represent means.       

Figure 4. By-participant average proportion of words recalled to three- and four-back words recalled for each               
noise type in Experiment 1 (auditory). Dots represent means.          

sented aurally. Thus, any null effects observed in Exper
iment 2 cannot be attributable to methodological limita
tions that preclude us from observing effects of noise on 
response time and recall. 

Experiment 2: Orthographic Presentation     

Experiment 2 followed the conventions of Experiment 
1, but rather than presenting target words aurally, we pre
sented them orthographically on the screen for participants 
to read. Any deviations from Experiment 1 are explicitly 
outlined below. 
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Method  

Participants  

Experiment 2 included data from 160 participants who 
did not participate in Experiment 1. To reach this sample 
size, we collected data from 187 participants and used the 
first 160 eligible datasets for each task after applying exclu
sion criteria, as we did in Experiment 1 (see Supplementary 
Materials for demographic information). 

Sample Size Justification    

The sample size of 160 participants is considerably larger 
than the sample size in Experiment 1 to account for the 
possibility that the effects in Experiment 2 are smaller than 
those in Experiment 1 (see Supplementary Materials for 
power analyses). 

Procedure  

Orthographic stimuli were presented in uppercase black 
text at the center of a gray screen in a sans serif font. Words 
were presented on the screen for a duration that matched 
the average duration of the target speech stimuli from Ex
periment 1 (627 ms), and the interstimulus intervals also 
matched those in Experiment 1. 

Results  

Participants read the isolated words presented on the 
screen with high levels of accuracy (99%–100% accuracy 
in all conditions). Posterior predictive checks are shown in 
Supplementary Figures 6-8. 

Vibrotactile Dual Task    

Mean accuracy at identifying the pulses as short, 
medium, or long was 77.9%. Response times were on aver
age an estimated 40 ms slower in steady-state noise than 
silence (B = 40.48; SE = 6.64; HDI: [27.75, 53.75]) and 34 
ms slower in two-talker babble than silence (B = 33.55; SE 
= 5.43; HDI: [22.81, 44.08]).5 Re-leveling the noise variable 
revealed that response times did not systematically differ 
in two-talker babble and steady-state noise (B = -7.03; SE 
= 6.48; HDI: [-19.65, 5.71]; Figure 5). Although the HDIs 
comparing steady-state noise and two-talker babble to si
lence both excluded zero, these differences were substan
tially smaller than those in Experiment 1 (see “Comparison 
Across Experiments” section below). 

Subjective Effort.  Subjective effort ratings were esti
mated to be 2.4 points higher on average in steady-state 
noise than in silence (B = 2.37, SE = 0.27, HDI: [1.84, 2.90]), 
3.9 points higher in two-talker babble than in silence (B = 

3.93, SE = 0.30, HDI: [3.35, 4.52]) and 1.6 points higher in 
two-talker babble than in steady-state noise (B = 1.55, SE = 
0.21, HDI: [1.15, 1.95]). None of the HDIs included zero. 

Noun Judgment Dual Task     

Response times did not systematically differ between si
lence and steady-state noise (B = -4.31; SE = 8.45; HDI: 
[-20.91, 11.57]), silence and two-talker babble (B = -6.23; SE 
= 7.40; HDI: [-21.17, 7.77]), or steady-state noise and two-
talker babble (B = -1.98; SE = 9.47; HDI: [-20.63, 16.36]). 
Thus, we did not find evidence that noise affected response 
times to the noun judgment dual task when the primary 
task involved reading rather than listening to words (see 
Figure 6). 

Subjective Effort.  Participants rated the task as 1.4 
point more effortful in steady-state noise than silence (B = 
1.40; SE = 0.25; HDI: [0.89, 1.86]), 3.0 points more effortful 
in two-talker babble than silence (B = 2.95; SE = 0.27; HDI: 
[2.43, 3.49]), and 1.6 points more effortful in two-talker 
babble than in steady-state noise (B = 1.55; SE = 0.24; HDI: 
[1.10, 2.03]). None of the HDIs included zero, suggesting re
liable differences in subjective effort between all noise con
ditions. 

Running Memory Task    

A Bayesian mixed model assuming a Bernoulli data-gen
erating process and using a logit link function indicated 
that recall of 3- and 4-back words did not reliably differ 
between the steady-state noise and silence conditions (B = 
-0.09; SE = 0.21; HDI: [-0.50, 0.33]), but was worse in two-
talker babble than in silence (B = -0.75; SE = 0.21; HDI: 
[-1.15, -0.34]). Recall was also worse in two-talker babble 
than in steady-state noise (B = -0.65; SE = 0.07; HDI: [-0.79, 
-0.51]; see Figure 7). 

Subjective Effort.  Participants rated the text identifi
cation task as 1 point more effortful in steady-state noise 
than silence (B = 1.12; SE = 0.21; HDI: [0.72, 1.53]), 3 points 
more effortful in two-talker babble than in silence (B = 3.22; 
SE = 0.27; HDI: [2.68, 3.74]), and 2 points more effortful in 
two-talker babble than in steady-state noise (B = 2.10; SE = 
0.22; HDI: [1.67, 2.52]). None of the HDIs included zero. 

Comparisons Across Experiments    

It is possible that noise-induced impairments on lis
tening effort tasks are the result of both listening effort 
from processing degraded speech and more general noise-
induced cognitive interference. In that case, performance 
impairments should be larger in Experiment 1 than Exper
iment 2, as Experiment 2 cannot induce listening effort as
sociated with processing degraded speech. We could not 

We had originally specified that we would run separate analyses comparing steady-state noise and two-talker babble to silence. However, 
during data analysis we realized that those pairwise comparisons are easily accessible if silence is used as the reference level, so we 
opted not to conduct those unnecessary analyses. 

5 

Impaired Performance in Noise: Disentangling Listening Effort From the Irrelevant Speech Effect

Collabra: Psychology 11

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/11/1/147319/913441/collabra_2025_11_1_147319.pdf by guest on 19 D

ecem
ber 2025



Figure 5. By-participant average response times to vibrotactile stimuli for each noise type in Experiment 2               
(orthographic). Dots represent means.     

Figure 6. By-participant average response times to the noun judgment dual task for each noise type in                
Experiment 2 (orthographic). Dots represent means.       

analyze the data from Experiments 1 and 2 in the same 
model because the time course of hearing and reading 
speech are quite different, leading to response time differ
ences between experiments for reasons other than effects 
of background noise. We therefore calculated effect sizes 
(Cohen’s d) to assess the extent to which each noise type 
impaired performance relative to silence for each task in 

Experiment 1 compared to Experiment 2. The difference in 
effect sizes between Experiment 1 and Experiment 2 (refer
ring to the difference between the silence and steady-state 
noise conditions as well as the difference between the si
lence and two-talker babble conditions, in each task sepa
rately) provides an indication of the extent to which find
ings typically ascribed to listening effort were in fact due 

Impaired Performance in Noise: Disentangling Listening Effort From the Irrelevant Speech Effect

Collabra: Psychology 12

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/11/1/147319/913441/collabra_2025_11_1_147319.pdf by guest on 19 D

ecem
ber 2025

https://collabra.scholasticahq.com/article/147319-impaired-performance-in-noise-disentangling-listening-effort-from-the-irrelevant-speech-effect/attachment/310335.png?auth_token=SwFf3ijpqK6Rio9OiNsN
https://collabra.scholasticahq.com/article/147319-impaired-performance-in-noise-disentangling-listening-effort-from-the-irrelevant-speech-effect/attachment/310336.png?auth_token=SwFf3ijpqK6Rio9OiNsN


Figure 7. By-participant average proportion of three- and four-back words recalled for each noise type in               
Experiment 2 (orthographic). Dots represent means.       

Table 2. Effect sizes (Cohen’s    d) for the comparisons between silence and either steady-state noise or two-talker             
babble across experiments    

Silence vs. steady-state noise Silence vs. two-talker babble 

Exp 1 Exp 2 Exp 1 Exp 2 

Vibrotactile dual task 0.40 0.24 0.63 0.19 

Noun judgment dual task 0.31 -0.01 0.31 -0.02 

Running memory taska 0.19 0.05 0.68 0.41 

aNote that Cohen’s d values for the recall task were calculated by converting log-odds (extracted from the model summary outputs) to Cohen’s d via the following formula: Cohen’s d 
= log odds * (√3 / 𝜋). 

to listening effort from processing degraded speech rather 
than to noise-induced cognitive interference. These values 
are reported in Table 2. 
Both steady-state noise and two-talker babble impaired 

performance more when the stimuli were presented audito
rily (Experiment 1) than when they were presented ortho
graphically (Experiment 2) for all three behavioral tasks as 
well as the subjective measure of effort (NASA-TLX) col
lected during all three tasks. These findings suggest that at 
least some of the commonly-observed noise-induced decre
ments in performance on listening effort tasks are indeed 
attributable to the challenge that noise poses for listening 
to speech, rather than cognitive impairments generated by 
the noise alone. 

Discussion  

According to the Ease of Language Understanding 
model, processing speech in noise requires cognitive re
sources that exist in finite amounts, leaving fewer resources 
available to complete concurrent cognitive tasks and there

fore poorer performance on these secondary tasks 
(Rönnberg et al., 2013). However, if background noise in
terferes with cognitive processing generally, it may be that 
some of these noise-induced impairments would emerge 
regardless of whether the task involved listening, question
ing the interpretation that noise increases listening effort. 
The current study therefore tested whether noise similarly 
impairs performance on several tasks that are commonly 
used to assess listening effort when the primary task in
volves reading rather than listening to words. Experiment 
1 served as a positive control to demonstrate that we can 
replicate the robust finding that noise impairs task perfor
mance when the primary task involves listening to speech, 
and Experiment 2 was identical but used an orthographic 
primary task rather than an auditory speech identification 
task. 
Our first hypothesis (Hypothesis 1 ) was that we would 

replicate the well-established finding that both steady-
state noise and two-talker babble adversely affect perfor
mance on all three tasks relative to listening in silence. As 
hypothesized, both types of noise slowed response times to 
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classify pulses as short, medium, or long; slowed response 
times to classify words as nouns; and impaired recall of 
verbally-presented word lists (see Table 2). These results 
replicate previous findings in the literature (see for example 
Gagné et al., 2017b) and confirm that our stimuli and proce
dures can produce the noise-induced performance changes 
that are typically attributed to listening effort. 
Experiment 2 involved assessing the effects of noise on 

performance on the same tasks, but we presented words or
thographically rather than aurally to assess whether these 
effects persist when the noise does not directly interfere 
with the perceptual clarity of the target stimuli. Our first 
specific hypothesis was that steady-state noise would not 
affect task performance relative to silence for any of the 
three tasks involving orthographic presentation (Hypothe
sis 2a ). Consistent with this hypothesis, when the primary 
task involved reading rather than listening, steady-state 
noise had no effect on either response times to the noun 
judgment dual task or performance on the recall task. In 
other words, the steady-state noise-induced performance 
deficits for the auditory versions of these two tasks dis
appeared when the primary task involved reading rather 
than listening. This suggests that when listening effort re
searchers use this particular running memory or noun judg
ment dual task and present speech in steady-state noise, 
observed differences in “listening effort” indeed appear to 
reflect differences in the effort necessary to identify speech 
rather than general noise-induced cognitive interference or 
distraction. 
For the vibrotactile dual task, however, we found a reli

able difference in secondary task response times between 
the silence and steady-state noise conditions when the pri
mary task involved reading, inconsistent with Hypothesis 
2a. However, the coefficient for the estimated effect of 
steady-state noise on response times was more than 2.5 
times larger when words were presented auditorily (B = 106 
ms in Experiment 1) than when they were presented ortho
graphically (B = 40 ms in Experiment 2). Thus, this cross-
modal interference leads us to conclude that a small though 
non-negligible portion of the negative effect of steady-
state noise on response times to a secondary vibrotactile 
dual task—which is typically attributed to listening ef
fort—may instead be attributable to general noise-induced 
cognitive interference or distraction. Given that the effect 
of noise was much larger in Experiment 1 than in Experi
ment 2 (106 ms vs. 40 ms, Cohen’s d = 0.40 vs. 0.24), the 
vibrotactile dual task also appears to measure the dual-task 
costs associated specifically with listening. 

Hypothesis 2b  predicted that performance on all three 
tasks would be negatively affected by two-talker babble rel
ative to performance in silence. This hypothesis was sup
ported for the vibrotactile dual task and the running mem
ory task, but not the noun judgment dual task. The finding 

that two-talker babble can impair performance even for 
non-auditory tasks is consistent with irrelevant speech ef
fect: Meaningful speech in the two-talker babble is 
processed automatically by the phonological loop (Jones & 
Macken, 1993; Salamé & Baddeley, 1982), which diverts re
sources away from responding to the vibrotactile pulses or 
encoding information into long term memory. 
Somewhat surprisingly, there were no negative effects 

of two-talker babble in the noun judgment dual task when 
stimuli were presented orthographically. It is not clear why 
the detrimental effects of two-talker babble may have 
emerged for the non-verbal response time task (the vibro
tactile dual task) but not the verbal one (the noun judg
ment dual task); indeed, we had expected that the babble 
interference effect would be larger for verbal relative to 
non-verbal tasks (consistent with the irrelevant speech ef
fect). One key difference between the two response time 
tasks that may account for this finding is that the vibrotac
tile dual task involves dividing attention between two com
pletely unrelated tasks (identifying the word and respond
ing to the vibrotactile pulses). For the noun judgment dual 
task, however, the secondary task involves making a judg
ment about the primary task stimulus. Thus, processing the 
primary and secondary task stimuli in the vibrotactile dual 
task involves processing two streams of concurrent informa
tion, whereas identifying a word and then classifying it as a 
noun is a sequential task (see Gagné et al., 2017b for more 
on the distinction between concurrent and sequential dual-
task paradigms). Because sequential tasks do not require 
processing temporally coincident information, they may be 
easier for participants to complete than concurrent para
digms; that is, reading a word and then making a judgment 
about it is likely to be a less demanding task than dividing 
attention between two concurrent tasks.6 If the noun judg
ment dual task is less cognitively demanding overall, effects 
of background noise might be less pronounced for this task 
because there are sufficient cognitive resources available to 
quickly and accurately complete both the identification and 
judgment portions of the task. 
Our final hypothesis was that the magnitude of inter

ference from two-talker babble relative to silence would be 
largest for the recall task and smallest for the vibrotactile 
dual task, with the effect size for the noun judgment dual 
task falling somewhere in between (Hypothesis 2c ). Re
sults revealed that the effect of two-talker babble was in
deed largest for the recall task. The finding that recall tasks 
are quite susceptible to two-talker babble—even when the 
target stimuli are presented orthographically rather than 
auditorily—suggests some caution when interpreting re
sults from studies using two-talker babble along with mem
ory-based measures of listening effort. The irrelevant 
speech effect implies that verbal information, like the 
speech in two-talker babble, interferes with the rehearsal 

Another piece of evidence suggesting that the noun judgment dual task may be easier is that it is more akin to a go/no-go task whereas 
the vibrotactile dual task is more akin to a three-alternative forced-choice task, and the former often produce lower error rates and 
higher accuracy than corresponding forced-choice tasks (Moret-Tatay & Perea, 2011). 

6 
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process; effects typically attributed to listening effort in 
studies using recall paradigms may therefore be largely dri
ven by this verbal interference rather than effortful listen
ing. 
Hypothesis 2c also predicted that the magnitude of the 

interference from two-talker babble would be larger for the 
noun judgment dual task than the vibrotactile dual task. In
stead, we found the opposite pattern: Two-talker babble did 
not affect response times to the noun judgment dual task, 
but led to reliably slower response times in the vibrotac
tile dual task. These findings can be accounted for by the 
theoretical framework outlined above regarding the relative 
difficulties of concurrent (e.g., vibrotactile dual task) and 
sequential (e.g., noun judgment dual task) dual-task para
digms. 
Finally, although not the primary outcome in the current 

study, an interesting pattern of results emerged in the 
NASA-TLX data. All analyses revealed that subjective effort 
ratings were higher in steady-state noise than in silence, 
and higher in two-talker babble than steady-state noise. 
Thus, it appears that even when speech identification ac
curacy is approximately matched across these two types of 
noise, performing cognitive tasks is subjectively more de
manding in speech-like noise. This stepwise pattern of re
sults emerges regardless of whether the two-talker babble 
provides sensory interference with the cognitive task in 
question, and emerged even when objective performance 
was unaffected by noise (in Experiment 2). It is also worth 
noting that the differences in subjective effort between 
both noise types and silence were larger in Experiment 1 
than in Experiment 2 for all three tasks. Thus, consistent 
with the behavioral data, the subjective effort data suggest 
that such measures can reliably detect the effect of noise on 
listening effort above and beyond effects of noise on cogni
tive processing generally. 

Conclusions  

The current study tested whether tasks that are typically 
used to measure listening effort may inadvertently be mea
suring noise-related cognitive load instead of or in addition 
to the effort associated with processing speech specifically. 
If we had shown noise-induced performance decrements 
of the same magnitude for orthographically- and aurally-

presented words, that would have suggested that some ef
fects typically ascribed to the effort needed to process de
graded speech may instead be attributable to other forms 
of cognitive interference. We found that although some 
tasks designed to measure listening effort can be moder
ately sensitive to noise even when words are presented or
thographically, the magnitude of the effects of noise were 
smaller (and often unreliable) with orthographically-pre
sented words than aurally-presented words in every condi
tion tested. This suggests that effects typically attributed to 
listening effort are indeed driven at least in part by the cog
nitive challenges of listening to speech in noise and not to 
noise-induced cognitive interference more generally. This 
is encouraging news for listening effort researchers, as it 
suggests that our tasks are actually tapping into the chal
lenges of listening. However, future research—especially 
work that involves measures of listening effort not included 
here—should consider including orthographic negative 
controls to explicitly test whether the effects observed with 
speech-in-noise are also present without speech. 
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