STUDIE S I N T HE RE S E ARCH PROF IL E B U I LT EN V I R O N MEN T
DOCT ORAL T HE S IS N O . 2

A Shield against Distraction from
Environmental Noise
Niklas Halin

FACULTY OF E NGI NE E RI NG AND S US TA I N A B L E D EV EL O P MEN T
Department of Building, Energy and Environmental Engineering

STUDIE S I N T HE RE S E ARCH PROF IL E B U I LT EN V I R O N MEN T
DOCT ORAL T HE S IS N O . 2

A Shield against Distraction from
Environmental Noise

Niklas Halin

Gävle University Press

© Niklas Halin 2016
Omslagsfoto Matton Images
Gävle University Press
ISBN 978-91-88145-07-9
ISBN 978-91-88145-08-6 (pdf)
urn:nbn:se:hig:diva-22956

Distribution:
University of Gävle
Faculty of Engineering and Sustainable Development
SE-801 76 Gävle, Sweden
+46 26 64 85 00
www.hig.se
Print: Ineko AB, Kållered 2016
Tryckt på FSC-märkt papper.

Abstract
Working in noisy environments can be detrimental to cognitive performance.
In order to perform well people have to find a way to attenuate distraction.
This thesis aimed to study the balance between distractibility and task
demands in the context of office-related tasks as a means by which to better
understand how people in the work environment are influenced by environmental noise.
In Report 1, 2 and 3 higher focal-task difficulty was achieved by
manipulatingthe readability of the text that participants were asked to read
(i.e. either displaying the text in hard-to-read font or by masking it with
static visual noise). The results of Report 1 and Report 2 showed that background speech impaired performance on proofreading and memory for
writtenstories respectively compared to silence, but only when the focaltaskdifficulty was low, not when it was high.
In Report 3 it was shown that background speech, road traffic noise, and
aircraft noise impaired performance on text memory compared to silence,
but again, only when focal-task difficulty was low.
In Report 4 it was tested whether higher cognitive load on the focal task
would reduce peripheral processing of a to-be-ignored background story.
The results of Report 4 showed that participants in the low-load condition
recalled more of the information conveyed in the to-be-ignored background
story compared to participants in the high-load condition. It was also investigated whether individual differences in working memory capacity(WMC)
would influence participants’ memory for writtenstories (Report 2) and incidental memory of the to-background story (Report 4) differently depending
on task demand.
The results showed that individuals scoring high on the WMC-test were
less distracted by background speech in the easy-to-read font condition
(Report 2), and recalled less of the information in the to-be-ignored background story in the low-cognitive load condition (Report 4) compared to
individuals that scored lower on the WMC-test. These relationships were not
found in the hard-to-read font condition in R
 eport 2, or in the high-cognitive
load condition in Report 4. Taken together, these results indicate that higher
focal-task difficulty can shield against the detrimental effect environmental
noise on performance on office-related tasks. Moreover, it shows that higher
focal-task difficulty can help individualswith low-WMC to reach a level of
performance that is similar to that of high-capacity individuals.
Keywords: environmental noise, distractibility, task engagement, working
memory capacity, office-related tasks
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Sammanfattning
Människor som arbetar inom den byggda miljön (t.ex. kontor eller skolor)
är ofta exponerade för olika typer av miljöljud (t.ex. bakgrundsprat, vägtrafiks- eller flygplansbuller). som kan ha en negativ inverkan på deras förmåga att presterapå kognitiva uppgifter (t.ex. läs- eller skrivuppgifter). För
att kunnaprestera behöver de som arbetar inom den byggda miljön hitta ett
sätt att minska hur distraherade de blir av bakgrundsbuller när de arbetar
med kontorsrelaterade uppgifter (t.ex. korrekturläsning eller minne för
text). Syftet med denna avhandling var att studera balansen mellan distraktion och koncentrationsk rav på arbetsuppgiften som ett sätt att undersöka
vilkeninverkan bakgrundsbuller i arbetsmiljön har på människors förmåga
att prestera på kontorsrelaterade uppgifter.
I Rapport 1, 2 och 3 manipulerades koncentrationskravet på arbetsuppgiften genom att göra texten mer svårläslig (d.v.s. antingen använda ett mer
svårläsligt teckensnitt eller genom att maskera texten med ett visuellt brus).
Resultaten på Rapport 1 och 2 visade att bakgrundsprat försämrade prestationen på ett korrekturläsningstest och ett textminnestest jämfört med en
tyst betingelse, men bara när texten var lättläslig och inte när den var svårläslig.
Rapport 3 visade att bakgrundsprat, vägtrafikbuller och flygplansbuller
försämrade prestationen på ett textminnestest jämfört med tystnad, men
återigen, bara när texten var lättläslig och inte när den var svårläslig.
I Rapport 4 undersöktes om ökad kognitiv belastning på en arbetsuppgift skulle minska hur mycket information av ett bakgrundsprat (d.v.s. en
berättelse om en fiktiv kultur) som deltagarna kunde återge trots att de blivit instruerade att ignorera det som sades i bakgrunden. Resultatet visade
att deltagarna i betingelsen med låg kognitiv belastning kom ihåg mer av
informationen från bakgrundsberättelsen jämfört med deltagarna med
hög kognitiv belastning. Denna avhandling undersökte också sambandet
mellanindividuella skillnader i arbetsminneskapacitet och storleken på
hur distraherad individen var av bakgrundsprat (Rapport 2), samt sambandet mellan arbetsminneskapacitet och hur mycket individen mindes
av det bakgrundsprat de blivit instruerade att ignorera (Rapport 4), och
om dessa samband influerades olika beroende på koncentrationskravet på
arbetsuppgiften.
Resultatet i Rapport 2 visade att individer med hög arbetsminneskapacitet
blev mindre distraherade av bakgrundspratet jämfört med individer med
låg arbetsminneskapacitet på prosaminnestestet, men bara när texten var
lättläslig, inte när den var svårläslig.
Rapport 4 visade att i betingelsen med låg kognitiv belastning kom
de med hög arbetsminneskapacitet ihåg mindre av bakgrundsberättelsen
jämfört med individerna med låg arbetsminneskapacitet, men när den
kognitiva belastningen var hög var det ingen skillnad i hur mycket del
tagarna kom ihåg av bakgrundsberättelsen mellan individer med hög och
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låg arbetsminneskapacitet. Sammanfattningsvis visar resultaten att ökat
koncentrationskrav på en arbetsuppgift, genom att öka svårighetsgraden
(t.ex. genom att användaett mer svårläsligt teckensnitt), kan skydda mot
den negativa inverkansom bakgrundsbuller har på arbetsuppgifter som
liknarde människor arbetar med på kontor. Vidare visade resultaten att
ökade koncentrationskrav på arbetsuppgiften kan hjälpa individer med låg
arbetsminneskapacitet att prestera i paritet med individer med hög arbetsminneskapacitet när arbetsuppgiften utförs i bakgrundsprat.
Nyckelord: miljöljud, distraktion, engagemang i uppgiften, arbetsminneskapacitet, kontorsrelaterade arbetsuppgifter
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Introduction
Noise in the built environment
Many people on a daily basis are exposed to various types of environmental noise within the built environment (e.g., schools and offices). This noise
could be the humming from a ventilation system, the roaring traffic outside
the window, the clatter from a nearby construction site, or the perceived babbling speech from a number of colleagues talking simultaneously (Muzet,
2007). Exposure to these types of noise can pose a health risk (Babisch,
2003; Passchier-Vermeer & Passchier, 2000; Smith, 1991), be a source of
annoyance (Banbury & Berry, 2005; Ouis, 2001), reduce both work satisfaction and satisfaction with the work environment (de Croon, Sluiter, Kuijer, &
Frings-Dresen, 2005; Sundstrom, Town, Rice, Osborn, & Brill, 1994), and
impair cognitive performance (Klatte, Bergström, & Lachmann, 2013; Passchier-Vermeer & Passchier, 2000; Szalma & Hancock, 2011; see also Clark
& Stansfeld, 2007). Thus, the effects of environmental noise in the built environment can be a cost to society; as they have the potential to increase health
care costs (e.g., by increasing the number of sick leaves) and reduce productivity at work places and educational settings (e.g., by impairing memory for
written information).
Optimal task-performance often requires that people concentrate on the
current goal-activity (e.g., reading an e-mail) while at the same time ignoring
task-irrelevant information (e.g., colleagues talking nearby). On the other
hand, it is also important to be responsive to what occurs in the surroundings
in case the task-irrelevant information suddenly becomes important (e.g.,
someone shouts ‘fire’). This balance between concentrating on a task and at
the same time being responsive to the surroundings can, thus, sometimes be
tipped thereby leading to increased distractibility (Hughes, 2014). Thus, it
is important to investigate the nature of the balance between concentration
and distractibility by environmental noise in relation to the built environment. This thesis aimed to study the balance between distractibility and task
demands in the context of office-related tasks as a means by which to better
understand how people in the work environment are influenced by environmental noise.
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The effects of environmental noise on performance
on office-related tasks
In the current thesis background speech, road traffic noise and aircraft noise
were used as background sound conditions in the experiments. A plethora
of studies have shown that these types of environmental noise can impair
work-related skills like writing (Keus van de Poll, Ljung, Odelius, &
Sörqvist, 2014; Ransdell & Gilroy, 2001; Ransdell, Levy, & Kellogg, 2002;
Sörqvist, Nöstl, & Halin, 2012), reading comprehension (Haines, Stansfeld,
Job, Berglund & Head, 2001; Martin, Wogalter, & Forlano, 1988; Oswald,
Tremblay, & Jones, 2000; Sörqvist, Halin, & Hygge, 2010), text memory
(Banbury & Berry, 1999; Bell, Buchner, & Mund, 2008; Enmarker, 2004;
Sörqvist, 2010a), and proofreading (Jones, Miles, & Page, 1990; Venetjoki,
Kaarlela-Tuomaala, Keskinen, & Hongisto, 2007).
That background speech impairs performance on office-related tasks is
well established (Sörqvist 2010c), but not much research has been undertaken on the effects of road traffic noise and aircraft noise. Most of the
research on the effects of road traffic noise and aircraft noise on cognitive
performance has focused on the chronic effects of aircraft noise on children.
The results of these studies indicate that the development of language skills
in particular is sensitive exposure to this type of noise (e.g., Clark, Head, &
Stansfeld, 2013; Haines et al., 2001; Hygge, Evans, & Bullinger, 2002; for
a review see Dockrell & Shield, 2003). However, fewer studies have investigated the acute effects of road traffic noise and aircraft noise on cognitive
performance in adults. For instance, has it been shown that acute aircraft
noise can impair prose memory in adolescents (Sörqvist, 2010a). Moreover,
road-traffic noise has been shown to impair text memory in younger adults
(18-20 years old; Hygge, Boman, Enmarker, 2003), whilst another study
showed a similar effect of road traffic noise on text memory for a group of
teachers (Enmarker, 2004). Thus, there is some evidence that exposure to
acute road traffic noise and aircraft noise can be detrimental to performance
on office-related tasks.
Why is noise distracting?
In laboratory experiments that have studied the effects of noise on cognitive performance participants are usually instructed to ignore any sound and
to focus on the task-at-hand. Despite being instructed to ignore any sound,
it has repeatedly been shown that working in the presence of background
sound generally impairs performance (Szalma & Hancock, 2011). In contrast with how humans can use their eyes, the auditory system cannot close
some ear lids or be directed elsewhere to shut out noise. Instead humans process the sound environment automatically (Bentin, Kutas, & Hillyard, 1995),
which potentiates the detection of possible threats or other important events
in the surroundings even when attention is directed elsewhere. From an
evolutionary perspective there is an advantage in being able to react fast and
correctly to events in the surroundings like responding to sounds or move-
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ments in the environment (Calvillo & Jackson, 2013). But, as mentioned
earlier this balance between concentrating on the ongoing goal-activity and
at the same time being responsive to changes in the environment can sometimes be a burden. Consider a situation where you are trying to concentrate
on a text and there is an unexpected sound outside (e.g., a car that misfires) or
someone starts a conversation near you. To be able to fully comprehend what
you are reading you need to overcome potentially distracting events such as
these. But why is it difficult to do so?
Many of the theoretical developments in the research on auditory distraction are based on experiments that have used the short-term serial recall task.
In this task, visual items (e.g. letter or numbers) are presented sequentially
against a background of sound (e.g., speech or tones) or silence. After a
number of these items have been shown (usually 6 to 8 of them), participants
are asked to recall those items in the same order as they were presented.
Typically, performance is impaired if a sound contains acoustic variation (e.g.
b-c-a-b-c-a), compared to a steady sound (e.g. b-b-b-b-b-b-b), that in turn is
not much more disruptive than silence (Hughes, Tremblay, & Jones, 2005;
Jones & Macken, 1993). Hence, the disruptive effect of background sound
on serial recall depends on the acoustical properties of the sound whereby
tones, music and speech sound can all impair performance as long as the
frequency of the sound varies over time (Jones & Macken, 1993; Salamé &
Baddeley, 1989). This effect is known as the changing-state effect (Jones &
Macken, 1993). However, if participants are asked to recall the items in free
order instead of serial order the changing-state effect is abolished (Salamé
& Baddeley, 1990). Thus, it seems that the changing-state effect depends
on the instructions that are given to the participants and in extension what
participants are doing, mentally, with to-be-recalled material. The interference-by-process view explains this by suggesting that the changing-state
effect is an outcome of a conflict between the process involved in the focal
task (i.e., the process of rehearsing the to-be-remembered items in the same
order as they were presented in a serial recall task) and the automatic processing of order information in a changing-state sound (Macken, Tremblay,
Alford, & Jones, 1999).
Experimental studies have shown that serial recall also can be disrupted
by a sound that is novel compared to the previous auditory context (e.g.,
b-b-b-b-x), the so called deviation effect (Hughes, Vachon, & Jones, 2005).
Moreover, a sound that has a personal value to its recipient (e.g., one’s own
name mentioned in a background conversation) has also been shown to have
the potential to capture attention (Conway, Cowan, & Bunting, 2001; Moray,
1959). Hence, a novel sound or a sound with personal value disrupts task
performance, presumably because attention is being captured and diverted
from the focal task towards the task-irrelevant sound (e.g., Berti & Schröger,
2003; Hughes, Vachon, & Jones, 2007; Lange, 2005; Parmentier, 2008;
Sörqvist, 2010b).
Researchers have been debating whether the changing-state effect and
the deviation effect could be explained by the same underlying mechanism
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or not. According to the single-mechanism account the changing-state effect
and deviation effect are both caused by attentional capture (Bell, Dentale,
Buchner, & Mayr, 2010; Bell, Röer, Dentale, & Buchner, 2012). According
to this view, every token that is different from its precedent is considered to
be a deviant sound that potentiates the reallocation of attention away from
the focal task (Bell, Dentale, Buchner, & Mayr, 2010). But a problem for
the single-mechanism account is why the changing-state effect only appears
when the task is based on order processing (i.e., a serial recall task), whilst
the deviation effect also manifests in other types of cognitive tasks that do
not require the serial ordering of information (e.g., Parmentier, 2008; Hughes
et al., 2007). The duplex-mechanism account differentiates between the two
effects by suggesting that the mechanism behind the changing-state effect is
a conflict between order processing (i.e., interference-by-process view) and
that the deviation effect depends on attentional capture (Hughes, 2014).
Semantic auditory distraction

Background speech is a common source of distraction in the built environment. But why is background speech distracting? In the context of the
short-term serial recall task meaningful background speech (e.g., English for
native English speaker) is not more detrimental to performance than a speech
sound without meaning (e.g., Welsh speech for native English speakers or
reversed speech; Jones et al., 1990). Moreover, background speech seems
to add nothing more to the disruptive effect of a changing-state non-speech
sound on serial recall (Jones & Macken, 1993; Tremblay, Nicholls, Alford,
& Jones, 2000). However, it has been shown that meaningful background
speech is particularly disruptive to tasks that depend on semantic processing
such as reading comprehension (Martin et al., 1988) or writing (Sörqvist,
Nöstl et al., 2012) compared to speech without meaning. Hence, semantic auditory distraction refers to the disruption of task performance by the
meaning of speech (Sörqvist, 2010c). Another term that is related to semantic auditory distraction is the between-sequence similarity effect (B-SSSE;
Marsh, Perham, Sörqvist, Jones, 2014). For instance, Neely and LeCompte
(1999) investigated the effects of semantic similarity between to-be-remembered words and to-be-ignored words on free recall in two experiments. In
Experiment 1, participants were asked to memorize to-remembered words
that were presented on a computer screen in the presence of three background sound conditions; i.e., sounds that was either semantically associated
with the to-be-ignored speech words (e.g., cold when the to-be-ignored word
was hot), not semantically related to the to-be-ignored speech words (e.g.,
frame), or silence. In Experiment 2, the to-remembered words where either
drawn from the same semantic category as the to-be-ignored speech words
(e.g., fruit), not from the same semantic category (e.g., tools), or silence.
The results showed that participants recalled fewer to-be-remembered words
when to-be-ignored speech words were either semantically related or drawn
from the same semantic category as those words, compared to the other
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sound conditions. Hence, semantic similarity between to-be-remembered
and to-be-ignored words increased the magnitude of the disruptive effect of
to-be-ignored speech words.
Research findings have shown that the B-SSSE only is effectuated
when participants are instructed to recall the to-be-remembered words in
free order, not in serial order (Marsh, Hughes, & Jones, 2008; 2009). The
B-SSSE is also more prominent when the to-be-ignored speech words are
presented to the right ear compared to the left ear, presumably due to the left
hemisphere dominance in language processing (Sörqvist, Marsh, & Jahncke,
2010). Moreover, it has been shown that the B-SSSE is enhanced when the
to-be-ignored speech words consist of high-dominant exemplars in comparison of low-dominant exemplars (Marsh et al., 2008; Marsh et al., 2014).
Based on the finding that high-dominance to-be-ignored words increases the
B-SSSE it has been suggested that inhibition processes could play a role in
the distractive effects of background speech. This is because the target words
could compete with the high-dominance to-be-ignored words at retrieval
which requires that the high-dominance words are inhibited (Marsh et al.
2008; 2009). The B-SSSE also increases the tendency to falsly recall to-beignored speech words instead of to-be-remembered words (Beaman, 2004;
Marsh et al., 2008), which has led to the suggestion that the B-SSSE can be
a product of degraded source monitoring whereby people at retrieval mix up
the to-be-remembered words that they read with the to-be-ignored speech
words that they heard (Marsh et al., 2008; Marsh & Jones, 2011).
It has also been suggested that the detrimental effects of background
speech can depend on the inability to immediately exclude irrelevant information (Sörqvist, 2010c). Sörqvist, Halin et al. (2010) asked participants to
perform a number updating task, and a reading comprehension task in the
presence of silence and background speech. In the updating task, a series
of double digit numbers (e.g., 48, 30, 25, 36, 20, 65, 75, 88, 50, 54) was
presented on the computer screen and participants were instructed to always
keep the three lowest numbers in memory and to recall them in the same
order as they were presented (i.e., 30, 25, 20). Hierarchical regression analysis revealed that participants that failed to immediately exclude numbers
that were not higher than any of the three lowest numbers in the list (e.g.,
the number 65 in the example above), were more distracted by background
speech on the reading comprehension task. Sörqvist, Ljungberg et al., (2010)
showed a similar relationship between the failure to immediately exclude a
number and the magnitude of distraction of background speech on memory
for written stories.
As already mentioned, meaningful background speech is particularly disruptive to performance on tasks that involve semantic processing. This is
what would be expected from the interference-by-process view because both
a task that is based on comprehension (e.g., understanding a text) and background speech contains semantic information and should therefore engage
similar processes in the brain (Hughes, 2014), which in turn disrupt task
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performance. Road traffic noise and aircraft noise, on the other hand, do
not contain any semantic information. Therefore, it is impossible that the
effect of these types of noise is a product of a conflict between semantic processes (i.e., the interference-by-process view). One possible explanation to
why road traffic noise and aircraft noise impair performance on tasks based
on comprehension, is that the acoustic characteristics of the noise (e.g., frequency modulation, salience, and predictability) potentiate attentional capture, that in turn disrupts task performance because attention is reallocated
from the focal task to the task-irrelevant noise (Klatte et al., 2013; Sörqvist,
2010a).
The proposals that different mechanisms such as inhibition, source
monitoring and immediate exclusion of irrelevant information may underlie semantic auditory distraction and that attentional capture might explain
the effects of road traffic noise and aircraft noise on cognitive performance
suggest that top-down processes play an important role to control attention
in situations when facing distraction from these types of background sound
(Beaman, 2004; Berti & Shröger, 2003; Hughes et al., 2013; Klatte et al.,
2013; Schröger & Wolff, 1998; Sörqvist, 2010c; Sörqvist, 2010b; Sörqvist
et al., 2016; Sörqvist, Stenfelt et al., 2012). The next part of the introduction
will consider both external (i.e., different types of task difficulty) and internal factors (i.e., working memory capacity) related to top-down cognitive
control that might modulate distractibility.
A shield against distraction in the built environment
Higher task difficulty appears to limit people’s susceptibility to the negative
effects of environmental noise (e.g., Hughes, Hurlstone, Marsh, Vachon, &
Jones, 2013; Sörqvist, Dahlström, Karlsson, & Rönnberg, 2016; Sörqvist,
Stenfelt, & Rönnberg, 2012). However, the experimental studies that have
shown that increased task difficulty can shield against distraction have used
tasks that people do not undertake in real-life settings (e.g., recalling memory items in the same order as they were presented). To test the ecological
validity of the findings of the aforementioned experimental studies, this thesis set out to test whether higher task difficulty modulates distraction from
environmental noise when the tasks have more resemblance to those that
people work with in schools and offices (e.g., proofreading and reading).
The manipulation of task difficulty in the current thesis was mainly
achieved by displaying the studying material in a hard-to-read font. The idea
to use a font manipulation stemmed from research on disfluency (i.e. “the
subjective, metacognitive experience of difficulty associated with a cognitive task; Diemand-Yaumann, Oppenheimer, Vaughan, 2010, p. 112), that
has shown that decreased readability can lead to better recall of the written
material. Supposedly, the increased effort to read the text promotes more
analytic processing which in turn leads to enhanced memory performance
(Diemand-Yaumann, Oppenheimer, Vaughan, 2010). Even though the positive effect of disfluency is debated (e.g., Kühl & Eitel, 2016), it is possible
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that decreased readability makes the reader concentrate more on text and
that this in turn reduces how distracted the reader becomes by background
sound (Sörqvist & Marsh, 2015). The next part of the introduction will more
thoroughly discuss how increased focal task-engagement can shield against
distraction.
How can increased task engagement shield against distraction?
Sometimes a task requires sustained concentration on an ongoing goal activity in order to be successful. When required to concentrate harder to achieve
the same level of performance, you may be aware that you sometimes fail to
notice events happening around you such as a colleague trying to talk to you
or a ringing phone. The aforementioned scenario illustrates how awareness
of the surrounding environment can be reduced when engagement on the
focal task is increased. The ability to selectively attend to a specific source
of information, whilst ignoring other sources of competing information, has
been a major subject of inquiry amongst psychologists for many decades
(Driver, 2001). A common way to study selective attention is to use a crossmodal paradigm wherein the cost of the presence of background sound to
visual-verbal task performance is measured in terms of degradation to focal
task performance. The experiments in this thesis will also deploy a crossmodal paradigm in order to study how people in the work environment are
influenced by environmental noise, and whether distractibility to environmental noise could be modulated by promoting focal-task engagement. In
the current thesis, the concept of task engagement refers to the deliberate
compensation of increased task difficulty by concentrating harder in order
to maintain a desirable level of performance on the focal task. Task engagement can be modulated by internal factors like working memory capacity
and intrinsic motivation and by external factors like task difficulty and incentives (Engelmann, Damaraju, Padmala, & Pessoa, 2009; Hughes et al., 2013;
Sörqvist & Marsh, 2015; Sörqvist et al., 2012), and it reflects top-down
cognitive control whereby the locus-of-attention is fixed on the focal task
(Hughes et al., 2013) and the processing of peripheral information is reduced
(Sörqvist & Marsh, 2015).
External factor of task engagement – task difficulty

Increased task difficulty can be achieved by imposing some sort of load on
the focal task; either by making the study material harder to distinguish (i.e.,
sensory load), by loading the target area with competing information (i.e.,
perceptual load), or by increasing the mental effort required to conduct the
focal task (i.e., cognitive load). The next part of the introduction will give a
background on how the different types of load can influence distractibility.
Sensory load

In visual-verbal task settings, sensory load can be manipulated by altering
the perceptual discriminability of task material. For instance, the perceptual
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discriminability of to-be-remembered items can be decreased by masking
them with static visual noise (Hughes et al., 2013). In a series of experiments,
Hughes et al. (2013) asked participants to undertake a serial recall task in the
presence of different sound conditions (i.e., deviating sound, changing-state
sound, and silence). One of the manipulations in the experiments was to
mask the to-be-remembered items with static visual noise (i.e., increased
sensory load) in order to induce higher focal-task engagement. The result
showed that high sensory load in the focal task abolished the deviation effect,
but not the changing-state effect. The deviation effect, but not the changingstate effect, was also abolished if participants received foreknowledge of the
nature of the upcoming sound. The authors suggest that these results demonstrate that top-down cognitive control plays an important role in auditory
distraction whereby higher focal-task engagement can shield against distraction from unexpected sound events. Moreover, they argued that these results
speak in favour of the duplex-mechanism account (Hughes, 2014) over the
single-mechanism account (Bell, Dentale, Buchner, & Mayr, 2010; Bell,
Röer, Dentale, & Buchner, 2012) because the changing-state effect and the
deviation effect are influenced differently by higher focal-task engagement.
Marsh, Sörqvist and Hughes (2015) also manipulated sensory load by
using static visual noise in order to investigate how this would influence
the B-SSSE. The results of Experiment 1 showed that higher sensory load
eliminated the B-SSSE, and attenuated the erroneous recall of the to-beignored speech words. In Experiment 2, the experimental procedure from
the first experiment was replicated, and in addition, an inclusion instruction
was introduced (i.e., a whereby participants are asked to recall all items that
came to mind in relation to the presented target words). This was undertaken
to investigate whether the shielding effect of higher focal task-engagement
depends on back-end control (i.e., editing material at retrieval prior to output) or front-end control (i.e., the suppression of irrelevant information
during encoding of the to-be-remembered words). The result showed that the
inclusion instruction did not have any additional effect on the B-SSSE. The
authors argued that this suggested that the shielding effect of task engagement operates at an early stage of the processing of task-irrelevant information (i.e., front-end control). Taken together, the aforementioned results
indicatethat higher sensory load on the focal task can promote task engagement and shield performance against auditory distraction (Sörqvist & Marsh,
2015)
Perceptual load

Another way to increase task difficulty is by inducing perceptual load in the
focal task. This can be achieved by using an experimental set up similar to
the Flanker task whereby participants are asked to respond as quickly as possible if a target letter is either an x or z (e.g., XXXZXXX). Within this setup,
adjacent to the target letter a distractor letter is presented that can either be
incongruent (e.g., x if the target letter is z), congruent (e.g., both target and
distractor letter is the same letter), or neutral (e.g., the letter n) in relation to
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the target. When the visual field is loaded with information (e.g., by letters
other than the target and distractor letters) the distractor interference (i.e., as
measured by the difference in reaction time between congruent and incongruent trials) is reduced compared to a low-load condition (e.g., Lavie, 1995;
Lavie & Tsal, 1994). The findings that high perceptual load reduce distractor
interference is the foundation of the load theory of selective attention and
cognitive control (Lavie et al., 2004). This theory has been offered as a settlement of the long going debate in the selective attention literature concerning
whether unattended information is filtered at encoding (i.e., early selection)
or at retrieval/response (i.e., late selection). The load theory proposes that
whether early or late selection occurs depends on the degree of perceptual
load. When the visual field is loaded with information there will be less perceptual resources available to process distracting peripheral information, and
hence, irrelevant information will be filtered at an early stage that eliminates
distractor interference. In contrast, when perceptual load is low perceptual
resources will be available to process distractors, which leads to late selection (and ultimately prolonged reactions times as the participant at response
selection has to inhibit the inappropriate response).
Perceptual load has mostly been used in research on distraction within
the visual modality, but MacDonald and Lavie (2011) showed that perceptual load also could influence participants’ awareness of background
sound. In a series of experiments participants were asked to perform a visual
discrimination task whereby a colored cross with different lengths on the
arms was presented on the computer screen. In the low load condition participants had to respond according towhich of the arms of the cross that was
blue, and in the high load condition they had to respond concerning which
of the arms of the cross was longer. At the end of the last trial a brief tone
was presented and participants were asked whether they had noticed the
tone. The results showed that participants in the low-load condition were
more likely to be aware of the unexpected tone compared to participants
in high-load condition. The load theory has been criticized, both regarding
methodological issues (e.g., what is the dividing-line between low and high
perceptual load?) and the explanation behind the effect of perceptual load. It
has been proposed that the effect of perceptual load rather is an effect of dilution, whereby distractor interference is reduced because the neutral items in
the visual field dilute the processing of the distractor (Benoni & Tsal, 2013).
Regardless the explanation behind the effect of perceptual load, the outcome
of increased task difficulty by using sensory or perceptual load seems to be
that it reduces the awareness of changes in the sound environment.
Cognitive load

The load theory of selective attention and cognitive control also proposes
that under circumstances of low perceptual load attentional control becomes
more important in order to combat distraction. The load theory predicts that
if working memory resources is commandeered (e.g., by holding six numbers
in memory for later recall instead of one) during the Flanker task, distractor
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interference will increase (Lavie et al., 2004; Lavie & de Fockert, 2005).
This prediction has gained support from studies regarding auditory selective
attention (Dalton et al., 2009) and tactile selective attention (Dalton,Lavie,
& Spence, 2009). In contrast to the foregoing results, there are research findings which indicate that cognitive load instead can have a shielding affect
against distraction (SanMiguel et al., 2008; Sörqvist et al., 2016; Sörqvist,
Stenfelt et al., 2012). For instance, SanMiguel et al. (2008) asked participants
to undertake a simple visual discrimination task that required them to compare if a pair of numbers were the same; either in the same trial (no memory
load) or between two trials (memory load). Participants undertook the test
against a background of a task-irrelevant standard tone that sometimes was
replaced by a novel tone. Both the behavioral data and the recorded eventrelated brain potential (ERPs) revealed that distraction was reduced in the
load condition, as participants’ reaction times to novel sounds only increased
in the no load condition and that the ERPs showed an attenuation of the novelty P3 response, indicating a more constrained orienting response towards
the novel sound. Sörqvist, Stenfelt et al. (2012) were interested in whether
higher cognitive load on the focal task would decrease the auditory-evoked
brainstem response to background sound. Therefore, participants were asked
to conduct an n-back task in presence of a repetitive task-irrelevant tone
that occasionally was replaced by a deviant tone. In the n-back task, target
items (e.g., letters or numbers) are presented one-by-one and participants are
instructed to respond if a target is the same as the target presented n steps
back in the list. Thus, when the size of n increases so does the cognitive
load because more items have to be kept in memory. The main result of the
experiment showed that high cognitive load on the focal task constrained
the brainstem’s responsiveness to the background tone to a greater extent
than low cognitive load. Sörqvist et al. (2016) used a similar experimental
set up as the aforementioned study, but used fMRI technique (functional
magnetic resonance imaging) to register the neural activity in response to
a task-irrelevant background tone. The results showed that active listening
to a sound facilitates the processing of the sound in the auditory cortex. In
contrast, when attention was oriented towards the visual task (i.e., n-back)
the neural response in the auditory cortex was attenuated. When the cognitive load on the focal task was higher, the neural response to the background
standard tone was further attenuated and at the same time, activity in brain
areas associated with effortful attention increased.
Taken together, cognitive load can either increase (e.g., Dalton, Santangelo,
& Spence, 2009; Lavie & de Fockert, 2005; Lavie, Hirst, de Fockert, & Viding,
2004; Sabi et al., 2014) or decrease (e.g., Hughes et al., 2013; Kim, Kim, &
Chun, 2005; Klemens, Büchel, Bühler, Menz, & Rose, 2010; SanMiguel,
Corral, & Escera, 2008; Sörqvist, Stenfelt et al., 2012) distraction. Several
different explanations as to why cognitive load can influence distractibility
have been offered (see SanMiguel et al., 2008, and Sörqvist et al., 2016). Some
of these explanations can be labelled as follows: a) response conflict, b) within
vs. cross-modal distraction, and c) single task vs. dual task set-up.
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a) Response conflict is linked to the relationship between the target
and the distractor. It could be that cognitive load influences distraction differently depending on whether there is a response conflict
between the target and the distractor. For instance, in the Flanker
task typically used by Lavie and colleagues (e.g., Lavie et al., 2004)
a letter (e.g., the letter X) can in some trials be labelled as a target
letter and in other trials be labelled as a distractor. Therefore the
conflict between the possible responses has to be resolved in order to
be successful on the Flanker test. When cognitive load is increased
there will be fewer resources available to deal with the response
conflict, and hence, it takes longer time to give an appropriate
response (which is taken as a token for increased distractor inter
ference). But if there is no response conflict, no additional cognitive
resources have to be invested in making accurate responses.
b) Within vs. cross-modal distraction Studies that have shown that
higher cognitive load can increase distractibility have used a withinmodality experimental set-up (e.g., both the target and the distractor
are presented visually) whilst studies that have used a cross-modal
experimental set-up (e.g., the target is visually-based and the distractor auditorily-based) have shown the opposite effect. In a situation
when a target and a distractor is presented in the same modality it is
more difficult for the cognitive system to separate them from each
other compared to when they are presented in different modalities. Thus, when the cognitive load is increased [like in Lavie et
al.’s (2004) paradigm] there will be fewer resources available for
the cognitive system to appropriately distinguish the target and the
distractor, which might increase the processing of a distractor.
c) A common denominator for the studies that have shown that higher
cognitive load increases distractibility is that they typically use
a dual task set-up. In a dual task set-up cognitive load is induced
by first asking participants to memorize a set of items for later
recall, and thereafter, participants perform the second task (e.g. the
Flanker test) where distractibility is measured (e.g., the difference in
response time between congruent and incongruent trials). In
contrast, studies that have shown the opposite effect of higher
cognitive load have used a single task set-up, which means that
cognitive load is manipulated within the focal task itself. Hence, in
the single task scenario it is possible to use all cognitive resources
on one task, instead of dividing them between two tasks as in the
dual task set-up, which may explain why cognitive load in some
cases can increase distractibility. As the present thesis is concerned
with the shielding effect of increased task difficulty, all experiments
are based on a single task set-up.
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Internal factor of task engagement – working memory capacity

Working memory capacity (WMC) is a hypothetical construct that arguably is more about attentional executive control than memory per se (Engle,
2002). It widely considered to be a domain general construct (Kane et al.,
2004), that is related to a wide range of cognitive abilities like reading comprehension, writing and bridge playing (Engle, 2002). Much research has
been devoted to investigating the relationship between individual differences
in working memory capacity (WMC) and several higher order cognitive
abilities like reading comprehension, reasoning, intelligence, but also distractibility. WMC is normally accessed with a complex span task wherein
a serial recall task is combined with a distracting activity. One of the most
used complex span tasks is the Operation Span task (OSPAN). In this task
the distracting activity is to decide whether a mathematical operation is correct or not (e.g., is 3+5-2 = 6?), and thereafter, a memory item is presented
(e.g., a word or a letter) that participants have to memorize for later recall.
This procedure cycles typically two to six times before participants are asked
to recall the memory items in the same order as they were presented. As the
number of memory items increases more effort is required to be successful
on both the mathematical decision task and the recall test, and individuals that score high on this type of task are considered to have high WMC.
This thesis used a version of the OSPAN task called Size-comparison task
(SICSPAN; Sörqvist, Ljungberg et al., 2010). In the SICSPAN task, the
mathematical operation is exchanged to a task where a size comparison is
made between two objects belonging to the same semantic category (e.g.,
is mouse larger than cat?). Similar to the OSPAN task, a to-be-remembered
item presented after each distracting activity in the SICSPAN task (i.e., the
size comparison part of the SICSPAN task). The difference between the two
complex-span tasks is that in the SICSPAN task there is a response conflict
between the to-be-remembered words and words in the distracting activity,
which is not the case in the OSPAN task. This because the to-be-remembered
words in the SICSPAN task are drawn from the same semantic category and
are of lower dominance than the words presented in the distracting activity
(e.g., the t o-be-remembered word is RABBIT, and the words in the size comparison part are MOUSE and CAT). It has been shown that the scores on the
OSPAN task and SICSPAN task are highly correlated (Sörqvist, Ljungberg
et al., 2010).
Theoretical perspectives of WMC

Different theoretical perspectives on why individuals differ in WMC have
been offered. According to the executive attention view the difference
between low-capacity individuals and high-capacity individuals is their
abilityto control attention (Engle,2002). Research findings indicate that
individuals with high WMC are better to actively focus attention on the
focal task (Heitz & Engle, 2007), they are also more efficient in dividing
attention between sources when required to (Colflesh & Conway, 2007),
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and better than low-capacity individuals at selectively attending to a single
source when requested (Conway et al., 2001; Heitz & Engle, 2007; Kane,
Bleckley,Conway, & Engle, 2001). The inhibitory view states that the difference between high-capacity and low-capacity individuals lies within their
capability to inhibit irrelevant responses and that high-capacity individuals
have more resources at their disposal to inhibit inappropriate processing of
task-irrelevant information (Hasher & Zacks, 1988; Lustig, Hasher, & Tonev,
2001). It has also been argued that the main difference between the two
WMC-groups is that individuals with high WMC are better able to maintain
task-relevant information in primary memory (e.g. task instructions) when
controlled processing is needed (as is the case when one is facing auditory
distraction), and that they are better and faster at searching for information
that has been transferred to secondary memory (i.e. the story they just read
or task instructions; Unsworth & Engle, 2007).
Research findings have shown that individuals with high WMC are generally less distracted by background sound compared to their low-capacity
counterparts (Sörqvist, 2010c), but this is not true for all types of auditory distraction. The changing-state effect seems to be unrelated to WMC
(Sörqvist, Marsh, & Nöstl, 2013), but also to task engagement, at least
when increased sensory load is used to induce higher focal-task engagement
(Hughes et al., 2013). Instead it seems that the magnitude of the changingstate effect is modulated by how efficient people are at processing acoustical
variations in a sound. Those who excel at this are more susceptible to the
changing-state effect (Macken, Phelps, & Jones, 2009). Susceptibility to
the deviation effect, on the other hand, seems to be modulated by WMC
and by focal-task engagement: Higher levels of WMC and the induction of
greater focal-task engagement reduce susceptibility to the deviation effect
(Hughes et al., 2013; Sörqvist, 2010b). Moreover, high-capacity individuals
are better able to habituate to the deviation effect (Sörqvist, Nöstl, & Halin,
2012b), and their auditory-evoked brainstem response to a task-irrelevant
background tone is more constrained under high cognitive load compared to
low-capacity individuals (Sörqvist, Stenfelt et al., 2012).
Regardless of what the qualities are that constitute high WMC, the aforementioned results strongly suggest that some individuals are better able to
focus on the task-at-hand and are less distracted by background sound. In
line with this suggestion, high WMC seems to reduce susceptibility to background sound. Moreover, higher focal task-engagement (e.g., by masking
to-be-remembered items with static visual noise) has also been shown to
reduce distractibility (Hughes et al., 2013). Findings such as these indicate
that focal-task engagement and higher WMC shields against distraction in a
similar way, arguably by promoting a more steadfast locus-of-attention that
makes the individual better able to resist shifting attention between the visual
stimulus and the distracting sound (Hughers et al., 2013; Sörqvist, 2010b),
and by constraining the processing of the background sound (Sörqvist et al.,
2016; Sörqvist, Stenfelt et al., 2012).

13

Experiments have also shown that high-capacity individuals are less susceptible to background speech both in terms of comprehending a text and
remembering its content while reading in the presence of background speech
(Sörqvist, Halin et al, 2010; Sörqvist, Ljungberg et al., 2010). However, it is
still unclear if task engagement will have a similar shielding effect against
background speech as high WMC has, when it comes to office-related tasks
that involve reading. Also, the question of whether high-capacity and lowcapacity individuals will be helped by higher task difficulty to the same
extent has yet to be answered. As low-capacity individuals generally have
poorer attentional control than their high capacity counterparts, it is possible that they will be aided more by an increase in task difficulty, which
will help them achieve a steadfast locus-of-attention that resembles that of
high-capacity individuals. As high-capacity individuals already possess high
attentional engagement they may not benefit from increased task difficulty to
the same extent as low-capacity individuals.
Summary and purpose
Environmental noise in the built environment (e.g., offices and schools)
can often be a source of annoyance, but also detrimental to cognitive performance. In their daily work-life, people often have to balance being concentrated on an ongoing goal activity (e.g., a work assignment) and being
responsive to changes in the surroundings that might be important to them.
This balance between concentration and distractibility can sometimes be a
burden, because it can lead to task disruption. This thesis aimed to study the
balance between distractibility and task demands on office-related tasks as a
means by which a better understanding of how people in the work environment are influenced by environmental noise can be achieved. Another point
of interest was to investigate whether higher cognitive load on the focal task
would reduce peripheral processing of to-be-ignored background speech.
Moreover, the relationship between individual WMC capacity and distractibility was investigated to examine whether higher focal-task difficulty would
influence people with low WMC and high WMC differently.
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Summary of reports
Research questions
Report 1
The aim of this Report was to examine, and compare, two techniques for
increasing task-engagement and thereby shielding against the effects of background speech on proofreading. The research question was: Can an experimentally induced increase in task-engagement shield against distraction?
Report 2
Based on the findings in Report 1 this study investigated the trade-off between
task difficulty and distractibility on prose memory. It was hypothesized that
background speech would impair performance on the prose memory task,
but only when the text was displayed in an easy-to-read font, not when it
was displayed in a hard-to-read font. Moreover, this study investigated the
relationship between individual differences in working memory capacity and
distractibility in the two task difficulty conditions, respectively.
Report 3
This Report aimed to replicate the results of Report 2, but also tested whether
a hard-to-read font could shield against the effects of environmental noise on
text memory. It was hypothesized that background speech, aircraft noise and
road traffic noise would impair text memory compared to silence, but only
for participants in the easy-to-read font condition, not in the hard-to-read
font condition. Based on the finding in Report II, it was also expected that
participants in the hard-to-read font condition would score higher on the
memory test in the background speech condition compared to participants in
the easy-to-read font condition in the background speech condition.
Report 4
The purpose of this Report was to investigate if increased load on central
processing mechanisms (working memory) reduces distractor processing. It
was hypothesized that participants, who undertake a visual-verbal working
memory n-back task in the presence of to-be-ignored speech (i.e., a background story), should not be able to recall as much of the contents of the tobe-ignored background on a surprise memory test when the central load on
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the focal task (i.e., the n-back task) is higher. Moreover, it was hypothesized
that high-WMC individuals’ memory of the contents of the background
speech should be inferior to low-WMC individuals’, at least when the central
load on the focal task (i.e., the n-back task) is lower.
Method
Materials

An overview of the independent variables and dependent measures used in
the experiments of this thesis are presented in Table 1.
Background sounds. All verbal material used in the experiments of this thesis was in Swedish. Background sound was used as a distractor in all experiments. In Report I, II and IV, the same background speech was used. It consisted of a recording of a male voice that described a fictitious culture called
the Ansarians and it was recorded in an echo-free chamber. The sound file
was played back at approximately 65 db(A) Leq. In Report III, three background sounds were used. The background speech condition was a recording
of a conversation between a female speaker and a male speaker taking turns
talking about mundane topics (e.g., recreational activities) that was adjusted
to 60 db(A) Leq. The aircraft noise condition consisted of a recording of an
airborne airplane passing by. The road traffic noise consisted of a recording
of a road crossing with varying traffic. The sound level of the aircraft noise
and the road traffic noise were both adjusted to 60 db(A) Leq. In all experiments the background sound was played back through headphones and participants were instructed to ignore any sound.
Proofreading task. Report I investigated if an experimentally induced

increase in task-engagement could shield against the effects of background
speech on proofreading. The idea was that increased task difficulty – by making the text harder to read – should help participants to engage (focus) more
in the proofreading task, and hence, be less distracted by background speech.
Therefore, in Experiment 1, task-difficulty was manipulated by displaying
the text either in a normal font (Times New Roman) or in an altered font
(Haettenschweiler). In Experiment 2 all texts were displayed in the Times
New Roman font, but half of the texts were masked with a static visual noise.
A pen and pencil proofreading task was created for the two experiments
respectively. Two types of error were inserted throughout the texts: semantic/
contextual errors and visual/spelling errors. The semantic/contextual errors
consisted of either a function word that was replaced with a content word or
a content word that was replaced with another content word. To detect these
types of error the participants had to understand the meaning of the text,
it was not sufficient to just examine each word individually. Visual/spelling
errors consisted of (function and content) words with either missing letters
or substituted letters. The score on the proofreading task was based on the
proportional value of the number of errors the participants failed to detect
(i.e., the number of errors the participants failed to detect within the text lines
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they fully read divided by the total number of errors they encountered within
the text lines they fully read). Moreover, reading speed was measured by
counting the number of text lines that was covered in the proofreading task.
In addition, participants rated (on a 7-point scale) how difficult and taxing
they thought the task was to conduct for the different text status conditions
respectively.
Reading tasks. Different reading tasks were used in Report II and III to
measure text memory. As in Report I, task-engagement was manipulated by
either displaying the text in an easy-to-read font (Times New Roman) or a
hard-to-read font (Haettenschweiler). Both reading tasks involved a reading phase and a test phase. After each reading phase participants answered
whether they had read all the text (this made it possible to exclude those
had not read all the information in the paragraphs). In the memory phase
all questions were written with the Arial font. In Report II, each reading
phase consisted of 5 shorter paragraphs about fictitious cultures that were
displayed simultaneously on the computer screen for 4 min. The paragraphs
contained information about the cultures, such as advances in technology
and warfare. In the test phase, memory was tested with 20 multiple-choice
questions (5 option per questions; 4 questions per paragraph). The questions
were displayed sequentially and each question was replaced with a new question after a response was given or after 15 s had passed. Every question
concerned detailed information in the text (e.g., “How many regions was the
land of Timad divided into?”). The first four questions concerned information from the first paragraph and the next four questions from the second
paragraph, and so on. In Report III, each reading phase consisted of 4 shorter
paragraphs about fictitious creatures (one species per paragraph) that were
displayed sequentially on the computer screen for 75 s. respectively. Each
paragraph stated specific information about a species (e.g., its habits or habitats) deriving from one of the four classes of creatures used in this experiment (i.e., animals, fish, birds, & dinosaurs). Each memory test contained
species from the same class of creature. After completing a reading phase,
text memory was tested with 24 multiple choice questions (that had the same
5 fixed options for all questions regarding one class of creature; e.g., A)
Undon B) Bonasus C) Malang D) Khian E) None of the animals). For all
questions participants judged which of the 5 options that best answered a
question (e.g., Which animal has a 20 cm long tail?). Each question was
presented for 15 s. before it was replaced with a new question. Moreover, in
Report II participants was asked to rate (on a 7-point scale) how difficult and
demanding they thought the task was to conduct for the different text status
conditions respectively.
Reading speed. This task was used in Report II to investigate how the Times
New Roman font and the Haettenschweiler font influenced reading speed.
Participants were asked to read two shorter texts about the planets Mars and
Neptune (160 words long) displayed in the two fonts respectively. The computer measured the time it took to read each text.
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n-back task. In Report IV, the level of central/cognitive load on the focal task
was manipulated by using an n-back task. In this task single letters (i.e., from
the set “w s r k q t m”) were presented sequentially and participants had to
respond if the presented letter was the same as the letter n steps back in the
sequence. For participants in the low central load condition n equaled 1, and
for participants in the high central load condition n equaled 2. Performance
on the n-back task was scored by assigning points to each trial with an accurate response (i.e., points when a key press was made in response to a letter
that matched the letter n steps back and points when no key press was made
on other trials).
Surprise memory test of background speech. This test measured inciden-

tal memory of a to-be-ignored background story (i.e., the fictitious culture
Ansarien) presented during the n-back task. After completing the n-back
task participants answered 40 multiple-choice questions about contents of
the background story (e.g., “Who ruled the land of Ansarien?”). Answering
these questions required memory of specific information in the story and
each question had 5 response options (e.g., “a) Dongo b) Ekador c) Sagron
d) Ulbin e) Anors”) amongst which one of the options was the correct answer.
Working memory capacity task. In Report II and IV, the Size comparison
span task (SICSPAN) was used to measure working memory capacity. In this
task, pairs of words were presented on the computer screen and participants
were required to compare them in size (e.g., “Is STRAWBERRY bigger than
PINEAPPLE?”) by pressing the ‘Y’ and ‘N’ keys on the keyboard. After a
response, or if the time was up (5 s.), the computer screen went blank. And
thereafter, a to-be-remembered word was presented (e.g., PAPAYA). This
procedure was repeated two to six times before participants were asked to
recall the to-be-remembered words in serial order by typing with the keyboard. All presented words within a list were drawn from the same semantic
category (e.g., Fruit) and each word (and category) appeared only once during the task. The total number of lists was 10 (i.e., two of each list length)
and the lists were presented in a fixed ascending order (e.g., starting with
the two-word lists) for all participants. Their SICSPAN score was based on a
strict serial recall criterion whereby they received one point for each to-beremembered word that was placed in the correct serial position.
Questionnaire on mental fatigue. In Report III participants answered a short
questionnaire of how tired, mentally exhausted and concentrated they were
at the moment, by filling in a number between 1 to 9 that they felt best corresponded to their state of mind (e.g., 1 = not tired at all, 9 = very tired). These
questions were asked before participants started the experiment and directly
after they had finished the session.
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Table 1. Independent variables and dependent measures
used in the four reports of this thesis.
Independent variables

Report 1 Report 2 Report 3 Report 4

Background sound

x

x

x

Text status manipulation

x

x

x

Cognitive load				

x

Dependent measures				
Reading speed

x

Proofreading

x			

Memory for written stories		

x		
x		

Text memory			

x

n-back				x
Incidental memory of a background speech				

x

SICSPAN		 x		x
Subjective ratings of task difficulty

x

x		

Questionnaire on mental fatigue			

x

x

Estimated guess rate on incidental memory test				

x

Design and procedure
All participants were recruited at the University of Gävle and were informed
that their participation was voluntary and that they had the right to leave at
any time. In each experiment, participants sat alone in a quiet room in front
of a computer screen and were instructed to wear headphones throughout the
whole session and to ignore any sound. Report I and II, used a within-participant design, which made it possible to compare the magnitude of distraction across individuals. Report III used a mixed within-between participant
design because of the large number of combinations between the two factors
used in that study (i.e., 2 font condition: easy-to-read font vs. hard-to-read
font x 4 background sound: silence vs. speech vs. aircraft noise vs. road
traffic noise). In Report IV a between-participant design was used because
a surprise memory test was administered at the end of that experiment. In
Report I and II, presentation order of the background sound conditions
and the text status conditions were counterbalanced across participants. In
Report III, participants were either allocated to the easy-to-read font condition or the hard-to-read font condition, and the presentation order of the four
background sound conditions were counterbalanced across participants in
the same way for both font conditions. In Report IV, half of the participants
performed the 1-back version of the n-back task and the other half of the
participants the 2-back version. All participants performed the n-back task in
the presence of the to-be-ignored background story. The SICSPAN test used
in Report II and IV was performed last in those experiments.
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Figure 1. Proportion of semantic/contextual errors (in function words) that the participants
failed to detect in Experiment 1 in the normal (i.e., Times New Roman font) and the altered
(i.e., Haettenschweiler font) text status conditions. Error bars represent 95% confidence
intervals for within-participants design (Loftus & Masson, 1994). Copyright © 2014
American Psychological Association. Reproduced with permission. The official citation
that should be used in referencing this material is Halin, N., Marsh, J. E., Haga, A., Holmgren,
M., & Sörqvist, P. (2014). Effects of speech on proofreading: Can task-engagement manipulations shield against distraction? Journal of Experimental Psychology: Applied, 20(1),
69-80. http://dx.doi.org/10.1037/xap0000002. This article may not exactly replicate the
authoritative document published in the APA journal. It is not the copy of record. No further
reproduction or distribution is permitted without written permission from the American
Psychological Association.
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status condition. In contrast, Experiment 2 showed slower reading speed and
the task was rated to be equally difficult in the altered text status condition
compared to the normal text status condition. Despite these differences in
reading speed and self-reported data on task difficulty the results presented
in Figure 1 and 2 are very similar. A cross-experimental analysis on the data
for the Experiment 1 and 2 revealed that there was no three-way interaction
between text status condition (normal font vs. altered font), background condition (silence vs. background speech) and participant group (Experiment
1 vs. Experiment 2), but an interaction between text status condition and
background condition. This suggests that the shielding effect of an altered
font and the static visual noise operates on the same construct. Arguably, this
construct is task engagement and it shields against background speech by
promoting a more steadfast locus-of-attention (Hughes et al., 2013) and by
reducing the processing of the background sound (Sörqvist et al., 2012).

Proportion misses

Silence
0,5

Speech

0,25

0
No visual noise

Visual noise
Text status

Percentage correct

Figure 2. Proportion of semantic/contextual errors (in function words) that the participants
failed to detect in Experiment 2 in the normal (i.e., No visual noise) and the altered (i.e.,
Visual noise) text status conditions. Error bars represent 95% confidence intervals for
70%
within-participants
design (Loftus & Masson, 1994). Copyright © 2014 American Psycho
Silence
logical Association. Reproduced with permission. The official citation that should be used
in referencing this material is Halin, N., Marsh, J. E., Haga, A., Holmgren,Speech
M., & Sörqvist,
60%
P. (2014).
Effects of speech on proofreading: Can task-engagement manipulations shield
against distraction? Journal of Experimental Psychology: Applied, 20(1), 69-80. http://
dx.doi.org/10.1037/xap0000002 This article may not exactly replicate the authoritative
50%published in the APA journal. It is not the copy of record. No further
document
reproduction or distribution is permitted without written permission from the American
Psychological Association.
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Proportion misses

Based on the findings in the first Report, Report 2 investigated if a hard-toread font also could shield against the disruptive effects of background speech
on prose memory. This task was chosen because remembering written
text is
Silence
crucial in educational settings and offices, wherein background speech is a
0,5
common distractor.
Moreover, this study examined the relationship Speech
between
individual differences in working memory capacity and distractibility to
background speech in the two task difficulty conditions respectively. This
was important to investigate because individuals with high WMC are charac0,25 superior attentional control compared to their low-capacity
terized as having
counterparts (Engle, 2002). Therefore, it could be that an increase in task
difficulty would help low-capacity individuals to reach a level of attentional
control more like those with high WMC. As can been seen in Figure 3, background speech0 impaired performance on the prose memory test, but only in
No visual noise
Visual noise
the easy-to-read font condition.
When the text was
hard-to-read there was no
Text status
effect of background speech. Also, performance on the prose memory test in
the background speech condition test was significantly better when the text
was displayed in the hard-to-read font compared to the easy-to-read font.

Percentage correct

70%

Silence
Speech

60%

50%

40%
Easy-to-read
Hard-to-read
Task difficulty

Figure 3. Mean percentage of correct answers on a test of memory for prose displayed in
two task difficulty conditions (easy-to-read and hard-to-read texts) and read in two background conditions (silence and background speech noise).
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Moreover, correlational
analyses showed that higher WMC-capacity was
0,5
Speech
related to a smaller distraction magnitude in the easy-to-read font condition.
But, in the hard-to-read font condition there was no relationship between
WMC and the magnitude of distraction (see Figure 4 and Figure 5). Thus,
higher task 0,25
difficulty – by displaying the text in a hard-to-read fon – shielded
against the disruptive effect of background speech on prose memory, and it
seems that low-capacity individuals are helped by the hard-to-read font to
reach a level of attentional control that resembles that of their high-capacity
0
counterparts.
Times
Haettenschweiler
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Figure 4. Shows the relationship between individual differences in working memory
capacity(i.e., size-comparison span scores)
2,5 and the magnitude of the effects of
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background speech on prose recall (all z-values) in the easy-to-read condition and
2
in the hard-to-read condition (panel B).
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Figure 5. Shows the relationship between individual differences in working memory
capacity (i.e., size-comparison span scores) and the magnitude of the effects of
background speech on prose recall (all z-values) in the hard-to-read condition.
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Report III
Report I and II had established that higher task difficulty – by making the
text harder to read – could shield against the disruptive effect of background
speech on different office-related tasks. However, the question remained if
the shielding effect would occur for environmental noise as well. Therefore,
Report III investigated if a font manipulation would shield against the effects
of aircraft noise and road traffic noise. In addition, Report III also aimed to
replicate the previous finding that a hard-to-read font shields against background speech on text memory and to investigate if the benefit of a hard-toread font would come with a cost, insofar that participants in the hard-toread font condition would feel more fatigued after the experiment compared
to participants in the easy-to-read font condition. The result of Report III
corroborated the findings in Report I and II by showing that background
speech, aircraft noise, and road traffic noise all impaired text memory compared to silence, but only for participants in the easy-to-read font condition
(see Figure 6). There were no effects of the three background sounds in the
hard-to-read font condition. As is in Report II, performance in the background speech condition was significantly better when the texts were displayed in the hard-to-read font compared to the easy-to-read font. Moreover,
there was no effect of font condition on self-reported fatigue (see Table 2).

0,6

Proportion correct answers

Silence
0,5

Speech

0,4

Road traffic

0,3

Aircraft

0,2
Easy-to-read font

Hard-to-read font

Figure 6. Participants’ scores on the reading task as the proportion of questions correctly
answered across the four background conditions and the two font conditions respectively.
Error bar represents standard error of means.
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Table 2. Mean values (standard deviation) on the self-reported data of how tired,
mentally exhausted and concentrated participants were before and after
the experimental session across the two font conditions.
		
			Easy-to-read font condition			Hard-to-read font condition
		
Before session		After session		Before session		After session
								
Subjective measures
M		 SD
M		 SD
M		 SD
M		 SD
Tiredness

4.07 1.74

5.43		1.97

4.46		 2.01

5.54		 2.17

Mental exhaustion

3.86 1.80

5.25		1.90

4.11		 2.20

5.57		 2.32

Concentration

6.25 2.03

4.18		1.52

5.86		 1.98

4.11		 1.81

												
Report IV
Report IV investigated if increased working memory load could reduce
peripheral processing of background speech. This was measured by accessing how much information participants could remember of a to-be-ignored
background story that was played during the focal task (i.e., n-back). Moreover, working memory capacity (WMC) was measured to test the relationship
between WMC and incidental memory of the background story in the two
load conditions respectively (1-back and 2-back). The results showed that
participants in the 1-back condition recalled more of the background story
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Figure 7. Shows the relationship between individual differences in working memory
capacity(i.e., size-comparison span scores)
3 and incidental memory of background speech
(all proportions score are transformed to z-values) in the 1-back condition.
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(M = .34, SD = 0.09) compared to participants
in the 2-back condition (M =
.27, SD = 0.07). As can been seen in Figure 7, higher WMC was related to
lower scores on the surprise memory test in the 1-back condition (r = - .52, p
= .018), but there was no relationship-2 between WMC and incidental memory
Size-comparison
spanFigure
scores 8).
in the 2-back condition (r = .37,
p = .112; see
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Figure 8. Shows the relationship between individual differences in working memory
capacity (i.e., size-comparison span scores) and incidental memory of background speech
(all proportions scores are transformed to z-values) in the 2-back condition.
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General discussion
The current thesis was concerned with the issue that environmental noise
in the built environment (e.g., offices and schools) can impair cognitive
performance. More specifically, the balance between distractibility and task
demands in the context of office-related tasks was studied in order to better
understand how people in the work environment are influenced by environmental noise. First of all, the results of the studies in this thesis c orroborate
the general view that background sound is normally detrimental to cognitive
performance (e.g., Beaman, 2005; Klatte et al., 2013; Sörqvist, 2010 c;
Szalma& Hancock, 2011). In the experiments of Report 1 and Report 2
background speech impaired performance on proofreading and memory for
written stories respectively compared to silence. In Report 3 it was shown
that background speech, road traffic noise, and aircraft noise all impaired
text memory compared to silence. Most importantly, in the experimental
conditions where higher focal-task engagement was induced – by increasing focal-task difficulty (i.e., displaying the texts in a hard-to-read font or in
visual static noise) – the detrimental effect of environmental noise on office-
related tasks was eliminated. Hence, the results indicate that the balance
between concentrating on the focal task and being responsive to the sound
environment can be tipped in the favor of concentration, so that distractibility
to environmental noise is reduced. A possible explanation of the shielding
effectby higher focal-task difficulty is that it leads to a more steadfast locus-
of-attention (Hughes et al., 2013), that blocks the task-irrelevant sounds’
call for attention, and it reduces the processing of the sound environment
(Sörqvist et al., 2016; Sörqvist, Stenfelt et al., 2012),
The results of Report 1 to 3 clearly show that background speech can
impair performance on different types of office-related tasks. Based on the
assumption made by the interference-by-process view (Marsh et al., 2008),
it would be expected that background speech is particularly detrimental to
tasks that involve semantic processing (e.g., proofreading or memory for
written text). According to this view the detrimental effects of background
speech on an office-related tasks is caused by interference between the
obligatory processing of the semantic information conveyed in background
speech and the processing of the semantic information conveyed in the text
(Hughes et al., 2005). Road traffic noise and aircraft noise, on the other hand,
do not contain semantic information so the effects of these types of environ
mental noise on text memory cannot be explained by interference between
semantic processes. One possible explanation as to why these types of noise
impair performance is that they contain sudden onsets that could trigger
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orienting responses which potentiate attentional capture whereby focus is
drawn from the focal task to the task-irrelevant sound (Klatte et al., 2013;
Sörqvist, 2010a).
In the experiments reported in this thesis higher focal-task difficulty was
mainly achieved by displaying the text in a hard-to-read font. The idea of
usinga hard-to-read font stems from research on disfluency that has shown
that presenting the to-be-remembered material in a hard-to-read font can
enhance memory performance (Diemand-Yaumann et al., 2010). However,
the positive effect of disfluency was not replicated in the experiments of
this thesis, at least not when the focal task was conducted in silence. This
is in line with several other studies that have not been able to replicate the
positive effect of disfluency on memory performance (Kühl & Eitel, 2016;
Yue, Castel,& Bjork, 2013). Instead the results of this thesis did show an
advantageof a hard-to-read font when the task was conducted in the presence
of background speech. This indicates that a hard-to-font can help people to
maintain a level of performance similar to what they had under ‘normal task
conditions’ (i.e., reading a text displayed in an easy-to-read font in silence).
The fate of task-irrelevant information
The purpose of Report 4 was to investigate whether higher cognitive load
on the focal task could reduce peripheral processing of a to-be-ignored
background story. As hypothesized, the result showed that participants in
low-load condition could recall more of the information conveyed in the
to-be-ignored background story compared to the participants in the highload condition. Thus, the result of this thesis shows that induced higher
focal-task engagement does not only shield against the detrimental effects
of background speech on office-related tasks, but it also reduces peripheral
processingof task-irrelevant semantic information. This extends the scope
of perviousfindings that have shown that higher cognitive load on the focal
task can reduce the processing of task-irrelevant background tones (Sörqvist,
Stenfelt et al., 2012).
Whether higher cognitive load reduces or increases distractibility is a
question that has divided researchers into two camps. The finding in Report
4 supports the notion of a unified view of attention (Sörqvist, Stenfelt et
al., 2012). According to this view higher cognitive load reduces distraction by constraining peripheral processing at encoding (Marsh et al., 2015;
Sörqvist & Marsh, 2015; Sörqvist, Stenfelt et al., 2012). This is opposite
of what the load theory of selective attention and cognitive control predicts
(Lavie et al., 2004). According to the load view people have limited cognitive resources at their disposal and under conditions of high cognitive load
the available resources will be usurped leaving too few resources available
to combat distraction. Whether higher cognitive load will reduce or increase
distraction seems to depend on task requirements (SanMiguel et al., 2008;
Sörqvist et al., 2016). In the load paradigm typically used by load theorists,
higher cognitive load increases distractibility (as measured by prolonged
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reaction time), probably because participants have to perform two separate
tasks simultaneously that are unrelated to each other (e.g., maintaining items
in memory while performing a Flanker task). But, if there is only one task
to concentrate on, all executive resources can be used to perform on that
task. This will potentiatea higher state of focal-task engagement compared
to if focus had to be divided between two tasks, and thus, under such conditions higher cognitiveload will lead to decreased instead of increased
distractibility(Sörqvist et al., 2016).
One research question that has occupied previous research is whether
attention must be allocated towards the irrelevant information for it to be
semantically processed. Lachter, Forster, and Ruthruff (2004) have suggested that the processing of task-irrelevant semantic information that is
presented in the visual domain is caused by attentional slippage (i.e., that
attention has to be directed towards the irrelevant information for it to be
processed) rather than attentional leakage (i.e., semantic processing occurs
without attention being directed towards the irrelevant information). But, as
the auditory system processes the sound environment obligatorily (Bentin
et al., 1995), it is possible that the processing of task-irrelevant background
sound can be a result of both attentional slippage (Lachter et al., 2004), or
attentional leakage (Lachter et al., 2004; Parmentier, 2008). The result of
Report 4 indicates that at least some of the information conveyed in the
to-be-ignored background story was processed as participants in both n-back
conditions recalled above chance on the surprise memory test. It is unclear
whether attentional slippage or attentional leakage can explain the finding
that participants in the low-load condition recalled more of the to-be-ignored
background story compared to participants in high-load condition. It seems
that when focal task-engagement is increased (as when cognitive load on the
focal task is higher) the processing of the sound environment is constrained
(Sörqvist et al., 2016; Sörqvist, Stenfelt et al., 2012), at an early phase of the
perceptual processing chain (Marsh et al., 2015). Thus, one possible explanation for the difference in results between the two load conditions is that
the attentional leakage of task-irrelevant information has been stopped to a
greater extent in the high-load condition compared to the low-load condition.
On the other hand, it has also been shown that higher focal-task engagement
can shield against attentional capture (Hughes, et al., 2013), which indicates
that higher focal-task engagement can prevent attentional slippage as well.
Taken together, in the context of cross-modal selective attention the processing of task-irrelevant semantic information can be a result of both attentional
slippage and attentional leakage.
Working memory capacity and task engagement
Reports 2 and 4 investigated the relationship between individual differences
in WMC and susceptibility to background speech, and whether increased
task difficulty would differentially influence high-capacity and low-capacity
individuals’ memory for written stories (Report 2) and their incidental
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 emory of the to-be-ignored background story (Report 4). The results of
m
Report 2 revealed that high-capacity individuals were less distracted by
background speech on the prose memory task, but only when the text was
easy-to-read not when it was hard-to-read (Report 2). Report 4 showed
that individuals with high WMC remembered less of a to-be-ignored background story compared to low-capacity individuals, but only when the cognitive load on the focal task was low, not when it was high. Thus, the results
on individualdifferences in WMC in this thesis have at least two possible
implications: 1) low-capacity individuals are aided more by an increase in
focal task difficulty, and 2) low WMC does not necessarily have to be a
disadvantage. In situations when information in the environment that has
been deemed irrelevant suddenly becomes relevant, it is more likely that
low-capacity individuals will have recollection of that information compared
to high-capacity individuals (Conway et al., 2001; Delayney & Sahakyan,
2007).
One question is how the findings of this thesis can be reconciled with
some of the views on working memory capacity. According to the executive
attention view the difference between low-capacity and high-capacity
individuals is that they differ in their capacity to control attention, and that
high-capacity individuals’ attentional control excels that of low-capacity
individuals (Engle, 2002; Heitz & Engle, 2007). The inhibitory view postu
lates that what separates low-capacity and high-capacity individuals is that
high-capacity individuals are better able to inhibit the processing of internal
and external task-irrelevant information, as well as inhibit inappropriate
responses compared to low-capacity individuals (Lustig & Zacks, 1988).
Another suggestion that has been offered is that high-capacity individuals
are better at keeping task-relevant information available in primary memory,
and that high-capacity individuals are more efficient in regaining access to
information that has been stored in secondary memory such as task instructions (Unsworth & Engle, 2007). Based on previous research findings
(Sörqvist et al., 2016; Sörqvist, Stenfelt, et al., 2012) and the result of this
thesis, increased focal-task difficulty seems to shield against distraction by
constraining the attentional scope so that task-irrelevant processing is suppressed. Moreover, increased focal task-difficulty also appears to block the
sounds’ call for attention (Hughes et al., 2013). This explanation seems to
be more aligned with the executive attention view than the other two views
on WMC mentioned above. For instance, Heitz and Engle (2007) illustrated
their finding that high-capacity individuals’ attentional scope is constrained
to a greater extent than low-capacity individuals by comparing visual
attention to a spotlight. Thus, high-capacity individuals’ spotlight is much
betterto lock on the task-relevant information which reduces the influence
of peripheral distractors. The shielding effect of higher focal-task engagement could work in a similar fashion whereby a hard-to-read text constrains
the attentional scope by locking the attentional spotlight on the text, which
reduces task-irrelevant processing. It is harder to reconcile how higher focaltask difficulty would improve low-capacity individuals’ ability to maintain
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task-relevant information in primary memory, or ability to regain access
to stored information from secondary memory. It is also harder to see how
higher focal-task difficulty could increase the resources that low-capacity
individuals have at their disposals to inhibit task-irrelevant processing or
inhibit inappropriate responses.
Practical implications to the built environment
People that are working in the built environment such as offices or schools
are often occupied with tasks that require them to process written information. Much research has shown that working in silence is often the most
optimalsound condition for effective performance on these type of tasks
(e.g., Beaman,2005; Hygge et al., 2003; Sörqvist, 2010a; 2010c). But, quiet
areas might be a rare commodity in the built environment, which requires
that people need to balance between concentrating on the ongoing task
activity (e.g., comprehending a text) and being responsive to task-irrelevant
events in the sound environment that might become important. As research
findings have repeatedly pointed out, is that the balance between concentration and responsiveness is easily disrupted by environmental noise with
the outcome of impaired performance. Research findings have shown that
induced higher focal-task engagement – by making the focal task more diffic
– has the potential to reduce distractibility by background tones and speech
on simpler memory-based tasks (e.g., Hughes et al., 2013; Sörqvist, Stenfelt
et al., 2012). The current thesis tested whether the shielding effect of higher
focal-task engagement would also hold in a more applied context, with
sounds that are more common in the built environment compared to tones
(e.g., background speech, road-traffic noise, and aircraft noise), and with
tasks that resemble those that people work with in offices and schools (i.e.,
proofreading and memory for text). The results of this thesis show that one
way to attenuate distraction to environmental noise on office-related tasks
is to promote focal-task engagement. A simple way to achieve higher focaltask engagement is by merely changing the font of the text to one that is
harder to read. This may not only be a practical solution to reduce the impairment of environmental noise on cognitive performance in work and school
environments. It may also be an intervention that can reduce error rates in
health care situations (Soboczenski, Hudson, & Cairn, 2015), but also be of
aid to specific populations of individuals that generally have poorer attention
control, like individuals with ADHD (Martinussen, Hayden, Hogg-Johnson,
& Tannock, 2005; Pelletier, Hodgetts, Lafleur, Vincent, & Tremblay, 2013),
children (Klatte et al., 2013), or elderly people (Bell et al., 2008). Possibilities
like these are something for future research to investigate further.
Limitations of the findings
It is important to point out that this thesis aimed to study the balance between
distractibility and task demands on office-related tasks as a means by which
to better understand how people in the work environment are influenced by
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environmental noise. The font manipulation was used as a tool to achieve
increased focal-task demand. Even though the results of this thesis showed
that a hard-to-read font could shield against the detrimental effects of
environmental noise on office-related tasks, there are several limitations that
must be considered and addressed before this type of intervention can be
considered a sustainable way to overcome distraction from environmental
noise in the built environment. These limitations can be summarized as
follows:1) participants only worked with increased focal-task difficulty over
a shorter period of time, 2) participants memory for written information was
only tested a short time after reading a text, 3) they were only exposed to a
single noise source, 4) there were no measures of health-related factors such
as irritability or annoyance, and, 5) the point at which increased task difficulty becomes too difficult in as of yet unknown.
In the experiments of this thesis participants only worked with the texts
under a short period of time and they were asked to recall what they read
short time after reading a text (e.g., read a text for four minutes then recall
its content). Thus, it is possible that the advantage of higher focal-task difficulty (e.g., by displaying a text in a hard-to-read font) can be turned into a
disadvantage if the person works under more difficult task conditions for a
longer duration of time and if memory of the text is tested longer after reading. Self-reports on tiredness, mental fatigue and concentration in Report
3 revealed that participants in both font conditions reported to be equally
fatigued. However, there was no measurement of factors such as annoyance
and irritation. It is possible that an effect of higher focal-task difficulty is that
it promotes a more negative state of mind such as a feeling of annoyance,
and that this state of mind would grow stronger with time. This could lead to
higher levels of arousal that together with a noisy work environment could
impose an increased health risk due to heightened stress levels (Andringa
& Lanser, 2011). Thus, future research should investigate the long-term
consequences of working under conditions of increased task difficulty both
regardingthe long-term effects on performance (e.g., habituation and learning) and on well-being.
Normally, people working in the built environment are exposed to many
different types of concurrent sounds (e.g., colleagues talking, ringing mobile
phones, the tapping on a keyboard, passing cars outside the window) and not
only sound coming from a single source. A way to enhance the ecological
validity of the findings of this thesis could be to use a mix of background
sound that creates a sound environment that resembles what could exist in an
actual office environment. For instance, Jahncke et al. (2010) used a recording
from an office environment that was comprised of conversations, tappingon
keyboards, ringing phones and people walking by. The recording was played
back to participants through speakers that were placed at severallocations in
a laboratory-built open-plan office. The results showed that when the officerelated sound was played back at a higher sound pressure level the sound had
the potential to disrupt performance on a semantic-based task (i.e., recall
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items from a word list) compared to when the sound was played back at a
lower sound pressure level. Thus, a similar experimental set-up can give a
valuable insight as to whether higher focal-task engagement can reduce distraction under conditions of multiple sound sources. Considering that higher
focal-task engagement shielded against various types of background sound
in this thesis, it would be expected that it should also modulate distractibility
from multiple noise sources.
The classical model of the inverted U-hypothesis posits that best performance is achieved under moderate levels of arousal or pressure (Yerkes and
Dodson, 1908). If the level of arousal/pressure too low (e.g., the focal task is
too simple that it considered to be boring) or too high (e.g., the focal task is
too difficult that it is considered to be impossible) performance is predicted
to decline compared to when the levels are more optimal. Transferred to the
results of this thesis, higher focal-task difficulty could be considered to be
a more optimal condition while working under noisy conditions. Thus, it
would also be expected that there will be a tipping point whereby the degree
of difficulty can become too easy or too difficult. Arguably, this tipping point
would vary between individuals. For instance, Sörqvist, Stenfelt et al. (2012)
used three levels of difficulty on the n-back task (i.e., 1-back, 2-back, and
3-back), and the result showed that individuals with high WMC had a more
constrained neurological response to a to-be-ignored background tone when
the difficulty on the n-back task was the highest (i.e., 3-back) compared to
their low-capacity counterparts. Hence, it could be expected that the level
of focal-task difficulty that helps low-capacity individuals to reach a level
of attentional engagement similar to that of high-capacity individuals, could
be less beneficial to them if the level of focal-task difficulty was further
increased. Thus, investigating the boundary conditions of higher focaltask difficulty is important since it could help us to understand the circumstances when it can help, or be of a burden for, people working in the built
environment.
Conclusion
The results of this thesis have shown that working in noisy conditions can be
detrimental to performance on office-related tasks. However, the detrimental
effect of environmental noise was eliminated by increasing the demand of
the focal task. Hence, the results of this thesis show that it is possible for
people that are working in the built environment to boost concentration, at
least temporarily, in order to overcome distraction from environmental noise.
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Abstract
This paper reports two experiments that examine techniques to shield against
the potentially disruptive effects of task-irrelevant background speech on
proofreading. The participants searched for errors in texts that were either
normal (i.e., written in Times New Roman font) or altered (i.e., presented
either in Haettenschweiler font or in Times New Roman but masked by visual
noise) in two sound conditions: a silent condition and a condition with background speech. Proofreading for semantic/contextual errors was impaired
by speech, but only when the text was normal. This effect of speech was
completely abolished when the text was written in an altered font (Experiment 1) or when it was masked by visual noise (Experiment 2). There was
no functional difference between the two ways to alter the text with regard
to the way the manipulations influenced the effects of background speech on
proofreading. The results indicate that increased task demands, which lead
to greater focal-task engagement, may shield against the distracting effects
of background speech on proofreading.
Keywords: proofreading, irrelevant speech, auditory distraction, task
engagement
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Undesired background speech in offices and similar environments can impair reading comprehension (Martin, Wogalter, & Forlano, 1988; Oswald,
Tremblay, & Jones, 2000; Sörqvist, Halin, & Hygge, 2010), writing (Ransdell & Gilroy, 2001; Ransdell, Levy, & Kellogg, 2002; Sörqvist, Nöstl, &
Halin, 2012a), proofreading (Jones, Miles, & Page, 1990; Morris & Jones,
1991; Venetjoki, Kaarlela-Tuomaala, Keskinen, & Hongisto, 2007), transcription (Morris & Jones, 1991) and other work-related tasks (e.g., Banbury & Berry, 1997, 1998; Beaman, 2005; Jahncke, Hygge, Halin, Green, &
Dimberg, 2011; for a recent meta-analysis, and commentaries, see Szalma &
Hancock, 2011, 2012, and Smith, 2012). Task-irrelevant background speech,
and other types of occupational noise, are amongst the most often mentioned
sources of annoyance at work (Banbury & Berry, 2005; Boyce, 1974; Young
& Berry, 1979), can decrease job satisfaction and satisfaction with the work
environment (Sundstrom, Town, Rice, Osborn, & Brill, 1994), be stressful
(Smith, 1991), elicit health threatening hormonal responses (Babisch, 2003),
and cause postural invariance while interacting with computer work stations:
a risk factor for musculoskeletal disorder (Evans & Johnson, 2000). The disruptive effects of background speech occur at the same magnitude regardless
of whether the loudness of the sound is equivalent to a whisper or approximating a shout (Colle, 1980; Ellermeier & Hellbrück, 1998). Since reducing
the background sound to below audibility is an impractical and insurmountable task, it would be useful to identify other potential solutions as to how
the detrimental effects of background speech can be curtailed. In this paper,
we are concerned with distraction of proofreading by task-irrelevant background speech and aim to address the following question: Can an experimentally induced increase of task-engagement shield against distraction?
Task-irrelevant background sound impairs serial short-term memory
(e.g., Jones, Madden, & Miles, 1992). This effect occurs with both speech
and non-speech sound such as tones and instrumental music (Jones & Macken, 1993; Salamé & Baddeley, 1989) and there is typically no difference in
disruptive power between speech and tones (Jones & Macken, 1993). Background speech in a language the participant comprehends, however, is typically more detrimental than background speech with no discernible semantic
content when the focal task involves semantic processes (Marsh, Hughes,
& Jones, 2008), such as retrieval from semantic memory (Jones, Marsh,
& Hughes, 2012), short-term memory for semantic information (Sörqvist,
Marsh, & Jahncke, 2010), text interpretation (Oswald et al., 2000), and text
memory (Bell, Buchner, & Mund, 2008). For instance, background speech
impairs text production whereas spectrally-rotated speech (i.e., a speech
sound that has been transformed so as to keep its physical attributes roughly
intact whilst removing its semantic content) does not (Sörqvist et al., 2012).
This has led to the assumption that background speech impairs cognitive
performance because the automatic and involuntary analysis of the semantic
meaning of background speech is incompatible with similar, deliberate processes (e.g., of retaining or producing information) that are involved in the
focal task (Jones et al., 2012; Marsh, Hughes, & Jones, 2008, 2009).
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Attentional capture is another mechanism whereby background sound can
impair cognitive performance (e.g., Bell, Röer, Dentale, & Buchner, 2012;
Buchner, Mehl, Rothermund, & Wentura, 2006; Sörqvist, 2010a). That is,
task-irrelevant speech can divert the so-called “locus-of-attention” away
from the focal task towards the sound (e.g., Conway, Cowan, & Bunting,
2001) which causes interruption to the ongoing activity and performance
decrements (Jones, Hughes, & Macken, 2010; Sörqvist, 2010a). Background
speech should, thus, disrupt proofreading. Yet, the results reported from previous studies on this topic have been somewhat inconsistent. One study has
failed to find an effect of background speech on proofreading altogether
(Haapakangas et al., 2011), and in some studies, the effects of background
speech have been limited to the detection of a particular type of error, such
as grammatical errors (Weinstein, 1974, 1977) or misspellings (Jones et al.,
1990), whereas another study has found effects on a wider range of errors
(Venetjoki et al., 2007).
The present experiments will, against this small body of research on
background speech and proofreading, consider two categories of error that
the participants should try to detect when proofreading: Semantic/contextual errors and visual/spelling errors. Detection of semantic/contextual errors requires (amongst other things) memory of previous parts of the text,
interpretation of meaning and integration of previous and present parts. In
contrast, detection of visual/spelling errors (typically) does not require interpretation and memory of past text parts, but processing of visual word features, and matching the word with long-term memory representations. Based
on the assumption that an involuntary analysis of the meaning of background
speech may come into conflict with more deliberate semantic analyses of
the focal task material (Marsh et al., 2008), we expected to find that background speech predominantly influences detection of semantic/contextual
errors. Yet, background speech may also impair detection of other types of
error because any type of cognitive activity should be compromised if sound
captures attention (Hughes, Vachon, & Jones, 2007). The question we now
turn to is whether the magnitude of distraction produced by background
speech on proofreading can be attenuated. Specifically, we consider whether
response(s) to contextual factors (e.g., high task difficulty) can reduce distraction through changes in task-engagement.
It may first be useful to discuss the definition of task-engagement. The
view we take here is that task-engagement is similar to the degree of concentration applied to the focal task. It reflects strategic cognitive control and is
mediated both by internal factors, such as motivation and working memory
capacity, and by external factors such as task difficulty (Hughes, Hurlstone,
Marsh, Vachon, & Jones, 2013; Sörqvist, Stenfelt, & Rönnberg, 2012). For
example, incentives can prevent the task-irrelevant sound from disrupting
ongoing cognitive performance (Englemann, Damaraju, Padmala, & Pessoa,
2009) and we argue this is because it enhances task-engagement (i.e., concentration) by increasing motivation. We propose that task-engagement/concentration reduces auditory distraction because it promotes a more steadfast
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locus-of-attention to the target stimulus (i.e., the text in the context of proofreading) and because it attenuates the extent to which the background sound
is processed (Sörqvist, Marsh, & Nöstl, 2013; Sörqvist, Stenfelt et al., 2012).
Hence, higher task-engagement should suppress the attentional orienting response that background sound may elicit (Hughes et al., 2013) and reduce
involuntary processing of sound that may interfere with the deliberate cognitive activity (Sörqvist, Stenfelt et al., 2012).
Our use of the term task-engagement is roughly similar to the view of
task-engagement as a subjective state that incorporates a complex of concentration, motivation, and energetic arousal (“energy”; Matthews, Warm,
Reinerman, Langheim, & Saxby, 2010). On this view, task-engagement is
considered as a marker of attentional resources (Matthews et al., 2010) and
is linked to the appraisal of challenge and task-focused coping. From some
standpoints, our use of task-engagement is not necessarily incompatible with
this view of task-engagement in the existing literature. For example, we accept the notion that task-engagement is associated with committing a greater
task-directed investment as reflected by a readiness of intensive attention and
an effortful, voluntary, control of attention as modulated by task demands
(Matthews et al., 2010; similar to Hockey’s (1997) notion of an engaged control mode). Moreover, we accept that task-engagement can facilitate perceptual sensitivity to target materials (Matthews, Davies, & Lees, 1990; see also
Langheim et al., 2007). However, we do not make the explicit assumption
that putative stressors, such as task-irrelevant sound (at least at relatively low
intensity, e.g., 60 dBA) raise task-engagement by increasing energetic arousal, or that task-irrelevant noise in some way usurps processing resources by
devoting some processing capacity to a compensatory effort (Hockey, 1997;
Szalma & Hancock, 2011). We agree in principle, however, with the idea
that performance protection, or compensatory strategies, can be undertaken
in the presence of putative stressors, such as noise, and that these compensatory procedures (e.g., higher effort) often mask the effects of such stressors
on task performance and, therefore, performance loss is typically difficult to
detect and manifest only in latent performance decrements (Hockey, 1997).
However, in contrast to the extant literature on task-engagement, we avoid
the specific use of attentional resources chiefly because the use of resourcebased accounts often fall foul of circular reasoning (Hughes & Jones, 2005;
Marsh et al., 2009).
Whilst we acknowledge that dispositional factors, such as a capacity of
attentional control (as measured by operation span; Beaman, 2004; Hughes
et al., 2013; Sörqvist, 2010b; Sörqvist, Nöstl, & Halin, 2012b; Sörqvist et al.,
2013), can promote internally-generated task-engagement, we concentrate
here on external factors—task difficulty (Kim, Kim, & Chun, 2007; SanMiguel, Corral, & Escera, 2008; Sörqvist, Stenfelt et al., 2012) and visual
noise (Hughes et al., 2013)—that modulate task-engagement and the magnitude of auditory distraction. The aim of the following studies is not to tease
apart different accounts, but instead to explore whether potential auditory
distraction on a complex cognitive task in an applied context can be attenuated by an externally-generated increase in task-engagement.
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Experiment 1
The purpose of this study was to examine, and compare, techniques that
can increase task-engagement and thereby shield against the effects of background speech on proofreading. An unfamiliar font, such as Haettenschweiler,
typically improves recall of the text content in comparison to a more familiar
font such as Times New Roman, presumably because the unfamiliar font
leads to a disfluent reading that calls for greater task-engagement and “deeper” text processing (Diemand-Yauman, Oppenheimer, & Vaughan, 2010).
Based on this observation, Experiment 1 was designed to examine whether
the effects of background speech on proofreading is attenuated when the text
is written in the Haettenschweiler font.
The techniques used to assess the potentially disruptive impact of background speech on proofreading vary. For example, Jones et al. (1990; Experiment 4) used a technique that involved varying the number of sentences
that were presented at the same time. They found that the disruptive impact
of meaningful background speech was positively related to the size of the
text display: Significantly fewer non-contextual errors (misspellings but not
omissions) were found only when the display contained five lines of text as
opposed to one (contextual error detection was unaffected by the display size
or sound manipulation). However, we argue that this methodology yields
a rather artificial way to study proofreading as there are very few circumstances in which either one or five lines of a text form the visual display
on a visual display unit (VDU). Moreover, proofreading of hard copies, as
compared to computer screens, is less error-prone (Creed, Dennis, & Newstead, 1987; Wilkinson & Robinshaw, 1987) and, providing the hardcopy is
high quality, is preferred to reading from VDUs (for an overview, see Dillon,
1992). Therefore, we advocate a more naturalistic approach in which the
proofreading task is undertaken on a hardcopy.
A consistent finding is that background sound impairs detection of errors in function words whereas detection of errors in content words is not
modulated by background sound (Jones et al., 1990; Venetjoki et al., 2007).
Because of this, the results were analyzed with errors for those two types of
word separately. Furthermore, we analyzed proportional values of the number of errors the participants failed to detect (i.e., the number of errors the
participants failed to detect within the text lines they fully read divided by
the total number of errors they encountered within the text lines they fully
read).
Method
Participants

A total of 31 students (mean age = 23.77, range 20 to 37 years) at the University of Gävle participated in this experiment in exchange for a small honorarium. All reported normal hearing, normal or corrected-to-normal vision
and Swedish as their native language.
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Material and Apparatus

Sound. The task-irrelevant speech consisted of a story about a fictitious culture called the Ansarians that were recorded in an echo-free room recited by
a male theatrical actor. The distance between the actor and the microphone
was about one meter. The story was four-minutes long, spoken in Swedish
and played back through Sennheiser HD202 headphones (Leq = 65dBA, 4
min.). The same story was used in the background speech condition throughout the experiment.
Proofreading material. A pen-and-pencil proofreading task was designed as
follows. Four texts were taken from the Swedish Aptitude Test for Higher
Education covering different topics (e.g. Bologna process, Swedish curricula). Each text (written in Swedish, font size 12 points, spacing between lines
1.00) consisted of approximately 1020 words. Texts consisted of a single
paragraph and were printed individually on two pages with left and right
margins evenly adjusted. Two types of error were inserted throughout the
texts: semantic/contextual errors and visual/spelling errors. The semantic/
contextual errors consisted of either a function word (i.e., prepositions, conjunctions, pronouns, modal verbs and auxiliary verbs) that was replaced with
a content word (i.e., nouns, adjectives, full verbs, adverbs and numerals; e.g.,
the preposition AFTER with the noun THUNDER) or a content word that
was replaced with another content word (e.g., the noun PEOPLE with the
noun KANGAROO). To detect these types of error the participants had to
understand the meaning of the text, it was not sufficient to just examine each
word individually. Visual/spelling errors consisted of (function and content)
words with either missing letters (e.g., such as the letter ‘n’ removed from
‘under’ to create ‘uder’) or substituted letters (e.g., such as the letter ‘n’ instead of ‘m’ in the word ‘symbol’ to create ‘synbol’). Every text had a total of
96 errors (i.e., ~ 8 % of the words were errors), half semantic/contextual errors and half visual/spelling errors. Half of the errors in each category were
function words and the other half were content words. Errors were inserted
throughout the text with an interval of one error every 5-16 word and every
type of error appeared 3 to 4 times for every 200 words.
With this material, two paper pamphlets were compiled. The front page
of the four pamphlets was the same: It contained written task instructions
and examples that served to familiarize the participants with the types of
error that they should try to find in the texts. The task instructions also told
the participants to make a mark, in the right margin, after each text line they
had completed proofreading. This was done in order to measure the number
of errors that the participants had failed to detect even though they had read
that part of the text and to minimize the likelihood that the participants strategically ‘jumped’ from place to place in the text scanning for errors instead
of reading each line properly. After the front page, the four to-be-proofread
texts were inserted, in the same order, in all four pamphlets. The texts were
separated by a numbered sheet that told the participants not to turn page until
they received further instructions. In one pamphlet, the first and third texts
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were written in the font Times New Roman, whereas the second and fourth
texts were written in the font Haettenschweiler. This order was counterbalanced
in a second pamphlet. Texts written in Times New Roman covered approximately 80 lines and texts written in Haettenschweiler covered approximately
55 lines (as the latter font is more compact than the former).
Design and Procedure

A within-participants design was used with two factors: Text status (normal
vs. altered) and Background condition (silence vs. speech). The participants
sat alone in a quiet room in front of a computer and one of the two text pamphlets. They were instructed to wear headphones during the entire session,
to ignore any sound, and to work as fast as they could without compromising accuracy. A pre-recorded voice, played back by the computer, told the
participants when to read the task instruction, when to begin the proofreading task, when to stop proofreading a text, and when to begin proofreading
the next. The participants started the session with reading a task instruction
and conducting a practice phase during two minutes, using the front page of
the pamphlet. The practice phase was followed by the experimental phase
wherein half of the participants started proofreading a normal text status text
(written in Times New Roman) and the other half started with an altered text
status text (written in Haettenschweiler). The participants had 4 minutes to
proofread each text respectively. The sound conditions were conducted in
blocks of two texts each. The first two texts were proofread in one of the two
sound conditions, and the next two were proofread in the other sound condition. The order of the two background conditions (silence vs. speech) was
counterbalanced between the participants. At the end of the experiment, the
participants were requested to rate, on a seven point scale, how difficult and
how taxing they considered it to conduct the task in the two text status conditions respectively. The order of the two to-be-rated text status conditions was
counterbalanced between participants. The whole experiment took approximately 25 minutes to complete.
Results
Subjective ratings of how difficult and taxing the task was

As a check of the success of the text status manipulation (i.e., normal vs. altered), the participants’ subjective measures of task difficulty is reported first.
The answers on the questions of how difficult and how taxing the task was
were highly correlated (normal text status, r(29) = .91, altered text status,
r(29) = .78) and therefore collapsed into indexes of task difficulty. Proofreading in Haettenschweiler font was rated as more difficult than proofreading in
Times New Roman (Mean difference score = 3.13, SE = 0.30), t(30) = 10.57,
p < .001, d = 2.78.
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Figure 1. Number of words read in Experiment 1 in the normal (i.e., Times New Roman font)
and the altered (i.e., Haettenschweiler font) text status conditions. Error bars represent 95%
confidence intervals for within-participants design (Loftus & Masson, 1994).
Figure 2A

Figure 2B

Figure 2. Proportion of semantic/contextual errors (in function words) that the participants
failed to detect in Experiment 1 (Panel A: Function words, Panel B: Content words) in the
normal (i.e., Times New Roman font) and the altered (i.e., Haettenschweiler font) text status conditions. Error bars represent 95% confidence intervals for within-participants design (Loftus & Masson, 1994).
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Reading speed

As can be seen in Figure 1, reading speed was slower overall when the participants were exposed to background speech, and reading speed (in terms
of text lines covered) was faster overall in the altered text status condition.
This was confirmed by a 2 (Text status: Normal text status vs. Altered text
status) × 2 (Background condition: Silence vs. Speech) analysis of variance
(ANOVA) that revealed a main effect of text status, F(1, 30) = 4.42, MSE =
4200, p = .044, g2p = .13, PBIC(H1|D) = .602, and a main effect of background
condition, F(1, 30) = 16.31, MSE = 4680, p < .001, g2p = .35, PBIC(H1|D) =
.993. The interaction was not significant, F(1, 30) = 0.12, MSE = 4550, p =
.730,g2p = .004, PBIC(H1|D) = .155.1
Failure to detect errors

Semantic/contextual errors. As can be seen in Figure 2 (panel A), background speech made it more difficult to detect semantic/contextual errors in
function words when the text was normal. In sharp contrast, sound did not
influence detection of semantic/contextual errors in the altered text status
condition. These conclusions were supported by a 2 (Text status: Normal
text status vs. Altered text status) × 2 (Background condition: Silence vs.
Speech) ANOVA that revealed no significant main effect of text status, F(1,
30) = 0.34, MSE = 0.01, p = .566, g2p = .01, PBIC(H1|D) = .178, but a significant main effect of background condition, F(1, 30) = 6.23, MSE = 0.009, p
= .018, g2p = .17, PBIC(H1|D) = .766, and a significant interaction between the
two factors, F(1, 30) = 4.19, MSE = 0.01, p = .049, g2p = .12, PBIC(H1|D) =
.579. Follow-up t-tests were conducted to tease apart the interaction between
text status and background condition. Background speech made it more difficult to detect semantic/contextual errors in the normal text status condition,
t(30) = 3.23, p = .003, d = 0.56, but not in the altered text status condition,
t(30) = 0.16, p = .872, d = 0.03. Consistent with previous research (e.g.,
Venetjoki et al., 2007), there were no effects of text status alteration or of
background condition on detection of semantic/contextual errors in content
words (Figure 2, panel B). These conclusions were supported by a 2 (Text
status: Normal text status vs. Altered text status) × 2 (Background condition:
Silence vs. Speech) ANOVA that revealed no significant main effects of text
status, F(1, 30) = 1.19, MSE = 0.02, p = .284, g2p = .04, PBIC(H1|D) = .245,
and of background condition, F(1, 30) = 0.08, MSE = 0.03, p = .785, g2p =
.003, PBIC(H1|D) = .158, and no significant interaction between the two factors, F(1, 30) = 0.12, MSE = 0.03, p = .734, g2p = .004, PBIC(H1|D) = .161.
Spelling errors. As can be seen in Figure 3 (panel A), the altered text status
made it more difficult to detect spelling errors in function words, in comparison with a normal text status. In contrast, background speech improved detection of spelling errors of function words. This was supported by a 2 (Text
status: Normal text status vs. Altered text status) × 2 (Background condition:
Silence vs. Speech) ANOVA with failure to detect spelling errors in function
words as dependent variable. The analysis revealed a main effect of text sta1
PBIC(H1|D) is the Bayesian posterior probabilities that gives an strength of evidence for the effect of the manipulation (for descriptive terms for strength of evidence see Masson, 2011).
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Figure 3A

Figure 3B

Figure 3. Proportion of visual/spelling errors that the participants failed to detect in
Experiment 1 (Panel A: Function words, Panel B: Content words) in the normal (i.e., Times
New Roman font) and the altered (i.e., Haettenschweiler font) text status conditions. Error
bars represent 95% confidence intervals for within-participants design (Loftus & Masson,
1994).

tus condition, F(1, 30) = 25.71, MSE = 0.05, p < .001,g2p = .46, PBIC(H1|D)
= .999, a main effect of background condition, F(1, 30) = 6.90, MSE = 0.05,
p = .013, g2p = .19, PBIC(H1|D) = .817, but no significant interaction between
the factors, F(1, 30) = 0.18, MSE = 0.05, p = .676, g2p = .006, PBIC(H1|D) =
.163. The tendency to fail to detect spelling errors in content words was also
increased by the text status alteration, but background speech did not influence this dependent measure (Figure 3, panel B). This was supported by a 2
(Text status: Normal text status vs. Altered text status) × 2 (Background condition: Silence vs. Speech) analysis of variance with failure to detect spelling
errors in content words as the dependent variable. The analysis revealed a
main effect of text status condition, F(1, 30) = 23.01, MSE = 0.06, p < .001,
g2p = .46, PBIC(H1|D) = .999, but no main effect of background condition,
F(1, 30) = 2.38, MSE = 0.04, p = .133, g2p = .07, PBIC(H1|D) = .375, and no
significant interaction between the factors, F(1, 30) = 0.68, MSE = 0.04, p =
.417, g2p = .02, PBIC(H1|D) = .204.
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Discussion
Background speech decreased reading speed, impaired the detection of semantic/contextual errors (of function words) when the text was written in a
normal font, but improved detection of spelling errors regardless of the text
status manipulation. One interpretation of these results is that background
speech causes a shift in the way the participants conduct the proofreading
task. For example, auditory distraction could force the participants to abandon the more cognitively taxing, cross-word, text integrating semantic processing in favor of the less cognitively taxing task of looking for spelling
errors in individual words. The effect of background speech on semantic/
contextual processing is, however, only present when the text is written in
a normal font. An altered font (i.e., Haettenschweiler) abolishes the effects of
background speech on semantic/contextual processing. This benefit comes
with a cost, as the altered font increases the tendency to fail to detect spelling errors compared to the normal font. From an applied point of view, this
disadvantage is perhaps relatively easy to circumvent as modern word processors can assist in finding spelling errors while they fall short at detecting
semantic/contextual errors (Olsen, 2012).
Experiment 2
Manipulating the font is an easily applicable technique that may be used
in real world settings to shield against auditory distraction. However, font
manipulations have methodological disadvantages as, for example, Haettenschweiler is denser than Times New Roman and previous studies have shown that
text density may influence the effects of background speech on proofreading
(Jones et al., 1990). Moreover, the font manipulation accelerated reading
speed (in terms of the number of text lines covered), and the task was overall experienced as much more difficult, which may have contaminated the
interpretation of the results. In Experiment 2, we sought another text status
manipulation that would keep text density constant, and decelerate reading
speed, without affecting the perceived difficulty of the task. If reading speed
and self-reported task-difficulty play subservient roles in the text status manipulation’s ability to shield against distraction, one should expect similar
results from a manipulation that decelerates reading speed and that does not
have a strong effect on self-experienced task difficulty.
Hughes et al. (2013) showed that unexpected sound disrupts serial recall
of visually-presented items, but this disruption is eliminated if the to-berecalled items are masked by visual noise. Visual noise, that increases the
difficultly with which to-be-recalled items are perceived, seems to strip the
unexpected sound of its power to capture attention and impair performance.
The same visual noise manipulation was also shown to slow down decision
times on a letter/number speeded categorization task without compromising
accuracy. Because of this, we adopted this task-engagement manipulation
in Experiment 2 and presented all text for the proofreading task in the same
font (Times New Roman).
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Method
Participants

A total of 29 students (mean age = 23.14, range 18 to 39 years) at the University of Gävle (who did not participate in Experiment 1) participated in Experiment 2 in exchange for a small honorarium. All reported normal hearing,
normal or corrected-to-normal vision and Swedish as their native language.
Materials, design and procedure

The materials, design and procedure was the same as in Experiment 1 with
the following exceptions. All texts were written in the font Times New Roman. Those texts that were written in Haettenschweiler in Experiment 1 were
instead masked by a visual noise in Experiment 2. A monochromatic, 70
%, uniform visual noise in grey scale was created and superimposed on the
whole page (text, spaces between text, and page margins) using Adobe Photoshop.
Results
Subjective ratings of how difficult and taxing the task was

Again, answers to the question of how difficult and how taxing the task was
were highly correlated (normal text status, r(27) = .90, altered text status,
r(27) = .85) and, therefore, they were collapsed to create an index. The participants rated proofreading a text that was masked by visual noise as more
difficult than proofreading a text without visual noise (mean difference score
= 0.59, SE = 0.67), although this difference was far from statistical significance, t(28) = 0.88, p = .39, d = 0.29.

Figure 4. Number of words read in Experiment 2 in the normal (i.e., no visual noise) and the
altered (i.e., visual noise) text status conditions. Error bars represent 95% confidence intervals for within-participants design (Loftus & Masson, 1994).

12

Effects of Speech on Proofreading: Can Task-Engagement Manipulations Shield against Distraction?

Reading speed

As can be seen in Figure 4, reading speed was markedly decelerated in the
altered text status condition, but there was no difference amongst the two
sound conditions. This was confirmed by a 2 (Text status: Normal text status vs. Altered text status) × 2 (Background condition: Silence vs. Speech)
ANOVA that revealed a main effect of text status, F(1, 28) = 93.35, MSE =
9360, p < .001, g2p = .77, PBIC(H1|D) > .999, but no main effect of background
condition, F(1, 28) = 2.24, MSE = 4800, p = .146, g2p = .07, PBIC(H1|D) =
.362, and no significant interaction between the two factors, F(1, 28) = 0.19,
MSE = 4410, p = .669, g2p = .007, PBIC(H1|D) = .158.
Figure 5A

Figure 5B

Figure 5. Proportion of semantic/contextual errors (in function words) that the participants
failed to detect in Experiment 2 (Panel A: Function words, Panel B: Content words) in the
normal (i.e., no visual noise) and the altered (i.e., visual noise) text status conditions. Error
bars represent 95% confidence intervals for within-participants design (Loftus & Masson,
1994).
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Failure to detect error

Semantic/contextual errors. As can be seen in Figure 5 (panel A), background
speech made it more difficult to detect semantic/contextual errors in function
words when the text was not masked by visual noise. In contrast, visual noise
completely abolished this auditory distraction. A 2 (Visual noise: Yes vs.
No) × 2 (Background condition: Silence vs. Speech) ANOVA revealed no
main effect of text status, F(1, 28) = 0.004, MSE = 0.01, p = .949, g2p < .01,
PBIC(H1|D) = .157, no main effect of background condition, F(1, 28) = 2.05,
MSE = 0.009, p = .163, g2p = .07, PBIC(H1|D) = .341, but a significant interaction between the two factors, F(1, 28) = 4.36, MSE = 0.01, p = .046, g2p = .14,
PBIC(H1|D) = .605. Follow-up t-tests were conducted to detail the interaction

Figure 6A

Figure 6B

Figure 6. Proportion of visual/spelling errors that the participants failed to detect in Experiment 2 (Panel A: Function words, Panel B: Content words) in the normal (i.e., no visual
noise) and the altered (i.e., visual noise) text status conditions. Error bars represent 95%
confidence intervals for within-participants design (Loftus & Masson, 1994).
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between background condition and text status. The tendency to fail to detect
semantic/contextual errors increased in the presence of background speech,
but only in the normal text status condition, t(28) = 2.36, p = .025, d = 0.41,
not in the altered text status condition, t(28) = 0.61, p = .545, d = 0.10. As in
Experiment 1, and consistent with previous research (e.g., Venetjoki et al.,
2007), there were no effects of text status alteration or of background condition on proofreading for semantic/contextual errors in content words (Figure
5, panel B). This was supported by a 2 (Visual noise: Yes vs. No) × 2 (Background condition: Silence vs. Speech) ANOVA that revealed no main effects
of text status, F(1, 28) = 0.02, MSE = 0.04, p = .679, g2p = .006, PBIC(H1|D)
= .168, or of background condition, F(1, 28) = 2.39, MSE = 0.03, p = .134,
g2p = .08, PBIC(H1|D) = .376, and no significant interaction between the two
factors, F(1, 28) = 0.07, MSE = 0.02, p = .795, g2p = .002, PBIC(H1|D) = .160.
Spelling errors. As can be seen in Figure 6 (panel A), visual noise made it
more difficult to detect spelling errors in function words whereas background
speech had the opposite effect. A 2 (Text status: Normal text status vs. Altered text status) × 2 (Background condition: Silence vs. Speech) ANOVA
on these data revealed a significant main effect of text status condition, F(1,
28) = 173.93, MSE = 0.07, p < .001, g2p = .86, PBIC(H1|D) > .999, a significant main effect of background condition, F(1, 28) = 7.65, MSE = 0.06, p
= .010, g2p = .22, PBIC(H1|D) = .862, but no significant interaction between
the factors, F(1, 28) = 0.03, MSE = 0.05, p = .875, g2p = .001, PBIC(H1|D) =
.158. Visual noise also made it more difficult to detect spelling errors in content words, but background speech did not influence this dependent measure
(Figure 6, panel B). This was supported by a 2 (Text status: Normal text status vs. Altered text status) × 2 (Background condition: Silence vs. Speech)
ANOVA with failure to detect spelling errors in content words as dependent
variable. The analysis revealed a main effect of text status condition, F(1,
28) = 64.05, MSE = 0.02, p < .001, g2p = .70, PBIC(H1|D) > .999, but no main
effect of background condition, F(1, 28) = 0.95, MSE = 0.02, p = .760, g2p
= .003, PBIC(H1|D) = .163, and no significant interaction between the factors,
F(1, 28) = 0.35, MSE = 0.01, p = .562, g2p = .01, PBIC(H1|D) = .183.
Discussion
The key results of Experiment 2 are strikingly similar to those reported in
Experiment 1. Background speech disrupted proofreading for semantic/contextual errors, but only when the text was normal: Visual noise completely
attenuated the effect of background speech on proofreading for semantic/
contextual errors. Although the two task-engagement manipulations employed in the two experiments reported here seem quite different on a phenomenological basis, the results reported in Figures 2 and 5 are remarkably
similar. Because of this, the two text status alterations may have functionally
equivalent consequences for the susceptibility to auditory distraction, even
though they had different effects on reading speed (see Figures 1 and 4),
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self-experienced task-difficulty and detection of spelling errors (see Figures
3a, 3b, 6a, and 6b). This observation calls for a statistical analysis of the two
alterations’ functional similarity.

Figure 7. Proportion of semantic/contextual errors (in function words) that the participants
failed to detect with data collapsed across Experiments 1 and 2. Error bars represent 95%
confidence intervals for within-participants design (Loftus & Masson, 1994).

Cross-Experiment Analysis
Semantic/contextual errors

We collapsed the data sets for semantic/contextual errors (function words)
from the two experiments. The merged results are reported in Figure 7. A
2 (Participant group: Visual noise manipulation vs. Font manipulation) ×
2 (Text status: Normal text status vs. Altered text status) × 2 (Background
condition: Silence vs. Speech) ANOVA on the merged data revealed no significant main effects of participant group, F(1, 58) = 0.13, MSE = 0.07, p =
.719, g2p = .002, PBIC(H1|D) = .122, and of text status, F(1, 58) = 0.21, MSE
= 0.01, p = .650, g2p = .004, PBIC(H1|D) = .128, but a significant main effect
of background condition, F(1, 58) = 7.68, MSE = 0.009, p = .007, g2p = .12,
PBIC(H1|D) = .834. There was no significant interaction between text status
and participant group, F(1, 58) = 0.13, MSE = 0.01, p = .716, g2p = .002,
PBIC(H1|D) = .123, or between background condition and participant group,
F(1, 58) = 0.54, MSE = 0.009, p = .464, g2p = .009, PBIC(H1|D) = .147, but
there was a significant interaction between text status and background condition, F(1, 58) = 8.53, MSE = 0.01, p = .005, g2p = .13, PBIC(H1|D) = .884.
Importantly, the interaction between the three factors was far from significance, F(1, 58) = 0.001, MSE = 0.01, p = .974, g2p < .001, PBIC(H1|D) = .115.
The non-significant three way interaction indicates that the two text status
alterations had a functionally similar influence on the effects of background
speech on proofreading for semantic/contextual errors.
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Figure 8A

Figure 8B

Figure 8. Proportion of visual/spelling errors that the participants failed to detect with data
collapsed across Experiments 1 and 2 (Panel A: Function words, Panel B: Content words).
Error bars represent 95% confidence intervals for within-participants design (Loftus &
Masson, 1994).

Spelling errors. The combined spelling error data are presented in Figure 8A
(function words) and in Figure 8B (content words). A 2 (Participant group:
Visual noise manipulation vs. Font manipulation) × 2 (Text status: Normal
text status vs. Altered text status) × 2 (Background condition: Silence vs.
Speech) ANOVA on the merged data for function words revealed a significant main effect of participant group, F(1, 58) = 25.88, MSE = 0.056, p <
.001, g2p = .31, PBIC(H1|D) = .999, and of text status, F(1, 58) = 181.98, MSE
= 0.70, p < .001, g2p = .76, PBIC(H1|D) > .999, and of background condition,
F(1, 58) = 14.63, MSE = 0.002, p < .001, g2p = 20, PBIC(H1|D) = .991. There
was a significant interaction between text status and participant group, F(1,
58) = 49.37, MSE = 0.01, p < .001, g2p = .46, PBIC(H1|D) > .999, but no inter-

17

Effects of Speech on Proofreading: Can Task-Engagement Manipulations Shield against Distraction?

action between background condition and participant group, F(1, 58) = 0.13,
MSE = 0.01, p = .720, g2p = .002, PBIC(H1|D) = .123, or between text status
and background condition, F(1, 58) = 0.31, MSE = 0.01, p = .860, g2p = .001,
PBIC(H1|D) = .115, or between the three factors, F(1, 58) = 0.002, MSE =
0.01, p = .686, g2p = .003, PBIC(H1|D) = .115. A follow-up analysis revealed
that visual noise made it more difficult to detect spelling errors as compared
with Haettenschweiler font (mean difference score = 0.28, SE = 0.05), t(59)
= 5.98, p < .001, d = 1.54.
A 2 (Participant group: Visual noise manipulation vs. Font manipulation)
× 2 (Text status: Normal text status vs. Altered text status) × 2 (Background
condition: Silence vs. Speech) ANOVA on the merged data for content words
revealed a tendency for a main effect of participant group, F(1, 58) = 3.64,
MSE = 0.044, p = .061, g2p = .06, PBIC(H1|D) = .438, a significant main effect
of text status, F(1, 58) = 85.75, MSE = 0.019, p < .001, g2p = .60, PBIC(H1|D)
>.999, but no main effect of background condition, F(1, 58) = 0.34, MSE
= 0.014, p = .560, g2p = .006, PBIC(H1|D) = .134. There was a significant interaction between text status and participant group, F(1, 58) = 9.42, MSE
= 0.019, p = .003, g22p = .14, PBIC(H1|D) = .917, but no interaction between
background condition and participant group, F(1, 58) = 1.23, MSE = 0.014,
p = .271, g2p = .02, PBIC(H1|D) = .196, or between text status and background
condition, F(1, 58) = 0.006, MSE = 0.01, p = .941, g2p < .001, PBIC(H1|D) =
.115, or between the three factors, F(1, 58) = 0.97, MSE = 0.01, p = .330, g2p
= .02, PBIC(H1|D) = .173. As with function words, visual noise made it harder
to detect spelling errors.
Discussion
Both text status alterations (visual noise and Haettenschweiler font) made it
more difficult to detect spelling errors, but visual noise was more detrimental than the unfamiliar font. One interpretation is that both types of alterations make it more difficult to detect spelling errors for the same reason – a
noisy visual input that leads to a (incorrect) match between the percept and
the corresponding word in the mental lexico – but the effect of visual noise is
larger in magnitude. On this suggestion, both text status manipulations have
functionally similar effects on proofreading for spelling errors.
There were no significant interactions with participant groups and the
rest of the factors. This indicates that the two text status alterations influenced the effects of speech on proofreading for semantic/contextual errors in
functionally similar ways. Hence, even though the two text status alterations
influence reading speed, self-experienced task-difficulty and proofreading
for spelling errors in markedly different ways, it seems like the two techniques operate on the same construct – which we argue is task-engagement
– to shield against distraction from background speech. Reading speed, selfexperienced task-difficulty and success in detecting spelling errors play subservient roles in the way the text alterations shield against distraction. Furthermore, as the two text status alterations influenced spelling errors with
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different magnitude, this may suggest that the processes that underpin the
two text status alterations’ effects on detection of spelling errors and detection of semantic/contextual errors are independent. More specifically,
the text status alterations appear to shield against the effects of background
speech on proofreading for semantic/contextual errors, regardless of their
effect of proofreading for spelling errors.
Table 1
Means and standard deviations for the proportion of errors the participants failed to detect
(i.e., higher values represent poorer performance) across the four conditions.
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General Discussion
The results of this study are summarized in Table 1. This investigation revealed two main findings: First, background speech makes it more difficult
to detect semantic/contextual errors (of function words) when proofreading;
and second, background speech completely loses its power to disrupt proofreading for semantic/contextual errors when the text is altered (masked by
visual noise or presented in a strange font). The second main finding was
not a consequence of a ‘floor effect’ (i.e., that performance was so low in
the altered text condition that it could not be lowered further by background
speech) as performance was worse with background speech when the text
was normal. Moreover, the shielding consequence of an altered text does
not appear to be a result of slowed reading speed (which arguably should
increase performance), as the participants actually covered more lines of text
in the Haettenschweiler font in comparison with the Times New Roman font.
Furthermore, background speech itself slowed down reading speed which
– by the same logic – should protect against disruption. The shielding consequence of an altered text seems, rather, to be a result of increased task-engagement/concentration (Hughes et al., 2013; Sörqvist, Stenfelt et al., 2012).
Previous research (Hughes et al., 2013) has demonstrated that sensoryencoding load diminishes the effects that a deviating sound (i.e., a sound
that differs abruptly from preceding elements such as the sound ‘m’ in the
sequence ‘ccccccm’) confers on serial short-term memory. Within the current study, the speech stream was continuously changing in a way that no
single sound element could be identified as clearly deviating from the rest
of the sound stream, and so it is unclear whether a similar explanation can
be offered for both findings. However, one way to interpret the results in the
current study is to assume that meaningful background speech produces distraction by intermittently capturing attention from the focal task (e.g., Bell
et al., 2012) and that sensory-load (i.e., the task-engagement manipulations)
diminishes the propensity for this capture by promoting a more steadfast
locus-of-attention. On this account, higher task-engagement protects performance from auditory distraction by prohibiting a change in the locus-ofattention, rather than influencing the degree to which the sound is processed.
Another alternative is that heightened task-engagement in a visual-verbal
channel constrains auditory-sensory gating (Sörqvist, Stenfelt, et al., 2012),
and thus sound is less distracting when the task is more difficult because it is
not processed to the same extent. On this account, higher task-engagement
protects performance by constraining processing to the focal task. Naturally,
these two possibilities (a more steadfast locus-of-attention and attenuated
processing of the background sound) are not mutually exclusive.
In proposing a possible explanation of our findings, it is useful to discuss
the task-engagement construct in relation to that of Lavie’s (2005) notion
of perceptual load. According to perceptual load theory (Lavie, 2005), perceptual or sensory-encoding load is thought to act as a sensory-gate (see
also Rees, Frith, & Lavie, 1997). The theory assumes that perceptual load
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exhausts perceptual capacity and leads to an impoverished processing of
material outside the focus of attention (e.g., background sound; Macdonald
& Lavie, 2011). On the face of it, such a sensory-gating account could
explain why visual noise protects proofreading from auditory distraction,
as visual noise adds visual information that usurps perceptual resources. It
is less clear, however, why a strange font would have similar performance
protecting qualities, as the participants, arguably, are not faced with perceiving more visual information than when the text is presented in a regular
font. In our view, visual noise and a strange font are two ways of making the
task more difficult, and they protect performance from distraction because
the greater task difficulty is compensated with greater task-engagement/concentration. Whilst the perceptual load theory assumes that people become
less susceptible to distraction when perceptual resources are depleted, our
view is that it is not the availability of perceptual resources that determines
a person’s distractibility, but the degree to which that person is cognitively
engaged in the present activity. The perceptual load theory and our account
agree on the assumption that auditory-sensory gating (i.e., the degree to
which the irrelevant background sound is processed) is a mechanism that
underpins a person’s susceptibility to distraction. The two accounts disagree,
however, on how auditory-sensory gating is modulated.
Other accounts for the effects of background speech on proofreading
have been offered. For example, Jones et al. (1990) argued that involuntary
analysis of meaning in the speech stream ‘steals’ a portion of limited cognitive capacity/resources for semantic analysis, leaving less capacity/resources
for semantic analysis of the proofreading material. Moreover, the loss of
capacity is manifest through ‘shedding’ of low levels of analysis required
for other parts of the task that do not necessarily demand semantic analysis
(such as detection of non-contextual errors in a proofreading task). The evidence in support of this argument was a detrimental effect of background
speech on detection of spelling errors (i.e., a lower level of analysis), whereas no effect of background speech was found on detection of semantic/contextual errors (i.e., a higher level of analysis). However, this suggestion does
not work in the context of the current study since we found that it was contextual rather than non-contextual errors that participants failed to detect
in the presence of meaningful background speech, and background speech
even improved lowerlevels of analysis (i.e., detection of misspellings).
Similarto the account offered by Jones et al. (1990), another possibilityis
that the irrelevant speech increased levels of energetic arousal – as a product
of executive processing used to overcome distraction and processing load
(Koelewijn, Zekveld, Festen, Rönnberg, & Kramer, 2012; Matthews et al.,
2010). This may have caused a shift in attentional span (e.g., Mather &
Sutherland, 2011) and changed the level of text processing, from a more
semantic and wide/global analysis in silence to a more structural and narrow/
local analysis in background speech. This could explain why background
speech impaired detection of semantic/contextual errors whilst it improved
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detection of misspellings. However, the arousal explanation is difficult to
reconcile with the finding that changes in the intensity of the background
speech – a source of arousal – fail to modulate the effect of background
speech on proofreading (Jones et al., 1990).
The current research has a number of applied implications. One straightforward conclusion is that a font manipulation seems to have the potential to
shield against distraction from background speech. The auditory environment
within the office is often likely to comprise intermittent background sounds,
with unpredictable onset and offset patterns, capable of capturing attention.
Indeed, early studies used background sounds that were unpredictable. For
example, Weinstein (1974) used intermittent background teletype sound and
found that this impaired the detection of contextual (grammatical) errors
leaving performance on non-contextual error detection (misspellings) intact.
The current research suggests that factors that promote task-engagement will
be even more beneficial when the background irrelevant sound is intermittent, such as the sudden onset-offset patterns of a fax machine or a telephone
ringing. Factors that promote task-engagement should attenuate the disruption produced by these intermittent and unpredictable sounds, particularly
in the context of telephony whereby distraction produced by half-conversations is typically greater than that produced by full conversations, due to
the unpredictability in the flow and the content of the background speech
(Emberson, Lupyan, Goldstein, & Spivey, 2010). This is likely to capture attention away from the focal task. Indeed, in the context of a computer-based
proofreading task, participants perceive discontinuous speech (one person
simulating a phone conversation) as significantly more difficult to ignore
(Smith-Jackson & Wogalter, 1997). The continuous background speech used
in the experiments reported here may, hence, have underestimatedthe benefits of higher task-engagement, as it may not be as captivating as discontinuous speech. Indeed, intermittent noise is typically more disruptive than
continuous noise (Szalma & Hancock, 2011). The student sample may also
have underestimated the benefits of task-engagement for other populations.
The elderly, for example, are more susceptible to auditory distraction than
younger adults (e.g., Sörqvist, 2010b) and perhaps older adults would benefit
more from factors that promote focal-task engagement.
As is typically found (Jones et al., 1990; Venetjoki et al., 2007), sound
impaired proofreading of function words, and in particular the detection of
semantic/contextual errors. This is another pattern of findings that further
highlights the importance of the current research from an applied perspective: Today’s word processors are designed to identify spelling errors, but are
relatively poor at detecting semantic/contextual errors such as interchanged
words, erroneous propositions and typographical errors that result in a word
that exists within the machine dictionary (Olsen, 2012).
In conclusion, the results show that an externally generated increase in
task-engagement clearly shields against the distracting effects of background
speech on proofreading. The task-engagement manipulations employed here
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impaired certain aspects of performance (e.g., the detection of spelling
errors) as compared with the baseline condition (i.e., silent background and
Times New Roman font without visual noise). Thus, although the results
clearly show that a more hard-to-read condition can shield against auditory
distraction, neither of the two techniques evaluated here may be appropriate
ways to improve proofreading quality in noisy work environments. Yet, at
the very least, the results serve to bridge findings from previous laboratorymotivated studies (Hughes et al., 2013; Sörqvist, Stenfelt, et al., 2012) with
an applied setting and guide future research in finding ways to both shield
against distraction and leave some aspects of performance at baseline.
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a b s t r a c t
In this paper, we apply the basic idea of a trade-off between the level of concentration and distractibility
to test whether a manipulation of task difﬁculty can shield against distraction. Participants read, either
in quiet or with a speech noise background, texts that were displayed either in an easy-to-read or a
hard-to-read font. Background speech impaired prose recall, but only when the text was displayed in
the easy-to-read font. Most importantly, recall was better in the background speech condition for hardto-read than for easy-to-read texts. Moreover, individual differences in working memory capacity were
related to the magnitude of disruption, but only in the easy-to-read condition. Making a task more difﬁcult can sometimes facilitate selective attention in noisy work environments by promoting focal-task
engagement.
© 2014 The Authors. Published by Elsevier Inc. on behalf of Society for Applied Research in Memory
and Cognition. Open access under CC BY-NC-ND license.

The vigilant ability of the auditory system is exceptional for
detecting events in the environment that may be valuable or potentially dangerous. In modern society, however, a continuous analysis
of the auditory environment often becomes distracting rather than
helpful. For instance, background speech typically impairs word
processed writing (Sörqvist, Nöstl, & Halin, 2012a), reading comprehension (Oswald, Tremblay, & Jones, 2000; Sörqvist, Halin,
& Hygge, 2010), proofreading (Halin, Marsh, Haga, Holmgren, &
Sörqvist, 2013; Venetjoki, Kaarela-Toumaala, Keskinen, & Hongisto,
2007), prose memory (Bell, Buchner, & Mund, 2008; Sörqvist,
2010a) and other work related tasks (Banbury and Berry, 1997,
1998; Beaman, 2005; Jahncke, Hygge, Halin, Green, & Dimberg,
2011; Morris & Jones, 1991). In noisy conditions, the human mind
must ﬁnd a way to attenuate the undesired inﬂuence of the auditory
analysis.
One way in which this can be accomplished is by increasing
the amount of engagement with a focal task (in essence, concentrating harder). The view we take here is that task engagement
reﬂects strategic cognitive control that protects against distraction,
and is, in part, modulated by factors such as warnings of impeding
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distraction (Hughes, Hurlstone, Marsh, Vachon, & Jones, 2013;
Sussman, Winkler, & Schröger, 2003), incentives to perform well
(Engelmann, Damaraju, Padmala, & Pessoa, 2009) and task difﬁculty (Halin et al., 2013). Strategic cognitive control takes the form
of a more steadfast locus-of-attention – thus overruling the call-forattention by task-irrelevant information – and a more constrained
neural processing of the task-irrelevant information at the sensory
stage (Sörqvist & Rönnberg, 2014).
Laboratory studies have shown that the disruption from taskirrelevant background noise is attenuated when a participant
engages with more difﬁcult to-be-attended visual tasks (Hughes,
Hurlstone, Marsh, Vachon, & Jones, 2013; Kim, Kim, & Chun, 2005;
SanMiguel, Corral, & Escera, 2008). For example, the auditoryperceptual analysis of task-irrelevant background sound, as shown
in auditory brainstem responses, is attenuated when the participants undertake a difﬁcult version of the visual-verbal n-back task
(i.e., 3-back) in comparison with an easier version (i.e., 1-back;
Sörqvist, Stenfelt, & Rönnberg, 2012; see also Hairston, Letowski,
& McDowell, 2013). Moreover, a deviant sound that is embedded in an otherwise repetitive sound sequence (e.g., the sound
“k” in the sequence “c c c c c c k c c”) impairs the ability to report
back, in order, a visually presented sequence of items (i.e., serial
short-term memory), because the deviant sound captures attention. If the visually presented items are masked by visual noise,
however, serial short-term memory is spared, as the deviant sound
loses its capacity to capture attention (Hughes et al., 2013). In a
recent study, we attempted to bridge these laboratory ﬁndings to
an applied context (Halin et al., 2013). More speciﬁcally, we asked
participants to undertake a proofreading task (i.e., to search for

2211-3681 © 2014 The Authors. Published by Elsevier Inc. on behalf of Society for Applied Research in Memory and Cognition. Open access under CC BY-NC-ND license.
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semantic/contextual errors in written texts) against a background
of speech or in silence. In Experiment 1, the texts were displayed
in either an easy-to-read font (Times New Roman) or a hard-toread font (Haettenschweiler); and in Experiment 2, all texts were
displayed in the easy-to-read font but they were either masked
by visual noise or not masked by visual noise. In both experiments,
background speech impaired proofreading for semantic/contextual
errors, but only when the text was easy to read, not when it
was hard to read (presented in a hard-to-read font or masked
by visual noise). A cross-experimental analysis showed that the
two ways of manipulating task difﬁculty shielded from distraction in functionally similar ways. Arguably, higher task difﬁculty
promotes focal-task engagement, reduces the neural processing
of background sound (Sörqvist, Stenfelt, & Rönnberg, 2012) and
potentiates the capability to block the sound’s call for attention
(Hughes et al., 2013).
One factor that inﬂuences distractibility is, thus, task difﬁculty. Another inﬂuential factor in moderating the susceptibility
to distraction is working memory capacity (Engle, 2002; Sörqvist
& Rönnberg, 2014). High-capacity individuals are generally less
susceptible to auditory distraction than their low-capacity counterparts (Sörqvist, 2010c), both in the context of cross-modal
distraction (e.g., Sörqvist et al., 2012b) and in the context of
within-modal distraction (Sörqvist & Rönnberg, 2012), and across
a wide variety of tasks including visual-verbal short-term memory (Beaman, 2004; Sörqvist, 2010b) and long-term memory for
written prose (Sörqvist, 2010a; Sörqvist, Ljungberg, & Ljung, 2010).
For example, in a study by Sörqvist et al. (2010b), participants
ﬁrst undertook a complex-span task called size-comparison span
(SICSPAN) that was designed to measure individual differences
in working memory capacity. Next, the participants read prose
passages, either in silence or against a background of speech.
Background speech disrupted memory for prose: Fewer questions
– tapping long-term memory for the text – were subsequently
answered correctly when the texts had been studied in the presence of background speech as compared to silence. This disruption
of prose memory by background speech, however, was greater for
participants with low working memory capacity.
In previous experiments that have tested the relation between
individual differences in working memory capacity and effects of
background speech on long-term memory for prose (e.g., Sörqvist,
2010a; Sörqvist, Ljungberg, et al., 2010), the text has been displayed
in an easy-to-read font and there has been no manipulation of
task difﬁculty. An interesting extension of this paradigm would
be to test whether the relationship between working memory
capacity and distractibility is modulated by a task difﬁculty manipulation (e.g., by manipulating the readability of the text by changing
font type). One possibility is that low-capacity individuals, who –
under ‘normal’ conditions – are relatively susceptible to distraction,
will be aided by the increase in task difﬁculty (e.g., the hard-toread font helps them achieve a steadfast locus-of-attention) and
thereby become less susceptible to distraction. Conversely, the
high-capacity individuals, who are relatively immune to distraction under ‘normal’ conditions may not experience any beneﬁt from
an increase in task difﬁculty, because their locus-of-attention is
already steadfast. An increase in task difﬁculty could, therefore,
reduce the gap in susceptibility to distraction that exists between
low- and high-capacity individuals.
In this paper, we extend the basic idea of a trade-off between
task difﬁcult and distractibility to a task that is particularly relevant
to educational settings: Memory for written prose. The participants
read texts that were displayed either in an easy-to-read (Times
New Roman) or a hard-to-read font (Haettenschweiler). Reading
was undertaken either in a quiet environment or accompanied by
a speech noise background, and the participants were required
to attempt to remember as much of the text as possible for later

recall. We expected to ﬁnd a cross-over interaction, demonstrating
disruption from the background speech, but only when the text
was displayed in an easy-to-read font, not when it was displayed
in a hard-to-read font. Moreover, we explored the relationship
between individual differences in working memory capacity and
distractibility in these two task difﬁculty conditions, respectively.
1. Methods
1.1. Participants
Thirty-two Swedish students participated for a small honorarium. All reported normal hearing, normal or corrected-to-normal
vision and Swedish as their native language.
1.2. Materials
Sound. The background speech was comprised of a male voice
that described a ﬁctitious culture called the Ansarians. It was
recorded in an echo-free chamber and played back through
Sennheiser HD202 headphones (Leq ≈ 65 dBA).
Reading speed. We asked participants to read two shorter texts
(160 words long) about the planets Mars and Neptune. All texts
in the experiment were written in Swedish (font size 12 pt. and
spacing between lines 1.00), in the two fonts Times New Roman
(easy-to-read) and Haettenschweiler (hard-to-read), and were displayed on a computer screen with both margins evenly adjusted.
The computer measured the time it took to read each text.
Memory for prose. We adopted a modiﬁed version of a test
that has been used previously to measure memory for written
prose (Sörqvist, 2010a) and spoken discourse (Sörqvist & Rönnberg,
2012). Four memory tests were developed. Each test had a reading phase and a test phase. In the reading phase, 5 paragraphs
(approximately 85 words each) about ﬁctitious cultures (not the
same culture as the one described in the background speech) were
displayed simultaneously on the computer screen. The paragraphs
described, for example, the rise of the culture, advances in technology, and warfare. The paragraphs were displayed for 4 min. When
the allocated time was up, the computer moved to the test phase.
Prose memory was tested with 20 multiple-choice questions (5
options per question; 4 questions per paragraph) that concerned
detailed information in the text (e.g., “How many regions were the
land of Timad divided in?”). The questions were presented sequentially (in Arial font). The ﬁrst four questions concerned the ﬁrst text
paragraph; the next four concerned the second paragraph, and so
on. The participants were allowed to use a maximum of 15 s for
each question.
Working memory capacity task. We used the size-comparison
span (SICSPAN) task to tap working memory capacity (Sörqvist,
Ljungberg, et al., 2010). In this task, pairs of words were presented
on the computer screen and participants were required to compare
them in size (e.g., “Is STRAWBERRY bigger than PINEAPPLE?”). Participants answered this question by using the ‘Y’ and ‘N’ keys on the
keyboard. The participants had a maximum of 5 s to respond to each
comparison. After a response, or if the time was up, the computer
screen went blank for 500 ms. And thereafter, a to-be-remembered
word was presented (e.g., PAPAYA) for 800 ms. This procedure was
repeated two to six times before participants were asked to recall
the to-be-remembered words in serial order by typing with the keyboard. The recall phase was self-paced. All presented words within
a list were drawn from the same semantic category (e.g., Fruits)
and each word (and category) appeared only once during the task.
The total number of lists was 10 (i.e., two of each list length) and
the lists were presented in a ﬁxed ascending order (e.g., starting
with the two-word lists) for all participants. Their SICSPAN score
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Percentage correct

70%

Silence
Speech

60%

50%

40%

Easy-to-read

Hard-to-read

Task diﬃculty
Fig. 1. Mean number of the percentage of correct answers on a test of memory
for prose displayed in two task difﬁculty conditions (easy-to-read and hard-toread texts) and read in two background conditions (silence and background speech
noise).

was based on a strict serial recall criterion whereby they received
one point for each to-be-remembered word that was placed in the
correct serial position.
1.3. Procedure and design
A within-participant design was used with two factors: Task
difﬁculty (easy-to-read vs. hard-to-read font) and background condition (silence vs. background speech). Participants were instructed
throughout the experiment to wear headphones, to ignore any
sound, and to work as fast as they could without compromising
accuracy. Reading speed was measured ﬁrst by requesting participants to read the two texts about the planets Mars and Neptune
(written in the two fonts respectively) in silence (the presentation order of this task was counterbalanced between participants).
Next, participants undertook the four memory tests. The background speech was played during the reading phase of two of the
four memory tests. The presentation order between easy-to-read
font (Times New Roman) and hard to-read font (Haettenschweiler),
between the two background conditions, and between the four
memory tests, was counterbalanced between participants. After
the memory tests, the participants were asked to rate (on a 7-point
scale) how demanding and how difﬁcult the task was in the two
task difﬁculty conditions, respectively. Finally, they conducted the
SICSPAN task in silence. In all, the experiment took approximately
35 min.
2. Results
2.1. Task difﬁculty ratings and reading speed
The task was perceived as more difﬁcult (M = 2.63 vs. M = 4.88,
t(31) = 7.31, p < .001) and more demanding (M = 2.41 vs. M = 5.28,
t(31) = 8.35, p < .001) when the text was displayed in the hard-toread compared with the easy-to-read font. This corroborates the
effectiveness of the font manipulation in making the task more difﬁcult. Reading took somewhat longer with the hard-to-read font
but this difference was not signiﬁcant (M = 53.31 s vs. M = 51.92 s,
t(31) = 0.93, p = .359). One interpretation of these results is that the
participants compensated for the greater demand on reading by
concentrating harder and thus engaging more with the task.
2.2. Memory for written prose
As can be seen in Fig. 1, this greater need for concentration beneﬁted prose memory. The background speech impaired memory
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when the text was easy-to-read but not when the text was hardto-read. Most importantly, recall was better for texts read in a
hard-to-read font against a speech noise background than for texts
read in an easy-to-read font in the same background condition.
This conclusion was supported by a 2(task difﬁculty: easy-to-read
vs. hard-to-read font) × 2(background condition: Silence vs. background speech) analysis of variance that revealed no signiﬁcant
main effect of task difﬁculty, F(1, 31) = 0.12, p = .729, �2p = .004, and
no signiﬁcant main effect of background condition, F(1, 31) = 1.39,
p = .234, �2p = .04, but a signiﬁcant interaction between the two factors, F(1, 31) = 31.01, p = .004, �2p = .23. Simple main effects analysis
(with LSD adjustment) showed that recall was impaired by background speech in the easy-to-read condition, p = .002, d = 0.48, but
not in the hard-to-read condition, p = .398, d = 0.16. Furthermore,
recall was better in the presence of background speech when the
text was hard-to-read compared to when text was easy-to-read,
p = .032, d = 0.37.
2.3. Relation between working memory capacity and
distractibility
To analyze the relationship between working memory capacity
and distractibility in the two task difﬁculty conditions, we used
the difference scores (i.e., subtracting the memory score in the
silent condition with the memory score in the background speech
condition) for both task difﬁculty conditions, respectively, and correlated these difference scores with the SICSPAN scores. The silence
and background speech variables had an internal consistency of
˛ = .80 (silence, SD = 0.16; background speech, SD = 0.15) in the
easy-to-read condition, and ˛ = .65 (silence, SD = 0.17; background
speech, SD = 0.16) in the hard-to-read condition. As shown in Fig. 2,
higher SICSPAN scores were associated with a smaller distraction
magnitude when the text was displayed in an easy-to-read font,
r(30) = −.35, p = .050, 95% CI [−.62, −.002], but no such relationship was found when the text was displayed in a hard-to-read font,
r(30) = −.05, p = .779, 95% CI [−.39, .30]. However, the difference
between the two r-values (Meng, Rosenthal, & Rubin, 1992) was
not statistically signiﬁcant, z = −1.01, p = .312.
3. Discussion
Many experiments have shown that memory for written prose
is impaired if the prose is read in the presence of background speech
(e.g., Banbury & Berry, 1998; Bell et al., 2008; Sörqvist, 2010a;
Sörqvist, Ljungberg, et al., 2010). The experiment reported here
qualiﬁes this general ﬁnding, by demonstrating that background
speech impairs memory of written prose, but only when the text is
easy to read, not when the text is displayed in a hard-to-read font.
Most importantly, prose recall was better in the presence of background speech when the text was displayed in a hard-to-read font
compared to an easy-to-read font. It seems, therefore, that higher
task difﬁculty can facilitate selective attention and shield against
distraction.
The results reported here extend the assumption of a trade-off
between task difﬁculty and distractibility, as shown in laboratorymotivated studies (Hughes et al., 2013; Kim et al., 2005; SanMiguel,
Corral, & Escera, 2008; Sörqvist, Stenfelt, & Rönnberg, 2012), into
an applied context, especially relevant for educational settings. The
results corroborate the ﬁndings of Halin et al. (2013): The potentially disruptive effects of background speech on proofreading
become manifest only when the text is displayed in an easy-to-read
font, not when it is displayed in a hard-to-read font. The experiment
reported here extends these ﬁndings by showing that the disruption by background speech of memory for written prose can also be
attenuated by a task-engagement manipulation. Based on what is
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Fig. 2. The ﬁgure shows the relationship between individual differences in working memory capacity (i.e., size-comparison span scores) and the magnitude of the effects of
background speech on prose recall (all z-values) in the easy-to-read condition (panel A) and in the hard-to-read condition (panel B).
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known from the basic research ﬁndings, our interpretation of these
results is that increased task difﬁculty leads to a more steadfast
locus-of-attention (Hughes et al., 2013), and a more constrained
neural auditory-sensory processing of the background sound
(Sörqvist, Stenfelt, & Rönnberg, 2012). Because of this, the sound
loses its capability to capture attention and disrupt performance.
Individual differences in person-speciﬁc distractibility were
associated with individual differences in working memory capacity, at least when the text was displayed in an easy-to-read font.
There was no relationship between working memory capacity and
distractibility when the text was displayed in a hard-to-read font.
The absence of a relationship in the hard-to-read font condition
could be due to the relatively small sample size and the relatively
low statistical reliability in the hard-to-read condition. Because of
these limitations, the interpretation of the individual difference
analyses are questionable, especially as the relationship between
working memory capacity and distractibility in the easy-to-read
condition did not differ in magnitude from the corresponding relationship in the hard-to-read condition. Yet, the results reported
here may lead to an explanation of the often-replicated ﬁnding of
a relation between working memory capacity and distractibility
(see Sörqvist, 2010c; Sörqvist & Rönnberg, 2014, for reviews). The
typical ﬁnding is that working memory capacity is related to the
difference between a baseline condition without distraction and
a condition with distraction (Domkin, Sörqvist, & Richter, 2013;
Rönnberg et al., 2013; Sörqvist, Stenfelt, & Rönnberg, 2012). For
example, the difference between memory for a text read in silence
and for a text read against a background of speech is related to
individual differences in working memory capacity, under ‘normal’ task conditions (e.g., when the font of the to-be-remembered
text is ordinary; Sörqvist, Ljungberg, et al., 2010). One possibility
is that low-capacity participants, who cannot engender a locusof-attention steadfast enough to resist distraction under normal
task conditions (i.e., when the font is easy to read), wherein this
relationship between working memory capacity and distractibility emerges, are helped when task difﬁculty increases (i.e., when
the font is hard to read), as they are forced to concentrate harder
(thereby boosting cognitive control). High-capacity individuals,
who have a locus-of-attention steadfast enough already in the normal task conditions, do not beneﬁt as much from an increase in task
difﬁculty. As low-capacity individuals approach the cognitive control abilities of their high-capacity counterparts under high task
difﬁculty conditions, the relationship between working memory
capacity and distractibility becomes less pronounced.
3.1. Practical applications
Making a task more difﬁcult (e.g., by forcing a more disﬂuent reading) can sometimes facilitate memory (Diemand-Yauman,
Oppenheimer, & Vaughan, 2010) and problem solving (Thompson
et al., 2013) by leading people to deploy deeper processing strategies, with better performance as an outcome (Alter, Oppenheimer,
Epley, & Eyre, 2007). Research on “desirable difﬁculties” indicates
that increased task difﬁculty has its greatest beneﬁcial impact for
learning in the long term, while the short term beneﬁts are relatively limited (Bjork, 1994). Our results highlight the potential
beneﬁts of desirable difﬁculties also in the short term, especially
in noisy work environments.
As is well known, noise impairs learning (Hygge, Evans, &
Bullinger, 2002; Klatte, Bergstroem, & Lachmann, 2013) and can
be harmful to performance in open ofﬁces (Jahncke et al., 2011;
Mak & Lui, 2012) and other environments that require intellectual
work. The simple means with which task engagement can be
manipulated, and distraction thereby attenuated, may not only
serve as a practical intervention to attenuate the impairment
produced by sound to the performance of cognitive tasks in ofﬁce
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and learning environments. It can also reduce the distractibility
associated with speciﬁc populations of individuals with poor
attentional control, such as those with ADHD (Pelletier, Hodgetts,
Laﬂeur, Vincent, & Tremblay, 2013). As ADHD individuals typically
have lower working memory capacity than their counterparts
(Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005), the
relationships between individual differences in working memory
capacity and distractibility speak in favor of this possibility. It
should be noted, however, that disﬂuency does not always lead to
a more desirable difﬁculty (Yue, Castel, & Bjork, 2013). Exploring
the boundary conditions of desirable difﬁculty in the context of
auditory distraction is therefore a target for future research.
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The purpose of this study was to investigate the distractive effects of background
speech, aircraft noise and road traffic noise on text memory and particularly to examine
if displaying the texts in a hard-to-read font can shield against the detrimental effects of
these types of background sounds. This issue was addressed in an experiment where
56 students read shorter texts about different classes of fictitious creatures (i.e., animals,
fishes, birds, and dinosaurs) against a background of the aforementioned background
sounds respectively and silence. For half of the participants the texts were displayed
in an easy-to-read font (i.e., Times New Roman) and for the other half in a hard-toread font (i.e., Haettenschweiler). The dependent measure was the proportion correct
answers on the multiple-choice tests that followed each sound condition. Participants’
performance in the easy-to-read font condition was significantly impaired by all three
background sound conditions compared to silence. In contrast, there were no effects
of the three background sound conditions compared to silence in the hard-to-read font
condition. These results suggest that an increase in task demand—by displaying the text
in a hard-to-read font—shields against various types of distracting background sounds
by promoting a more steadfast locus-of-attention and by reducing the processing of
background sound.
Keywords: text memory, distraction, background speech, aircraft noise, road traffic noise

INTRODUCTION
People working in indoor environments (e.g., schools and offices) are often exposed to distracting
sounds deriving both from within (e.g., background speech) and outside the building (e.g., aircraft
noise or road traffic noise), which can be problematic as background sound generally has a negative
impact on cognitive performance (Szalma and Hancock, 2011; Klatte et al., 2013). More specific,
background speech has proven to be detrimental to performance on several office-related tasks
including text memory (Banbury and Berry, 1997; Bell et al., 2008), reading comprehension (Martin
et al., 1988; Oswald et al., 2000; Sörqvist et al., 2010), proofreading (Jones et al., 1990; Venetjoki
et al., 2006; Smith-Jackson and Klein, 2009), and writing (Sörqvist et al., 2012a). Moreover,
environmental noise originating from aircrafts and road traffic has the potential to impair reading
proficiency in children (e.g., Hygge et al., 2002; Hygge, 2003; Boman, 2004; Clark et al., 2013), as
well as impairing text memory and attentional functions in adults (Hygge et al., 2003; Enmarker,
2004; Sörqvist, 2010; Schlittmeier et al., 2015). Thus, it is important to investigate simple solutions
that can aid individuals to resist distraction from various types of sound. This study will use a
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reading task as a tool to test if increased task demand—by
changing the font of the text to one that is harder to read—can
shield against the detrimental effects of the aforementioned types
of background sounds on text memory.
According to the duplex-mechanism account of auditory
distraction there are at least two distinct ways in which sound
can disrupt task performance (Hughes, 2014). One way is sound
that interferes with the deliberate processing of the focal material
(i.e., interference-by-process), and the other way is sound that
diverts focus away from the focal task (i.e., attentional capture).
From the interference-by-process view text memory is impaired
by background speech because both the focal material (i.e.,
the text that is read) and background speech contain semantic
information and therefore engage similar processes in the brain,
which in turn harms task performance (Marsh et al.; 2008; Marsh
and Jones, 2011). As aircraft noise and road traffic noise do
not contain semantic information the effect of these types of
sound on text memory might instead be explained by the sounds’
acoustical characteristics (e.g., frequency modulation, salience,
and predictability) that potentiate attentional capture (Sörqvist,
2010; Klatte et al., 2013). However, it seems to be possible
to overcome distracting sound by inducing a higher degree of
concentration on the focal task (Sörqvist and Marsh, 2015). Of
particular interest to the current study, are experiments that
have shown that an increase in task demand—e.g., by making
the to-be-remembered items harder to perceive (i.e., sensory
load), by increasing the amount of information that have to
be kept in memory (i.e., working memory load), or by loading
the visual field with information (i.e., perceptual load)—protects
against attentional capture (SanMiguel et al., 2008; Hughes et al.,
2013), attenuates semantic auditory distraction of free recall
(Marsh et al., 2015), shield visual-verbal task performance against
background speech (Halin et al., 2014a,b), reduces the neural
processing of background tones (Sörqvist et al., 2012b), and
reduces the awareness of a novel tone (Macdonald and Lavie,
2011).
In two recent experiments, participants undertook either a
proofreading task (Halin et al., 2014a) or a prose memory task
(Halin et al., 2014b) against a background of silence or speech. In
these two studies, task demand was manipulated by displaying
the texts in different fonts; one that was an easy-to-read font
(i.e., Times New Roman) and one that was a hard-to-read font
(i.e., Haettenschweiler). Both experiments revealed an interaction
between background sound condition and font type, such as
detection of semantic/contextual errors in the proofreading task
and recall on the prose memory task was impaired by background
speech, but only when the texts were displayed in the easy-toread font. In contrast, there was no effect of background speech
when the texts where displayed in the hard-to-read font. Also,
participants scored significantly higher on the prose memory
task in the presence of background speech when the text was
displayed in a hard-to-read font compared to an easy-to-read
font. Hence, by forcing participants to reach a higher degree of
attentional engagement in the focal task (i.e., concentrate harder),
by manipulating the readability of the text, task performance was
shielded against distraction (Linnell and Caparos, 2013; Sörqvist
and Marsh, 2015). Arguably, the shielding effect arises because
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higher attentional engagement in the focal task leads to a more
steadfast locus-of-attention (Hughes et al., 2013) and to reduced
processing of background sound (Sörqvist et al., 2012b; Halin
et al., 2015; Marsh et al., 2015).
The shielding effect that increased task demand seems to
have on distractibility (Hughes et al., 2013) can thus be a
way to overcome distraction from background sound. However,
it is still unclear if this type of technique also would shield
against the effects of environmental noise on text memory.
Therefore, participants in the current study completed a reading
task in the presence of four background sound conditions (i.e.,
silence, background speech, aircraft noise, and road traffic noise).
Half of the participants read texts displayed in an easy-toread font (i.e., Times New Roman), and the other half read
texts displayed in a hard-to-read font (i.e., Haettenschweiler).
These two fonts were chosen based on previous experiments
whereby the Haettenschweiler font have been judged to be
more demanding and more difficult to read compared to the
Times New Roman font (Halin et al., 2014a,b). It was expected
that background speech, aircraft noise and road traffic noise
would impair text memory compared to silence, but only for
participants in the easy-to-read font condition. There would be
no effect of background sound condition in the hard-to-read font
condition (i.e., an interaction between the background sound
condition and the font condition). Based on the findings in Halin
et al. (2014b) it was also expected that participants in the hardto-read font condition would score higher on the memory test in
the background speech condition compared to participants in the
easy-to-read font condition. In addition, participants answered
questions on how tired, mentally exhausted and concentrated
they were before and after the experimental session. This was
asked to see if, the supposedly benefit of, a hard-to-read font
would come with a cost, insofar that participants in the hard-toread font condition would feel more fatigued after the experiment
compared to participants in the easy-to-read font condition. To
summarize, this study aimed to (a) replicate that increased task
demand (e.g., by displaying the text in a hard-to-read font) shields
against the detrimental effects of background speech on text
memory, (b) to investigate if an hard-to-read font also would
shield against the effects of environmental noise on text memory,
and (c) examining the effect that increased task demand (by
changing the font of the text) has on self-reported fatigue (i.e.,
tiredness, mental fatigue, and concentration).

MATERIALS AND METHODS
Participants
Fifty-six (29 women) Swedish students (mean age = 24.45 years,
SD = 4.97) participated for a small honorarium. All reported
normal hearing, normal or corrected-to-normal vision and
Swedish as their native language. The study was conducted in
accordance with the declaration of Helsinki and the ethical
guidelines given by the American Psychological Association. All
participants were adults and participated on informed consent.
The experiment caused no harm to any party, no information
that can be associated with individual participants has been made
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available to an external part, and no conflict of interest can be
identified. Prior the experiment participants were told that the
study investigated the effects of background sound on memory.
Afterward participants were orally debriefed about the purpose
of the study.

they had read about [e.g., all the questions on animals had these
options: (A) Undon (B) Bonasus (C) Malang (D) Khian (E) None
of the animals]. Participants were asked to select which of the five
options was the correct answer to a question (e.g., Which animal
has a 20 cm long tail). On 16 of the 24 questions options A to D
were the correct answer (i.e., four correct answers for each of the
options). The remaining eight questions had option E (i.e., None
of the species) as the correct answer. On these questions a crucial
piece of information was replaced with erroneous information:
e.g., Which of the animals live in large trees? (i.e., in the text it
says that the Malang lives in bushes). Each of the four species
had two of these questions allocated to them. All questions were
written in the Arial font and presented sequentially in the same
fixed pseudo-randomly order for all participants. Each question
was presented for 15 s before it was automatically replaced with
the next question.

Materials
Background Sound
All verbal material in this experiment was in Swedish. The
background speech comprised a recording of a conversation
between a female speaker and a male speaker taking turns talking
about mundane topics (e.g., recreational activities). The speech
sound file was 5 min long and was adjusted to real speech level at
60 dB(A) Leq based on the recommendation of the measurement
level method (i.e., all the silent parts of the speech signal is
removed prior to calculating sound pressure level; IEC 60268-16,
2011). The aircraft noise consisted of a recording of an airborne
airplane passing by. The passage took approximately 1 min and
was repeated five times to create the 5 min long sound file. The
road traffic noise consisted of a recording of a road crossing with
varying traffic. The sound file was 75 s long and was repeated four
times to create a 5 min long sound file. The sound pressure level of
the aircraft noise and the road traffic noise were both adjusted to
60 dB(A) Leq . All sound files were adjusted by using the software
Matlab.

Procedure and Design
A within-between mixed experimental design was used with font
as the between-participant factor (easy-to-read font vs. hard-toread font) and background sound as the within-participant factor
(silence vs. background speech vs. aircraft noise vs. road traffic
noise). At arrival, participants were randomly assigned to either
of the two font conditions. Participants sat alone in a room in
front of a computer screen. All instructions were presented on
the computer and participants were instructed throughout the
experiment to wear headphones and to ignore any sound. Next,
participants answered a number of background questions (e.g.,
age and gender) and a short questionnaire of how tired, mentally
exhausted and concentrated they were at the moment, by filling in
a number between 1 to 9 that they felt best corresponded to their
state of mind (e.g., 1 = not tired at all, 9 = very tired). Thereafter
they undertook the four memory tests that were presented in
the same fixed order for all participants [i.e., (1) animals, (2)
fishes, (3) birds, and (4) dinosaurs]. The presentation order of
the four background sound conditions were counterbalanced
between participants in the same way for both font conditions.

Text Memory
Four memory tests were developed and all tests had a reading
phase and a test phase. In each reading phase participants read
four paragraphs (∼ 130 words each) about fictitious species (one
species per paragraph). The four fictitious species described in a
memory test belonged to the same class of creatures and there
were different classes used in the four memory tests (i.e., animals,
fishes, birds, and dinosaurs). Each paragraph stated information
about specific features (e.g., “The Malang have a 17–22 cm long
tail”), habits (e.g., “The Malang is active during the day”) and
habitats of a species (e.g., These animals [Malang] mainly live
in large bushes). The paragraphs were either displayed in the
font Times New Roman (i.e., easy-to-read font condition) or
the font Haettenschweiler (i.e., hard-to-read font condition; see
Figure 1). All paragraphs were written with 12-point font size, the
spacing between lines set to 1, and with the left and right margins
evenly adjusted. A paragraph was displayed for 75 s before it was
automatically replaced by a new paragraph. After the time was
up for the last paragraph participants were requested to answer if
they had read all four paragraphs. Thereafter the computer went
on to the test phase. In each test phase participants were asked to
answer 24 multiple-choice questions that had the same 5 fixed
options for all questions depending on which class of creature

RESULT
Text Memory
Only participants that followed task instructions and reported
that they had read all paragraphs in the reading phase of the
memory test were included in the analysis. As can been seen
in Figure 2, performance on the memory test was impaired
by background sound, but only for participants in the easyto-read font condition, not for participants in the hard-to-read
font condition. This conclusion was supported by a mixed 2
(Font condition: easy-to-read font vs. hard-to-read font) × 4
(Background sound condition: Silence vs. background speech
vs. road traffic noise vs. aircraft noise) analysis of variance
that revealed no main effect of font condition, F(1,54) = 0.49,
p = 0.489, η2p = 0.009, but a significant main effect of
background sound condition, F(3,162) = 9.36, p < 0.001, η2p
= 0.15, and a significant interaction between the two factors,
F(3,136) = 4.46, p = 0.005, η2p = 0.08. In the easy-to-read font

FIGURE 1 | Illustration on how the text was displayed in the
easy-to-read font and hard-to-read font conditions.
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Before session vs. after session) multivariate analysis of variance
on tiredness, mental exhaustion and concentration revealed
no significant main effect of font condition, F(3,52) = 0.23,
 = 0.99, p = 0.877, η2p = 0.01, but a significant main effect
of time F(3,52) = 15.36,  = 0.53, p < 0.001, η2p = 0.47,
and no interaction between the two factors, F(3,52) = 0.32,
 = 0.98, p = 0.809, η2p = 0.02. The univariate test revealed
that participants in both font conditions reported being more
tired, F(1,54) = 28.86, p < 0.001, η2p = 0.35, more mentally
exhausted, F(1,54) = 27.13, p < 0.001, η2p = 0.33, and
less concentrated after the experiment compared to prior the
experiment, F(1,54) = 30.57, p < 0.001, η2p = 0.36.

FIGURE 2 | Participants’ score on the reading task as the proportion of
questions correctly answered across the four background conditions
and the two font groups respectively. Error bar represents standard error
of means.

DISCUSSION
The purpose of this study was to investigate if an increase
in task demand could shield against the detrimental effects of
background speech, aircraft noise, and road traffic noise on text
memory. As hypothesized, text memory was impaired by all
three background sound conditions compared to silence, but
only in the easy-to-read font condition not in the hard-toread font condition. Also, participants in the hard-to-read font
condition performed significantly better on the text memory test
in the background speech condition compared to participants
in the easy-to-read font condition. Moreover, the benefit of
the hard-to-read font did not come with an additional cost
insofar that participants in the two font conditions did not differ
from each other in the magnitude of self-reported tiredness,
mental exhaustion and lack of concentration before and after the
experimental session.
The results that a hard-to-read font shields against
distraction from background speech on text memory, and
that memory performance in the background speech condition
was significantly better for participants in the hard-to-read
font condition compared to the easy-to-read font condition,
replicates the finding of Halin et al. (2014b). The result of the
current study also extend the findings of a trade-off between
higher task demand and auditory distraction (Macdonald and
Lavie, 2011; Sörqvist et al., 2012b; Hughes et al., 2013; Halin
et al., 2014a,b; Marsh et al., 2015) to concern environmental
noise (i.e., aircraft noise and road traffic noise). Thus, the main
contribution of this paper is that it shows that it is possible to
overcome distraction from various types of background sound
while reading by increasing task demand. A simple way to

condition, planned contrasts (simple first) revealed that recall was
significantly impaired by background speech, F(1,27) = 36.02,
p < 0.001, η2p = 0.57, road-traffic noise, F(1,27) = 9.07,
p = 0.006, η2p = 0.25, and aircraft noise, F(1,27) = 4.28,
p = 0.048, η2p = 0.14, compared to silence. In the hard-toread font condition, there was no effect of background speech,
F(1,27) = 1.16, p = 0.291, η2p = 0.04, road-traffic noise,
F(1,27) = 0.02, p = 0.966, η2p < 0.01, or aircraft noise on text
memory, F(1,27) = 0.13, p = 0.910, η2p < 0.01, compared to
silence. Moreover, participants in the hard-to-read font condition
scored significantly higher on the memory test in the background
speech condition compared to participants in the easy-to-read
font condition [mean difference: 0.11, t(54) = 3.26, p = 0.002,
r = 0.40]. No other comparisons between the two font conditions
were significant (silence: p = 0.256, road-traffic noise: p = 0.530,
aircraft noise: p = 0.971).

Self-Reported Fatigue
Mean values on self-reported fatigue are presented in Table 1.
Participants in the two font conditions did not differ from
each other in how tired, mentally exhausted and concentrated
they were prior to the experimental session. But, participants in
both font conditions reported being more tired, more mentally
exhausted and less concentrated afterward compared to how
they felt before they started the experiment. A mixed 2 (Font
condition: Easy-to-read font vs. hard-to-read font) × 2 (Time:

TABLE 1 | Mean values (standard deviation) on the self-reported data of how tired, mentally exhausted and concentrated participants were before and
after the experimental session across the two font conditions.
Easy-to-read font condition
Before session
Subjective measures
Tiredness
Mental exhaustion
Concentration

Hard-to-read font condition

After session

Before session

After session

M

SD

M

SD

M

SD

M

SD

4.07
3.86
6.25

1.74
1.80
2.03

5.43
5.25
4.18

1.97
1.90
1.52

4.46
4.11
5.86

2.01
2.20
1.98

5.54
5.57
4.11

2.17
2.32
1.81

4
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achieve increased task demand is by changing the font of the text
to one that is harder to read. Arguably, a hard-to-read font forces
the reader to concentrate more on the text (Sörqvist and Marsh,
2015). The increased (attentional) engagement on the focal task
gives the reader a more steadfast locus-of-attention (Hughes
et al., 2013), and it reduces the processing of background sound
(Sörqvist et al., 2012b; Halin et al., 2015; Marsh et al., 2015) at the
face of presentation of the distracting sound (Marsh et al., 2015),
and consequently, the reader is less distracted by background
sound.
A question that has engaged previous research is whether
background speech is more detrimental to text memory than
aircraft noise or road traffic noise (e.g., Hygge et al., 2003;
Enmarker, 2004; Sörqvist, 2010; Sætrevik and Sörqvist, 2015).
In this study the lowest text memory score was found in the
background speech condition when the text was displayed in
the easy-to-read font (see Figure 2). This finding is in line
with the result of Sörqvist’s (2010) study, wherein background
speech was more harmful to prose memory than aircraft noise.
Previous studies that have compared the effects of background
speech and road traffic noise have found that both sounds
impaired cued prose recall compared to silence, but that neither
of the two sounds were more distracting than the other (Hygge
et al., 2003; Enmarker, 2004). Yet, when text memory was
tested with recognition questions (i.e., multiple-choice questions)
there was only an effect of background speech in Enmarker’s
(2004) study, but there was no effect of sound in Hygge et al.’s
(2003) study. In contrast, this study found an effect of both
speech and environmental sound on text memory by using
recognition questions. A major difference between this study
and that of Hygge et al. (2003) and Enmarker (2004) was
that they had composed the sounds to resemble each other’s
acoustical properties, which this study did not do. Hence, any
differences in the magnitude of how distracting each sound
was could be due to how the sounds were altered. Still, based
on the assumption made by the interference-by-process view it
would be expected that background speech is more detrimental
to text memory than environmental sound. This because of
the clash that occurs between the processes involved in the
reading task and the automatically processing of the background
speech (Marsh et al., 2008). Moreover, fMRI data indicates that
different cognitive processes are activated when performing an
updating task in presence of either background speech or aircraft
noise, and that speech impairs the cognitive control function
involved in updating information in working memory (Sætrevik
and Sörqvist, 2015). Given that updating is important to text
processing (De Beni et al., 1998), the dissimilarity in how the
sounds influences neural activity might explain why background
speech was the most detrimental sound condition in the current
experiment.
Even though background speech stands out as the most
distracting sound source compared to silence, the result of
the current study suggests that environmental noises are also
harmful to text memory. From an applied point of view this
finding is important to consider because it highlights that both
speech and environmental noise are potential distracters in
environments where it is crucial to be able to remember written
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information (e.g., schools and offices). However, the question is
how applicable it is to increase task demand on a text (e.g., by
changing the font to one that is harder to read) while reading in
a noisy real-life setting? When people are reading at work or in
school they can do so for a longer period of time than was the
case in this experiment (i.e., 5 min per text). Also, in daily life
people often must recall what they read far longer from encoding
than what participants did in this experiment where text memory
was measured directly after reading. Further research is needed
to investigate the long-term consequences of reading a text
displayed in a hard-to-read font. Regarding both the impact
habituation has on the shielding effect of a hard-to-read font,
and if increased task demand also has positive long-term effects
on text memory. Another important issue is whether increased
task demand would lead to higher levels of arousal that combined
with a noisy environment would impose an increased health risk
to people (Andringa and Lanser, 2013). The result in this study
on self-reported tiredness, mental fatigue and concentration
showed that the hard-to-read font was not perceived as more
mentally exhausting than the easy-to-read font, at least in the
short duration of time it took to complete the current experiment
(∼20 min). However, this study did not investigate the effects
of increased task demand on annoyance or irritability, which
also are factors that could impose a health risk to people, e.g.,
by producing physical and psychological stress (Ouis, 2001;
Andringa and Lanser, 2013). These matters are important to
further investigate in order to answer if increased task demand
is a sustainable way to overcome auditory distraction outside of
the laboratory.

CONCLUSION
This paper shows that a hard-to-read font, at least temporary, can
boost concentration and shield against the detrimental effects of
environmental noise and background speech on text memory.
Hence, a simple alteration of the appearance of a text can help
individuals that are reading in noisy environments to overcome
auditory distraction.
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Is there a trade-off between central (working memory) load and peripheral (perceptual) processing? To address this question, participants were requested to
undertake an n-back task in one of two levels of central/cognitive load (i.e., 1-back or 2-back) in the presence of a to-be-ignored story presented via
headphones. Participants were told to ignore the background story, but they were given a surprise memory test of what had been said in the background
story, immediately after the n-back task was completed. Memory was poorer in the high central load (2-back) condition in comparison with the low central
load (1-back) condition. Hence, when people compensate for higher central load, by increasing attentional engagement, peripheral processing is
constrained. Moreover, participants with high working memory capacity (WMC) – with a superior ability for attentional engagement – remembered less of
the background story, but only in the low central load condition. Taken together, peripheral processing – as indexed by incidental memory of background
speech – is constrained when task engagement is high.
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(i.e., high working memory load) by enhancing attentional
engagement which in turn reduces task-irrelevant processing and
shields against distraction (Hughes, Hurlstone, Marsh, Vachon &
Jones, 2013; Linnell & Caparos, 2013; Marsh, S€orqvist & Hughes,
2015; see also Halin, Marsh, Haga, Holmgren & S€orqvist, 2014a;
Halin, Marsh, Hellman, Hellstr€om & S€orqvist, 2014b, for applied
implications).
Embedded in the uniﬁed view of attention (S€orqvist & Marsh,
2015) is the assumption that people differ in trait capacity for
attentional engagement – as indexed by individual differences in
working memory capacity (WMC). Individuals with high working
memory capacity (WMC) have superior attentional control
(Engle, 2002): they can more efﬁciently divide attention between
sources when required to (Colﬂesh & Conway, 2007) and they
can more efﬁciently focus on a single source when requested
(Conway, Cowan & Bunting, 2001; Heitz & Engle, 2007; Kane,
Bleckley, Conway & Engle, 2001). A key ﬁnding, with relevance
for our present purposes, is that high-WMC individuals
demonstrate a more constrained neural response to task-irrelevant
background sound (S€orqvist et al., 2012). The reason for this –
according to the uniﬁed view of attention – is that high-WMC
individuals engage more fully in the task, such that early/
perceptual processing of the background is more effectively
reduced. The reason why high-WMC individuals are less
susceptible to distraction, according to this view (S€orqvist &
R€onnberg, 2014), is that high-WMC individuals’ locus of
attention is more steadfast (i.e., locked to the task-relevant stimuli
source) and their neural response to background information is
suppressed. This is a different assumption from that made by
resource theories, such as the load theory (Lavie & de Fockert,
2005), which assume that high-WMC individuals are less
susceptible to distraction than their low-capacity counterparts
because they have more cognitive control resources available to

INTRODUCTION
The human attentional system is capable of selecting information
that is relevant for the current goal-directed behavior, whilst
discarding irrelevant information. What mechanism is responsible
for the containment of task-irrelevant information processing?
According to the perceptual load theory (Lavie, Hirst, de Fockert
& Viding, 2004), distractor processing ultimately depends on two
components: perceptual load and cognitive load. Under conditions
of high perceptual load, the limited perceptual processing
resources are commandeered, which reduces distracter processing.
Conversely, when cognitive load is high, attentional control/
working memory resources are usurped, such that distractor
processing increases (Lavie & de Fockert, 2005). On this view,
loading working memory reduces the availability of cognitive
control resources that otherwise could have been used to combat
distraction from task-irrelevant information, contrary to when the
load on working memory is low (Dalton, Santangelo & Spence,
2009). In this paper, we take a different approach wherein
increased demand/load on central processing mechanisms
(working memory) is believed to reduce distractor processing
(SanMiguel, Corral & Escera, 2008; S€
orqvist & Marsh, 2015).
According to a uniﬁed view of attention (S€
orqvist, Stenfelt &
R€onnberg, 2012), peripheral/perceptual sensory processing is
constrained by late/central processing. In support of this view,
higher central processing load, in the context of a visual-verbal
working memory task, reduces the neural processing of a
concurrent task-irrelevant background sound within the brainstem:
a very early stage of the auditory processing chain (S€
orqvist
et al., 2012). Similarly, background sound is less likely to capture
attention when working memory load is high versus when it is
low (SanMiguel et al., 2008). One interpretation of these ﬁndings
is that people deliberately compensate for higher task demand
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Participants are notoriously poor at predicting their own
performance (Ellermeier & Zimmer, 1997), but still their ability to
do so may depend on central load during encoding of a tobe-ignored spoken message. If participants, for example, report a
similar amount of guesses in the high central load and the low
central load condition, but still report less accurate responses on
the surprise memory test in the high central load condition, then
there would seem to be a breakdown of source monitoring in the
high central load condition as they systematically fail to tell selfgenerated information from information that was actually
presented to them (Marsh, S€orqvist, Hodgetts, Beaman & Jones,
2015).

combat distracter interference. The two views – load theories and
task engagement theories – make different predictions on the
relationship between individual differences in WMC and
distracter processing under high cognitive load situations.
Consider a situation when the background sound information is
ﬁrst deemed irrelevant, but after its presentation is deemed
relevant, such as when the participants are told to ignore a spoken
message while undertaking a visual working memory task, but
later tested on memory of the spoken message presented in the
ignored source. Here, the load theory predicts that the relationship
between WMC and memory of the spoken message (measured
with a surprise memory test) should be stronger when the
cognitive load in the visual working memory task is high during
encoding of the background information. This is because both
low- and high-capacity individuals should have enough resources
available to be able to process the spoken message when the load
in the working memory task is low. When the central load is
higher, however, the task usurps cognitive resources that are
needed to process the background information. High-capacity
individuals (but not low-capacity individuals) have spare capacity
left to process the spoken message when the load in the working
memory task is high. Conversely, the task engagement view
suggests that higher central load may weaken the relationship
between WMC and memory of the background information. On
this view, low-capacity individuals process background spoken
message to a greater extent than their high-capacity counterparts
when central load is low, because they do not have the trait
capacity needed to deliberately reach a high state of attentional
engagement, and low-capacity individuals may subsequently
recall more of the spoken message at a surprise memory test than
high-capacity individuals can. However, when low-capacity
individuals receive assistance from higher central load in a visual
working memory task at presentation of the to-be-ignored spoken
message, they may subsequently be poorer at recall, because their
attentional engagement in the working memory task is high
enough to constrain processing of the spoken message (Halin
et al., 2014b; Hughes et al., 2013).
In the current study, we used incidental memory of background
speech as an index of peripheral/perceptual processing. Assuming
that the purported attentional gating system ﬁlters at an early,
pre-categorical level, a number of intriguing hypotheses arise:
participants, who undertake a visual-verbal working memory
n-back task in the presence of background speech, should not be
able to recall as much of the contents of the background speech
on a surprise memory test when the central load on the focal task
(i.e., the n-back task) is higher, because higher central load leads
to a more constrained background sound processing. Moreover,
we hypothesized that high-WMC individuals’ memory of the
contents of the background speech should be inferior to lowWMC individuals’, at least when the central load on the focal
task (i.e., the n-back task) is lower, even though their baseline
memory ability is superior. To delineate the nature of the
cognitive representation of the background speech that persists in
memory, participants were also asked to report on what
percentage of questions they had guessed on the surprise memory
test. This was made to assess participants’ overall sense to
attribute their answers to the correct source (i.e., either to the
background story or something that was merely self-generated).

METHOD
Participants
A total of 40 students at University of G€avle participated in the
study for a small compensation. They were randomly assigned to
either a 1-back condition (mean age = 24.7 years, SD = 4.45;
seven males) or a 2-back condition (Mean age = 24.8 years,
SD = 6.71; four males). All participants reported having normal
hearing, normal or corrected-to-normal vision and Swedish as
their native language.

Material and apparatus
Sound. All material used in this experiment was in Swedish. The
task-irrelevant speech consisted of a story about a ﬁctitious
culture called the Ansariens that was recorded in an echo free
room and recited by a male vocal actor. Because the actor
sometimes took longer pauses when reciting the story, the sound
ﬁle was trimmed to make the speech more ﬂuent. The total length
of the sound ﬁle was 9:20 minutes and it was divided into two
4:40 minute long segments (in order to have a brief break in the
middle of the task), that was played back through headphones
(Philips SHP8900) at approximately 65 dB(A).
n-back. The n-back task was the same as that used by S€orqvist
et al. (2012) with a few exceptions. Two different versions of the
task (1-back and 2-back) were created to form, respectively, the
low and high WM load conditions. In both task versions,
participants were asked to view a series of letters (taken from the
set “w s r k q t m”) that was presented one by one in the center of
a computer screen, and to respond by striking a key on the
keyboard when the currently presented letter was the same as the
one presented n steps back in the letter sequence (1 step back in
the 1-back version and 2 steps back in the 2-back version). The
task was scored by assigning points to each trial with an accurate
response (i.e., points when a key press was made in response to a
letter that matched the letter n steps back and points when no key
press was made on other trials). The presentation duration for
each letter was set to 2000 msec and the inter stimulus interval
(offset to onset) was 2000 msec. Each task version consisted of
148 pseudo-randomly selected letters (each letter was presented at
least 20 times). On 28 occasions, the currently presented letter
matched the letter presented n steps back in the sequence. Both
parts of the task were 4:40 minutes long (which matched the
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headphones. After completing the 40 multiple-choice questions,
participants were asked to estimate, in percent, how many times
they had guessed during the surprise memory test. They did so by
typing a number between 0 and 100 in an answer box (where 100
meant that they had guessed on all questions). They were also
asked to rate (on a seven-point scale) how demanding and
difﬁcult the n-back task was and how distracting the background
sound was while performing the n-back task. Finally, participants
performed the SICSPAN task in silence. The whole experimental
session took approximately 30 min to complete.

length of the two background speech sound segments). There was
a short break between the two parts of the task, wherein
participants could rest brieﬂy.
Surprise memory test of background speech. This task was
developed to measure incidental memory of the background story
(i.e., the Ansariens) that was presented via headphones during
the n-back task. A total of 40 multiple-choice questions were
constructed (e.g., “Who ruled the land of Ansarien?”). Answering
these questions required memory of speciﬁc information in the
story and each question had ﬁve response options (e.g., “(a)
Dongo, (b) Ekador, (c) Sagron, (d) Ulbin, and (e) Anors”) among
which one of the options was the correct answer. The ﬁrst 20
questions concerned information from the ﬁrst part of the
background speech sound segment, and the last 20 questions
concerned the second part of the background speech sound
segment. The questions were presented sequentially. Participants
had a maximum of 20 sec to respond to each question
respectively. After 20 sec, or immediately when participant gave a
response, a new question was presented. Participants were
instructed to give an answer to each question and to guess if they
did not know the right answer.

RESULTS
Subjective ratings and n-back task performance
Participants in the 2-back (high central load) condition judged that
the n-back task was more difﬁcult (1-back M = 2.15, SD = 1.42 vs.
2-back M = 4.50, SD = 1.50, t(38) = 5.07, p < 0.001, d = 1.65), and
more demanding (1-back M = 2.90, SD = 1.62 vs. 2-back
M = 5.20, SD = 1.24, t(38) = 5.04, p < 0.001, d = 1.64) compared
to participants in the 1-back (low central load) condition. They also
rated the background sound as more disturbing while performing
the n-back task (1-back M = 3.15, SD = 1.84 vs. 2-back M = 4.20,
SD = 2.04), but this difference was not signiﬁcant, t(38) = 1.72,
p = 0.094, d = 0.56. The subjective data conﬁrms that the central
load manipulation was successful. The success of the central load
manipulation was further corroborated by the n-back performance
data. Participants in the 1-back condition performed signiﬁcantly
better than participants in the 2-back condition (1-back M = 0.99,
SD = 0.01 vs. 2-back M = 0.92, SD = 0.09, t(38) = 3.79,
p = 0.001, d = 1.23). Noteworthy is that both groups scored high
on the n-back task, indicating that participants in both groups
committed to the working memory task.

Working memory capacity. Size-comparison span (SICSPAN)
was used to measure individual differences in participants’
(WMC; S€orqvist et al., 2012). First, a question appeared on the
computer screen (e.g., “Is COW bigger than ELEPHANT?”) for a
maximum of 5 sec and participants’ task was to answer the
question by pressing either ‘Y’ or ‘N’ on the keyboard. After the
response (or when the allocated time was up), the computer
screen went blank for 500 ms. Next, a to-be-remembered word
was presented (e.g., “FOX”) on the computer screen for 800 ms.
This procedure was repeated 2 to 6 times before participants were
asked to recall the to-be-remembered items in serial order by
writing them down using the keyboard. The recall phase was
self-paced. All presented words within a list were drawn from the
same semantic category (e.g., Animals), all words only appeared
once during the task, and a new category was used for each list.
There were 10 lists in total (i.e., 2 of each list length) and list
length presentation was ﬁxed in ascending order (i.e., starting
with the 2 word lists and ending with the 6 word lists) for all
participants. Scoring was based on a strict serial recall criterion
(i.e., one point was assigned to each to-be-remembered word that
was placed in the correct serial position).

Incidental memory of background speech
All results presented below are expressed as probability scores.
As hypothesized, higher central load reduced incidental memory
of background speech, as participants in the 2-back condition
(M = 0.27, SD = 0.07) scored signiﬁcantly lower on the incidental
memory test compared to the ones in the 1-back condition (M =
0.34, SD = 0.09), t(38) = 2.86, p = 0.007, d = 0.93. Because the
incidental memory test consisted of multiple-choice questions
with 5-answer options, a score of 20% could be obtained by
chance. One-sample t-tests (with 0.20 as point of comparison)
were computed to test whether participants performed above
chance in the two conditions. Recall was signiﬁcantly better than
chance in the 1-back condition, t(19) = 6.87, p < 0.001, d = 1.54,
and in the 2-back condition, t(19) = 3.95, p = 0.001, d = 0.88,
suggesting that participants in both conditions could recall at least
some of the information in the to-be-ignored channel.
The average SICSPAN scores of the two groups did not differ
(1-back: M = 0.45, SD = 0.23 vs. 2-back: M = 0.49, SD = 0.22),
t(38) = 0.57, p = 0.594, suggesting that the randomization of
individual differences in cognitive capacity across the two
conditions was successful. As shown in Fig. 1 (note that the
presented values in Fig. 1 are z-values, transformed probability
scores on the SICSPAN task and the surprise memory test),

Design and procedure. A between-subjects design was used
because a surprise memory test was administered. Participants
were randomly assigned to either the 1-back condition or the
2-back condition of the n-back task. They sat alone in a quiet
room in front of a computer screen and were instructed to wear
headphones through the whole session, to ignore any sound, and
to work as fast as they could without compromising accuracy.
First, participants performed the n-back task that was divided into
two 4:40 minutes long sessions with a short break between them.
The story Ansariens (that participants were instructed to ignore)
was presented via headphones during (and only during) the
n-back task. Immediately after the completion of the n-back task,
the participants were presented with a surprise memory test to
assess what they could remember from the story presented via

© 2015 The Authors. Scandinavian Journal of Psychology published by Scandinavian Psychological Associations and John Wiley & Sons Ltd.

3

Central load reduces peripheral processing: Evidence from incidental memory of background speech

4 N. Halin et al.

Scand J Psychol (2015)

Score on the incidental memory test

responses, r(18) = 0.04, p = 0.863, 95% CI [–0.41, 0.47]. The
difference between the two correlation coefﬁcients was
signiﬁcant, z = –3.49, p < 0.001.
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Does higher central/cognitive load increase or decrease distracter
processing? The result of the present study suggest that higher
central load in a visual working memory task reduces incidental
memory of to-be-ignored background speech. This suggests that
higher cognitive load decreases distracter processing. Moreover,
individual differences in trait capacity for attentional engagement
(WMC) were negatively correlated with the recall of the to-beignored background story, but only when the central load on the
focal working memory task (i.e., n-back) was low. This ﬁnding
corroborates the main conclusion from the present experiment:
greater task engagement, as a consequence of higher central/
cognitive load and/or higher trait capacity for focal-task
engagement, reduces distracter processing, as indexed by
incidental memory of background speech. The results align with
the uniﬁed view of attention (S€orqvist et al., 2012), such that
central/cognitive load combined with a general-purpose attentional
engagement mechanism (i.e., WMC) act to constrain taskirrelevant background processing. These ﬁndings run contrary to
what is predicted by load theories (e.g., Lavie & de Fockert,
2005) which assume that higher cognitive load usurps working
memory resources needed to combat distraction. On this view, the
processing of the task-irrelevant information should increase,
instead of decrease, at high cognitive load. As shown here and
elsewhere (SanMiguel et al., 2008; S€orqvist & Marsh, 2015),
cognitive load in a visual working memory task decreases
distracter processing.
Furthermore, load theories stipulate that the effect of cognitive
load on distracter processing should be more pronounced in
low-capacity individuals, because they have less working memory
resources to dispose compared to high-capacity individuals, and
hence they should be less able to shield themselves from
distractor processing when cognitive load is high. However,
the typical tendency towards greater distracter processing in
low-capacity individuals attenuates when task-difﬁculty increases
(Halin et al., 2014b; Hughes et al., 2013). In view of this ﬁnding,
one interpretation of the WMC analyses reported in the present
paper is that the higher cognitive load, in the 2-back condition,
pushes low-capacity individuals to reach a level of taskengagement that resembles high-capacity individuals’ abilities,
making them more able to shield against distracter processing.
Even though high-capacity individuals have greater baseline
memory ability, and typically excel on various tasks (Engle,
2002), high capacity may also be associated with a cost (Delaney
& Sahakyan, 2007; Marsh et al., 2015). This cost may, for
instance, be a failure to detect their own name spoken in a tobe-ignored channel (Conway et al., 2001). A similar cost was
found in the experiment reported here: When central load on the
focal task was low, the low-WMC individuals were able to recall
more information presented within the to-be-ignored background speech stream in comparison with their high-capacity
counterparts. The ﬁnding that low-WMC individuals did not
recall more of the background information when central load was

-1

-2

Size-comparison span scores
3

Score on the incidental memory test

(b)

2

1

-2

-1

0

0

-1

-2

Size-comparison span scores
Fig. 1. The ﬁgure shows the relationship between individual differences
in working memory capacity (i.e., size-comparison span scores) and
incidental memory of background speech (all proportions score are
transformed to z-values) in the 1-back condition (panel A) and in the
2-back condition (panel B).

high-WMC participants remembered less of the information
conveyed in the background speech in comparison with their low
capacity counterparts, but only when central load was low during
presentation of the to-be-ignored but subsequently to-be-recalled
spoken massage (Fig. 1, panel A), not when central load was high
(Fig. 1, panel B). Statistically, higher SICSPAN scores were
associated with a lower score on the incidental memory test in the
1-back (low central load) condition, r(18) = –0.52, p = 0.018,
95% CI [–0.78, –0.10], but not in the 2-back (high central load)
condition, r(18) = 0.37, p = 0.112, 95% CI [–0.09, 0.70]. The
difference between the two correlation coefﬁcients was
signiﬁcant, z = –2.81, p = 0.005.
Participants in both experimental conditions estimated on
average that they had guessed on around 90% of the questions in
the incidental memory test (1-back: M = 0.88, SD = 0.15 vs.
2-back: M = 0.91, SD = 0.16), t(38) = 0.50, p = 0.623. Analyses
of the correlation between the estimated guess rate and the score
on the incidental memory test suggest that participants in the
1-back (low central load) condition were well aware of the
accuracy of their responses, r(18) = –0.82, p < 0.001, 95% CI
[–0.91, –0.64], whilst participants in the 2-back (high central
load) condition could hardly tell guess responses from accurate
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own performance, they are still better in the 1-back condition than
in the 2-back condition. One reason for the obscured memory
representation in the 2-back condition is that a high central load
causes a breakdown in source monitoring, whereby participants
fail to determine the origin of the information: Whether it was
self-generated or whether it was heard within the background
speech (Marsh et al., 2015).
A comment on the broad issue, of whether attention must be
allocated to the irrelevant information for it to be semantically
processed, is also motivated from the current ﬁndings. In the
context of visual selective attention, it has been suggested that
the identiﬁcation of irrelevant information requires attentional
slippage: semantic processing of irrelevant information occurs
when attention is allocated towards the irrelevant information (as
opposed to attentional leakage, whereby semantic processing
occurs without attention being allocated towards the irrelevant
information; Lachter, Forster & Ruthruff, 2004). This suggestion
supports an early ﬁltering view of selective attention. In the
present study, a cross-modal paradigm was used in which a
to-be-ignored sound was presented concurrently with visual target
items. The processing of background sounds is, arguably,
ineluctable and automatic (Bentin, Kutas & Hillyard, 1995), and
contrary to visually presented distractors, auditory distractors
cannot be masked by their predecessors (Lachter et al., 2004) and
they persist longer in sensory memory (Norman, 1969). Thus,
processing of the complex semantic information embedded in the
background story, as studied in the present experiment, may,
therefore, occur as a result of either a leaking attentional gating
system (Lachter et al., 2004) or attentional slippage (Lachter
et al., 2004; Parmentier, 2008).
In conclusion, central/cognitive load not only constrains the
auditory-evoked brainstem response to meaningless background
tones (S€orqvist et al., 2012), but also reduces incidental memory
of more complex semantic information present within a to-beignored spoken message. This ﬁnding corroborates the ecological
implication of the results, by making it more applicable to the
world outside the laboratory. For example, higher task load might
reduce incidental processing of irrelevant information such as
babble and machine noise in work environments (e.g., schools
and open-plan ofﬁces). Moreover, this study shows that a low
WMC is not always to the person’s disadvantage. In situations
where irrelevant aspects of the surrounding auditory environment
suddenly becomes useful, low-capacity individuals will excel.

high compared to high-WMC individuals, might be surprising
in view of the ﬁndings of S€orqvist et al. (2012), wherein
high-capacity individuals’ neural response to a to-be-ignored
background tone stream was more constrained when central load
was high. It should be noted, though, that the correlation between
WMC and auditory brainstem responses was found in a 3-back
version of the n-back task in the S€orqvist et al. (2012). Moreover,
the two studies used different types of sound in the to-be-ignored
channel. Brainstem responses to tone sequences and more
complex sound such as speech interact with attentional demands
in different ways (Ikeda, 2015) and speech sound recruits other
neural populations at encoding (Song, Banai, Russo & Kraus,
2006), and is predominantly processed in the left hemisphere of
the brain whereas non-speech sound is predominantly processed
in the right hemisphere (Westerhausen & Hugdahl, 2008). In sum,
differences in the effects of central/cognitive load on backgroundtone processing and the effects of central/cognitive load on
background-speech processing are quite expected. Moreover, the
experimental procedure used here, with a surprise memory test, is
more akin to that used by Delaney and Sahakyan (2007), who
also found that high-WMC individuals are less able to recall
information that is ﬁrst deemed irrelevant and later deemed
appropriate for recall. A probable reason for this difference
between high- and low-WMC individuals is that they differ in
their ability to actively inhibit to-be-ignored verbal information.
This active inhibition of verbal information, although serving a
performance-protective purpose, can have overhead costs to task
performance (Marsh et al., 2015), which is not necessarily the
case when tones rather than verbal information constitute
the background sound. A target for future research is to
delineate the functional difference between the effects of central
load on peripheral processing of non-verbal sound and on verbal
sound.
In view of this potentially interesting functional difference, it is
worth noting that the effects of central/cognitive load on
peripheral/perceptual processing have thus far primarily been
demonstrated with meaningless tones or noise bursts as taskirrelevant sound (e.g., SanMiguel et al., 2008; S€orqvist et al.,
2012). A novel aspect of the present study – in comparison with
previous studies on memory for background information – is the
demonstration of the processing attenuation phenomenon for
semantically rich to-be-ignored information and the fate of such
information in memory. Guess rates were collected to investigate
the nature of this memory representation. Participants in both
n-back conditions reported, after the surprise memory test, that
they had guessed on approximately 90% of the questions.
Because the surprise memory test consisted of multiple choice
questions, some of the correct answers given by participants
likely were pure guesses. Thus, it is not surprising that the actual
performance on the surprise memory test was higher than
what participants themselves anticipated in the estimation of their
performance. It was only, however, in the low central load
condition the guess rates were related to the surprise memory test
scores. In the high central load condition, participants appeared to
be unable to tell guesses from veridical recalls. Participants are
notoriously poor at predicting their own performance (e.g.,
Ellermeier & Zimmer, 1997), but the point to be advanced here is
that, even though participants are typically poor at predicting their

This study was ﬁnancially supported by a grant from Stiftelsen
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A Shield against Distraction from
Environmental Noise
People that are working in the built environment
(e.g., schools and offices) are often exposed to
environmental noise (e.g., other people talking,
passing cars, and airplanes), which can have a
negative impact on cognitive performance.
The results presented in this thesis show
that making a task more difficult can shield against
distraction from environmental noise while working
on office-related tasks. People that proofread or
read texts that were displayed in a hard-to-read
font were less distracted by environmental noise
compared to when the texts were displayed in an
easy-to-read font. It was also showed that when
task difficulty was increased the amount of
information that people could remember of what
was said in a to-be-ignored background speech
was reduced. M
 oreover, people that generally are
poorer at controlling their attention were helped
more by the increased task difficulty than people
that generally are good at controlling their attention.
Taken together, these findings indcate that
increased task difficulty can boost concentration,
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at least temporarily, which can be a way for p
 eople
that are working in the built environment to over
come distraction from environmental noise.
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