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ABSTRACT  
Many individuals usebackground noise to aid concentration on tasks, yet its effect on 
workingmemory, especially for those with ADHD, is not well understood. This studyexamined 
how background white noise influences short-term serial recall inadults with self-reported 
ADHD (n = 66) and those without (n = 66), controllingfor anxiety and depression. Participants 
performed a visual-verbal serialshort-term memory task under two conditions: continuous white 
noise interruptedby quiet intervals (omission deviant) and continuous quiet interrupted by 
whitenoise (addition deviant). Results showed that addition deviants disruptedperformance 
more in non-ADHD adults, while omission deviants had a greater disruptiveeffect on adults with 
self-reported ADHD. These findings suggest thatinterruptions in background sound may 
differently affect individuals with ADHDsymptoms. Exploratory analyses showed the absence of 
a primacy effect in adultswith self-reported ADHD. Future research might explore optimal 
auditoryenvironments tailored to attention differences in those with and without ADHD.
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It is widely recognised that background noise often dis
rupts performance on tasks that require focused atten
tion, especially in cognitive domains such as memory 
and comprehension (Babisch, 2005; Dalton & Behm, 
2007). However, this effect is not universal. Certain prop
erties of background noise, such as acoustic variation 
(Hughes et al., 2007) and semantic relevance (Marsh & 
Jones, 2010), can play a critical role in determining its 
impact. Equally important is the specific cognitive 
demand of the task at hand. For example, background 
sequences with marked acoustic changes – such as 
changing-state sequences – are known to impair short- 
term memory tasks that require recall of sequential 
order (Jones & Tremblay, 2000; Marsh et al., 2009). In 
contrast, steady-state sound, which lacks frequent 
acoustic shifts, has minimal effect on such tasks. More
over, while meaningful background speech disrupts 
tasks requiring semantic processing (e.g. reading com
prehension), speech in an unfamiliar language poses 

little disruption (Marsh et al., 2008, 2009; Martin et al., 
1988).

Relatively less studied, however, is the potential for 
background sound to enhance task performance, par
ticularly among those who prefer working with auditory 
stimulation over silence (cf. Ball et al., 2014). Some 
studies suggest that low-level ambient noise can 
improve creativity (Mehta et al., 2012), implying that 
sound without distinct tonal patterns, like aperiodic 
white noise, may support sustained focus on cognitive 
tasks. In this study, we investigate whether background 
sound and its variations can aid or impair task perform
ance in adults with and without ADHD. Notably, no prior 
research has examined how brief moments of quiet, 
embedded within continuous white noise, influence 
task performance in adults with ADHD. While a steady- 
state white noise background might create a stable audi
tory environment, intermittent quiet periods could 
disrupt this stability, potentially diverting attention 
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from the task. Given that children with ADHD may 
perform better with continuous white noise (for a 
review see Nigg et al., 2024), interruptions in this auditory 
stimulation may have distinct effects for ADHD and non- 
ADHD individuals. In this study we compare the impact 
of continuous white noise, quiet interrupted by white 
noise, and white noise with brief silences on visual- 
verbal serial recall in self-reported ADHD and non-ADHD 
adults. By examining the impact of these variations on 
visual-verbal serial recall, insights into how auditory 
context influences focus and distraction may be uncov
ered. The findings could have practical implications for 
optimising study and work conditions for individuals 
who rely on background sound for concentration.

The influence of background white noise

Several studies within cognitive science have examined 
white noise – a sound that combines a mixture of fre
quencies across the auditory spectrum – and its poten
tial effects on cognitive functions. White noise has 
been investigated not only for its physiological 
benefits but also for its role in modulating attentional 
and executive functions, particularly in individuals with 
ADHD, where it has been proposed as a therapeutic 
tool to improve attention (Pickens et al., 2019). Research 
on its effects on sensorimotor tasks and cognitive flexi
bility has revealed that white noise may influence per
formance by altering neural dynamics; specifically, 
studies suggest it may enhance cognitive functions 
through mechanisms involving stochastic resonance, 
which can potentially foster neural plasticity (Pellegrino 
et al., 2022).

However, the role of white noise in cognitive 
enhancement remains complex, with evidence both 
supporting and refuting its positive impact. For instance, 
findings in vigilance tasks are mixed, showing both 
improved (Poulton, 1977) and reduced performance 
(Broadbent, 1979).), depending on noise characteristics 
and task demands. Further, white noise introduced 
during mental arithmetic or tasks requiring attention 
to spatial and verbal information disrupts performance 
if it interferes with critical stages of processing or 
response execution (Hockey & Hamilton, 1970; Wood
head, 1964). Not much is known about the disruptive 
potential of high-intensity white noise on cognitive 
tasks, especially above 95 dB(A), due to ethical consider
ations around its sustained use (Jones & Broadbent, 
1991; Smith & Jones, 1992). Long-term environmental 
noise exposure, such as aircraft noise, has been shown 
to detract from cognitive development, notably 
affecting learning and memory (Hygge et al., 2002; 
Klatte et al., 2013).

Despite these caveats, white noise may offer specific 
cognitive benefits for children with ADHD, where the
ories such as the moderate brain arousal model 
propose that white noise can help regulate attention 
by modulating dopaminergic pathways through sto
chastic resonance (Cheon et al., 2003; Mortimer et al., 
2019; Spencer et al., 2005). Experimental studies in 
ADHD contexts show promising but varied results. For 
example, Söderlund and Sikström (2010) found that 
white noise enhanced free recall in children with inatten
tion when used at 78 dB, whereas typically attentive chil
dren performed better in silence. Another study using a 
go/no-go task reported improved vigilance and inhibi
tory control in some children with ADHD when 
exposed to white noise, suggesting a targeted benefit 
for specific executive functions (Baijot et al., 2016). 
These findings imply that, under certain conditions, 
white noise may serve as a non-invasive cognitive 
enhancer for attentional control in ADHD, particularly 
where pharmacological interventions are unsuitable 
(Pickens et al., 2019). However, therapeutic recommen
dations must await further research, as white noise has 
yet to be validated in formal clinical ADHD interventions 
(Lambez et al., 2020; Núñez-Jaramillo et al., 2021).

The observed cognitive benefits of broadband noise, 
especially in ADHD populations, lend credence to its 
potential for enhancing focus and reducing distractibil
ity. Still, before therapeutic applications can be confi
dently designed for populations such as individuals 
with ADHD, additional research is warranted, ideally 
focusing on white noise within robust memory and dis
traction paradigms.

The irrelevant sound paradigm

The effects of background sound on cognitive perform
ance have typically been studied using the irrelevant 
sound paradigm, in which participants are tasked with 
recalling a list of approximately 6–8 sequentially pre
sented verbal items (usually digits) in strict serial order 
(Colle & Welsh, 1976; Salamé & Baddeley, 1982). 
Although participants are instructed to ignore the back
ground sound, its mere presence disrupts serial recall. A 
key finding is that a sequence of speech tokens or tones 
with appreciable changes in acoustic properties (e.g. “v k 
q h … ”, or a sequence of tones varying in frequency) 
produces more disruption than a continuous or repeat
ing sequence of stimuli (e.g. “v v v v … ”, or a repeated 
tone), known as the changing-state effect (Jones et al., 
1992).

The leading explanation for this effect is interference- 
by-process (Jones & Tremblay, 2000): as a by-product of 
the perceptual organisation process (cf. Bregman, 
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1990), the order of acoustic changes within a sound 
sequence is processed, creating cues that conflict with 
the deliberate seriation process required for the 
ordered recall of visual items (Jones & Tremblay, 2000). 
On this view, continuous sounds such as white noise 
fail to disrupt serial recall because they lack the acoustic 
changes necessary to register order cues that would 
conflict with the serial rehearsal process crucial for accu
rate recall. Supporting the interference-by-process 
account, several studies have shown that continuous 
background pink noise does not disrupt serial recall 
(Ellermeier & Zimmer, 1997; Marsh et al., 2009). Addition
ally, other studies have found that even loud background 
white noise produces only minimal disruption in serial 
recall (e.g. Baddeley & Salamé, 1986), or that the extent 
of disruption depends on the timing between the pres
entation of to-be-remembered visual items and bursts 
of white noise (Salamé & Wittersheim, 1978).

Disruption of serial recall by intermittently presented 
sounds relates to another disruptive effect of back
ground sound readily captured within the irrelevant 
sound paradigm – the deviation, or oddball effect 
(Hughes et al., 2005, 2007). In this case, an infrequent 
or unexpected acoustic change (i.e. deviation) following 
a repeated or continuous auditory input captures atten
tion away from the serial recall task, resulting in task dis
ruption. This effect is thought to occur because a neural 
model representing the predictable pattern or regularity 
in the sounds is established, and the deviant captures 
attention by violating this pattern (e.g. Bendixen et al., 
2006; Vachon et al., 2012; Winkler et al., 2009). Notably, 
the auditory deviation or oddball effect is independent 
of the specific physical properties of the deviant sound 
itself.

Deviants that consist of rare changes embedded 
within an otherwise continuous pattern of the same 
acoustic token, or those presented in a context of 
quiet, both lead to behavioural disruption (Berti, 2013). 
Additionally, the unexpected omission of an acoustic 
token (e.g. ABABABABA_AB) also constitutes a deviant 
event (an omission deviant; Chouiter et al., 2015; 
Todorovic & de Lange, 2012). Deviants can thus be 
broadly classified into two types: addition or omission 
of some aspect of the stimulus (Raij et al., 1997). The 
brain’s use of past patterns to build expectations for 
future events is well-documented, with research 
showing that cortical activity is similar between omission 
and addition deviants across sensory modalities (Ander
sen & Lundqvist, 2019), suggesting a unified response to 
pattern violations. Omission and addition deviants also 
evoke topographically similar mid-latency ERP responses 
(H. C. Hughes et al., 2001), indicating a shared process in 
short-term memory for auditory events.

It is widely accepted that when an incoming sound 
(or its absence) mismatches a short-lived memory rep
resentation of the recent auditory sequence, an orient
ing response is triggered, leading to attentional 
capture and task disruption (Cowan, 1995; Schröger, 
1997; Sokolov, 1963). The repetition or continuation of 
a stimulus allows it to be included in the neural model, 
thus preventing a mismatch with incoming auditory 
information. This reduces or eliminates the orienting 
response (e.g. Cowan, 1995; Elliott & Cowan, 2001; 
Lange, 2005; Mackworth, 1969; Waters et al., 1977). 
Such habituation of the orienting response is observed 
through a reduced disruptive effect of an auditory 
sequence on serial recall performance over the course 
of a trial block (e.g. Bell et al., 2012; Röer et al., 2014). 
Continuous or repetitive sounds, such as white noise 
or steady-state tones, often result in lower levels of dis
traction over time because they lack the variation 
needed to continually re-engage the orienting response. 
Habituation to deviant events, such as addition or omis
sions, are particularly relevant to working memory, as 
sustained task performance amid background noise 
can demand attentional control to block the capture of 
attention they produce (e.g. Hughes et al., 2013). The 
extent to which an individual habituates to deviant 
sounds thus depends on their working memory capacity 
(Hughes et al., 2013; Marsh et al., 2018; Sörqvist, 2010; 
but see Korner et al., 2019) which is linked to trait 
capacity for attentional control (Hughes et al., 2013).

ADHD impacts working memory

Deviant stimuli in short-term memory tasks reliably elicit 
an orienting response, a reaction that is consistently 
replicated in laboratory settings (e.g. Bell et al., 2019; 
Hughes, 2014). Among psychiatric conditions marked 
by attentional-control difficulties, ADHD shows repli
cated evidence of heightened vulnerability to auditory 
deviance distraction, even when working-memory 
capacity is taken into account (e.g. Blomberg, et al., 
2022; Gumenyuk et al., 2005; Tegelbeckers et al., 2022; 
Van Mourik et al., 2007). Accordingly, we chose ADHD 
as an a priori test case in which to examine how unex
pected sounds interact with task demands to shape dis
tractibility. But how does this reaction to deviant stimuli 
relate to ADHD symptoms as experienced in daily life? 
The answer lies in how these paradigms capture the 
heightened distractibility and attentional control chal
lenges often faced by individuals with ADHD. Two key 
perspectives support this rationale. First, at a behav
ioural level, adults with ADHD often show a persistent 
pattern of inattention and/or impulsivity, key diagnostic 
criteria for the disorder (American Psychiatric 
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Association, 2013). Specifically, ADHD symptoms often 
include difficulties in maintaining focused attention on 
a single task and a strong proclivity for distraction, two 
attentional aspects known to be impaired in ADHD 
(Wetzel et al., 2012). Second, studies using distraction 
paradigms in controlled environments have demon
strated that adults with ADHD show marked decreases 
in short-term memory performance, particularly when 
irrelevant sounds are present, which may highlight 
broader deficits with executive function and cognitive 
control (Pelletier et al., 2016). Moreover, recent 
findings suggest that individuals with ADHD may 
exhibit unique attentional challenges in orienting and 
re-orienting focus in response to irrelevant auditory 
stimuli, with some studies even identifying distinct 
neural markers, such as ERP components, as indicators 
of these deficits (Gumenyuk et al., 2023). While atten
tional impairments vary among individuals with ADHD, 
these findings highlight measurable differences in cog
nitive processes that can be specifically observed in con
trolled settings.

Working memory deficits in ADHD extend across both 
visuospatial and phonological domains (Alderson et al., 
2013). While behavioural studies consistently identify 
these impairments, recent evidence also highlights 
neural inefficiencies in attentional control, which may 
contribute to working memory challenges in ADHD. 
For instance, one key marker, the Contralateral Delay 
Activity (CDA), reflects reduced working memory 
capacity in ADHD and may represent an enduring 
neural characteristic of the disorder (Luo et al., 2019; 
Wiegand et al., 2016). Similarly, inefficient encoding in 
working memory tasks among adults with ADHD has 
been evidenced in eye-tracking studies, further support
ing the notion of attentional control differences rather 
than an overall reduction in capacity (Jayawardena et 
al., 2019; Kim et al., 2014). While some studies report 
inconsistent neural findings, an overall pattern suggests 
that working memory impairments in ADHD may stem 
primarily from attentional control deficits, particularly 
regarding interference control during task demands 
(Ko et al., 2013; Stroux et al., 2016). For example, research 
has shown that verbal recall is notably impacted in 
ADHD, further reflecting the attentional demands 
involved in working memory (Lundervold et al., 2019). 
In children with ADHD, motivational deficits appear to 
influence short-term memory performance, with cumu
lative effects observed in visuospatial working memory 
tasks (Dovis et al., 2013). These studies collectively indi
cate that while working memory capacity is affected, it is 
the attentional control aspect within working memory 
that primarily contributes to performance differences 
in ADHD under conditions of distraction.

The present study

This study investigates the impact of background white 
noise versus quiet, along with the presence of omission 
and addition deviants, on verbal working memory per
formance in individuals self-reporting an ADHD diagno
sis. Specifically, it addresses the following research 
questions: (1) Is there a relationship between ADHD 
and working memory performance, measured by serial 
recall accuracy? (2) Does ADHD influence susceptibility 
to distraction by omission and addition deviants? (3) 
How does background noise (quiet vs. white noise) 
affect working memory performance? (4) Is there a 
relationship between ADHD and habituation to distrac
tion across trials in a serial recall task? Additionally, we 
explore whether ADHD is associated with serial position 
effects (i.e. average accuracy of each digit position 
within a trial across trials).

Guided by prior research on attentional deficits in chil
dren and the moderate brain arousal model (Sikström & 
Söderlund, 2007), as well as evidence of working 
memory capacity limitations (e.g. Luo et al., 2019) and 
challenges with re-orienting attention (Gumenyuk et al., 
2023) in ADHD, we hypothesised that individuals with 
ADHD would demonstrate improved recall performance 
in a continuous white noise condition compared to a 
quiet condition. Based on findings in typically-developing 
adults using similar paradigms (e.g. Berti, 2013), we 
further hypothesised that individuals without ADHD 
would show either reduced or unchanged recall perform
ance in white noise relative to quiet.

We also examined the impact of deviants between 
ADHD and control groups. We hypothesised that the 
omission deviant (a brief silence within continuous 
white noise) would be more salient for the self-reported 
ADHD group, resulting in greater disruption for this 
group than for the self-reported non-ADHD group. This 
hypothesis is based on the stabilising effect that con
tinuous white noise has been shown to have on individ
uals with ADHD, as steady-state, continuous auditory 
input can enhance attentional focus by creating a con
sistent sensory background that minimises distractions 
and helps regulate cognitive processes (Sikström & 
Söderlund, 2007).

In contrast, we expected the addition deviant (a brief 
noise burst) presented in quiet to disrupt the self- 
reported non-ADHD group more than the self-reported 
ADHD group. The basis of this hypothesis is that quiet 
conditions may not provide the same level of cognitive 
stability for ADHD than non-ADHD participants, as the 
former often benefit from continuous, moderate stimu
lation (Sikström & Söderlund, 2007). The moderate 
brain arousal model posits that such background 
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stimulation can help individuals with ADHD reach an 
optimal arousal level, enhancing focus and attentional 
engagement. Consequently, a sudden noise burst in a 
quiet environment may be less disruptive to them, as 
their attentional system may not be as finely attuned 
to changes in a quiet background, given their lower base
line arousal in quiet settings. Thus, differences in predicted 
effects between ADHD and non-ADHD individuals depend 
crucially on sensory processing differences and baseline 
levels of attentional engagement.

When considering habituation to auditory deviations, 
we anticipate that the impact will differ depending on 
both the type of deviant and the participant group. 
Specifically, in the context of white noise, we hypoth
esise that the omission deviant (a brief silence within 
continuous noise) will be particularly disruptive for indi
viduals with ADHD, as this group may rely on continuous 
auditory input to stabilise their attentional focus. 
Because this interruption to the white noise stream dis
rupts the steady-state environment that individuals with 
ADHD often benefit from, it is likely to elicit a stronger 
orienting response, potentially reducing habituation 
over repeated exposures. In contrast, the addition 
deviant (a brief noise burst in quiet) is expected to 
have a more pronounced effect on non-ADHD partici
pants, who generally maintain optimal cognitive per
formance in quiet environments. Given that ADHD 
participants may be less sensitive to a sudden noise 
burst in quiet due to their sensory processing prefer
ences, habituation to this deviant may be more promi
nent for non-ADHD participants, as their orienting 
response to the sound diminishes with repeated 
exposure. Further, given the reduced capacity for cogni
tive control and attentional engagement in ADHD par
ticipants, we expected the extent of their habituation 
to the omission deviant, to be less that the extent of 
habituation of non-ADHD participants to the addition 
deviant. Thus, we predicted that the extent of habitu
ation would depend on the specific interaction 
between auditory conditions and group differences in 
attentional processing and baseline arousal levels.

Methods

Design

This study used a between-participants design to inves
tigate the impact of auditory conditions on serial recall 
accuracy. Participants self-reported either an ADHD 
diagnosis or no diagnosis, forming two primary 
groups. Each group was then exposed to one of four 
auditory conditions: continuous quiet, continuous 
white noise, quiet with a brief noise burst (addition 

deviant), or continuous white noise with a brief silent 
period (omission deviant). Performance was measured 
by accuracy of correct serial recall across these con
ditions. The study protocol and analysis plan are pre- 
registered (osf.io/hk7wa).

Participants

Data collection was completed online using the Prolific 
Academic participant recruitment service (www.prolific. 
co) between 27 January and 23 March 2023. The inclusion 
criteria for participant recruitment were as follows: (1) Par
ticipants must be at least 18 years old and no older than 
55 years old to participate. (2) For the ADHD group, par
ticipants must answer “yes” to having ADHD in the demo
graphic survey of Prolific prior to participation (“Do you 
consider yourself to have attention deficit disorder 
(ADD)/attention deficit hyperactivity disorder (ADHD)?”) 
(3). Participants must be located in an English-speaking 
country (4). Participants must answer “no” to having the 
following conditions: Autism Spectrum Disorder, Mild 
Cognitive Impairment/Dementia, Depression, Anxiety, 
Dyslexia, and Head injury (5). Participants must have 
normal or corrected to normal vision and hearing. The 
inclusion criteria for the control group are identical, 
except for the question about ADHD. We used the soft
ware programme G*Power to conduct a power analysis. 
Our goal was to obtain .95 power to detect a medium 
effect size of .25 at the standard .05 alpha error prob
ability. Sixty-six individuals with self-reported ADHD and 
66 individuals without self-reported ADHD were recruited 
through Prolific.

Sixty-six participants with ADHD and 66 control neu
rotypical group participants were recruited and took 
part in the study. The mean age of participants who 
self-reported having ADHD was 33.05 (SD = 10.11), and 
the mean age of participants who self-reported not 
having ADHD was 37.88 (SD = 9.95). The group of partici
pants with ADHD was 41.79% female and the control 
group was 41.54% female. In the total sample of 132 
individuals, 57.58% reported living in the United 
Kingdom, 26.51% lived in the United States, and 
15.91% lived in a third country. In the demographic 
survey, 66.67% of the included participants reported 
“white” as their ethnicity, 12.88% reported “black” as 
their ethnicity, 9.85% reported “Asian” as their ethnicity, 
8.33% reported “mixed” as their ethnicity, and 2.27% 
reported “other” as their ethnicity.

Anxiety and depression were controlled for in this 
study due to their known effects on working memory 
(e.g. Moran, 2016; Rock et al., 2014) and susceptibility 
to auditory distraction (Desseilles et al., 2021; Eysenck 
et al., 2007). Both conditions are associated with 
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reduced working memory capacity (Moran, 2016; Rock et 
al., 2014), heightened sensitivity to environmental 
stimuli (Eysenck et al., 2007; Safra et al., 2019), and atten
tional lapses (Pacheco-Unguetti et al., 2010; Snyder, 
2013), which can mimic or amplify attentional difficulties 
seen in ADHD. By controlling for these factors, we aimed 
to more accurately assess the effects of ADHD on short- 
term memory and auditory distraction, reducing the like
lihood that observed differences are driven by anxiety- 
or depression-related attentional and memory influ
ences rather than ADHD-specific processes.

Participants received a reward of 6.75 GBP through 
Prolific Academic. Participants provided informed 
consent online, prior to beginning the experiment. 
Ethical approval for this study was obtained from the 
University of Central Lancashire.

Materials

Serial recall task
The serial recall task is programmed using labjs, a graphi
cal user interface for Javascript experiments (Henninger 
et al., 2022). Participants were asked to recall eight digits, 
presented visually in the centre of the screen in 72-point 
black Arial font on a white background in a serial order 
without replacement. In each of 84 trials, participants 
were randomly presented a series of 8 out of 9 non- 
repeating digits for 800 milliseconds each with 200 milli
seconds of blank screen between digits. The programme 
did not allow trials starting with the digit 1 and digits 
were not numerically adjacent (e.g. a 4 could never 
follow a 3). After each presentation of digits, a number 
line was presented in ascending order, with one 
button per digit, and participants were asked to use a 
mouse or trackpad to navigate and click on the digits 
in the order they were presented. It was not possible 
to make changes and the next trial could only begin 
once 8 digits had been selected, eliminating the occur
rence of missing information. The main outcome vari
able in the serial recall task is accuracy.

Auditory stimuli
During the serial recall task, auditory background noise 
was present. Participants were required to pass a head
phone calibration, to ensure correctly adjusted volume 
and ensure binaural headphone use. Compliance was 
measured after the task using a headphone check 
described in an online feasibility study by Elliott et al. 
(2022). In the headphone calibration, participants were 
instructed to set their volume to a comfortable listening 
level first. Participants then responded to 6 trials, in each 
of which 3 tones were presented. Participants did not 
receive feedback on their accuracy in these trials. After 

each set of 3 tones, participants had to respond which 
of the tones was the quietest. If a participant responded 
incorrectly to more than one of the six trials, they were 
given a message that their audio set-up was insufficient 
and not allowed to participate further. According to 
Elliott et al, this calibration achieved comparable 
results in relation to online testing of the same auditory 
serial recall paradigm we employed in this study to 
offline studies (2022), ensuring high data quality for 
this task. In the task, twenty-percent of trials, quasi-ran
domly assigned using a random number generator (with 
the condition that distraction trials could not occur con
secutively), contained a brief deviant distractor starting 
at the sixth digit in the series, in each of two conditions: 
a silent background noise condition with a white noise 
distractor, and a white background noise condition 
with a silent distractor. In the white background noise 
condition, the noise was present from the beginning 
to the end of each encoding phase. The main outcome 
variable is the deviant effect, measured by taking the 
difference between deviant and non-deviant auditory 
distraction trials, with a higher deviant effect indicating 
a greater impact of the deviant.

Adult ADHD self-report scale (ASRS)
In order to verify between-group differences in ADHD 
symptom severity, we used the ADHD self-report scale 
(ASRS; Kessler et al., 2005). This self-reported screening 
scale includes 18 items about frequency of recent symp
toms of adult ADHD. The screening part of this Likert- 
type questionnaire includes 6 items with 68.7% sensi
tivity, 98.3% specificity, 97.9% total classification accu
racy, and substantial inter-rater reliability (κ = 0.76). The 
ASRS screener shows strong concordance with clinical 
diagnoses (area under the receiver operating character
istic curve = 0.90), with recommended use even in com
munity epidemiological surveys (Kessler et al., 2007).

Depression, anxiety, and stress scale (DASS)
In order to measure depression and anxiety symptoms in 
our sample, we chose the Depression, Anxiety, and 
Stress (DASS) scale (Lovibond & Lovibond, 1995). The 
21-item DASS scale has excellent internal consistency 
(depression α = .95; anxiety α = .93; Zlomke, 2009), and 
good psychometric properties across cultures (Bibi et 
al., 2020).

Procedure

After participants opened their link for participation, 
they viewed an information screen. This page provided 
details in the format of frequently asked questions 
such as “What is the study’s purpose?”. Contact 
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information for the researchers and explanations of what 
to do if there is a problem or concern were also given. 
On the next page, the participants gave consent to 
take part in the study, after which they were asked to 
answer demographic questions. Then, the headphone 
screening occurred. This screening is designed to 
ensure the audio system is functioning adequately for 
each participant. Once this calibration occurred, partici
pants performed the serial recall task. Half of the partici
pants in the ADHD-diagnosed group and half of the 
participants in the control group completed the con
dition with background noise and silent distracters first 
(omission deviation), while the other half completed 
the condition with white noise distracters on a silent 
background first (addition deviation). In each back
ground noise condition, there were 240 non-distracter 
trials and 80 trials with a distracter present. After the 
serial recall task, participants were given a final audio 
check to ensure that the audio was functioning through
out the task. Next, participants were asked to answer 
two questionnaires: the ASRS and the DASS. This was fol
lowed by questions about their experience, which are 
provided in the supplementary materials. The final 
screen the participants viewed before exiting the study 
was the debrief screen where information about the 
study and researchers was provided.

Results

The preliminary details of 132 participants, separated by 
whether or not they reported a diagnosis of ADHD in an 
online survey prior to recruitment, are summarised in 
Table 1. In this online task, there was no attrition and 
no missing data, because participants could only move 
to the next screen with each step once they gave a full 
response.1 The median completion time was 45 min. 
To test each of our hypotheses, we ran a series of 
linear mixed effects models. The detailed findings of 
these models will be described in-text below, followed 
by a presentation of two additional exploratory analyses.

Preregistered analysis

To test each of our hypotheses, we ran a series of linear 
mixed effects models. The detailed findings of these 

models will be described in-text below, followed by a 
presentation of two additional exploratory analyses. 
Further details about the models can be found in the 
supplementary materials.2

In order to test the first hypothesis about the impact 
of ADHD status on accuracy performance in serial recall, 
we conducted a linear mixed model analysis to examine 
the effect of ADHD status, anxiety scores, depression 
scores, and age on response accuracy in the serial 
recall task, with random intercepts for participant 
(Model A). Results indicated a significant effect of age 
on response accuracy in serial recall in this model (F =  
4.41, p < 0.05), but no significant fixed effect of age on 
response accuracy in serial recall (β = 0.04, SE = 0.03, 
t(94) = 1.63, p = .11). This could be explained by the 
interaction effect between age and depression in this 
model (F = 4.00, p < 0.05). No other effects were signifi
cant in Model A.

To test the second hypothesis about the impact of 
ADHD status on the deviant effect (accuracy on standard 
trials minus accuracy on deviant trials), we conducted a 
linear mixed model analysis to examine the effect of 
ADHD status, anxiety scores, depression scores, and 
age on deviant effect in serial recall task, with random 
intercepts for participant (Model B). Results indicated a 
significant effect of age on deviant effect in serial 
recall (F = 415.54, p < 0.001), and a significant effect of 
ADHD on the deviant effect in serial recall (F = 594.48, 
p < 0.001). There was also a significant interaction 
effect between age and ADHD on deviant effect in 
Model B (F = 270.78, p < 0.001). In Model B, the signifi
cant fixed effects estimates were the same as the 
model effects, with age (β = −0.004, SE = 0.0002, 
t(411.91) = −20.39, p < 0.001), ADHD (β = 0.09, SE =  
0.002, t(40.16) = 24.38, p < 0.001), and age*ADHD (β =  
−0.004, SE = 0.0002, t(411.91) = −16.46, p < 0.001) being 
significant predictors of the deviant effect in serial 
recall task. The direction of these effects is as follows: 
having ADHD was associated with a larger deviant 
effect (lower performance in deviance distraction in 
serial recall measured by taking the difference 
between standard and deviant trials across the task) 
and being older was associated with a smaller deviant 
effect (higher performance in deviance distraction in 
serial recall). The interaction between age and ADHD 

1Box and density plots for descriptive purposes are included in the supplementary materials. Despite the exclusion criteria of anxiety and depression, a Welch’s t 
test showed a significant between-group difference in the DASS sub-scales of anxiety (t(84421.15) = −60.40, p < .001) and depression (t(80526.45) = −67.40, 
p < .001) in ADHD compared to non-ADHD diagnosed individuals, indicating a small effect size for the impact of anxiety (d = −0.41) and depression (d =  
−0.46). Individuals who reported being diagnosed with ADHD scored higher in both anxiety and depression. A small to moderate significant effect (d =  
0.49) of age on ADHD status was found (t(86445.49) = 72.18, p < 0.001). The sample of participants with ADHD were younger on average. Therefore, the 
variables of anxiety score, depression score, and age will be included in the analysis.

2There was also an impact of age as follows: in the ADHD group, younger individuals were more likely to have a higher deviant effect. In the group without 
ADHD, older individuals were more likely to have a higher deviant effect. This supports the idea that in individuals with ADHD, symptoms of inattention 
decrease across the lifespan. To support this finding, a longitudinal study with a bigger age range would be preferable, rather than this cohort sample.
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indicates that deviance distraction (indicated by the 
effect of the deviant on accuracy) is different in people 
with and without ADHD depending on their age. Since 
the beta coefficient is negative for this interaction 
term, it indicates that the effect of age on the deviant 
effect is weaker for individuals with ADHD compared 
to those without ADHD. In Model C (see Table S3), fol
lowing Barr’s guidelines for the most parsimonious 
model, the predictors depression score and anxiety 
score were removed, since they were not significant. 
Model C resulted in lower AIC and BIC scores 
(−0.000002122 for Model B compared to 
−0.000002359 for Model C), indicating that the sim
plified model is likely the most parsimonious.

Thirdly, we wanted to find the possible influence of 
background white noise or quiet on task accuracy. 
Model D therefore includes background noise condition 
as a fixed effect, in addition to the effects in Model A. 
Continuous background noise did not have a significant 
effect on accuracy in the serial recall task.

To test the hypothesis about which type of deviant 
(omission vs. addition) is more distracting for individuals 
with and without ADHD, we conducted a linear mixed 
model analysis.3 In the resulting model (Model G), the 
only significant effect is an interaction effect between 
background noise condition and ADHD status (F = 22.0, 
p < 0.001, β = 0.18, SE = 0.04, t(254) = −4.69, p < 0.001). 
This indicates that the influence of the background 
noise is different for individuals with and without 
ADHD (see Figure 1). The positive beta coefficient (β >  
0) indicates that individuals with ADHD had a smaller 
deviant effect (addition deviant) in the quiet condition 
compared to the noise condition (omission deviant). 
For individuals without ADHD, the effect of background 
noise is in the opposite direction compared to 

individuals with ADHD, meaning that those without 
ADHD had a smaller deviant effect in the noise condition 
(omission deviant) compared to the quiet condition 
(addition deviant).

Habituation effects were examined over the course of 
the task to determine whether patterns differed 
between individuals with and without ADHD. The vari
able we used to look at habituation is the trial 
number, whereby a higher trial number corresponds to 
a later time across the task. The simple question of 
whether or not habituation, as revealed by an increase 
in accuracy scores over the course of the task, occurred 
was addressed with a Kendall’s Tau-b correlation, and no 
significant relationship was found, τb = 0.00, p = 0.99, n  
= 86689. The habituation rate was calculated by taking 
the slope of accuracy across time (See Table 1). In 
order to see if the habituation rate is related to ADHD 
status, we performed a generalised linear regression 
model analysis (Model H; see Table S8), with habituation 
rate as the dependent variable, and the following fixed 
effects: depression, anxiety, age, and ADHD status. No 
variables were significant predictors of habituation rate.

Exploratory analysis

As an exploratory analysis, we tested the impact of 
ADHD group on the serial position effect. A linear 
mixed model (Model J; see Table S9) was created to 
examine the effect of ADHD status and serial position, 
with random intercepts for each participant. Results indi
cated no significant effect of ADHD (β = 0.005, SE =  
0.013, t(127.15) = 0.36, p = 0.719), but a significant 
effect of serial position on response accuracy in serial 
recall in this model (F = 58.79, p < 0.001). A significant 
interaction effect between ADHD and serial position 

Table 1. Participant demographics and task performance.
ADHD group (n = 66) Control group (n = 66)

Median Mean SD Range Median Mean SD Range

ASRS screener 21.00 21.55 4.40 12–30 13.00 13.60 3.67 7–21
ASRS Total 61.50 60.84 12.61 32–89 38.00 40.092 10.16 20–67
DASS-Anxiety 3.00 4.47 4.89 0–21 0.00 2.60 4.21 0–17
DASS-Depression 4.50 6.63 7.64 0–37 1.00 3.51 5.84 0–33
Omission Deviation Effect 0.15 0.24 0.53 −0.67–1.63 −0.10 −0.05 0.70 −1.43–2.10
Addition Deviation Effect −0.12 −0.17 0.61 −1.93–0.93 0.13 0.26 0.59 −0.80–1.70
Habituation rate 0.00 0.00 0.01 −0.01–0.06 0.00 0.00 0.04 −0.01–0.06

Note: SD = standard deviation. ASRS Screener = ADHD screening tool of the Adult ADHD Self-Reported Scale. ASRS Total = ADHD total score of the Adult ADHD 
Self-Reported Scale. DASS-Anxiety = DASS Anxiety scale. DASS-Depression = DASS Depression scale. Omission Deviation Effect = difference in average accu
racy between standard and deviant trials when the background noise condition is white noise. Addition Deviation Effect = difference in average accuracy 
between standard and deviant trials when the background noise condition is silence. Habituation rate = the deviant effect per trial number.

3Model E is identical to Model D with the outcome variable deviant effect, including background noise as a fixed effect. The resulting Model E did not have 
significant predictors of the deviant effect and no significant fixed effects (see Table S5). In order to find the most parsimonious model, Model F included only 
the predictors used in Model C (meaning that depression and anxiety were excluded) with the addition of background noise condition. Model F (see Table 
S6), resulted in a singular model fit, so the random effects structure should be reduced. By comparing the AIC and BIC of Model F to a new model, Model G 
(removing the influence of Age, see Table S7), we can see that Model G has slightly better fit.
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was found in this model (F = 6.80, p < 0.001). Figure 2
shows significant fixed effects of each serial position 
except serial position 5 (β = 0.002, SE = 0.008, t(127.13)  
= 0.32, p = 0.75). Fixed interaction effects were present 
between each serial position and ADHD status, except 
at serial position 4 (β = −0.009, SE = 0.007, t(130.43) =  
−1.40, p = 0.17). The fixed interaction effects indicate 
that participants with ADHD responded significantly 
less accurately at the first and second serial positions, 

significantly more accurately at the third, fifth, sixth, 
and seventh serial position. There was no difference 
between ADHD and non-ADHD participants at the 
fourth serial position.

A second exploratory analysis was to test adult self- 
reported ADHD symptom severity using the ASRS in 
more detail and relate these sub-scales to the deviant 
effects in the addition and omission deviant conditions 
using Pearson correlations. See Table 2 for a correlation 
matrix. The following scores of the ASRS were included: 
(1) ASRS Total Score, (2) ASRS 6-item Screener, (3) ASRS 
Inattention Sub-scale, (4) ASRS Hyperactivity Sub-scale, 
(5) ASRS Motor score of the Hyperactivity Sub-scale, 
and (6) ASRS Verbal score of the Hyperactivity Sub- 
scale. Results indicate no significant simple correlations 
between the effect of the deviants and ADHD 
symptom severity.

General discussion

This study aimed to explore how continuous back
ground noise with deviant auditory interruptions, com
pared to continuous silence with deviant white noise 
interruptions, affect serial recall accuracy in adults with 
and without self-reported ADHD. Based on prior 
research, we hypothesised that continuous white noise 
might stabilise attention and enhance recall perform
ance in ADHD participants, while sudden deviations – 
such as omissions or additions – would heighten distrac
tion due to attentional re-orienting challenges. Below, 
we discuss each major finding in relation to these 

Figure 1. Magnitude of the deviant effect, ADHD group, and 
Background noise condition. Note: Magnitude of the deviant 
effect = average difference between deviant and non-deviant 
trial accuracy. Error bars show standard error of the mean.

Figure 2. Serial position effect by ADHD group. Note: Proportion correct = the proportion of correct responses where 1.0 is a perfect 
score and 0.0 represents no correct digits per trial. Serial position = the serial position of the digits across one trial. Error bars show 
standard error of the mean.
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hypotheses and existing theories of attentional control 
and sensory processing.

Our first hypothesis predicted improved recall per
formance for ADHD participants in continuous white 
noise, based on the moderate brain arousal model (Sik
ström & Soderlund, 2010). However, we found no signifi
cant difference in recall accuracy across conditions for 
self-reported ADHD versus non-ADHD participants on 
non-deviant trials, whether with or without background 
noise. This null finding might be due to the intermittent 
presentation of background noise, as the absence of 
noise during the order reconstruction phase could 
have reduced its stabilising effect. Continuous noise 
throughout all trial phases may be required to fully 
assess this potential benefit of white noise for ADHD- 
related working memory performance.

Secondly, we hypothesised that individuals with ADHD 
would exhibit a larger deviant effect, particularly for omis
sion deviations within continuous white noise. Our results 
supported this prediction, showing that ADHD partici
pants had lower performance on deviant trials compared 
to non-deviant trials, suggesting a greater sensitivity to 
auditory disruptions. This aligns with the stabilising role 
that continuous auditory input may play for individuals 
with ADHD, with omissions disrupting this steady-state 
and triggering an orienting response that draws attention 
away from the primary task.

Thirdly, we examined the influence of background 
noise on distraction susceptibility, predicting that 
addition deviations in silence would disrupt non-ADHD 
participants more than those with ADHD. Our findings 
supported this hypothesis: non-ADHD participants 
were more distracted by addition deviations in quiet 

than in white noise, while ADHD participants showed 
the opposite pattern, being more affected by omission 
deviations in the white noise condition. This finding is 
consistent with studies suggesting that white noise sup
ports attentional engagement in non-clinical popu
lations (Baijot et al., 2016; Söderlund et al., 2016) and 
that ADHD participants may rely more on a continuous 
auditory background to manage sensory sensitivities.

Finally, our hypothesis on habituation, predicted 
different patterns of habituation to omissions versus 
additions across groups. While we expected habituation 
to addition deviations in quiet for non-ADHD partici
pants and reduced habituation to omissions for ADHD 
participants, our findings showed no significant habitu
ation effects over time. This result suggests that 
neither group habituated to the deviant sounds, poss
ibly due to the specific characteristics of the task or 
differences in attentional demands. This finding con
trasts with that reported by Pelletier et al. (2016) who 
observed that the impact of an irrelevant background 
sound diminished at a similar rate in ADHD participants 
and controls, concluding that sustained attention across 
the task does not deteriorate in participants with ADHD 
(Pelletier et al., 2016). Although the ADHD sample in this 
study exhibit on average high ADHD symptom severity, 
they may have been highly motivated to perform well 
given that they registered to the participant recruitment 
service Prolific Academic. However, all participants had 
the knowledge that the monetary reward was not 
dependent on their performance. Future research 
could explore how varying the encoding load or task 
difficulty might influence habituation rates, particularly 
in ADHD populations whereby reduced working 

Table 2. Correlation matrix of ADHD symptom severity, sub-scales, and working memory performance.
Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.

1. Age r –
p-value –

2. Omission deviant effect r −0.14 –
p-value 0.46 –

3. Addition deviant effect r −0.26 0.66*** –
p-value 0.15 <.001 –

4. ASRS (total score) r −0.30*** −0.09 −0.15 –
p-value <.001 0.64 0.42 –

5. ASRS (6-item screener) r −0.34*** −0.24 −0.25 0.95*** –
p-value <.001 0.17 0.16 <.001 –

6. ASRS (inattention sub-scale) r −0.31*** −0.19 −0.23 0.93*** 0.93*** –
p-value <.001 0.30 0.20 <.001 <.001 –

7. ASRS (hyperactivity sub-scale) r −0.24** 0.01 −0.06 0.93*** 0.84*** 0.75*** –
p-value 0.01 0.97 0.74 <.001 <.001 <.001 –

8. ASRS (motor score) r −0.29*** −0.03 −0.04 0.88*** 0.82*** 0.69*** 0.95*** –
p-value <.001 0.85 0.83 <.001 <.001 <.001 <.001 –

9. ASRS (verbal score) r −0.15 0.07 −0.09 0.88*** 0.74*** 0.72*** 0.921*** 0.76*** –
p-value 0.085 0.69 0.63 <.001 <.001 <.001 <.001 <.001 –

10. Anxiety (DASS) r −0.23** −0.10 −0.24 0.46*** 0.47*** 0.46*** 0.405*** 0.44*** 0.31*** –
p-value 0.007 0.59 0.19 <.001 <.001 <.001 <.001 <.001 <.001 –

11. Depression (DASS) r −0.15 −0.33 −0.24 0.42*** 0.43*** 0.47*** 0.31*** 0.33*** 0.24** 0.70*** –
p-value 0.07 0.06 0.18 <.001 <.001 <.001 <.001 <.001 0.005 <.001 –

Note: Significant p-values are flagged: *p < .05, **p < .01, ***p < .001. Pearson’s r was used.
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memory capacity (Jayawardena et al., 2019; Kim et al., 
2014; Luo et al., 2019; Wiegand et al., 2016), may increase 
vulnerabilities to the disruptive effects of auditory devi
ations (Hughes et al., 2013; Labonté et al., 2021).

In addition to these findings, we observed a novel 
serial position effect in ADHD participants, who com
pared with the non-ADHD participants, did not show 
the typical primacy effect seen in serial recall 
(Murdock, 1962). Instead, they performed better on 
middle list positions. There are several plausible expla
nations for this pattern. For example, the lack of the 
primacy effect may involve ADHD-related tendencies 
for internally directed attention (Gibson et al., 2019), 
where individuals may take longer to focus on each 
item, thereby missing the initial items. This explanation 
also coheres with the idea that individuals with ADHD 
struggle with initial attentional control due to a slower 
build-up of task engagement (Sonuga-Barke et al., 
2010). The variability in attentional allocation may thus 
reflect an initial difficulty in focusing on, or fully enga
ging with the task at the onset of each trial. Another 
possibility is that the position-specific accuracy demon
strated by individuals with ADHD reflects a problem 
with attentional persistence. For example, according to 
the dual pathway model (Sergeant, 2005) ADHD is 
characterised by both attentional lapses and moments 
of compensatory over-focus. The impoverished recall 
of positions 1 and 2 might reflect early lapses, coupled 
with compensatory focus on later positions where atten
tion may be re-engaged in response to the demands of 
the task. Further research could explore whether 
working memory training or other compensatory strat
egies could harness these potential differences to 
improve task focus in ADHD.

Our findings can be further examined in the context of 
the moderate brain arousal model (Söderlund & Sikström, 
2010). While we did not observe significant differences in 
recall accuracy rates between noise conditions or 
between groups, we found notable differences in distrac
tion levels, evidenced by the interaction effect. Previous 
studies in children with ADHD symptoms found that 
white noise facilitates accuracy in free recall (Söderlund 
& Sikström, 2010) and reduces omission errors in tasks 
requiring cognitive control (Baijot et al., 2016). Although 
a direct comparison to our findings is limited due to 
age differences, both studies indicate that individual 
differences in focused attention based on ADHD status 
persist across age groups. Future studies should explore 
whether aspects of cognitive control that are useful in 
memory recall are facilitated by white noise, or whether 
the effects are observed on broader cognitive functions.

While attentional control differences and background 
noise conditions are the primary factors explored in this 

study, other variables may also influence the relationship 
between distraction by deviant sounds and ADHD. 
However, some factors can be ruled out based on our 
findings. For instance, prior research shows that positive 
or negative affect does not significantly impact the level 
of distraction caused by auditory deviants in serial recall 
tasks (Kaiser et al., 2021). This suggests that differences 
in affect are unlikely to account for the attentional discre
pancies observed here between ADHD and non-ADHD 
groups. Importantly, whether white noise is experienced 
as facilitative or aversive hinges on its loudness level, 
where low-to-moderate intensities (<65 dB) can 
enhance attention and dampen stress, but exposures 
above approximately 80–90 dB elicit physiological stress 
(Awada et al., 2022; Liu et al., 2007). While our instructions 
and validated headphone check advised participants to 
maintain the volume at a comfortable level for the 
entire experiment, we can’t be certain whether or not 
loudness may have had some impact in this online 
study. Additionally, there is mixed evidence on whether 
distraction by deviants reflects an automatic response 
independent of cognitive load, or whether it can be 
modulated through cognitive control (Hughes et al., 
2013; Labonté et al., 2021). Therefore, it remains uncertain 
whether individuals with ADHD can effectively manage 
distractibility through task selection that increases cogni
tive demands or through enhanced focus. Further 
research is required to clarify these dynamics and to 
understand the specific conditions under which cognitive 
load may reduce or amplify distraction in ADHD. Specific 
subtypes of ADHD may have differential effects on the 
deviance distraction in serial recall, which this study did 
not find significant support for (see correlation matrix in 
Table 2). Further testing with larger samples and more 
heterogeneous ASRS symptom classifications could help 
shed more light on the influence of symptom severity 
and symptom categories.

Finally, one area we did not explore is encoding 
speed in working memory. Previous studies suggest 
that encoding speed variability can impact short-term 
memory capacity (AuBuchon et al., 2020; de Jong et 
al., 2023). Capacity decreases when the speed of encod
ing increases, so variability in the speed of the input, and 
the speed of the rehearsal, might both impact short- 
term memory capacity (AuBuchon et al., 2020). Under
standing how variable encoding speeds influence 
ADHD individuals’ recall performance could be a valu
able addition to behavioural management strategies 
for working memory in daily life.

There are some limitations of the participant sample 
that should be addressed in future research. For 
example, the sample does not reflect any particular geo
graphic or occupational group as is typical in many 
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convenience samples. Also, the results are not generali
sable to individuals with ADHD worldwide, since we only 
selected from English-speaking countries and based on 
self-reported ADHD diagnoses. There are differences in 
ADHD diagnostic procedures on a global level, so care 
should be taken when interpreting the findings on a 
local level. Our sample may include individuals who are 
diagnosed by a general practitioner, a psychiatrist, a psy
chotherapist, or even those who lack any formal diagnosis. 
The age of diagnosis may have been long ago in childhood 
or recently in adulthood. It is also possible that other neu
ropsychiatric symptoms influenced the results, as we chose 
not to rule out all comorbid conditions. Another note
worthy limitation is that adults who have ADHD could 
present higher symptom severity or different symptoma
tology compared to children, so the findings should not 
be generalised to children or adolescents.

Conclusion

In conclusion, this study suggests that differential 
responses to omission and addition deviations may dis
tinguish individuals with ADHD from those without, 
potentially offering a novel behavioural marker for 
ADHD diagnostics. Additionally, our findings imply that 
using white noise to enhance on-task focus must be care
fully managed, as interruptions in noise delivery (e.g. 
connectivity drop-outs) may be more detrimental for 
ADHD participants than sudden noise onset in silence, 
with the opposite effect for non-ADHD participants. 
These results underscore the importance of considering 
individual differences in ADHD when designing optimal 
working environments for tasks requiring sustained 
working memory, with implications for both practical 
applications and future research directions.
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