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Abstrac
Visual-verbal serial recall is disrupted when task-irrelevant background speech has to be ignored. Contrary to previous suggestion, it has recently been shown that the magnitude of disruption may be accentuated by the semantic properties of the irrelevant speech. Sentences ending
with unexpected words that did not match the preceding semantic context were more disruptive
than sentences ending with expected words. This particular instantiation of a deviation effect has
been termed the semantic mismatch effect. To establish a new phenomenon, it is necessary to
show that the effect can be independently replicated and does not depend on speci c boundary
conditions such as the language of the stimulus material. Here we report a preregistered replication of the semantic mismatch effect in which we examined the effect of unexpected words in four
different languages (English, French, German, and Swedish) across four different laboratories.
Participants performed a serial recall task while ignoring sentences with expected or unexpected
words that were recorded using text-to-speech software. Independent of language, sentences ending with unexpected words were more disruptive than sentences ending with expected words. In
line with previous results, there was no evidence of habituation of the semantic mismatch effect in
the form of a decrease in disruption with repeated exposure to the occurrence of unexpected
words. The successful replication and extension of the effect to different languages indicates the
expression of a general and robust mechanism that reacts to violations of expectancies based on
the semantic content of the irrelevant speech

Keywords: auditory distraction, irrelevant speech, selective attention, working memor
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3
A multilingual preregistered replication of the semantic mismatch effect on serial recal

It is a well-established and widely known phenomenon that cognitive performance declines
when task-irrelevant background speech has to be ignored. The standard paradigm to study the
effect of irrelevant speech in the laboratory involves the serial recall task (Colle & Welsh, 1976; Ellermeier & Zimmer, 1997; Jones & Macken, 1993). In this task, a list of to-be-remembered items—
usually a random permutation of the digits 1 to 9—is sequentially presented on a computer screen.
Immediately after the presentation of the last item or after a retention interval of a few seconds,
recall is prompted, and participants are asked to recall the items in the order in which they had
been presented. When task-irrelevant speech is played during the presentation and/or retention of
the items, memory for the correct order of the items is poorer than when no task-irrelevant speech
is played (Beaman & Jones, 1997; Bell, Röer, Lang, & Buchner, 2019a, 2019b; Elliott, 2002; Jones,
Saint-Aubin, & Tremblay, 1999; Parmentier & Beaman, 2015)
For a long time, it was assumed that the content of irrelevant speech was not an important
ingredient of the disruption it produces to serial recall. A nding that has received a lot of attention,
for example, is that it makes little, if any, difference whether irrelevant speech is played forward or
backward (LeCompte, Neely, & Wilson, 1997; Surprenant, Neath, & Bireta, 2007; see also Jones,
Miles & Page, 1990). This nding has been replicated several times by different research groups
(Marsh, Hughes, & Jones, 2009; Röer, Bell, & Buchner, 2014; but see Ueda, Nakajima, Ellermeier,
& Kattner, 2017). Similarly, irrelevant speech in a familiar language is found to be as disruptive as
irrelevant speech in an unfamiliar language (Ellermeier, Kattner, Ueda, Duomoto, & Nakajima,
2015; Jones et al., 1990; Marsh et al., 2009). The semantic similarity between the to-be-remembered items and the to-be-ignored distractors also has often surprisingly little effect on serial recall
(Buchner et al., 1996; Marsh et al., 2008; but see Neely & LeCompte, 1999). These ndings have
been used to discard semantic properties as relevant to the disruption of serial recall. For example,
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Ellermeier and Zimmer (2014) summarized the literature as suggesting that “[t]he semantics of the
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irrelevant speech do not seem to be important” (p. 11), and, in consequence, argued for a psychoacoustic perspective of the irrelevant speech effect
Based on ndings showing that the processing of the irrelevant stimuli does interfere with
tasks that require semantic processing of the relevant stimuli such as reading comprehension,
proof reading, or free recall of semantically related material (Bell et al., 2008; Jones et al., 1990;
Marsh et al., 2008, 2009), an interference-by-process account (Marsh & Jones, 2010; Marsh et al.,
2008, 2009) has been proposed according to which interference is a function of the similarity between the processing required by the primary task and the pre-attentive processing of the auditory
distractors. For instance, the automatic seriation of the to-be-ignored sound is assumed to yield
order cues that interfere with the order cues during articulatory-based rehearsal of the items during
a serial recall task. One reason why the semantic properties of the auditory distractors do not
seem to interfere with serial recall performance may be that the serial recall task makes virtually no
demands on the processing of meaning: Usually, digits drawn from the same small and extremely
well-known set are to be recalled in every trial so that the primary demand of the task is to recall
the order of those digits whereas remembering their identities is a trivial task component.
There are two possible explanations for the apparent lack of semantic interference in the serial recall paradigm (Marsh et al., 2014). Given that the auditory modality is completely irrelevant
and can be entirely ignored in the paradigm, it seems possible to speculate that the analysis of tobe-ignored speech does not reach a semantic level and that one is able to effectively ignore the
content of task-irrelevant background speech altogether. According to this rst hypothesis, the analysis of the irrelevant speech is blocked before its meaning is properly analyzed—a view taken by
early proponents of structural models of selective attention according to which an inherent processing limitation necessitates selection attention, thereby preventing the categorization or identi cation of task-irrelevant information (Broadbent, 1957, 1958; Eriksen & St. James, 1986; Treisman,
1960). On these approaches, a lter at an early stage within a set of discrete processing stages is
required to prevent the massive in ow of perceptual information from overloading the cognitive
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system. This lter allows information pertaining to the pre-categorical physical properties of senso-
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ry information (e.g., pitch, timbre, intensity, spatial location) to pass through to capacity-limited processing stages for categorization and identi cation, but prevents (Broadbent, 1958, 1971) or attenuates (Treisman, 1964, 1969) the entry of post-categorical semantic properties (but see, Deutsch
& Deutsch, 1963; Duncan, 1980). However, a second hypothesis is equally suited to account for
the apparent lack of semantic interference in the serial recall paradigm: The meaning of the auditory distractors is always processed, but the processing usually occurs automatically, so that interference only manifests when the semantic processing of the irrelevant information comes into direct
con ict with the semantic processing of the relevant information required by the primary task
A growing body of empirical work provides evidence in favor of the second hypothesis according to which the meaning of the distractors is always processed but does not always come into
con ict with the serial recall task (Marsh et al., 2014; Röer et al., 2017b). For instance, in a recent
study (Röer, Körner, Buchner, & Bell, 2017b), auditory distractor words from different semantic categories had to be ignored during a standard serial recall task. In line with previous ndings (e.g.,
Jones et al., 1990), these words were equally disruptive when they were played forward or backward. In what participants were led to believe to be an unrelated norming study, they were asked to
spontaneously produce exemplars of categories from which the distractor words had been drawn.
Previously presented distractor words were produced with a higher probability than words from a
matched set, suggesting that the content of irrelevant speech, while not always having an observable effect on ongoing performance, is still processed to the degree that it may in uence behavior in a subsequent task. These ndings are clearly at odds with the view that the semantic
properties of task-irrelevant speech are ltered at an early stage of processing (Broadbent, 1958,
1975; Treisman, 1964; 1969)
The evidence mentioned so far is in line with the interference-by-process principle (Marsh et
al., 2008, 2009) according to which understanding auditory distraction requires a careful analysis
of the processes involved in the serial recall task and in the automatic processing of the auditory
distractors. However, the principle can be applied less well to explain results demonstrating that
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the content of irrelevant speech has a disruptive effect on serial recall performance when distrac-
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tors are self-relevant or emotional (Buchner, Mehl, Rothermund, & Wentura, 2006; Buchner, Rothermund, Wentura, & Mehl, 2004; Marsh et al., 2018; Röer, Bell, & Buchner, 2013; Röer, Körner,
Buchner, & Bell, 2017a). For example, sentences containing one's own name were found to be
more disruptive than sentences containing a yoked-control partner’s name (Röer et al., 2013) and
taboo words were more disruptive than neutral words (Röer et al., 2017a). These ndings suggest
that the emotional or self-relevant meaning of the distractor words may capture attention, and thus
require theories to specify a role of attention in the disruption of serial recall by auditory distractors
(e.g., Bell et a., 2019; Hughes, 2014). However, acoustic properties of the to-be-ignored words
cannot be completely ruled out as eliciting factors because one’s own name and taboo words are
highly overlearned stimuli that may capture attention based on their acoustic properties (Röer et
al., 2019)
It is thus of high theoretical interest that, recently, semantic effects have been reported that
go beyond that of the individual word meaning. Speci cally, words without any inherent capacity to
capture attention gain disruptive power when presented in a mismatching semantic context. Vachon et al. (2020) found that distractor sequences that contain a single deviant item from a different category disrupt serial recall more than sequences without such a deviation. This categorical
deviant effect was demonstrated with a single letter in a sequence of digits, with a digit in a sequence of letters, and with a word from a different semantic category (e.g., a tool in a list of fruit).
Furthermore, sentences ending with unexpected words that did not match the preceding semantic
context were found to be more disruptive than sentences ending with expected words (Röer, Bell,
Körner, & Buchner, 2019). This semantic mismatch effect occurred regardless of whether the sentences were familiar proverbs or novel sentences with no speci c long-term memory representations (see also Röer, Buchner, & Bell, 2020). The size of the semantic mismatch effect is comparable to that of the auditory deviant effect which has had a large impact on theory development over
the last decade (Bell, Mieth, Röer, Troche, & Buchner, 2019; Bell, Röer, Marsh, Storch, & Buchner,
2017; Hughes, Hurlstone, Marsh, Vachon, & Jones, 2013; Hughes, Vachon, & Jones, 2005; Hug-
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Buchner, 2015; Vachon, Labonté, & Marsh, 2017) and was recently included as one of the benchmark ndings that theories of working memory should be able to account for (Oberauer et al.,
2018). Within the few experiments that are available, the semantic mismatch effect has also been
found to be quite stable in the sense that sentence endings with semantic mismatches were found
to maintain their disruptive power even after several repetitions. The effect therefore seems to be
more persistent than other forms of auditory distraction such as, for example, the disruptive effect
of one’s own name which substantially decreases after a few repetitions (Röer et al., 2013)
The semantic mismatch effect is thus a newly discovered phenomenon with high theoretical
leverage for theories on auditory distraction and working memory as it allows one to draw conclusions about the fate of to-be-ignored auditory information. However, before theories on attention
and working memory are adapted to account for a novel phenomenon, it is essential to establish
that this phenomenon is indeed reproducible (Simons, 2014). While it seems promising that the
semantic mismatch effect has already been successfully replicated in several experiments, an important caveat at this point is that these replications have all been reported in the same language
from a single laboratory. Obviously, trust in a newly discovered effect substantially increases if it
can be replicated in different languages and laboratories. For example, as a prerequisite for including a phenomenon in the list of benchmark ndings, an important criterion is reproducibility, and it
was explicitly mentioned that replications from different laboratories are to be preferred over replications in one laboratory (Oberauer et al., 2018). The present study provides such a multiple-laboratory (and multiple-language) replication of the semantic mismatch effect. As a further method to
increase trust in the newly discovered nding, the replications presented here have been preregistered to provide an unbiased estimate of its replicability (Nosek, Ebersole, DeHaven, & Mellor,
2018). We preregistered our method, materials, and planned analyses prior to the start of the data
collection
Replicating a theoretically interesting, newly discovered effect across multiple laboratories is
desirable, not least in order to demonstrate that the effect does not depend on highly speci c
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boratories. A famous example for this is the fourth experiment of Baddeley, Thomson, and Buchanan (1975) who equated short and long words on all dimensions except pronunciation time and
found an advantage of short words over long words. With the exact same words, the effect has
been replicated many times (e.g., Cowan et al., 1992; Longoni, Richardson, & Aiello, 1993; Lovatt,
Avons, & Masterson, 2000; Nairne, Neath, & Serra, 1997). However, all attempts so far to create
another set of short and long words that differ only in pronunciation time found no difference in the
recall of short and long words (Caplan, Rochon, & Waters, 1992; Lovatt et al., 2000; Neath, Bireta,
& Surprenant, 2003; Service, 1998)
Replications can hardly ever be “exact” (H ffmeier, Mazei, & Schultze, 2016)—changes are
necessarily introduced by replicating a nding in another laboratory as the sample is drawn from a
different population and, in the present instance, the stimulus material has to be adapted to the
language of the participants. In this sense, multiple-laboratory replications always represent important tests of the generalizability of an effect. When the semantic mismatch effect is used to draw
general conclusions about the semantic processing of to-be-ignored speech (Röer et al., 2019),
the implicit assumption is that the effect re ects a general aspect of cognitive processing. Such
generalizations are just a normal part of interpreting effects, but they can be dangerous simpli cations. To date, the effect has only been demonstrated with German stimulus material. Although we
have no reason to believe that the effect is limited to the German language, there are effects that
seem to be limited to certain languages, such as the contextual diversity effect on serial recall performance which is reliably found with Spanish (Parmentier, Comesãna & Soares, 2017), but not
with English words (Guitard, Miller, Neath & Roodenrys, 2019). With reference to the semantic
mismatch effect, there is one language-speci c peculiarity that may or may not be of relevance in
this context. Unlike, for example, in English it is common in German for the semantically crucial
verb component to come at the very end of the sentence, so it cannot be completely ruled out that
German-speaking participants may be particularly well-practiced at retaining words for a while in
order to integrate their meaning with incoming semantic information. In a worst-case scenario, this

fi

fi

fl

ü

fi

.
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mismatch effect with non-German speaking participants. Thus, the present multiple-laboratory preregistered replication also serves as a test of the generalizability of the effect. To have a good empirical basis for comparison, we examined the effect of semantically unexpected words in four different languages (English, French, German, Swedish). The replication study is based on Experiment
2b of Röer et al. (2019). With the exception of the wordings of the proverbs used as stimulus material, our aim was to keep all other aspects of the experimental design as consistent as possible
across languages and laboratories

Metho
Ethics Statemen
Research was performed in accordance with the Declaration of Helsinki and received the
approval of the ethics committee of the Faculty of Mathematics and Natural Sciences at Heinrich
Heine University Düsseldorf. Written informed consent was obtained from all participants prior to
participation

Preregistration Statemen
A time-stamped preregistration document was published prior to the start of data collection
outlining in detail the method and planned analysis using the format provided by https://aspredicted.org. The preregistration document is available at the project page on OSF under https://osf.io/
4r5up/
There is one minor deviation of the actual study from the preregistered plan. We originally
planned to collect at least 60 participants in each language. During the scheduled testing period,
demand on the laboratories in England and Sweden was intense. Therefore, we were only able to
collect data from 59 participants in English and Swedish laboratories. In all other aspects, we fol-
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Participant
The total sample consisted of 252 participants (180 women; M age = 24, SD = 7). Participants received course credit or a monetary compensation for participating. All participants reported
normal hearing and normal or corrected-to-normal vision. The English language sample was recruited at the University of Central Lancashire in the United Kingdom and consisted of 59 participants (43 women; M age = 24, SD = 7). The French language sample was recruited at Université
de Moncton in Canada and consisted of 60 participants (45 women; M age = 20, SD = 3). The
German language sample was recruited at Heinrich Heine University Düsseldorf in Germany and
consisted of 74 participants (53 women; M age = 22, SD = 4). The Swedish language sample was
recruited at the University of Gävle in Sweden and consisted of 59 participants (39 women; M age
= 29, SD = 10). All data were collected in person in 2018 and 2019 (i.e., before the COVID-19
pandemic)

Material
A standard serial recall task was used with eight to-be-remembered digits that were sampled
randomly without replacement from the set {1, 2, ... 9}. Digits were presented at a rate of 1 Hz (800
ms on, 200 ms off) in black font on a white background in the center of the computer screen. From
a viewing distance of 50 cm, the to-be-remembered digits subtended a vertical visual angle of
1.34° and a horizontal angle of 0.83°
Auditory distractors were 24 proverbs. In the training block, 8 proverbs were presented in the
expected version. In the subsequent experimental block, 8 proverbs were presented in the expected version and 8 proverbs were presented in the unexpected version. In the expected version, the
proverbs ended with the correct nal word, for example “A poor workman always blames his tools”
and “It's no use crying over spilt milk”. In the unexpected version, the proverbs ended with a nal
word from a different proverb resulting in a violation of semantic expectations, for example “A poor
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syllables and the average number of words was equivalent in the expected and unexpected versions in each language
Auditory distractors were recorded digitally at 44.1 kHz with 16-bit encoding. To avoid
acoustic differences in pronunciation between words as a function of whether they were semantically expected or unexpected, all auditory distractor sentences were recorded using text-to-speech
software. In the English sample, the text-to-speech software of Mac OS X 10.14 was used to generate the stimuli. The sentences were spoken by the female voice “Kate” in the English sample. In
the French sample, the Google Text-to-Speech software was used to generate the stimuli. The
sentences were spoken by the voice “fr-CA-Wavenet-D”. This is a male voice with a French-Canadian accent. In the German sample, the text-to-speech software of Mac OS X 10.11 was used to
generate the stimuli. The sentences were spoken by the female voice “Anna”. In the Swedish
sample, the text-to-speech software of Mac OS X 10.9.3 was used to generate the stimuli. The
sentences were spoken by the female voice “Alva”. The recordings and a list of distractor sentences used in each language are available at the project page on OSF under https://osf.io/4r5up/.
During the experiment the distractor sentences were played binaurally at a normal conversational
speech level using headphones with high-insulation hearing protection covers

Procedur
Before starting the experiment, the participants were instructed that all sounds would be
task-irrelevant and should be ignored. The written instructions are available at the project page on
OSF under https://osf.io/4r5up/.
Participants rst completed a training block that consisted of 8 quiet trials and 8 expected
trials presented in a random order. The subsequent experimental block consisted of 8 quiet trials, 8
expected trials, and 8 unexpected trials that each participant completed in a different random order. Proverbs were randomly drawn without replacement from the total set of 16 proverbs. Each
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proverb was only presented once (i.e., either in the expected or in the unexpected condition)

12
After the presentation of the last to-be-remembered digit, eight question marks appeared on
the screen. Participants used the number pad of the keyboard attached to the computer that controlled the experiment to replace the question marks with the digits they still remembered. It was
not possible to correct a response, but it was possible to skip over a serial position by pressing a
“don’t know” button on the keyboard. The experiment took about 16 minutes

Desig
A 4×3×8 repeated measures design was used with language (English, French, German,
Swedish) as the between-subjects independent variable, auditory condition (quiet, expected, unexpected) and serial position (1 to 8) as the within-subject independent variables and serial recall
performance as the dependent variable
The semantic mismatch effect refers to the nding that sentences with unexpected endings
that do not match the preceding semantic context are more disruptive than sentences ending with
expected words that match the preceding semantic context. Thus, the critical test is the comparison between serial recall performance in the expected and unexpected condition. Given a total
sample size of N = 252, α = β = .05, and the assumption that the average population correlation
between the expected and the unexpected condition is ρ = .5 (estimated based on the results of
Experiment 2b of Röer et al., 2019), a semantic mismatch effect as small as f = 0.11 (i.e., a “small”
effect in terms of the conventions suggested by Cohen, 1988) could be detected. In terms of partial
eta squared, this corresponds to an effect size of ηp

2

= .05. Power calculations were conducted

using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007).

Result
The data on which the analyses are based are available at the project page on OSF under
https://osf.io/4r5up/. Digits recalled in the serial position they were presented in were scored as
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cation, all multivariate test criteria correspond to the same exact F statistic which is reported. The
2

level of α was set to .05. Partial eta squared (ηp ) is reported as a measure of relative effect size,
that is, the variance explained relative to the variance not explained by any of the other experimental variables
All reported analyses were preregistered prior to the start of the data collection. No data were
excluded before or after the analyses. We will report the combined analysis across all languages.
Given that in the main analysis the semantic mismatch effect did not differ as a function of language, it was not necessary to perform separate follow-up analyses of the semantic mismatch effect in each language. In all other aspects, the following analyses adhere to the preregistered
analysis plan

Preregistered Con rmatory Analyse
Figure 1 shows recall performance as a function of auditory condition at each serial position.
A 4×3×8 repeated-measures MANOVA with language (English, French, German, Swedish) as between-subject variable and auditory condition (quiet, expected, unexpected) as well as serial position (1 to 8) as within-subject variables yielded signi cant main effects of language, F(3,248) =
2

2

8.19, p < .001, ηp = .09, auditory condition, F(2,247) = 161.54, p < .001, ηp = .57, and serial posi2

tion, F(7,242) = 181.51, p < .001, ηp = .84. There were signi cant interactions of language and ser2

ial position, F(21,732) = 2.25, p = .001, ηp = .06, and of auditory condition and serial position,
2

F(14,235) = 10.13, p < .001, ηp = .38. Importantly, there was no interaction of language and audito2

ry condition, F(6,496) = 1.12, p = .347, ηp = .01, demonstrating that the effect of auditory distraction did not differ among languages. There was also no three-way-interaction, F(42,711) = 1.08, p
2
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= .334, ηp = .06.!
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Figure 1. Overall recall performance as a function of auditory condition
(quiet, expected, unexpected) for each serial position. The error bars represent the standard errors of the means
Orthogonal contrasts revealed an irrelevant speech effect in form of a signi cant reduction of
recall performance in the distractor conditions relative to the quiet control condition, F(1,248) =
2

300.36, p < .001, ηp = .55, and a semantic mismatch effect in form of a signi cant reduction of recall performance in the unexpected condition relative to the expected condition, F(1,248) = 31.73,
2

p < .001, ηp = .11. The between-subject variable language did not interact with the irrelevant
2

speech effect, F(3,248) = 1.58, p = .195, ηp = .02, and, most importantly, language also did not in2
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teract with the semantic mismatch effect, F(3,248) = 0.78, p = .503, ηp = .01 (see Figure 2)
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Figure 2. Recall performance as a function of auditory condition (quiet, expected, unexpected) and language (English, French, German, Swedish)
collapsed across serial positions. The error bars represent the standard errors of the means
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As speci ed in the preregistration, we were also interested in whether or not the semantic
mismatch effect habituates. Figure 3 shows recall performance as a function of auditory condition
at each ordinal trial position. If the disruptive potential of unexpected words is reduced with repeated exposure, then the semantic mismatch should gradually decrease over the course of the experiment. However, a 4×2×8 repeated measures MANOVA with language (English, French, German,
Swedish) as between-subject variable and auditory condition (expected, unexpected) as well as
ordinal trial position (1 to 8) as within-subject variables showed no evidence for a decrease of the
semantic mismatch effect across trials. Speci cally, there was no interaction between the linear
contrast component of the ordinal trial position variable and the variable contrasting the expected
2

and unexpected condition, F(1,248) = 2.33, p = .128, ηp = .01. There was also no three-way inter2
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Ordinal Trial Position
Figure 3. Recall performance as a function of auditory condition (quiet, expected, unexpected) and ordinal trial position with 1 corresponding to the
rst trial in each condition, 2 corresponding to the second trial, and so on.
The error bars represent the standard errors of the means

Discussio
Across all laboratories, sentences with unexpected endings that did not match the preceding
semantic context were more disruptive than sentences with expected endings. The sample effect
2

size of the semantic mismatch effect observed in the present study (ηp = .11) is comparable with
2

the sample effect size of the semantic mismatch effect (ηp = .13) in the experiment that the replication was based on (Experiment 2b of Röer et al., 2019). Importantly, there was no interaction with
the language variable, demonstrating that the disruptive effect of semantic mismatches did not differ among languages. The multilingual replication of the semantic mismatch effect can therefore be
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Although there was no interaction of language and auditory condition, there was a signi cant
main effect of language indicating differences in the absolute level of serial recall performance between samples. It can be seen from Figure 2 that the Swedish participants performed more than
ten percent poorer on average than participants from the other laboratories. We did not expect this
difference and can only speculate about its cause. One aspect that could be relevant in this context is the pronunciation time of the to-be-remembered items which had an effect on memory—at
least in some studies. The word length effect refers to the nding that lists of words with a long
pronunciation time are more poorly remembered than lists of words with a short pronunciation time
(e.g., Baddeley et al., 1975; Cowan et al., 1992; Nairne et al., 1997; but see Caplan et al., 1992;
Guitard et al., 2018; Neath et al., 2003). In English and German, there is only one numeral from 1
to 9 that has two syllables (i.e., “seven” and “sieben”, respectively) while all other numerals have
only one syllable. In French, depending on the pronunciation of "quatre", there is also one or no
numeral with two syllables (New, Pallier, Brysbaert & Ferrand, 2004). In Swedish, by contrast,
there are three numerals from 1 to 9 that have two syllables (i.e., “fyra”, “åtta”, and “nio”). Thus, the
word length effect may serve as a post-hoc explanation of why overall performance was poorer in
the Swedish sample than in the other samples. However, in the present study we were mainly interested in the effects of auditory distraction and, despite the absolute differences in serial recall,
the relative differences among the distractor conditions did not differ as a function of language. The
main conclusion of the present study therefore is that the semantic mismatch effect on serial recall
can be consistently reproduced in different languages
A further interesting observation is that, in the present replication, the size of the semantic
mismatch effect did not decline over the course of the experiment. Note that, as in the original study, a different distractor sentence was presented in each trial. The nding that performance did not
bene t from the repeated exposure to different semantic mismatches is consistent with previous
studies (Röer et al., 2019; Röer et al., 2020) in which there was no evidence for unspeci c habituation of the semantic mismatch effect. It also ts well with what has been observed with the catego-
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different category still disrupted serial recall more than sequences without such a deviation when
unspeci c foreknowledge was given (i.e., participants were informed whether the upcoming
distractor sequence will contain a deviant item, or not) and even speci c foreknowledge (i.e., participants were informed about the identity of the deviant item) did not reduce the categorical deviant
effect. This may indicate that effects that require the integration of incoming information into a larger context of meaning such as the semantic mismatch effect and the categorical deviant effect
(i.e., inter-lexical effects) cannot be overcome as easily as effects that concern only the individual
word meaning (i.e., lexical effects), for example one’s own name (Röer et al., 2013). From a practical standpoint, this feature of the semantic mismatch effect seems attractive as it allows to examine the effect across a large number of trials
What is obvious from the semantic mismatch effect is that the meaning of the task-irrelevant
sentence preceding the mismatch is processed and that the presence (and processing of) the
mismatch produces disruption. This nding is inconsistent with the notion that the semantic properties of sound are ltered out at early processing stages (Broadbent, 1958, 1975; Treisman, 1964;
1969) or that they only affect tasks that require the processing of meaning such as text comprehension. The nding that words without any inherent attention-grabbing properties disrupt serial
recall when they do not match the preceding semantic context sheds light on the fate of to-be-ignored speech and can help to re ne theories of auditory distraction. Theories that specify a role for
attention (Bell et al., 2019; Cowan, 1999; Hughes et al., 2013) appear to be suitable to explain why
semantic mismatches disrupt serial recall. A theoretical account of the semantic mismatch effect
has to start from the assumption that irrelevant speech is processed semantically to some degree,
otherwise semantic mismatches or categorical deviants would not be detected (see also Röer et
al., 2019; Vachon et al., 2020). The effect suggests that the model of the auditory environment
does not only include acoustic but also semantic features and that—in case of a mismatch between the predicted and the incoming stimulation—the processing of a semantically unexpected
word disrupts the maintenance of information in short-term memory. Now that the phenomenon
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ne-grained theories
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about the underlying processes can be developed, and future studies may establish the similarities
and differences between the newly discovered phenomenon and more established phenomena
such as the auditory deviant effect. The multilingual stimulus set that has been developed here
(and is made available to other researchers) will hopefully prove useful to achieve these goals
In sum, the present results con rm the semantic mismatch effect in a preregistered multiplelanguage, multiple-laboratory replication. Reproducibility across laboratories is seen as an important step in establishing trust in a newly discovered phenomenon (e.g., H ffmeier et al., 2016; Simons, 2014). The fact that the semantic mismatch effect can be obtained in different languages
and independently of the speci c circumstances prevailing in individual laboratories shows that the
effect does not depend on highly speci c boundary conditions and thus suggests that the effect
may re ect a general property of the processing of to-be-ignored auditory information. Now that the
effect has been established in different languages, theories on attention and distraction should be
adapted to incorporate the effect. The existence of the effect suggests that there must be a
process that analyzes the content of irrelevant speech in the to-be-ignored channel even at an inter-lexical level, derives predictions about its continuation, and reacts with more intense processing
when unexpected content is encountered, the latter of which leads to a reduction in the ef cacy of
other cognitive processes and thus to a decline in ongoing cognitive performance. Any explanation
of the semantic mismatch effect should also account for the persistence of the effect. The disruptive potential of unexpected words is not reduced with repeated exposure, suggesting that incoming information is routinely integrated into a meaningful context, in the course of which mismatches
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ü

fi

fi

fi

fl

inevitably lead to increased processing. !

21

Reference
Baddeley, A. D., Thomson, N., & Buchanan, M. (1975). Word length and the structure of short-term
memory. Journal of Verbal Learning & Verbal Behavior, 14, 575-589
Beaman, C. P., & Jones, D. M. (1997). Role of serial order in the irrelevant speech effect: Tests of
the changing-state hypothesis. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 23, 459-471
Bell, R., Buchner, A., & Mund, I. (2008). Age-related differences in irrelevant-speech effects.
Psychology and Aging, 23, 377-391
Bell, R., Mieth, L., Röer, J. P., Troche, S. J., & Buchner, A. (2019). Preregistered replication of the
auditory deviant effect: A robust benchmark nding. Journal of Cognition, 2, 13
Bell, R., Mund, I., & Buchner, A. (2011). Disruption of short-term memory by distractor speech:
Does content matter? Quarterly Journal of Experimental Psychology, 64, 146-168.
Bell, R., Röer, J. P., Lang, A. G., & Buchner, A. (2019a). Distraction by steady-state sounds:
Evidence for a graded attentional model of auditory distraction. Journal of Experimental
Psychology: Human Perception and Performance, 45, 500-512
Bell, R., Röer, J. P., Lang, A. G., & Buchner, A. (2019b). Reassessing the token set size effect on
serial recall: Implications for theories of auditory distraction. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 45, 1432-1440
Bell, R., Röer, J. P., Marsh, J. E., Storch, D., & Buchner, A. (2017). The effect of cognitive control
on different types of auditory distraction. Experimental Psychology, 64, 359-368
Broadbent, D. E. (1957). A mechanical model for human attention and immediate memory.
Psychological Review, 64, 205-215
Broadbent D. E. (1958). Perception and Communication. New York: Pergamon Press.
Buchner, A., Irmen, L., & Erdfelder, E. (1996). On the irrelevance of semantic information for the
"Irrelevant Speech" effect. The Quarterly Journal of Experimental Psychology A: Human Ex-

 


.


.


.


.


.


fi

.


.


.


.


s


perimental Psychology, 49A, 765-779

22
Buchner, A., Mehl, B., Rothermund, K., & Wentura, D. (2006). Arti cially induced valence of
distractor words increases the effects of irrelevant speech on serial recall. Memory &
Cognition, 34, 1055-1062
Buchner, A., Rothermund, K., Wentura, D., & Mehl, B. (2004). Valence of distractor words
increases the effects of irrelevant speech on serial recall. Memory & Cognition, 32, 722-731
Caplan, D., Rochon, E., & Waters, G. S. (1992). Articulatory and phonological determinants of
word length effects in span tasks. The Quarterly Journal of Experimental Psychology A:
Human Experimental Psychology, 45, 177–192
Cohen, J. (1988). Statistical power analysis for the behavioral sciences (Rev. ed.). Hillsdale, NJ:
Lawrence Erlbaum Associates
Colle, H. A., & Welsh, A. (1976). Acoustic masking in primary memory. Journal of Verbal Learning
& Verbal Behavior, 15, 17-31
Cowan, N., Day, L., Saults, J. S., Keller, T. A., Johnson, T., & Flores, L. (1992). The role of verbal
output time in the effects of word length on immediate memory. Journal of Memory and
Language, 31, 1–17
Cowan, N. (1999). An Embedded-Processes Model of working memory. In A. Miyake & P. Shah
(Eds.), Models of working memory: Mechanisms of active maintenance and executive control
(pp. 62-101). New York: Cambridge University Press
Deutsch, J. A., & Deutsch, D. (1963). Attention: Some theoretical considerations. Psychological
Review, 70, 80-90
Duncan, J. (1980). The locus of interference in the perception of simultaneous stimuli.
Psychological Review, 87, 272-300
Ellermeier, W., Kattner, F., Ueda, K., Duomoto, K., & Nakajima, Y. (2015). Memory disruption by
irrelevant noise-vocoded speech: Effects of native language and the number of frequency
bands. The Jounal of the Acoustical Society of America, 138, 1561-1569
Ellermeier, W., & Zimmer, K. (1997). Individual differences in susceptibility to the "irrelevant speech

.


.


.


fi

.


.


.


.


.


.


.


.


effect". The Journal of the Acoustical Society of America, 102, 2191-2199

23
Ellermeier, W., & Zimmer, K. (2014). The psychoacoustics of the irrelevant sound effect. Acoustical
Science and Technology, 35, 10-16
Elliott, E. M. (2002). The irrelevant-speech effect and children: theoretical implications of
developmental change. Memory & Cognition, 30, 478-87
Eriksen, C. W., & St. James, J. D. (1986). Visual attention within and around the eld of focal
attention: A zoom lens model. Perception & Psychophysics, 40, 225-240
Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A exible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behavior Research
Methods, 39, 175-191
Guitard, D., Gabel, A. J., Saint-Aubin, J., Surprenant, A. M., & Neath, I. (2018). Word length, set
size, and lexical factors: Re-examining what causes the word length effect. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 44, 1824–1844
Guitard, D., Miller, L. M., Neath, N., & Roodenrys, S. (2019). Does contextual diversity affect serial
recall? Journal of Cognitive Psychology, 31, 379-396
Hughes, R. W. (2014). Auditory distraction: A duplex-mechanism account. PsyCH Journal, 3,
30-41
H ffmeier, J., Mazei, J., & Schultze, T. (2016). Reconceptualizing replication as a sequence of
different studies: A replication typology. Journal of Experimental Social Psychology, 66,
81-92
Hughes, R. W., Hurlstone, M. J., Marsh, J. E., Vachon, F., & Jones, D. M. (2013). Cognitive control
of auditory distraction: Impact of task dif culty, foreknowledge, and working memory capacity
supports duplex-mechanism account. Journal of Experimental Psychology: Human
Perception and Performance, 39, 539-553
Hughes, R. W., Vachon, F., & Jones, D. M. (2005). Auditory attentional capture during serial recall:
Violations at encoding of an algorithm-based neural model? Journal of Experimental

fi

.


fl

.


.


.


.


.


fi

.


.


.


.


ü
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