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The purpose of this experiment was to investigate whether classroom reverberation influences second-language (L2) listening comprehension. Moreover,
we investigated whether individual differences in baseline L2 proficiency and in working memory capacity (WMC) modulate the effect of reverberation
time on L2 listening comprehension. The results showed that L2 listening comprehension decreased as reverberation time increased. Participants with
higher baseline L2 proficiency were less susceptible to this effect. WMC was also related to the effect of reverberation (although just barely significant),
but the effect of WMC was eliminated when baseline L2 proficiency was statistically controlled. Taken together, the results suggest that top-down
cognitive capabilities support listening in adverse conditions. Potential implications for the Swedish national tests in English are discussed.

Key words: Reverberation, comprehension, speech perception, working memory capacity, second language.

Patrik S€orqvist, Department of Building, Energy and Environmental Engineering, University of G€avle, SE-801 76 G€avle, Sweden.
E-mail: patrik.sorqvist@hig.se

INTRODUCTION

Noise in the classroom has well-documented, negative, effects
on learning (Hygge, 2003; Hygge, Evans & Bullinger, 2002;
Smith, 2012; Szalma & Hancock, 2011) and various visual-
verbal skills like writing (S€orqvist, N€ostl & Halin, 2012),
reading comprehension (S€orqvist, Halin & Hygge, 2012) and
mathematical problem solving (Ljung, S€orqvist & Hygge, 2009).
Background noise also impairs auditory and communication
related skills like identification and memory of spoken informa-
tion (Kjellberg, Ljung & Hallman, 2008; Ljung, Israelsson &
Hygge, 2012). It has, for instance, been shown that classroom
reverberation can impair listening comprehension (Klatte,
Lachmann & Meis, 2010), memory of spoken lectures (Ljung,
S€orqvist, Kjellberg & Green, 2009) and memory of spoken word
lists (Ljung & Kjellberg, 2009), even when the listening condi-
tions are within the acceptable range according to prevailing
acoustical norms (Ljung et al., 2009). In this paper, we address
whether reverberation influences second-language (L2) listening
comprehension and whether individual differences in cognitive
skills modulate this effect.
Reverberation time is the time it takes for an auditory signal to

drop 60 dB after the sound source has been turned off, which ulti-
mately depends on surface structures in the environment. With
reverberation, earlier parts of the spoken message bounce against
the surfaces of the room (e.g., walls and ceiling) and arrive to the
ear at the same time as the later parts of the spoken message. Thus,
at long reverberation times, the speech signal is masked which
makes it harder to comprehend (Klatte et al., 2010; Klatte, Bergst-
roem & Lachmann, 2013). Another factor that influences speech
intelligibility is semantic context and the ability to use semantic
cues to interpret meaning (Weber & Cutler, 2004; Zekveld,

Rudner, Johnsrude, Dirk, Heslenfeld & R€onnberg 2012; Zekveld,
Rudner, Johnsrude, Festen, Van Beek & R€onnberg, 2011). A third
factor that influences speech intelligibility is the listener’s working
memory capacity (WMC). WMC is conventionally operational-
ized as a participant’s score on a so-called complex-span task that
combines mnemonic short-term memory processes with a concur-
rent distractor activity (Conway, Kane, Bunting, Hambrick,
Wilhelm & Engle, 2005) and WMC is viewed as a roughly
constant ‘trait’ rather than a changing ‘state’ (Ilkowska & Engle,
2010). It has consistently found that individual variations in WMC
predict the ability to identify (R€onnberg, Lunner, Zekveld et al.,
2013; R€onnberg, Rudner, Lunner & Zekveld, 2010) and remember
(Kjellberg et al., 2008; Ljung et al., 2012; S€orqvist & R€onnberg,
2012) masked spoken messages. Specifically, higher WMC is typ-
ically associated with a smaller susceptibility to the effects of
masking sound. A fourth factor that influences speech intelligibil-
ity is language proficiency (Kidd, Watson & Gygi, 2007; Pichora-
Fuller, Schneider & Daneman, 1995; Tabri, Abou Chacra & Pring,
2011), especially when the spoken message is masked by noise
(Mayo, Florentine & Buus, 1997). The ability to compensate for
the information lost due to masking noise, and to comprehend a
masked message that is spoken in the listener’s second language
(e.g., English to native Swedish speakers), depends on the
listener’s baseline second language skills (see also Payne,
Kalibatseva & Jungers, 2009, for similar findings related to
domain-specific knowledge). There may well be a trade-off
between these factors (individual differences in WMC and
individual differences in baseline knowledge) in the way they con-
tribute to L2 listening comprehension under poor listening condi-
tions. Arguably, experience – and the support from long-term
memory systems – may compensate for the need of cognitively
taxing interpretation processes in a working memory system.
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In a recent study, Kilman, L., Zekveld, A. A., Hällgren, M. &
Rönnberg, J. (submitted) explored the role for WMC and second
language proficiency in comprehension of spoken second lan-
guage sentences. Specifically, Swedish speaking participants, with
English as second language, were requested to listen to sentences
spoken either in Swedish or in English. Moreover, the sentences
were either masked by two Swedish talkers or by two English
talkers. It was found that baseline English language proficiency
influenced the ability to comprehend English sentences, especially
when the target was masked by English talkers. Participants with
higher second language proficiency were less impaired by the
masking talkers. Individual differences in L2-WMC were also
related to the effect of masking, but L2 proficiency was a stronger
predictor of this effect (Kilman, L., Zekveld, A. A., Hällgren, M.
& Rönnberg, J. submitted). Thus, top-down factors influence the
ability to comprehend speech in adverse listening conditions.
Interestingly, complex-span tasks that involve processing and
maintenance of second language material (i.e., a measure of
L2-WMC) are strong predictors of L2 reading comprehension
(e.g., Harrington & Sawyer, 1992) and perception of L2 spoken
messages masked by noise (Mann, Canny, Reser & Rajan,
2013). One possibility is that L2-WMC is a particularly good
predictor of L2 language skills because a complex-span task
that involves L2 material not only measures the participant’s
WMC, but also, in addition, domain-specific L2 knowledge
(i.e., L2-WMC = L1-WMC + domain-specific L2 knowledge).
Building on these studies, we conducted a study to test

whether classroom reverberation can impair L2 listening compre-
hension, and, in particular, whether the effect of reverberation is
modulated by individual differences in baseline English profi-
ciency (hereinafter called baseline L2 proficiency) and in WMC.
We hypothesized that a measure of L2-WMC might be a stron-
ger predictor of the effects of reverberation on L2 listening com-
prehension than a measure of L1-WMC, as L2-WMC should
specifically tap into second language cognitive structures neces-
sary for L2 comprehension under adverse listening conditions.
To meet the requirements stated by the Swedish acoustic

norms SS25268:2007, classroom reverberation time should be
0.8 sec in the low frequency range. However, there are many
classrooms that do not meet this requirement. Sj€ostr€om (2007)
performed a comprehensive series of acoustical measurements of
225 Swedish classrooms, and found that only 20% met the
acoustical norms, and a few classrooms had reverberation times
longer than 1.7 sec. Similarly, Ljung et al. (2009) recorded a
reverberation time of 1.84 sec in the 125 Hz frequency band in
a Swedish classroom. Based on these observations, we compared
three reverberation time conditions: one with rather short rever-
beration time; one just above the recommendations; and one
rather extreme, but still ecologically valid, case.

METHOD

Participants

A total of 45 participants with a mean age of 30.42 years (SD = 7.64)
took part in the experiment in exchange for cinema tickets. All were
native Swedish speakers. The participants were screened for normal
hearing and all reported no reading disabilities.

Apparatus and materials

L2 listening comprehension test. Three different L2 listening comprehen-
sion tests, taken from the National Tests of English for senior Swedish
high school students (http://www.nafs.gu.se/prov_engelska/exempel_pro
vuppgifter/engelska_b_exempeluppg/), were administered. Each test
involved listening to a conversation spoken in the listeners’ second lan-
guage (i.e., English) by native English speakers, presented over head-
phones. The three conversations/sound files ranged from approximately
13 minutes to 15.5 minutes in length. The standard administration proce-
dure for the National Tests of English was used, with the exception that
the sound was presented over headphones instead of using a loudspeaker.
In response to each test, the participants answered a set of questions.
The comprehension questions were printed on a paper that the partici-
pants had available from the beginning of the test. Thus, they could read
and answer all the questions while listening to the conversation or during
a time slot (of 15 minutes) when the conversation was at an end. The
participants received one point for each accurately answered question
and the total was then averaged across the total number of questions.

To simulate different room acoustic conditions, varying in reverbera-
tion time, three different rooms were designed in the sound simulation
program CATT-Acoustic. The rooms were equal in shape but different in
terms of reverberation time. The mean reverberation time (125 Hz to
8 kHz) for the three rooms were 0.26 sec, 0.92 sec and 1.77 sec, respec-
tively, all measured with T30. All sound files used in the present study
were simulated in those three modeled rooms, the sound source was
positioned in the front of the room (representing the position of the class-
room lectern) and the recording position were in the back end of the
room, 5.95 meters from the sound source. The Speech Transmission
Index (STI) for the recordings was 0.87, 0.62 and 0.49 for the three
rooms respectively.

Baseline L2 proficiency test. An English reading comprehension test was
used to measure baseline L2 proficiency (Kilman, L., Zekveld, A. A.,
Hällgren, M. & Rönnberg, J. submitted). Just as the L2 listening com-
prehension test, this reading comprehension test is part of the Swedish
national test for English proficiency in senior high school students. The
reading comprehension test consisted of a story, presented on half an
A4-paper, and a separate paper with 12 comprehension questions. The
participants had a maximum of 12 minutes to complete the task. They
all had the question sheet and the story material available during the
full 12 minutes.

Working memory capacity tests. The size comparison span (SICSPAN)
test was used to assess L1-WMC and L2-WMC because SICSPAN is
known to be a good predictor of speech processing abilities (e.g.,
S€orqvist & R€onnberg, 2012). In the task used to assess L1-WMC, all
words were in Swedish. And in the task used to assess L2-WMC, all
words were in English. In each test, pairs of size-comparison words were
presented on a computer screen (e.g., “Is HOUSE smaller than
TEPEE?”). The participants’ were told to answer “yes” or “no” to the
question by pressing a button on the keyboard, in a self-paced mode.
They were urged to respond as accurately and quickly as possible. After
they had pressed the button, the screen went blank and then a
to-be-remembered word (e.g., CARAVAN) was presented on the screen
for 800 ms. When the to-be-remembered word disappeared, either a new
pair of size-comparison words was presented or the list ended, depending
on the length of the list. The list length varied between two and six
to-be-remembered words. There were a total of 10 lists in each WMC
task (2 of each list length). All words (i.e., the size-comparison words
and the to-be-remembered words) within a list were taken from the same
semantic category (e.g., Resident: house, mansion, cave; Vehicles: bicy-
cle, car, bus). No semantic category was repeated between lists and each
word was presented only once during the task. Furthermore, no category
was repeated across the L1-WMC and the L2-WMC tasks. The catego-
ries were counterbalanced between participants, so that the set of catego-
ries that was part of the L1-WMC task for half of the participants
was part of the L2-WMC task for the other half of the participants, and
vice versa. When the last word in each list had been presented, the
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participants were instructed to recall as many of the to-be-remembered
words as possible, in the order of presentation, by typing on the com-
puter keyboard. Recall was self-paced. A strict serial recall criterion was
used to score the task. One point was assigned to each word recalled in
the accurate position, and only to those items, and the total was then
averaged by the number of lists.

Design and procedure

A within-subjects design was used. Each participant sat in front of a
computer monitor in groups of 7–8 participants at a time. The partici-
pants first undertook the baseline L2 proficiency test, followed by the
two WMC tests (in counterbalanced order between participants), which
were followed by the L2 listening comprehension tests in three reverber-
ation time conditions (in counterbalanced order between participants).
The participants received a 10 minute break after conducting the two
WMC tests. In all, the experiment took approximately 90 minutes to
complete.

RESULTS

Individual difference measures

Two participants evidently did not follow the task instructions
and were therefore removed before the analyses. The mean score
on the baseline L2 proficiency test was 9.29 (SD = 2.56, range
2–12). The mean score on the L1-WMC test was 6.75 (SD =
1.84, range 2.88–9.63) and the mean score on the L2-WMC test
was 5.97 (SD = 1.96, range 2.52–9.49).

Second-language listening comprehension

As can be seen in Fig. 1, performance on the L2 listening com-
prehension test dropped as reverberation time increased. This
was statistically supported by a repeated measures analysis of
variance (ANOVA) with task score as dependent variable and
reverberation time condition as independent variable, F(2,88) =
27.42, MSE = 0.02, p < 0.001, gp

2 = 0.38. There was no signifi-
cant difference between the short and the intermediate reverbera-
tion time conditions, t(44) = 1.44, p = 0.16, but the participants
performed worse in the long reverberation time condition as
compared with the intermediate, t(44) = 5.35, p < 0.001, and the
short, t(44) = 6.95, p <0.001, reverberation time conditions.

The relation between individual difference measures and second-
language listening comprehension

The intercorrelations between scores on the L2 listening compre-
hension tests, the baseline L2 proficiency test and the WMC
tasks are reported in Table 1. It appears as if L2-WMC is a
somewhat stronger predictor of performance on the L2 listening
comprehension test than L1-WMC, especially in the long
reverberation time condition. Moreover, baseline L2 proficiency
appears to be a strong predictor of L2 listening comprehension
across all three reverberation time conditions. These results indi-
cate that participants with high WMC and high baseline L2 pro-
ficiency are less susceptible to the effects of reverberation on L2
listening comprehension. To test this hypothesis, we used a
residual analysis technique in the context of hierarchical regres-
sion analysis (S€orqvist & R€onnberg, 2012). In these analyses,

L2 listening comprehension in the long reverberation time
condition is the dependent variable, as we would like to know
how participants differ on this variable when we have statisti-
cally considered how they differ on the independent variables.
L2 listening comprehension in the short reverberation time con-
dition is selected as independent variable in the first step of the
analysis, as we wish to remove all variance in the dependent
variable that can be explained by L2 listening comprehension in
favorable listening conditions. The residual variance that is left
to be explained in the next step of the analysis, thus, represents
individual differences in the long reverberation time condition
that cannot be explained by individual differences in the short
reverberation time condition. If, for example, baseline L2 profi-
ciency is significantly and positively related to this residual vari-
ance, then the results would suggest that greater baseline L2
proficiency is associated with a smaller susceptibility to the det-
rimental effects of reverberation on L2 listening comprehension.
In a first hierarchical regression analysis, we addressed

whether the effect of reverberation on L2 listening comprehen-
sion is smaller to participants with higher L1-WMC, by adding
individual differences in L1-WMC as independent variable in
the second step of the analysis. L2 listening comprehension in
the short reverberation time condition explained a significant part
of the variance in the first step of the analysis, b = 0.56,
t = 4.47, p < 0.001. Adding L1-WMC in the second step of the
analysis did not explain a significant part of the variance left to
be explained when L2 listening comprehension in the
short reverberation time condition has been accounted for,
DR = 0.001, b = 0.05, t = 0.34, p = 0.736.
In a second hierarchical regression analysis, we addressed

whether the effect of reverberation on L2 listening comprehen-
sion is smaller to participants with higher L2-WMC, by adding
individual differences in L2-WMC as independent variable in
the second step of the analysis. Adding L2-WMC in the second
step of the analysis explained a nearly statistically significant
part of the variance (6%) not explained by L2 listening compre-
hension in the short reverberation time condition, DR = 0.06,
b = 0.26, t = 1.94, p = 0.059. This analysis thus indicates that
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Fig. 1. The scores from Swedish speaking participants, with English as
second language, on the English listening comprehension test (a part of
the National Tests of English in the Swedish School System) in three
reverberation time conditions (0.26 sec, 0.92 sec and 1.77 sec respec-
tively).
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participants with higher L2-WMC are at least slightly less sus-
ceptible to the effects of reverberation on L2 listening compre-
hension.
In a third hierarchical regression analysis, we addressed whether

the effect of reverberation on L2 listening comprehension is smal-
ler to participants with higher baseline L2 proficiency, by adding
individual differences in baseline L2 proficiency as independent
variable in the second step of the analysis. Adding baseline L2
proficiency in the second step of the analysis explained a statisti-
cally significant part of the variance (14%) not explained by L2 lis-
tening comprehension in the short reverberation time condition,
DR = 0.14, b = 0.45, t = 3.35, p = 0.002. This analysis thus indi-
cates that participants with higher baseline L2 proficiency are less
susceptible to the effects of reverberation on L2 listening compre-
hension. To test if this relationship persists when L2-WMC is
accounted for, we added L2-WMC as an independent variable in
the third step of the regression analysis. Here, L2-WMC did not
explain a significant part of the variance, b = 0.07, t = 0.50,
p = 0.618, but baseline L2 proficiency still explained a significant
part of the variance, b = 0.41, t = 2.53, p = 0.015. In all, the detri-
mental effect of reverberation on L2 listening comprehension is
smaller to participants who have relatively high baseline L2 profi-
ciency (Fig. 2).

DISCUSSION

Second-language (L2) listening comprehension decreased as
reverberation time increased. Participants with higher baseline
L2 proficiency were less susceptible to this effect. Working
memory capacity (WMC) had a similar relation to the effect of
reverberation (although just barely significant) but baseline L2
proficiency was a stronger predictor.
The results reported here show that top-down cognitive factors

– like WMC and language proficiency – support listening, espe-
cially in adverse listening conditions. Interestingly, L2-WMC
appears to be a stronger predictor of the effect of reverberation
on L2 listening comprehension than L1-WMC, just as for the
effects of noise on speech perception (Mann et al., 2013) and
L2 reading comprehension (Harrington & Sawyer, 1992). Base-
line L2 proficiency was, however, a clearly stronger predictor
than L2-WMC. The effect of L2-WMC was eliminated when
baseline L2 proficiency was controlled, whereas baseline L2

proficiency was still a significant predictor when L2-WMC was
statistically controlled. How can these differences in predictive
power be explained? A large body of evidence suggests that
individual differences in WMC determine the efficiency by
which people can search for relevant information in long-term
memory (see Unsworth & Engle, 2007, for a review) and struc-
tures in long-term memory facilitate listening in adverse condi-
tions (e.g., Johnsrude, Mackey, Hakyemez, Alexander, Trang &
Carlyon, 2013). We suggest that a complex-span task that
involves L2 material (and hence measures L2-WMC) is a better
predictor of the effects of reverberation on L2 listening compre-
hension than a complex-span task that involves L1 material,
because L2-WMC better reflects individual differences in the
efficiency by which people can search for – and make use of –
second language information stored in long-term memory (cf.
Kilman, L., Zekveld, A. A., Hällgren, M. & Rönnberg, J.
submitted). This is also why the baseline L2 proficiency measure
is an even better predictor. L2 speech perception, and especially
L2 comprehension processes, is underpinned by language struc-
tures in long-term memory that determine a person’s perfor-
mance on the baseline L2 proficiency measure to a greater
degree than on the L2-WMC measure. In all, the ability to effec-
tively use long-term memory information and integrate the
unfolding speech signal with this information appears more rele-
vant for speech comprehension than WMC.
It may be useful to evaluate the results reported here in view of

the Ease of Language Understanding (ELU) model of speech com-
prehension (R€onnberg et al., 2010, 2013). According to the
model, speech perception runs fluently and automatically when the
speech signal is unmasked (at least for native language listening).
However, when the speech signal is masked, as when the room

Table 1. Intercorrelations between scores on the English listening com-
prehension tests across the three reverberation time (RevT) conditions,
the baseline English proficiency test and the Swedish (L1–WMC) and
English (L2–WMC) working memory capacity tasks

Measure 1 2 3 4 5

1. Listening short RevT –
2. Listening intermediate
RevT

0.56** –

3. Listening long RevT 0.56** 0.52** –
4. Baseline English
proficiency

0.58** 0.62** 0.63** –

5. L1-WMC 0.37* 0.37* 0.25 0.44** –
6. L2–-WMC 0.42* 0.48* 0.45* 0.62** 0.84**

Note: N = 45.* p < 0.05**; p < 0.01.
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Fig. 2. The figure shows the relationship between baseline second lan-
guage (L2) proficiency and the magnitude of the effect of reverberation
on L2 listening comprehension (z–values). Specifically, the x-axis shows
the residual scores in baseline L2 proficiency when variance explained
by L2-WMC and L2 listening comprehension in the short reverberation
time condition has been removed. The y-axis shows the (inverted)
residual scores when variance explained by L2-WMC and L2 listening
comprehension in the short reverberation time condition has been
removed. The observations are inverted to better illustrate the negative
relation between baseline L2 proficiency and individual differences in
susceptibility to the detrimental effects of reverberation on L2 listening
comprehension.
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has a long reverberation time, parts of the signal are distorted and
cannot be perceived by plain bottom-up processes. In this condi-
tion, top-down cognitive factors – such as WMC and language
structures – are recruited to compensate for the information loss.
One finding in support of this assumption is that individual differ-
ences in WMC typically are unrelated to speech comprehension in
optimal listening conditions, and thus (arguably) listening depends
on bottom-up processes, whereas the comprehension processes
become more and more WMC (and top-down) dependent as it
becomes more difficult to identify what is said (R€onnberg et al.,
2010). In the current experiment, we found that WMC is related to
L2 listening comprehension, even under relatively good acoustic
conditions (i.e., a short reverberation time), which suggests that L2
listening is cognitively taxing (i.e., relies on top-down factors)
even under good acoustic conditions, much like native listening is
under poorer acoustic conditions. This is consistent with the ELU
model, if it is assumed that the phonological representations in
semantic long-term memory for L2 are not as firmly laid down as
for the more familiar L1 representations. Hence, there should be a
mismatch between signal and the phonological representation in
long-term memory also in favorable acoustic conditions for L2 lis-
tening, whereby working memory is recruited to compensate for
the mismatch. This would explain the correlations between WMC
and L2 listening comprehension (Table 1).
The Swedish National Agency for Education – the central

administrative authority for public schools in Sweden – organizes
nationwide tests on a yearly basis. The students’ test results are
used for grading and selection purposes. Hence, it is crucial that
the materials and test procedure are strictly standardized. Yet, as
long as the tests are conducted in different classroom environ-
ments, this important end may not be reached. One of the tests –
that is part of a larger test battery that is supposed to measure
second language proficiency – is English listening comprehen-
sion. In this test, the students listen to spoken conversations that
are played back through loudspeakers, typically stationed at the
front end of the classroom. The results reported here could poten-
tially suggest that this circumstance could lead to a situation
wherein the students are, in fact, not taking the test under equal
premises. The lack of a significant difference between the short
(0.26 sec) and intermediate (0.92 sec) reverberation time condi-
tions may propose that the influence from reverberation is negli-
gible as long as it stays within a relatively normal range.
However, the current study enrolled adults as participants and
they had a relatively high overall score on the baseline L2 profi-
ciency test. This circumstance should have underestimated the
effect of reverberation on the national test of English listening
comprehension as undertaken by younger students (e.g., regular
students at the upper secondary school), as the students presum-
ably have a lower baseline L2 proficiency level overall than older
individuals. As children and adolescents are more susceptible to
the effects of reverberation on speech perception than adults
(Klatte et al., 2010, 2013), and individual differences in language
proficiency modulate susceptibility to this effect as shown here,
upper secondary school students may suffer from relatively short
reverberation time when undertaking a L2 listening comprehen-
sion test. In short, the results reported here indicates that school
children, who are poor at L2 listening comprehension in compari-
son with their peers, and who may just barely get an acceptable

grade under optimal listening conditions, are those who will fail
the test under more suboptimal listening conditions (i.e., a longer
reverberation time) whereas those who would easily acquire a
high grade under optimal listening conditions are less impaired
by the suboptimal listening conditions.
Our results may suggest that poor learners (who may just

barely pass the test and acquire an acceptable grade under opti-
mal listening conditions) appear to be especially disadvantaged
by a long reverberation time. With these results in mind, it is
not far-fetched to raise the following question: Is the current pro-
cedure for the national English listening comprehension test fair
for grade setting and selection to higher education? Since the lis-
tening test is based on recorded sound files that are played back
by stereo equipment, the listener has to rely solely on the speech
signal, no other cues (gestures, body language, lip reading, etc.)
are available. This circumstance makes the classroom acoustics
particularly potent. We suggest that, at the very least, the class-
rooms, where the national English listening comprehension test
is administered, should live up the national acoustic standards,
or the test procedure for the national test should be changed so
that differences in classroom acoustics become negligible. One
way would be to allow all students to listen to the speech signal
through headphones. Another possibility could be to mount a
sound system solution with embedded speakers in the absorbing
ceiling that includes a hearing loop amplifier. This way, it would
matter less if the test is conducted in a large or a small room
and the distance between the sound source and the receiver
would be less crucial.

This investigation was financially supported by a grant from the Swedish
Research Council for Environment, Agricultural Sciences and Spatial
Planning awarded to Staffan Hygge.

REFERENCES

Conway, A. R. A., Kane, M. J., Bunting, M. F., Hambrick, D. Z.,
Wilhelm, O. & Engle, R. W. (2005). Working memory span tasks: A
methodological review and user’s guide. Psychonomic Bulletin &
Review, 12, 769–786.

Harrington, M. & Sawyer, M. (1992). L2 working memory capacity and
L2 reading skill. Studies in Second Language Acquisition, 14, 25–38.

Hygge, S. (2003). Classroom experiments on the effects of different
noise sources and sound levels on long–term recall and recognition
in children. Applied Cognitive Psychology, 17, 895–914.

Hygge, S., Evans, G. W. & Bullinger, M. (2002). A prospective study of
some effects of aircraft noise on cognitive performance in schoolchil-
dren. Psychological Science, 13, 469–474.

Ilkowska, M. & Engle, R. W. (2010). Trait and state differences in work-
ing memory capacity. In A. Gruszka, G. Matthews, & B. Szymura
(Eds.), Handbook of individual differences in cognition: Attention,
memory, and executive control (pp. 295–320). New York: Springer.

Johnsrude, I. S., Mackey, A., Hakyemez, H., Alexander, E., Trang, H. P.
& Carlyon, R. P. (2013). Swinging at a cocktail party: Voice famil-
iarity aids speech perception in the presence of a competing voice.
Psychological Science. doi:10.1177/0956797613482467.

Kidd, G. R., Watson, C. S. & Gygi, B. (2007). Individual differences in
auditory abilities. Journal of the Acoustical Society of America, 122,
418–435.

Kjellberg, A., Ljung, R. & Hallman, D. (2008). Recall of words heard in
noise. Applied Cognitive Psychology, 22, 1088–1098.

Klatte, M., Bergstroem, K. & Lachmann, T. (2013). Does noise affect
learning? A short review of noise effects on cognitive performance.
Frontiers in Psychology, 4, 578.

© 2014 The Authors. Scandinavian Journal of Psychology published by Scandinavian Psychological Associations and John Wiley & Sons Ltd.

Reverberation 95Scand J Psychol 55 (2014)



Klatte, M., Lachmann, T. & Meis, M. (2010). Effects of noise and
reverberation on speech perception and listening comprehension of
children and adults in a classroom-like setting. Noise & Health, 12,
270–282.

Ljung, R., Israelsson, K. & Hygge, S. (2012). Speech intelligibility and
recall of spoken material heard at different signal-to-noise ratios and
the role played by working memory capacity. Applied Cognitive
Psychology, 27, 198–203.

Ljung, R. & Kjellberg, A. (2009). Long reverberation time decreases
recall of spoken information. Building Acoustics, 16, 301–311.

Ljung, R., S€orqvist, P. & Hygge, S. (2009). Effects of road traffic noise
and irrelevant speech on children’s reading and mathematical perfor-
mance. Noise & Health, 11, 194–198.

Ljung, R., S€orqvist, P., Kjellberg, A. & Green, A.-M. (2009). Poor lis-
tening conditions impair memory of intelligible lectures: Implications
for acoustical classroom standards. Building Acoustics, 16, 257–265.

Mann, C., Canny, B. J., Reser, D. H. & Rajan, R. (2013). Poorer verbal
working memory for a second language selectively impacts academic
achievement in university medical students. PeerJ, 1, 1–26.

Mayo, L. H., Florentine, M. & Buus, S. (1997). Age of second-language
acquisition and perception of speech in noise. Journal of Speech,
Language, and Hearing Research, 40, 686–693.

Payne, W. T., Kalibatseva, Z. & Jungers, M. K. (2009). Does domain
experience compensate for working memory capacity in second lan-
guage reading comprehension? Learning and Individual Differences,
19, 119–123.

Pichora-Fuller, M. K., Schneider, B. A. & Daneman, M. (1995). How
young and old adults listen to and remember speech in noise. Journal
of Acoustical Society of America, 97, 593–608.

R€onnberg, J., Lunner, T., Zekveld, A. A., S€orqvist, P., Danielsson, H.,
Lyxell, B., et al. (2013). The ease of language understanding (ELU)
model: Theoretical, empirical, and clinical advances. Frontiers in Sys-
tems Neuroscience, 7, doi:10.3389/fnsys.2013.00031.

R€onnberg, J., Rudner, M., Lunner, T. & Zekveld, A. A. (2010). When
cognition kicks in: Working memory and speech understanding in
noise. Noise & Health, 12, 263–269.

Sj€ostr€om, M. (2007). Delrapport 1. Riksf€orbundet f€or D€ova, H€orselskad-
ade och spr�akst€orda barn [The Swedish National Association for

Deaf, Hearing–Impaired and language–Impaired children]. http://
www.dhb.se/filearchive/1/1408/anpassningar.i.praktiken.for.elever.med.
horselnedsattning.delrapport.1.pdf.

Smith, A. (2012). An update on noise and performance: Comment on
Szalma and Hancock (2011). Psychological Bulletin, 138, 1262–1268.

Szalma, J. L. & Hancock, P. A. (2011). Noise effects on human perfor-
mance: A meta-analytic synthesis. Psychological Bulletin, 137,
682–707.

S€orqvist, P., Halin, N. & Hygge, S. (2012a). Individual differences in
susceptibility to the effects of speech on reading comprehension.
Applied Cognitive Psychology, 24, 67–76.

S€orqvist, P., N€ostl, A. & Halin, N. (2012b). Disruption of writing pro-
cesses by the semanticity of background speech. Scandinavian Jour-
nal of Psychology, 53, 97–102.

S€orqvist, P. & R€onnberg, J. (2012). Episodic long-term memory of spo-
ken discourse masked by speech: What is the role for working mem-
ory capacity? Journal of Speech, Language, and Hearing Research,
55, 210–218.

Tabri, D., Abou Chacra, K. M. S. & Pring, T. (2011). Speech perception
in noise by monolingual, bilingual and trilingual listeners. Interna-
tional Journal of Language & Communication Disorders, 46,
411–422.

Unsworth, N. & Engle, R. W. (2007). The nature of individual differ-
ences in working memory capacity: Active maintenance in primary
memory and controlled search from secondary memory. Psychologi-
cal Bulletin, 114, 104–132.

Weber, A. & Cutler, A. (2004). Lexical competition in non-native spo-
ken-word recognition. Journal of Memory and Language, 50, 1–25.

Zekveld, A. A., Rudner, M., Johnsrude, I. S., Dirk, J., Heslenfeld,
D. J. & R€onnberg, J. (2012). Behavioural and fMRI evidence that
cognitive ability modulates the effect of context on speech intelligi-
bility. Brain and Language, 122, 103–113.

Zekveld, A. A., Rudner, M., Johnsrude, I. S., Festen, J. M., Van Beek, J.
H. M. & R€onnberg, J. (2011). The influence of semantically related
and unrelated text cues on the intelligibility of sentences in noise.
Ear & Hearing, 32, e16–e25.

Received 20 August 2013, accepted 16 January 2014

© 2014 The Authors. Scandinavian Journal of Psychology published by Scandinavian Psychological Associations and John Wiley & Sons Ltd.

96 P. S€orqvist et al. Scand J Psychol 55 (2014)


