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Registered Replication Report: Testing Disruptive Effects
of Irrelevant Speech on Visual-Spatial Working Memory

A Partial Replication of “Functional Equivalence of Verbal and Spatial Information in
Serial Short-Term Memory (Jones, Farrand, Stuart, & Morris, 1995; Experiment 4)”

Tatiana Kvetnaya

The irrelevant speech effect (ISE)—the phenomenon that background speech impairs serial recall of
visually presented material—has been widely used for examining the structure of short-term memory. In
Experiment 4, Jones, Farrand, Stuart, and Morris (1995) employed the ISE to demonstrate that impairment
of performance is determined by the changing-state characteristics of the material, rather than its
modality of origin. The present study directly replicated the spatial condition of Experiment 4 with
N = 40 German participants. In contrast to the original findings, no main effect of sound type was
observed, F(2, 78) = 0.81, p = .450, n?, = .02. The absence of an ISE in the spatial domain does not
support the changing state hypothesis.
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Introduction

The irrelevant speech effect (ISE)—the well-established
phenomenon that background speech interferes with
serial recall of visually presented material—is considered
a fruitful paradigm for examining the structure of short-
term memory (Banbury, Macken, Tremblay, & Jones, 2001).
Yet there is an ongoing debate about which working mem-
ory models are most suitable to explain it (e.g., Baddeley,
2000; Jones & Tremblay, 2000; Neath, 2000). Salamé and
Baddeley (1982) proposed an explanation based on a mod-
ular theory of working memory (Baddeley & Hitch, 1974).
This model posits that verbal and spatial information is
processed in modality-specific subsystems, namely the
phonological loop and the visuospatial sketchpad, which
are coordinated by the central executive (Baddeley, 1996;
Guérard & Tremblay, 2008). According to this account,
interference arises when two concurrent activities are sim-
ilar in content (Schendel, 2006) and thus rely on the same
subsystem: For example, when participants hear irrelevant
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speech during verbal serial recall tasks, their recall perfor-
mance is poorer compared to a silent condition because
both activities are processed in the phonological loop
(Baddeley, 1996; Guérard & Tremblay, 2008).

By contrast, Jones, Farrand, Stuart, and Morris (1995)
suggested that interference results from a modality-inde-
pendent similarity of process rather than content (Beaman
& Jones, 1997; Schendel, 2006). They proposed a unitary
model of working memory, the object-oriented episodic
record (O-OER) model, to explain the ISE. In this frame-
work, concurrent activities are represented as streams of
abstract, amodal basic units—so-called objects—in a single
unitary representational space (Jones, Beaman, & Macken,
1996). The organization of the to-be-remembered objects,
rather than their modality of origin, is the pivotal factor
in determining the pattern of recall. More specifically, the
degree of disruption is determined by the amount of serial
order information that concurrent activities contain.

To demonstrate this, Jones et al. (1995) conducted a series
of four experiments in which they equated verbal and spatial
memory tasks. In the verbal condition, participants recalled
arandomly generated sequence of seven letters, while in the
visual-spatial condition, the same task was performed with
a sequence of seven dots presented in random locations
on the screen. In line with their assumptions, serial order
recall in both domains was equally susceptible to interfer-
ence from both a secondary spatial task (rote tapping in
Experiment 2), a secondary verbal task (mouthed articula-
tory suppression in Experiment 3), as well as from irrelevant
speech in Experiment 4. Moreover, disruption was more


mailto:tkvet@web.de
https://doi.org/10.5334/jeps.450
https://doi.org/10.1037/0278-7393.21.4.1008

Kvetnaya: Effects of Irrelevant Speech on Spatial Working Memory

marked if the interference conditions involved a changing
sequence of actions or materials, but not if a single event
(tap, mouthed utterance, or sound) was repeated. The use of
the irrelevant speech paradigm in Experiment 4 was crucial
for ruling out the alternative interpretation that the interfer-
ence found in Experiments 2 and 3 may stem from a central-
executive involvement (Jones et al., 1995).

This changing state hypothesis was called into question by at
least three conceptual replications (Guérard & Tremblay, 2008;
Klatte & Hellbriick, 1997; Meiser & Klauer, 1999) and one direct
replication (Guitard & Saint-Aubin, 2015) of the experiments
in Jones et al. (1995). Both Guérard and Tremblay (2008) as
well as Meiser and Klauer (1999) observed some detrimental
effect of tapping as well as articulatory suppression on ver-
bal and spatial memory tasks. While the pattern of errors was
found to be similar for both tasks, in contrast to Jones et al.'s
(1995) findings, interference across domains was smaller than
interference within domains. Likewise, a direct replication of
Experiments 2 and 3 (Guitard & Saint-Aubin, 2015) repro-
duced the main findings of Jones et al. (1995) only partially:
Changing state was more detrimental than steady state in a
rote tapping secondary task, but no such difference between
changing and steady state interference conditions occurred in
the case of an articulatory suppression task. Again, contrary
to the original results and in line with a modular theory of
working memory, interference within the same domain was
more marked than across domains. Finally, in their concep-
tual replication of Experiment 4, Klatte and Hellbriick (1997)
compared the effect of a single speaker (changing state) vs.
several speakers (steady state) on the serial recall of digits vs.
Corsi block sequences. While the ISE emerged in the case of
the verbal digit task, no differential effect of irrelevant sound
on performance in the spatial Corsi block task was observed.
A follow-up study employing a spatial task nearly identical to
the one used by Jones et al. (1995) found, once again, no ISE
in the spatial domain (Klatte & Hellbriick, 1997).

Despite the crucial role of Experiment 4 in the original
authors’ argument for the changing state hypoth-
esis, however, the unpublished studies by Klatte and
Hellbriick (1997) remain its only known replications up
to this date. Moreover, while the ISE was extensively inves-
tigated in regards to verbal serial recall tasks, this para-
digm was rarely employed in a spatial domain (Tremblay,
Saint-Aubin, & Jalbert, 2006). Yet, as stressed by Jones et
al. (1995), any effect of irrelevant speech on serial spatial
memory is strong support for a theory of interference
based on functional equivalence of material originating
from different modalities.

Therefore, the present study aimed to replicate the
spatial condition of Experiment 4. The main objectives
were (1) to establish whether the ISE would occur in a
spatial domain and (2) to examine whether the changing
state hypothesis would be supported in this domain.

Target of Replication

A successful replication would find a main effect of sound
type on performance in the spatial memory task. In addi-
tion, the changing state condition should be significantly
more disruptive than the steady state condition in regards
to serial order errors.
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Method

Power Analysis and Sample

To determine the size of the planned sample, a power
simulation based on the key statistics provided in the
original paper and an alpha of .05 was conducted. In each
simulation run, a virtual data set was generated based on
the means shown in Figure 5 of the original study, and the
reported mean square errors. The analysis yielded that a
target sample size of N = 40 ensures over 95% power to
detect the main effect. An executable R script of the power
analysis can be found in the Supplementary Material.

In total, 41 participants were recruited through an
online social networking site and personal contact from
May through June 2017. Prerequisites for participation
included normal or corrected vision and hearing ability, as
in the original study. An additional exclusion criterion was
putin place, which posits that participants who responded
incorrectly on all serial positions of a trial sequence in 50%
of all trials or more would be excluded from data analysis.
This criterion was chosen to rule out possible bias of the
results due to a lack of attentiveness or incorrect under-
standing of instructions by the participants. None of the
participants met this exclusion criterion.

One participant was excluded from data analysis due
to reporting a hearing impairment. Thus, the final sam-
ple consisted of N = 40 participants (33 women and 7
men) with an age range of 18-53 years, M = 22.27 years
(SD = 5.98 years). They were predominantly psychology
students from the University of Tuebingen who received
course credit in turn for their participation. Unlike in the
original study, participants were additionally rewarded
with an honorarium of maximum €10 depending on
their performance. For example, if a participant correctly
recalled the position in the respective sequences for 75%
of all dots displayed, they were rewarded with €7.50, etc.
This procedure intended to increase the participants’
attentiveness and motivation during the completion of
the task, and therefore, the quality of the obtained data. A
preliminary small-scale pilot study (N = 3) was conducted
to check whether the use of financial reimbursement
might cause floor or ceiling effects on performance. The
resulting error rates (range: 4-10 out of possible 16 errors
per serial position and sound type condition, M = 6.56
errors, SD = 2.69 errors) closely resembled those in the
original study, indicating that no floor or ceiling effects
are likely to occur. No prior knowledge from the partici-
pants is assumed.

Material

Spatial memory task. Before the experimental procedure
participants received written instructions explaining the
task. They were asked to respond as quickly and accu-
rately as possible, and specifically instructed not to use
verbal strategies for holding the items in mind. The items
were presented on a 48 cm (19") computer screen (Eizo
FlexScan S$1921). Participants clicked on a green “start” but-
ton on the screen to begin each trial. A sequence of seven
dots was presented in a quasi-random position generated
within a 500 x 500 matrix. The randomly generated dots
had a radius of 12 units and could not be located closer
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than 85 units on either axis of the matrix. In such a case,
another set of coordinates would be generated by the soft-
ware. During each trial, the sequence was displayed at a
rate of one dot per two seconds (one second “on” and one
second “off"). After a 10-second retention interval, all dots
in the sequence were displayed simultaneously in their
original position. Participants were asked to reproduce the
item sequence using a mouse by clicking on each dot in the
order of its original presentation. Once a dot was selected,
its shading changed to indicate that the response was regis-
tered by the computer. The selection could not be reversed
or altered once it was done. After a participant selected all
dots, the green button to begin the next trial was displayed
again. They were given practice for three trials before the
start of the 48 experimental trials.

All characteristics of the task in the present replication
study were identical with the original study except for the
following changes: First, matrix array size was adjusted
from the original 300 x 300 units and minimum distance
of 60 units to 500 x 500 units and a minimum distance of
85 units on either axis of the matrix. With a given resolu-
tion of 1280 x 1024 pixels on the 48 cm (19”) screen, this
adjustment ensured that the size of the resulting stimu-
lus square corresponded roughly to the original measures
of 16.5 x 16.5 cm (Jones et al., 1995: p. 1010). Second, in
addition to the original task, participants were informed
that they had completed one and two thirds of the session
after 16 and 32 trials, respectively, and that they may take
a short break. This served to maintain the participants’
attentiveness and motivation throughout the duration of
the experiment.

Irrelevant speech. Speech in a female voice spoken at
two consonants per second was recorded digitally in the
present study. Two experimental conditions were created:
The steady state condition consisted of the repeated sylla-
ble “ah” and the changing state condition used the seven
constants in the alphabetic sequence “a” to “g”. In the lat-
ter condition, the order of the consonants was fixed, but
when played back to the participants, the recording started
from a random point in the sequence. Both recordings were
played throughout the presentation and retention phases
of the task, and stopped at the beginning of the recall
phase. The stimuli were played back to the participants via
headphones (Beyerdynamic DT 990 Pro). Participants were
instructed to ignore any sound they heard and were reas-
sured that the contents of the sound would not be tested
for throughout the procedure. The order of the sound type
conditions (changing state vs. steady state vs. silent control
condition) was randomized from trial to trial.

All characteristics of this task in the present replication
study were identical with the original study, with the excep-
tion that the auditory stimuli were spoken in a female voice
instead of a male voice, because no other recording of com-
parably high quality could be obtained.

Design and Procedure

Since the present replication study regarded only the
spatial memory task condition of Experiment 4, partici-
pants were tested in a within-subjects design. Exactly fol-
lowing the original study, the independent variable was
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the sound type (changing state vs. steady state vs. silent
control condition). The dependent variable was the num-
ber of serial order errors, measured for each of the seven
serial positions in the spatial memory task.

The experiment and the instructions were carried out by
the author of the present replication report. Participants
were tested individually in a sound-insulated booth in
the Psychoacoustics Lab at the University of Tuebingen
(see Wickelmaier, 2013, for details). Stimulus presenta-
tion and data collection were controlled by software
written in Python/PsychoPy (Peirce, 2007) running on
a Linux operating system. Forty-eight trials were run in
total, with a total of 16 trials per each of the three sound
type conditions. The sound type condition was assigned
randomly by the software from trial to trial. In addition,
information about participants’ age, gender, and reaction
time between all clicks was collected. However, reaction
times were not used in the data analysis of the present
study. After completion of the experiment, participants
received their respective financial reward. This amount
was calculated directly after completion of the procedure.
Participants were verbally informed about the purpose of
the study upon request.

All statistical analyses were conducted with R (R Core
Team, 2017). All experimental material, including the
Python code of the experiment, the auditory stimuli,
instructions for participants, and R code can be found in
the Supplementary Material.

Results

Across all sound conditions, participants achieved an
overall error rate of M=6.54 (SD = 2.82) errors out of a max-
imum of 16 errors per sound type and serial position. They
achieved a mean error rate of M= 6.68 (SD= 1.39) errors in
the changing state condition, M = 6.35 (SD = 1.25) errors
in the steady state condition, and M = 6.58 (SD = 1.33)
errors in the silent control condition, respectively.

To test the hypothesis that sound type affects the serial
recall error rate in the spatial memory task, a two-way
repeated measures analysis of variance (ANOVA) with the
factors sound type (changing state vs. steady state vs. silent
control condition) and serial position (seven levels) was
conducted. It yielded no main effect of sound type, F(2,
78) = 0.807, p = .450, and no interaction between sound
type and serial position, F(12, 468) = 0.595, p = .847.
Although the overall F-test was not significant, for the
sake of comparability with the original study, a paired
t-test was conducted to test the hypothesis that error rates
in the changing state condition significantly differ from
those in the steady state condition. The t-test did not yield
a statistically significant difference between the changing
state and steady state conditions, #(39) = -1.222, p=.229.

Figure 1 displays these results alongside Jones et al.'s
(1995) original results. The respective effect sizes and test
statistics are compared in Table 1.

Discussion

The present study constitutes the first pre-registered direct
replication of an experiment by Jones et al. (1995), who
employed the irrelevant speech paradigm in a visual-spa-
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Results from Jones et al. (1995)

Results from Replication Study
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Figure 1: Effects of irrelevant speech on error rates per sound type condition (changing state vs. steady state vs. silent
control condition) and serial position (1-7) in the spatial task condition of Experiment 4 by Jones et al. (1995; left

panel) and the present replication study (right panel).

Table 1: Effect sizes and test statistics of Jones et al. (1995) and of the present replication study.

Effect or comparison

Jones et al. (1995)

Replication

Effect Size Test statistic Effect size Test statistic
Main effect of sound type n’,=.27 H2,68)=1236,p<.001 n?=.020 F2,78)=0.807 p=.450
Difference between changing , B , _ _
and steady state conditions 0’ =16 F1,68)=1278,p<.001 n2,=.037  39)=-1222p=.229

Note. Effect sizes from Jones et al. (1995) were converted from the test statistics provided in the original paper using methods

described in Lakens (2013).

tial domain. In order for the present replication to be con-
sidered successful, the occurrence of (1) a main effect of
sound type on performance in the spatial serial recall task,
and (2) a higher error rate in the changing state condition
compared to the steady state condition were expected.
However, the results indicate that performance was not
differentially impaired as a function of the three sound
type conditions (changing state, steady state, and silent
control condition). The difference in effect sizes between
both studies was large, with sound type accounting for
27% of variance in the original study, while accounting
for only 2% of variance in the present study. The results
further indicate that performance did not differ between
changing state and steady state conditions. Again, a con-
siderable difference in effect sizes could be observed, with
partial eta-squared values amounting to 16% in the origi-
nal study and 3.7% in the present study, respectively. In
summary, these results do not fit the predictions derived
from Jones et al.'s (1995) changing state hypothesis in the
context of the O-OER model, which supposes that irrel-
evant speech possessing changing state characteristics is
more disruptive than both steady state speech and silence.

These diverging findings might be either due to
methodological differences or due to a non-replicability
of the original findings. Notable differences between
the original study and the present replication included,
firstly, the use of a female voice instead of a male voice
to create the irrelevant speech conditions, and secondly,

the performance-related financial reward the participants
received. While there appear to be phonetic differences
between typical male and female speech, such as higher
pitch, frequency and pitch range (e.g., Pépiot, 2014), to
the best of my knowledge, there is no evidence in the lit-
erature indicating that the use of a female voice would
yield a differentially disruptive effect on short-term mem-
ory. Likewise, no such evidence is available in the case of
financial reimbursement. The presence of bow shaped
serial position curves demonstrating primacy and recency
effects, as well as overall error rates resembling the origi-
nal findings indicate that the basic processing mecha-
nisms during the experimental task are comparable with
the original study.

The results from the present replication study rather
correspond to the findings of Klatte and Hellbriick (1997).
In their conceptual replication study of Experiment 4,
an interaction between task domain and sound condi-
tion was observed: While changing state speech was
significantly more detrimental than both steady state
speech and silence in a verbal serial recall task, no dif-
ferences between these three sound conditions were
observed for the performance in a spatial memory task.
Taken together, these findings do not support a theory of
interference assuming functional equivalence of material
originating from different modalities. The present find-
ings rather align with an explanation of the ISE based on
the assumption of modularity of short-term memory. In
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this framework, irrelevant speech will detrimentally affect
serial recall of verbal material because both are processed
in a shared domain-specific subsystem, such as the pho-
nological loop. This would not be the case for the spatial
task, as it would be processed in a distinct subsystem, the
visual-spatial sketchpad (Baddeley, 1996).

Limitations
Other factors might have been present that led to an
absence of the ISE. A possible limitation is that the pre-
sent study replicated only the spatial condition of Experi-
ment 4. The absence of a verbal task condition poses a
risk of arguing in favor of the null hypothesis. While the
estimated power of 95% or more serves to ensure that the
risk of a Type II error is low, it is worth noting that power
was simulated on the basis of the effect sizes derived from
Jones et al. (1995). Thus, it can only be considered valid if
the original effect sizes accurately reflect the underlying
effect.

In order to conclusively rule out any contextual effects,
a comparison of the present findings with a verbal serial
recall task condition using the same stimulus material
would be warranted. If an ISE would occur in a verbal
domain, resulting in an interaction between sound type
and task domain—as in the case of Klatte and Hellbriick
(1997)—this could allow for a more definite conclusion
about the (non)modularity of short-term memory.

Supplementary Material
The Supplementary Material for this article can be found
online at: https://osf.io/hba2p/.
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