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Abstract 

The Irrelevant Sound Effect (ISE) commonly refers to the 

disruption of short-term memory tasks by task-irrelevant 

background sound. Although the ISE is known to be 

particularly strong with unpredictable and acoustically complex 

speech, the role of prosodic properties remains underexplored. 

This paper reports online experiments investigating how two 

pitch dimensions—acoustic regularity related to pitch change 

(regular vs irregular) and directional movement (rises vs 

falls)—influence the ISE. The regular stimuli were deemed 

more acoustically complex than the irregular stimuli, although 

this characterisation is debatable. Participants completed short-

term memory tasks while they were exposed to manipulated 

speech strings. The results showed that irregular pitch variation 

was more disruptive than regular patterns, but no difference was 

found between rises and falls. Traditionally, recall performance 

was assumed to be directly determined by the acoustic 

parameters of background sound. However, our results suggest 

that an unpredictable distribution of perceptually salient 

acoustic events captures attention and disrupts short-term 

memory performance. We propose a functional approach 

grounded in predictability and perceptual grouping rather than 

spectral change for advancing our understanding of the ISE.   

Index Terms: pitch, irrelevant sound, perception, attention 

1. Introduction 

Task-irrelevant background sound can interfere with non-

auditory cognitive processes, disrupting the processing of 

visually presented information. This shows cross-modal 

interactions in cognitive systems. Visual or auditory perception 

and processing does not operate in isolation, and it is modulated 

by how the brain links sounds to visual modality. A well-

documented example is the Irrelevant Sound Effect (ISE) – the 

impairment of visual short-term memory tasks, such as serial 

recall, by background sound [1]. Speech typically produces 

more disruption than non-speech sounds such as tones or music 

[2], yet the contribution of prosodic features to this interference 

remains underexplored. 

The present study examines how two pitch dimensions—

regularity in pitch change (regular vs irregular) and directional 

movement (rises vs falls)—influence the ISE. Because previous 

research on speech-induced ISE has primarily used discrete 

tones or word-like stimuli (sect. 1), investigating the role of 

continuously changing prosody can provide new insights. We 

hypothesised that pitch regularity and direction would modulate 

short-term memory disruption, although strong directional 

predictions about disruptive effects related to regularity are not 

straightforward (sect. 1.2). In this paper, we distinguish 

between ‘fundamental frequency (f₀)’ as the acoustic parameter 

and ‘pitch’ as its corresponding perceptual correlate. 

1.1. Mechanisms of the Irrelevant Sound Effect 

Previous research has shown that different types of task-

irrelevant sound disrupt cognitive processing to varying 

degrees. In general, sounds with high acoustic complexity and 

unpredictability produce the greatest disruption [3]. However, 

the magnitude of disruption depends on the interaction between 

task demands (requiring vs not requiring serial order 

representation) and the properties of auditory stimuli (chancing- 

vs steady-states). The Duplex Mechanism account provides a 

theoretical framework for understanding this interaction, 

proposing that the ISE arises from two distinct mechanisms: 

interference-by-process and attentional capture [4].  

First, interference-by-process occurs when the processing 

of task-irrelevant sound conflicts with the cognitive processes 

required by the focal task. For instance, ‘changing-state’ sounds 

– sequences involving spectro-temporal variation (e.g., 

MBCTD... or tone sequences consisting of tones that vary in 

pitch) – promote the automatic formation of an ordered auditory 

representation, which disrupts tasks that rely on serial order 

processing [5, 6]. Consequently, in serial recall, changing-state 

sounds are more disruptive than steady-state sounds (e.g., 

MMMMM... or tone sequences with the same pitch). The 

degree of disruption in serial recall is closely linked to the 

amount of acoustic change between successive irrelevant items 

in the background sound [5]. That is, according to the 

interference-by-process account, the ISE in serial recall 

performance is considered to depend primarily on the acoustic 

profile of the background sound (e.g., the proportion of changes 

in temporal properties, frequency, or amplitude). 

Psychoacoustic metrics such as the extent of amplitude or 

frequency modulation and spectral variability have been 

suggested as predictors of this ‘changing-state’ effect [7]. By 

contrast, short-term memory tasks that do not require serial 

representation – such as the missing item task, where 

participants identify a missing item from a sequence (e.g., 

identifying the missing ‘5’ from numbers 1-7 after being 

presented with 4, 7, 3, 1, 6, 2) [8] – show little or no 

vulnerability to ‘changing-state’ sounds [9, 10, 11].     

Attentional capture, in contrast, refers to distraction caused 

by a sound diverting attention away from the focal task, 

regardless of the cognitive processes involved [4]. Two classes 

of attentional capture have been identified. Specific attentional 

capture occurs when the sound has inherent attention-diverting 

significance (e.g., one’s own name or food-related sounds when 

hungry [12]). Aspecific attentional capture occurs when 

contextual factors make a sound salient (e.g. A in BBAB). 

A key finding that supports the theoretical distinction 

between interference-by-process and attentional capture 

mechanisms is that missing-item tasks are immune to changing-

state effects but nevertheless substantially disrupted by 
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unpredictable deviants [13]. Accordingly, the Duplex 

Mechanism Account predicts a task-specific dissociation: 

changing-state sounds should impair serial recall more than 

non-serial tasks, whereas deviant or unpredictable events 

should disrupt both.  

1.2. Pitch variation and attention 

Previous studies have investigated the effect of emotional 

prosody—with naturally exaggerated prosodic properties and 

indexical cues—on the ISE [14, 15]. However, these findings 

cannot be assumed to generalise to studies using systematically 

manipulated prosodic features. The present study explores how 

pitch regularity (regular vs irregular) and pitch movement 

direction (rises vs falls) influence short-term memory 

performance in serial and missing-item tasks. It is important to 

note that the predictions are not straightforward because the 

relationship between pitch patterns and the acoustically defined 

steady-state vs changing-state distinction (sect. 1.1) is unclear.  

Because prosodic regularity can be interpreted either as 

continuous acoustic change or as perceptual predictability, 

strong directional predictions about its disruptive effects are not 

straightforward a priori. Classification of ‘regular’ pitch 

variation is ambiguous (Fig. 1). Their acoustically repeated f0 

fluctuation might qualify them as ‘changing-state’. 

Alternatively, repeating rises or falls could be perceived as 

‘steady-state’ because the pattern is predictable across 

successive syllables. ‘Irregular’ pitch sequences show less f0 

fluctuation than regular sequences and thus approximate 

‘steady-state’ more closely. However, the ‘irregular’ sequences 

may disrupt performance by reducing predictability and 

capturing attention [e.g., 16, 17; cf. 18]. Under the traditional, 

acoustics-based ‘changing-state’ definition (sect. 1.1), stimuli 

with ‘regular’ pitch rises or falls should impair serial recall 

more than ‘irregular’ variation.  

We further note that changes of similar physical magnitude 

can differ in perceptual changes. Pitch height and direction 

matter: rises and high pitch are generally perceptually more 

salient than falls and low pitch. Listeners show improved 

discrimination for pitch peaks (rise-fall) height compared to 

valleys (fall-rise) [19, 20], and rising pitch tends to capture 

attention more effectively than falling pitch [21]. Consequently, 

background sequences rich in rising or high-pitched events 

should produce greater disruption than sequences dominated by 

falling or low-pitched events. The ‘irregular’ sequences 

contained irregular (pseudorandom) rises (Fig. 1c) or irregular 

high pitches (Fig. 1d). The predictability and pitch direction 

effects may combine additively. Under the attentional capture 

account (sect. 1.1), the ‘irregular-rise’ sequences are expected 

to produce the strongest disruption across both serial-recall and 

missing item tasks. 

To summarise, we predict that pitch regularity (regular vs 

irregular) and direction (rises vs falls) will modulate short-term 

memory disruption. Whether the acoustically defined ‘regular’ 

patterns (Fig. 1a, b) used here behave as ‘steady-state’ or 

‘changing-state’ stimuli remains an open empirical question. A 

finding of similar effects across task types would imply that 

these pitch dimensions do not produce the level of ordered 

change typically required for a classic changing-state effect. 

Conversely, if ‘irregular’ sequences prove to be especially 

disruptive, this would highlight the importance of both 

predictability and perceptual salience in influencing the ISE. 

2. Experiments  

2.1. Experiment 1: Serial Recall 

2.1.1. Methodology 

Participants Thirty-two monolingual native speakers of British 

English (aged 18-30) living in the UK were recruited via 

Prolific (www.prolific.com). All reported normal hearing and 

normal or corrected-to-normal vision. 

Materials Background sounds were generated from a single 

‘ma’ syllable spoken with flat pitch by a female Chinese 

speaker and used as the basis for resynthesis [22]. Each sound 

string consisted of 17 ‘ma’ tokens concatenated to yield a total 

duration of 8-9 seconds. F₀ was manipulated with Praat [23] to 

create four string types, crossing Regularity (regular vs 

pseudorandom) and Direction (rises vs falls). Across all strings, 

the f₀ range was held constant at 50 Hz. 

For regular-rise strings (Fig. 1a), an f₀ rise was repeated 

across all vowels. Pseudorandom-rise strings (Fig. 1c) were 

created such that the position of f₀ rises was unpredictable. 

Regular-fall and pseudorandom-fall strings were also created 

following the same principles (Figs 1b, d). Each 

‘pseudorandom’ string contained five deviants (i.e., abrupt rises 

or falls). Multiple strings were created for each experimental 

condition, with f₀ onset values varying between 180 and 270 Hz. 

Consequently, no two strings were acoustically identical within 

an experimental condition; each differed in baseline f₀ and/or 

the placement of rises or falls. 

 

 

 

 

 

Figure 1: Example strings used as background sound. 

(a) regular-rise, (b) regular-fall, (c) pseudorandom-

rise, and (d) pseudorandom-fall. 

Procedure Serial recall experiments were conducted online 

using lab.js programs hosted on Open Lab [24]. Participants 

were required to wear headphones and to pass a headphone 

(c) 

(b) 

(a) 

(d) 
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screening task [25]. Before the main task, they heard a 

calibration sound (broadband white noise) and were instructed 

to adjust their volume to a loud but comfortable level. 

The main experiment comprised five auditory conditions: 

quiet, regular-rise, regular-fall, pseudorandom-rise and 

pseudorandom-fall (16 trials per condition; 80 trials total). Each 

trial began with a fixation cross (+), followed by a sequence of 

eight to-be-remembered digits (sampled without replacement 

from the range 1-8). Digits were presented in a pseudorandom 

order, avoiding ascending or descending runs longer than two 

items. Each digit appeared centrally for 350ms with a 450ms 

interstimulus interval. In sound trials, the background sound 

sequence started with the first digit. 

2.1.2. Analysis and results 

Correct response ratios were computed by collapsing across 

serial positions and trials. Each serial position was scored as 1 

for a correct response and 0 points for an incorrect response. 

Bayesian Linear Mixed Models was constructed using R 

Version 4. 5. 1 [26], R Studio Build 513 [27] and the package 

“brms” Version 2.22.0 [28]. Default flat priors were used 

[family = student; intercept, student_t (3, 0.7, 2.5); parameters, 

student_t (3, 0, 2.5)]. The number of iterations was set to 5000 

with the random seed set to 1500. Experimental data and 

analysis codes are available upon request. Below model 

parameters are reported with 95% Credible Intervals (CIs). 

For the first-stage model, Condition (quiet, regular-rise, 

regular-fall, pseudorandom-rise, pseudorandom-fall, see Fig. 2) 

was used as a fixed predictor with participant as a random 

intercept. This model showed that for all experimental 

conditions, correct response rates were significantly lower 

compared to the ‘quiet’ condition (intercept, b = 0.76, SE = 

0.03, CI [0.71, 0.82]); regular-rise, b = -0.05, SE = 0.02, CI 

[-0.08, -0.02];  regular-fall, b = -0.07, SE = 0.02, CI 

[-0.10, -0.04]); pseudorandom-rise, b = -0.09, SE = 0.02, CI 

[-0.12, -0.06]; pseudorandom-fall, b = -0.10, SE = 0.02, CI 

[-0.13, -0.07]). This confirms that any form of irrelevant 

background sound impaired serial recall compared to quiet.   

 
Figure 2: Estimate proportion of correct responses and their 

95% CIs for (a) Experiment 1 (serial recall) and (b) 

Experiment 2 (missing item) for quiet, regular-rise (RRise), 

regular-fall (RFall), pseudorandom-rise (PRise) and 

pseudorandom-fall (PFall). 

The second-stage model was constructed with Regularity 

(regular, pseudorandom) and Direction (fall, rise), and their 

interaction as fixed predictors. They were sum-coded (rise = -1, 

fall = 1; regular = -1, pseudorandom = 1). With sum-coding, the 

intercept is in the middle of the two predictor categories. 

Participant was incorporated as a random intercept. The model 

(intercept, b = 0.69, SE = 0.03, CI [0.63, 0.74]) showed a 

significant effect of Regularity (b = -0.02, SE = 0, CI 

[-0.03, -0.01]). Fig. 2a shows that predicted means of correct 

responses are higher for ‘regular’ compared to ‘pseudorandom’ 

conditions. However, the effects of Direction (b = -0.01, SE = 

0, CI [-0.01, 0]) and the Regularity × Direction interaction (b = 

0, SE = 0, CI [-0.01, 0.01]) were not significant.  

2.2. Experiment 2: Non-serial missing item task 

2.2.1. Methodology 

Sixty monolingual native speakers of British English (aged 18-

30) were recruited as participants via the same procedures and 

eligibility criteria as in Experiment 1. Individuals who took part 

in Experiment 1 were not eligible to participate. Background 

sounds were generated using the same resynthesis and pitch-

manipulation procedures as in Experiment 1. The experimental 

setup matched Experiment 1 except that a missing-item task 

replaced serial recall. On each trial, participants viewed a 

sequence of digits (1-9) presented one at a time. After the 

sequence, they were asked to select the digit that had not 

appeared (e.g. identifying 6 as missing from the sequence 3, 1, 

7, 8, 4, 9, 5, 2) [cf. 29, 30]. The experiment comprised 90 trials 

(18 per auditory condition).  

2.2.2. Analysis and results  

The statistical approach was identical to Experiment 1. The 

dependent variable was the proportion of correct responses in 

each auditory condition, averaged across trials per participant. 

The first-stage model showed that for all conditions with 

background sound (Fig. 2b), correct response rates were 

significantly lower compared to the ‘quiet’ condition (intercept, 

b = 0.74, SE = 0.03, CI [0.68, 0.80]; regular-rise [b = -0.05, SE 

= 0.02, CI [-0.09, -0.02]); regular-fall [b = -0.04, SE = 0.02, CI 

[-0.08, -0.01]), pseudorandom-rise [b = -0.10, SE = 0.02, CI 

[-0.14, -0.06]), pseudorandom-fall [b = -0.08, SE = 0.02, CI 

[-0.12, -0.05]). Thus, the presence of background sound 

impaired missing-item task performance compared with quiet.  

For the second-stage model, the number of iterations was 

increased to 8000 to address a minor convergence issue. The 

model output (intercept, b = 0.67, SE = 0.03, CI [0.61, 0.73]) 

showed a significant effect of Regularity (b = -0.02, SE = 0.01, 

CI [-0.03, -0.01]). Although Fig. 2b suggests that sounds 

containing falls may have been less disruptive than those 

containing rises, the effect of Direction (b = 0.01, SE = 0.01, CI 

[-0.01, 0.02]) and the Regularity × Direction interaction (b = 0, 

SE = 0.01, CI [-0.01, 0.01]) were not significant. 

3. Discussion 

The present study confirmed that background speech varying in 

pitch impairs short-term memory relative to quiet, replicating 

the well-established disruptive effect of human speech [31]. We 

expected that if ‘regular’ pitch variation functions as ‘changing-

state’ (see Fig. 1 and sect. 1.1), its disruption would be stronger 

for serial recall than for a non-serial missing-item task; if pitch 

‘irregularity’ chiefly captures attention, it should affect both 

tasks similarly. In fact, the results showed that ‘irregular’ 

sequences were more disruptive than ‘regular’ ones for both 

tasks, and no reliable interaction with the task type emerged. (A 

supplementary Bayesian model including Task [Experiments 1 

vs 2] confirmed that the Regularity × Task interaction was not 

credible [95% CI spanning zero]. This analysis is not reported 

here due to space limitations.) This pattern accords with the idea 

that unpredictable, salient acoustic events capture attention 

(a) (b) 
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irrespective of a task’s serial demands and aspecific attentional 

capture (sect. 1.1) was in operation. 

However, our findings raise an important conceptual issue 

concerning the applicability of the traditional changing- vs 

steady-state distinction to prosodic materials. In classic ISE 

work, these categories are defined acoustically by the spectro-

temporal properties determined by discrete changes (e.g., 

MBCTD... or tone sequences consisting of tones differing in 

pitch levels); however, perceived prosodic organisation may 

not correlate with acoustic measures commonly used in ISE 

research. For our ‘regular’ sequences, although the f₀ changed 

every syllable, the repetition of the same rising or falling f₀ 

contour created strong predictability. By contrast, the 

‘pseudorandom’ sequences introduced local violations and 

unpredictability that functionally resemble deviant events, 

although its prosodic variation was less complex than the 

regular sequences. We further note that some previous studies 

involve circular reasoning, classifying stimuli as ‘changing-

state’ based on whether they produce the ‘changing-state’ effect 

rather than on independent stimulus-specific properties.  

To avoid the issues concerning acoustics-perception 

mismatch and circularity, we propose a functional definition 

grounded in predictability and perceptual salience rather than 

raw spectral change. Under this view, prosodic irregularity 

disrupts performance by challenging the formation of a 

coherent auditory stream and eliciting attentional diversion, 

whereas predictable prosody behaves functionally like ‘steady-

state’. This reframing clarifies how prosody should be treated 

within the duplex mechanism framework in future ISE research. 

Specifically, further studies should examine the role of pitch 

variation under different levels of perceptual coherence (e.g. 

varying grouping structure or distribution of perceptually 

salient events) and determine whether prosodic predictability 

can override the effects of discrete changes observed for 

traditional ‘changing-state’ stimuli (e.g. MBCTD...). 

The perception-based functional approach explains why 

pitch movement direction had no effect. Although rises and 

high pitch are known to preferentially capture attention [19, 20, 

21], no reliable direction effect (rises vs falls) emerged. This 

null effect likely stems from the equivalent predictability of the 

regular-rise and regular-fall conditions (Fig. 1a, b): regular rises 

and falls were equally predictable and thus equally tolerable. 

Similarly, the pseudorandom-rise stimuli (Fig. 1c) and 

pseudorandom-fall stimuli (Fig. 1d) both contained 

unpredictably distributed perceptually salient events – rises for 

pseudorandom-rise and high pitches for pseudorandom-fall, 

making their levels of unpredictability comparable. The 

predictability of perceptually salient events outweighs their 

pitch direction in determining distraction. 

That said, several stimulus- and task-related factors in the 

current design may have prevented a clearer interaction 

between stimulus and task types from emerging. First, the 

modest disruption produced by our regular stimuli could reflect 

a steady-state effect arising from predictable prosody. Steady-

state sequences are usually minimally disruptive, yet they can 

impair performance on non-serial tasks [e.g. 32]. Then, the 

pseudorandom sequences may have superimposed a deviation 

effect capturing attention—local violations of the established 

contour—on top of the baseline steady-state interference 

discussed above. Our pseudorandom sequences differed from 

classic changing-state sequences in that the segmental contents 

were controlled (repeating ‘ma’ syllables) as for classic steady-

state sequences, their f₀ range (maximum–minimum ≈ 50 Hz) 

was tightly controlled, while multiple small violations were 

distributed across sequences. Such controlled, limited variation 

may be insufficient to elicit the strong serial-order interference 

typical of the changing-state effect [2], while they could lead to 

performance decrement across both tasks. 

It is also possible that the absence of an interaction between 

stimulus and task types partly stem from strategy differences 

linked to a hybrid mechanism of interference-by-process and 

attentional capture. Some participants in the missing-item 

experiment may have engaged in serial rehearsal, which would 

render that task susceptible to process-based interference [9, 

33]. If so, both interference-by-process and attentional capture 

could have contributed in parallel, producing a blended 

disruption pattern. Recent work on emotional prosody supports 

such a hybrid view. For instance, sudden prosodic changes (e.g. 

from neutral and exaggerated prosody) can yield disruption 

patterns intermediate between classical changing-state and 

attention capture effects, implying that prosody may modulates 

the duplex mechanisms (sect. 1.1) simultaneously [14, 15].  

Collectively, the findings suggest that pitch variation in 

speech may engage a mixture of mechanisms, operating at the 

interface of predictability-driven interference and salience-

driven attentional diversion. Predictable sequences behave as 

steady-state stimuli that modestly interferes with encoding of 

visually presented information, whereas unpredictable 

sequences introduce deviation-like violations that provoke 

attentional diversion. If some participants also relied on serial 

rehearsal, a weak process-interference component could further 

blur the expected duplex dissociation. These factors could 

explain why disruption appeared across both tasks. 

4. Conclusions 

The present study examined how pitch ‘regularity’ and 

movement direction shape the Irrelevant Sound Effect (ISE). 

Across two experiments, background speech varying in pitch 

disrupted short-term memory relative to quiet, confirming the 

robustness of the ISE. Irregular (pseudorandom) pitch 

sequences impaired both serial recall and missing-item 

performance more than regular sequences, whereas pitch 

direction (rises vs falls) exerted no reliable influence.  

The results diverge from the Duplex Account’s prediction 

of a task-specific dissociation—greater disruption for serial 

than for non-serial tasks when a changing-state stream is 

present—and instead is consistent with a predominantly 

attentional-diversion account. Nevertheless, several features of 

the stimuli and tasks suggest a hybrid explanation. The ‘regular’ 

sequences behaved as predictable, steady-state speech that 

modestly interfered with encoding, while the ‘irregular’ 

sequences introduced local contour violations resembling 

deviation effects that provoked attentional capture. If some 

participants in the non-serial task engaged in serial rehearsal, a 

small process-interference component may also have 

contributed, further blurring the duplex dissociation. 

Overall, the findings indicate that predictability and 

perceptual salience, rather than acoustic change per se, may be 

the primary determinants of auditory distraction. We therefore 

propose a perception-based functional approach that reframes 

the changing- vs steady-state distinction in terms of perceived 

predictability and salience. Future work should parametrically 

manipulate the perceptual dimensions of prosodic cues to 

clarify how they interact with discrete variation in irrelevant 

sounds. 
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