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Abstract 

The goal of the present investigation is to perform a preregistered replication of Jones and 

Macken’s (1995b) study, which showed that the segregation of a sequence of sounds to distinct 

spatial locations reduced the detrimental effects of irrelevant speech on short-term memory. 

Thereby, it postulated an intriguing connection between the psycho-acoustical concept of spatial 

auditory stream segregation and the cognitive mechanism underlying the irrelevant speech effect. 

Specifically, it was found that spoken utterances (e.g., “V-J-X”) were less disruptive in a “stereo” 

condition in which each auditory event (each letter) could be allocated to a separate location 

(right ear, left ear, center), compared to when the sounds were played in “mono”, which does not 

allow for such streaming-by-location. It is important to replicate this influential study with 

enhanced statistical power, due to its relevance for probing the classic as well as more recent 

accounts of the irrelevant speech effect, but also since the results were somewhat equivocal, in 

that the stereo condition produced slightly more disruption compared to silence and compared to 

the respective steady-state conditions with a single repeated letter (“J-J-J”). Jones and Macken’s 

study, which has never been replicated by a different laboratory, to our knowledge, is significant 

both theoretically, and from an applied perspective, since it postulates a role for the spatial 

distribution of sound to modulate auditory distraction with relevance, for example, for the 

acoustic design of the workplace. 

Keywords: irrelevant speech effect, changing-state effect, streaming-by-location, auditory 

distraction 
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The role of spatial location in irrelevant speech revisited: A registered replication of Jones 

and Macken (1995) 

The irrelevant speech effect 

The irrelevant speech effect refers to the observation that working memory is strongly 

disrupted by task-irrelevant auditory input, particularly speech, even though it is presented at 

moderate levels and participants are told to ignore it. Starting from the first work on this effect 

(e.g., Colle & Welsh, 1976; Salamé & Baddeley, 1982), the study of auditory distraction has 

developed into a research domain of its own encompassing well-defined experimental paradigms 

and resulting in hundreds of scientific publications (for reviews, see Banbury et al., 2001; 

Ellermeier & Zimmer, 2014; Hughes, 2014; Marsh et al., 2021). 

While the earliest theoretical explanation as to why irrelevant speech effects occur, 

focused on interference-by-content between to-be-remembered verbal materials encoded in the 

phonological store and the automatically encoded phonological elements of irrelevant speech in 

working memory (Baddeley & Hitch, 1974; Salamé & Baddeley, 1982), the most influential 

account to date assumes interference-by-process. Originally termed the object-oriented episodic 

record (O-OER) model, the account was proposed by Jones and co-workers (Jones et al., 1996; 

Jones & Macken, 1993) and postulates that disruption occurs as a result of automatically 

processed order information inherent to the auditory sequence (within the process of auditory 

scene analysis, Bregman, 1990). Specifically, a sequence of distinct objects that are perceived in 

irrelevant sound is assumed to interfere with the order information of to-be-remembered items 

during a serial recall task. The empirical basis of this account is the changing-state effect, that is, 

the observation that an irrelevant sound sequence consisting of multiple discriminable sounds 
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(such as articulations of the letters “V-J-X”) produces more disruption in a serial recall task (but 

not in non-serial memory tasks) than a sequence of repeated (steady-state) sounds (e.g. repetitions 

of the same letter/object, such as “J-J-J”). The idea is that changing-state sound gives rise to the 

formation of order cues during auditory scene analysis (i.e., pointers linking consecutive auditory 

objects, see Bregman, 1990), which then interfere with serial-order processing, whereas no order 

information is generated by steady-state sound.  

In contrast, an  attentional account (e.g., Bell et al., 2019; Cowan, 1995; Röer et al., 2015), 

provides an alternative explanation for the changing-state effect. The theory assumes that all 

incoming auditory stimuli receive a minimal amount of attention, which requires cognitive 

resources that are drawn away from the focal memory task. The degree of attentional capture, 

however, varies with features of the irrelevant sound. For instance, sounds that deviate from the 

listener’s predictive model based on previous stimulation (e.g., an unexpected change in the 

variability of a melody; Röer et al., 2014) or sounds that are meaningful to the listener’s current 

goals (e.g., their own name; Röer et al., 2013) are expected to capture more attention than regular 

or meaningless sounds. Hence, according to the attentional account, the changing-state effect may 

arise because a sequence of changing sounds is less predictable than a steady-state sequence. The 

less predictable an auditory sequence is (such as free-running speech), the larger the resource 

demand. If, by contrast, a steady-state stream (e.g., a repetition of identical utterances of a single 

letter) is presented as an irrelevant background, the attentional system will compare the incoming 

stimulus with the recently processed stimuli, and – due to the high predictability of the sequence - 

will require only a very basic amount of attentional resources for this kind of monitoring (Bell et 

al., 2019, p. 501). Note that, in contrast to the changing-state hypothesis, an attentional theory of 
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auditory distraction postulates that steady-state effects should be measurable and significant in 

the irrelevant speech paradigm. 

 This theoretical controversy is relevant when reconsidering an early and influential study 

in the history of research on the irrelevant speech effect that claimed to demonstrate a simple 

manipulation to turn a changing-state sequence of letters into what perceptually amounts to three 

steady-state sequences by means of spatial panning (shifting the stereo signal between the left 

and right headphones). Thus, multiple empirical tests of the changing-state hypothesis were 

performed by Jones and Macken (1995b). Their study is both crucial and elegantly conceived, in 

that (a) it shows that principles of perceptual organization (Bregman, 1990; Handel, 1989) are 

involved in determining whether a changing-state effect will be observed or not, (b) it is the first 

to provide evidence that the spatial arrangement of the irrelevant-speech scenario may play a role, 

and (c) it provides a crucial and frequently cited example of contrasting a steady-state with a 

changing-state effect, the difference of which is caused by a small manipulation in the way an 

identical sequence of irrelevant sounds is presented via headphones. 

Jones and Macken’s (1995b) classic experiment 

Jones and Macken (1995b) devised a typical irrelevant speech experiment with 

participants having to remember a sequence of visually presented letters (F, K, L, M, Q, R, Y in a 

different random order on each trial) while irrelevant speech was played back over headphones, 

with silence constituting a control condition. The irrelevant speech was composed of three 

different spoken letters being played back in a repeating loop (e.g., “V-J-X” in their Experiment 

1b). The crucial manipulation, however, with respect to the spatial sound configuration at issue 

was that a “mono” version of the irrelevant letter sequence was contrasted with a “stereo” 
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version. In the mono version, the three letters were presented in fast succession (200 ms per 

letter) and monophonically, i.e. diotically (same signal in both ears, see Figure 1, top left) 

delivered via headphones. In the stereo version, one letter (“V”) was played on the right channel 

only, followed by a different letter (“J”) on the left channel only, and the third letter (“X”) was 

simultaneously played on both stereo channels (see Figure 1, top right). Due to auditory 

streaming with stereophonic headphone presentation, a sequence of “V”s should be heard in the 

right ear, a sequence of “J”s in the left ear, and an “X” sequence in the center of the head (see 

Figure 1, bottom right). 

 

Figure 1:  Schematic illustration of two irrelevant speech conditions used by Jones & Macken 

(1995b). (A) Monophonic changing-state presentation (top) leading to the perception of a 

changing-state stream of auditory objects (bottom). (B) Stereophonic changing-state presentation 
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(top), leading to the perception of three spatially separated steady-state streams in the left ear, 

right ear and the center of the head (bottom). 

 

More specifically, in line with the idea of auditory scene analysis (a concept very 

influential at the time due to the work by Bregman, 1990), the left-ear, right-ear, and diotic (both-

ear) stimuli are perceptually split into three different auditory sequences (or streams) emanating 

from three distinct locations. If such streaming-by-location occurs (Barsz, 1991; Hartmann & 

Johnson, 1991), what the listener perceives in the stereo condition (Figure 1, bottom right) is 

actually three distinct, localized non-changing letter sequences (a unique letter being repeated at 

regular intervals in each stream), which amounts to three steady-state percepts, rather than a 

changing-state percept as with monophonic presentation (Figure 1, bottom left). 

Consequently, the crucial prediction made by Jones and Macken (1995b) is that the 

changing-state mono condition should be significantly more disruptive to serial recall than the 

stereo condition in which the auditory scene is organized perceptually into three separate steady-

state streams. This prediction is largely borne out by the data, in that three independent 

experiments (Experiments 1a, 1b, and 1c, distinguished by slight variations in the letters used for 

the irrelevant sound, or in the respective control conditions implemented) all show the mono 

versions to be significantly more disruptive to serial recall than the (spatially streamed) 

stereophonic sound conditions. 

Furthermore, two control conditions implemented in Jones and Macken’s (1995b) 

Experiment 1c are of particular interest: They consisted of steady-state sequences “J-J-J” (not 
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contained in Experiments 1a and 1b) either presented in mono by means of diotic headphone 

presentation, or in stereo, the latter resulting in three perceptual steady-state streams of repetitions 

of the letter “J” alternating between right, left, and center-of-the head localization. Both of these 

conditions produced no disruption at all when compared with the silent control. In our view, these 

steady-state control conditions from Experiment 1c constitute a true steady-state reference and 

allow to tease apart the irrelevant speech effect (comparison with silence) into a changing-state 

effect (changing condition vs. steady condition) and a steady-state effect (steady condition 

vs. silence). Note that this kind of reference condition is needed to be able to assess whether the 

release from interference caused by spatial streaming (in the “V-J-X” stereo condition) actually 

reduces to a perceptual steady-state condition (or three steady-state streams, according to Jones 

and Macken’s reasoning). Of course, as Jones and Macken (1995b) argue, observing a small 

disruptive effect of the streamed steady-state condition may be due to the fact that the residual 

disruptive effects of three steady-state streams simply add up (a speculation not supported by the 

results of Experiment 1c), or, alternatively, that the perceptual streaming is unstable (as reasoned 

by Jones et al., 1999).  Since the steady-state control conditions were not presented in 

Experiments 1a and 1b, any conclusion about these conjectures hinges on the equivocal outcome 

of Experiment 1c (where, for example, the steady-state control conditions came out slightly better 

than silence). 

Another repetition of the original experiment was reported four years later (Jones et al., 

1999): They replicated Experiment 1b with essentially the same outcome: The stereo condition 

where the three letters “stream out” to three distinct spatial locations (right column of Figure 1) 

produced significantly less memory disruption than the mono condition consisting of a single 
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stream looping through the same set of letters (left column of Figure 1), but again there was no 

contrast with the corresponding steady-state conditions in mono and stereo. 

This result is (1) significant in the web of empirical results determining what factors 

modulate memory disruption by irrelevant speech, particularly, since, among the many 

(psycho)acoustical factors modulating the irrelevant speech effect (such as pitch changes or 

spectral detail; see Ellermeier & Zimmer, 2014), it is the first to demonstrate an effect of the 

spatial layout of the irrelevant sound background in affecting the amount of auditory distraction. 

It is further (2) theoretically significant, in that it supports the Object-Oriented Episodic Record 

(O-OER) model proposed at the time (Jones et al., 1996; Jones & Macken, 1993) which has since 

become integrated into a more general interference-by-process account of auditory distraction 

(Jones & Tremblay, 2000; Marsh et al., 2009). It does so by invoking the concept of perceptual 

organization (Bregman, 1990) or auditory stream segregation as a vehicle to switch between 

steady-state and changing-state percepts. Specifically, following this rationale, the stereo 

condition implemented by Jones and Macken (1995b) turned a changing-state sequence into three 

perceptual steady-state sequences. Note, that the idea that perceptual organization or streaming 

plays a significant role in modulating irrelevant sound effects is supported by other studies in 

which increasing the frequency separation between tones constituting the irrelevant-sound 

sequence (pitch streaming: Jones et al., 1999) or speeding up the distracting tone sequence 

(streaming by tempo: Macken et al., 2003) both reduced the magnitude of the irrelevant sound 

effect observed. The demonstration that streaming-by-location is suited to attenuate irrelevant 

sound effects, however, largely hinges on the evidence provided by the work to be replicated 

here.    
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Robustness of the original finding 

In our view, the crucial experiment of the classic study by (Jones & Macken, 1995b) 

should be replicated for three reasons: 

First, it is the first study manipulating the spatial arrangement of distractor sources in the 

irrelevant speech effect. Though it does so with only minimal, highly artificial means to spatialize 

the sound, i.e. by using monotic (left, right) vs. diotic (center) headphone presentation, resulting 

in a lateralized or central sound image in the listener’s head, Jones and Macken’s (1995b) study 

remains the uncontended reference as to spatial sound perception modulating the irrelevant 

speech effect. Its only competitor, though with quite a different rationale, is a study by the same 

authors, published in the same year (Jones & Macken, 1995a) similarly exploiting the spatial 

properties of the irrelevant speech to further explore both the interference-by-process account and 

its relation to auditory stream segregation. They placed the listeners in an environment of “babble 

speech”: While a mix of 6 speakers talking (the standard babble condition) produced only 

moderate memory impairment, disruption increased significantly when each of the 6 human 

speakers was played back by one of 6 loudspeakers arranged in a circle around the listener (the 

streamed babble condition). Just like the outcome of Jones and Macken’s (1995b) original study, 

this is consistent both with the interference-by-process account, and the idea that auditory 

streaming (by location) will exert an influence, since the babble becomes more noise-like (and 

thus less segmented) the more speakers are added to the audio track, whereas the streamed babble 

allows the listener to process the much more segmented utterances of individual speakers 

originating from different directions in space. 
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Second, Jones and Macken’s (1995b) study is statistically underpowered: Even though 

they obtain a spatial-streaming effect (statistically significant difference between their mono and 

stereo conditions) in three separate experiments (1A-C), each of them is based on data from 

twenty participants only. However, a simulation-based power analysis of the effects reported in 

Exp. 1C revealed that considerably more participants are needed to reliably demonstrate the 

crucial streaming effects in a single experiment (N = 20 provides about 51% power for the crucial 

contrast; see below). Given the theoretical impact of these effects, the aim of the present study is 

to provide an independent well-powered replication of Jones and Macken’s (1995b) Exp. 1C in a 

different laboratory.   

Third, the results are not as clear-cut as Jones and Macken’s (1995b) interpretation 

suggests: Ideally, the critical stereo condition affording spatial streaming into three steady-state 

sources should reduce the changing-state effect to a residual steady-state effect. Nevertheless, the 

memory disruption produced by the stereo condition in all three experiments is still substantial, 

with mean performance levels falling roughly midway between the silent control and the most 

disruptive monophonic changing-state condition (see Figure 2). That might suggest that this is 

not just a steady-state effect (which typically is hardly measurable with so few participants, see 

Bell et al., 2019) but a residual changing-state effect, which may be due to either imperfect or 

unstable streaming (Jones et al., 1999) or the spatial switching between locations (although there 

is little support for the latter; see Jones & Macken, 1995b, Exp. 1C, Fig. 3). To address this issue, 

a true steady-state control condition like the one implemented in Experiment 1c (see the two 

rightmost bars in Figure 2) is required for comparison; provided, of course, it is equipped with 

sufficient statistical power to potentially distinguish performance from that in the quiet control. 
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Thus, a replication of Jones and Macken (1995b) might - from a theoretical perspective not 

available at the time - also permit us to assess whether the kind of attentional capture postulated 

by the attentional account might better explain the results than the changing-state hypothesis. If a 

call for attention is issued whenever, and to the extent that a new stimulus deviates from its 

predecessor, clearly, the monophonic condition in which different letters are presented in 

succession should be the most distracting, a prediction not differing from that made by the 

changing state hypothesis. If, on the other extreme, one and the same letter is presented 

repeatedly and in mono, a minimal but robust amount of distraction is expected by the attentional 

account due to the obligatory monitoring of the albeit constant auditory input. If the amount of 

distraction depends on the mismatch between the current distractor sound and a neural, predictive 

model built from the features of previous distractors (Escera et al., 1998), then a prediction for 

the crucial stereo condition in Jones and Macken (1995b) may be derived: Perceptually assigning 

the three different distractor letters (e.g. “V-J-X”) employed in the stereo condition to three in-

the-head locations will certainly not diminish the degree of mismatch between successive 

distractors, on the contrary, that mismatch will increase, since the existing spectro-temporal 

differences between the letter sounds are supplemented by interaural intensity differences 

resulting in changing lateralizations. Note, however, that the procedure chosen by Jones and 

Macken (1995b), in which a repeating sequence of three fixed letters is played throughout each 

trial (“V-J-X-V-J-X…”) makes the upcoming utterances perfectly predictable after a few 

seconds. Hence, a predictability-based attentional capture account, would not predict much more 

disruption  in the changing-state than in the steady-state conditions. Furthermore, the 

stereophonic control condition of Jones and Macken’s Experiment 1C, where one and the same 

letter alternates between three locations, might be thought to require slightly more attentional 
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resources than the monophonic steady-state condition (repetitions of the same letter at a single 

location), since the changing spatial position of that letter (driven by the interaural level 

differences) constitutes a changing sound feature. Thus, though - admittedly - the attentional 

account is not as rigorously formulated as the interference-by-process account, different 

predictions may be derived tentatively from the two competing models. 

Figure 2: Summary of the results reported by Jones & Macken (1995b; Exp. 1A-1C) and Jones et 

al. (1999; Exp. 1). As can be seen, collapsed across four experiments the stereo “VJX” changing-

state condition (perceptually a steady-state condition) appears to produce more recall errors 
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compared to the real steady-state conditions (“JJJ” in terms of stimulus presentation; which were 

only contained in Exp. 1C). Error bars represent standard errors of the means  computed across 

serial positions and all four experiments (not available for the two control conditions that were 

exclusively contained in Experiment 1C).  

The criticisms of low statistical power and ambiguous results, incidentally, also apply to 

the earlier replication by Jones and colleagues (1999). Therefore, Jones and Macken’s (1995b) 

Experiment 1c, which contains all relevant control conditions including and beyond those used in 

Experiments 1a and 1b (and Jones et al., 1999b), is to be replicated as closely as possible (making 

it a ‘direct’ replication, see Zwaan et al, 2018) and with sufficient statistical power. 

Hypotheses for the present replication 

Two specific hypotheses are tested with the present replication of the original study (Jones 

& Macken, 1995b): (1) The stereophonic changing-state condition, by virtue of spatial streaming, 

should induce significantly fewer serial recall errors than the corresponding changing-state mono 

condition. (2) If, in fact, spatial streaming reduces the changing-state effect by producing nothing 

but a steady-state effect in the stereophonic changing-state condition, then the disruption should 

be equivalent, or not significantly different, from the corresponding stereophonic steady-state 

condition. 
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Method 

Participants 

We note that this replication project is motivated partially by the fact that the original 

study (Jones and Macken, 1995b; Exp. 1C) may have been underpowered with only 20 

participants. To determine the statistical power, simulations of the replication experiment were 

conducted in R to determine the minimum sample size required to observe both the main effect of 

auditory condition (5-level factor in a repeated-measures ANOVA) and the crucial contrast 

between the monophonic and stereophonic changing-state conditions (using corrections for 

multiple comparisons, Holm, 1979) with a power of 95% (𝛼 = .05). For the simulations, we 

conservatively assumed population means and standard errors of recall errors as depicted by 

Jones and Macken (1995b, Fig. 3, Mquiet = 18.0; Mchanging-state/mono = 22.7; Mchanging-state/stereo = 19.0; 

Msteay-state/mono = 17.0 vs Msteady-state/stereo = 17.5; SD = 5.6; dz = 0.33 for the crucial mono/stereo 

contrast with changing-state speech). The simulation was conducted with 2000 iterations for each 

sample size ranging from 20 and 80 participants (in steps of 5) and it revealed both a significant 

main effect of auditory condition and the crucial contrast (stereo/mono changing-state) in 95% of 

the simulated experiments (1 - β = .95) with a sample size of N = 60 participants or more (see 

Fig. 3; the code to run the power simulations is available at https://osf.io/hvp58). 
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Figure 3: Statistical power to observe the main effect of auditory condition as well as the crucial 

contrast between mono and stereo changing-state speech as a function of the sample size (2000 

iterations each, based on the means and standard deviations as reported by Jones & Macken, 

1995b, Exp. 1C). 

The 60 participants will be recruited at Health and Medical University, and will be 

compensated with partial course credit. Only participants who reported no hearing loss and 

normal or corrected-to-normal vision will be included for this study. 
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Apparatus and Stimuli 

The experiment was conducted individually in a sound-attenuated listening booth. The 

experimental routines were programmed in PsychoPy (Peirce, 2007; Peirce et al., 2019). The to-

be-remembered items consisted of the letters “F”, “K”, “L”, “M”, “Q”, “R”, and “Y”. The to-be-

ignored auditory stimuli consisted of recordings of the three letters “V”, “J”, and “X”, all 

pronounced in UK English by a female computer-generated voice (using the text-to-speech 

generator “naturalreaders.com” with the voice “Libby” producing utterances at a rate of 360 

words/min, 44.1 kHz sampling rate). Each recording had a duration of 200 ms. Four types of 

auditory materials were prepared. 17-s sequences of steady-state and changing-state speech 

(mono) were generated by repeating the letter triplets “J-J-J” and “V-J-X”, respectively (i.e., 85 

letters per sequence) and recording them for diotic headphone presentation. In addition to the 

mono conditions, two additional stereo conditions were created by presenting the spoken letters 

dichotically, allocating each letter of the triplet to a unique location (first letter to the left channel, 

second letter to the right channel, and third letter to both channels, as in Figure 1B, top). Hence, 

in the stereo changing-state condition, a sequence of the letter “V” was heard only in the left ear, 

whereas a sequence of the letter “J” was heard in the right ear and the “X” sequence was heard in 

the center of the head (see Figure 1B, bottom). In the stereo steady-state condition, spatially 

streamed sequences of the letter “V” should be heard at each location (at the same rate). Silence 

was used as a control condition. All sounds were played with an average sound pressure level of 

about 65 dB(A), as measured in the headphones.  
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Experimental Design and Procedure 

A 7 (serial position) x 5 (auditory condition: quiet, mono steady-state, mono-changing-

state, stereo steady-state, stereo-changing-state) repeated-measures design was implemented. 

Each auditory condition was repeated 16 times, resulting in a total of 80 trials. 

The experiment started with five practice trials in quiet, followed by 80 experimental trials 

with the five auditory conditions presented in full random order. The participant started each trial 

by pressing the spacebar. The sound sequence was then started immediately, and after 1 s the 

seven to-be-remembered letters were presented sequentially on the screen. The visual letters were 

presented in random order at a rate of 1/s, with each letter being shown on the screen for 800 ms, 

followed by a 200-ms inter-stimulus interval. After the seventh letter, a text message (“Bitte 

warten” [Please wait]) was presented on the screen for the remaining 10 s (the retention interval), 

indicating that participants should wait for the response screen. The irrelevant sound was 

presented both during visual letter presentation and the retention interval, accumulating to a total 

sound duration of 17 s. A response matrix with eight boxes showing all seven letters and a 

question mark was then presented on the screen and participants were asked to click the letters in 

the order they were presented. Participants could use the question mark if they did not recall a 

specific letter, but there was no option to correct their responses. The entered digits were shown 

at the top of the screen. No feedback on accuracy was provided and the next trial started 

immediately after the last digit was entered. 
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Data Analysis 

As in the original article, a 7 (serial position) x 5 (auditory condition: quiet, steady mono, 

steady stereo, changing mono, changing stereo) repeated-measures ANOVA of the proportion of 

recall errors in the serial recall task will be conducted to demonstrate significant main effects of 

serial position and auditory condition. No interaction is expected (in line with Jones & Macken, 

1995b; Exp. 1C). To disentangle the disruptive effects of the different sound conditions, Holm 

(1979) corrected contrasts will be tested between quiet and all other auditory conditions, with the 

only significant contrast being expected for the “changing mono” condition (as reported by Jones 

& Macken, 1995b; p. 196). In addition, the crucial contrast between “changing mono” and 

“changing stereo” will be tested to demonstrate that the stereo presentation mode significantly 

reduced the number of recall errors with changing-state sound (i.e., through generating the 

perception of three spatially segregated steady-state streams). Finally, in addition to the tests 

reported by Jones and Macken (1995b), the changing-state effects (i.e., the difference in recall 

errors between the changing- and steady-state conditions) are to be contrasted between mono and 

stereo presentation modes, in order to demonstrate that the disruptive effect of changing-state 

sound was significantly reduced in case of stereo only. 
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Question Hypothesis Sampling plan Analysis Plan 

Rationale for 
deciding the 
sensitivity of the 
test for confirming 
or disconfirming 
the hypothesis 

Interpretation given 
different outcomes 

Theory that could 
be shown wrong 
by the outcomes 

Is Jones and 
Macken’s (1995) 
study replicable, 
in that the 
auditory 
separation of a 
changing sound 
sequence into 
three non-
changing 
perceptual 
“streams” will 
reduce auditory 
distraction?  

A “changing-
state stereo” 
condition, by 
virtue of 
spatial 
streaming, 
should induce 
significantly 
fewer serial 
recall errors 
than the 
corresponding 
“changing-
state mono” 
condition.  
 

A power analysis 
based on the data 
reported by Jones 
and Macken 
(1995) revealed 
that N = 54 
participants are 
required to 
demonstrate not 
only the general 
main effect of 
auditory 
condition, but the 
crucial contrast 
between mono and 
stereo versions of 
changing-state 
speech (f = .25) 
with a statistical 
power of 95% 
(α = .05).  

A repeated-
measures 
ANOVA with a 
planned 
contrasts 
analysis will 
be conducted 
to 
demonstrate a 
significant 
contrast 
between 
mono- and 
stereophonic 
versions of 
changing-
state speech. 

The relevant effect 
sizes were 
determined from the 
statistics reported in 
the study to be 
replicated (see 
sampling plan).  

If the spatially 
separated distractor 
condition does not 
reduce serial recall 
errors, the “auditory 
streaming” 
interpretation of the 
interference-by-process 
account is challenged. 
Consequently, either 
other factors must be 
operating to produce 
changing-state effects, 
or the entire concept 
must be abandoned in 
favor of, e.g., an 
attentional capture 
interpretation.  

Jones et al. (1996) 
object-oriented 
episodic record (O-
OER) model and 
ensuing, more 
recent 
“interference-by-
process” accounts.  
 

Does the 
streaming-by-
location effect 
observed in 
Jones and 
Macken’s (1995) 
study reduce 
interference-by-
process 

Spatial 
streaming 
should reduce 
serial recall 
errors in the 
stereophonic 
“changing-
state” 
condition to 

Based on the 
Experiment 1C 
reported by Jones 
and Macken 
(1995), an effect 
size of f = .25 was 
estimated for the 
contrast in 
changing-state 

The changing-
state effects 
(i.e., the 
difference in 
recall errors 
between the 
changing- and 
steady-state 
conditions) will 

Steady-state control 
conditions were only 
included in Jones 
and Macken’s 
(1995) Exp. 1C, and 
the remaining 
experiments suggest 
that there is residual 
“changing-state” 

If the spatial separation 
of sound sources (via 
stereo) does not reduce 
distraction to the level 
of “steady-state” 
speech, the 
interpretation given by 
Jones and Macken 
(1995) is challenged, 
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completely (i.e., 
to the level of 
steady-state 
distractor 
sequence)?  

the level of the 
corresponding 
stereophonic 
“steady-state” 
condition. 

effects between 
mono and stereo 
conditions, 
requiring N = 54 
participants. 

be contrasted 
between 
mono and 
stereo 
presentation 
modes. 

effect in the “stereo” 
condition. The effect 
size for the contrast 
was estimated 
based on the 
figures. 

and the residual 
interference will have to 
be explained.. 

Guidance Notes 

● Question: articulate each research question being addressed in one sentence. 
● Hypothesis: where applicable, a prediction arising from the research question, stated in terms of specific variables rather than concepts. Where the testability of one or more 

hypotheses depends on the verification of auxiliary assumptions (such as positive controls, tests of intervention fidelity, manipulation checks, or any other quality checks), any 
tests of such assumptions should be listed as hypotheses. Stage 1 proposals that do not seek to test hypotheses can ignore or delete this column. 

● Sampling plan: For proposals using inferential statistics, the details of the statistical sampling plan for the specific hypothesis (e.g power analysis, Bayes Factor Design Analysis, 
ROPE etc). For proposals that do not use inferential statistics, include a description and justification of the sample size. 

● Analysis plan: For hypothesis-driven studies, the specific test(s) that will confirm or disconfirm the hypothesis. For non-hypothesis-driven studies, the test(s) that will answer the 
research question. 

● Rationale for deciding the sensitivity of the test for confirming or disconfirming the hypothesis: For hypothesis-driven studies that employ inferential statistics, an 
explanation of how the authors determined a relevant effect size for statistical power analysis, equivalence testing, Bayes factors, or other approach. 

● Interpretation given different outcomes: A prospective interpretation of different potential outcomes, making clear which outcomes would confirm or disconfirm the hypothesis. 
● Theory that could be shown wrong by the outcomes: Where the proposal is testing a theory, make clear what theory could be shown to be wrong, incomplete, or otherwise 

inadequate by the outcomes of the research. 

 


