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The effects of auditory distraction in memory tasks have, to date, been examined
with procedures that minimize participants’ control over their own memory processes.
Surprisingly little attention has been paid to metacognitive control factors which might
affect memory performance. In this study, we investigate the effects of auditory distraction
on metacognitive control of memory, examining the effects of auditory distraction in
recognition tasks utilizing the metacognitive framework of Koriat and Goldsmith (1996),
to determine whether strategic regulation of memory accuracy is impacted by auditory
distraction. Results replicated previous ﬁndings in showing that auditory distraction impairs
memory performance in tasks minimizing participants’ metacognitive control (forced-report
test). However, the results revealed also that when metacognitive control is allowed
(free-report tests), auditory distraction impacts upon a range of metacognitive indices. In
the present study, auditory distraction undermined accuracy of metacognitive monitoring
(resolution), reduced conﬁdence in responses provided and, correspondingly, increased
participants’ propensity to withhold responses in free-report recognition. Crucially, changes
in metacognitive processes were related to impairment in free-report recognition performance, as the use of the “don’t know” option under distraction led to a reduction in
the number of correct responses volunteered in free-report tests. Overall, the present
results show how auditory distraction exerts its inﬂuence on memory performance via
both memory and metamemory processes.
Keywords: metacognition, memory, recognition, auditory distraction, irrelevant speech

INTRODUCTION
Distraction, whether in the form of external stimuli or selfgenerated thoughts, accompanies a vast spectrum of our everyday
activities. Much of this can be avoided by relatively simple actions,
like closing one’s eyes if the distraction is visual, but some forms
of distraction cannot be done away with so easily. Auditory distraction in particular is impossible to avoid unless we have control
over the source of distraction, or else access to noise-reduction
technology (e.g., headsets). If we do not have such control, for
example, when we are in a supermarket and music plays over the
store’s loudspeakers, our cognitive processes need to unfold in
the presence of distraction. This can constitute a serious problem
inasmuch as numerous studies have found that the efﬁcacy of cognitive processes suffers in the presence of auditory distraction (see
reviews by Hughes and Jones, 2003; Beaman, 2005a; Jones et al.,
2010). Most relevantly to the purpose of the present study, decades
of studies of memory processes have found that auditory distraction present either at encoding or retrieval negatively impacts upon
memory performance (e.g., Broadbent, 1982; Salamé and Baddeley, 1982, 1986; Miles et al., 1991; Jones and Macken, 1993; Elliott
and Cowan, 2005; Bell et al., 2013).
Although the negative impact of auditory distraction upon
memory performance is well-documented, what still remains
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unexplored is how people strive to adapt to auditory distraction
they cannot avoid. Recent developments in theoretical approaches
to memory processes stress that memory processes are far from
passive, rather they are subject to a number of control operations. A metacognitive approach to memory describes how people
monitor their memory performance under a variety of conditions and how the products of metacognitive monitoring are
employed in an attempt to optimize memory performance (see
Koriat, 2007, for a review). Thus, for example, people try to
establish whether encoding of information is satisfactory and,
whenever this process of monitoring informs them that certain
information is poorly learned, additional study time may be allocated to this information (Thiede and Dunlosky, 1999). Similarly,
during retrieval people monitor whether retrieved information
is likely to be correct and whenever this process of monitoring
informs them that certain information may be incorrect people
may choose to withhold it from a memory report (Koriat and
Goldsmith, 1996; Higham, 2007). The question that we begin
to address here is how the processes of metacognitive monitoring and control at test are affected by, and feed back onto,
auditory distraction. Suppose effective metacognitive monitoring and control allows individuals to compensate for the impact
of distraction (interpreted here as an outcome). Discovering
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the circumstances under which this is possible would demonstrate the effects of metacognition on distraction and would
constitute a practical as well as a theoretical advance. Alternatively, suppose that effective metacognitive monitoring and control
becomes more difﬁcult when distracted (i.e., being in the state
of distraction), the monitoring of output may be disturbed as
much as the initial encoding of items in a memory task, for
example. This would demonstrate an impact of distraction on
metacognition.
To describe how people monitor the accuracy of the products
of retrieval processes and how they exert metacognitive control,
Koriat and Goldsmith (1996) developed a framework within which
to examine the decisions made as to whether retrieved information
should be volunteered or withheld from a memory report. In this
framework it is assumed that responding to a memory question
unfolds in three steps. At the ﬁrst step, a person accesses memory
to generate the best, or most likely, candidate response to the question. In the next step, the person monitors the retrieval process,
assigning conﬁdence that his/her best candidate response is correct [assigning conﬁdence in this way may be either a strategic or a
wholly unconscious process – we are ambivalent on this point.
Koriat and Goldsmith (1996) use the more strategic-sounding
term “assessing probability” to describe this process but there
is no necessary assumption that the person is making subjective probability judgments either consciously or deliberately, (see
also Goldsmith et al., 2014)]. Finally, in the third step, the person compares the conﬁdence for a given candidate response to a

FIGURE 1 | How distraction might affect metacognition and
metacognition might affect distraction. Adapted from Goldsmith
et al. (2014). Dashed boxes represent operations which might be
affected by distraction. Memory, its retrieval or monitoring
processes might be disrupted by distraction, and the meta-cognitive
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criterial or threshold level of conﬁdence which warrants volunteering of candidate responses in a memory report. If conﬁdence
in the correctness of a given candidate response is higher than
criterion, this candidate response is volunteered. However, if conﬁdence in the correctness of this candidate response is lower than
criterion, it is withheld and the individual responds “don’t know”
to the memory question (see Figure 1).
Crucially, this framework postulates that, whenever withholding responses is allowed, the ultimate memory performance
observed is jointly shaped by memory processes responsible
for generating candidate responses and metacognitive processes
responsible for deciding which candidate responses should be
volunteered. Koriat and Goldsmith (1996) describe two different indices of memory performance. The input-bound accuracy
(IBA) measure refers the number of correct responses in a test
relative to the number of questions asked (which is usually equivalent to the number of items presented for study). Essentially, it is a
measure of the quantity of correct information volunteered at output. Thus, for example, if persons A and B are given 20 questions
and respond correctly to ﬁve of these, then the IBA measure for
both these individuals is 25%. The output-bound accuracy (OBA)
measure refers the number of correct responses in a test relative to
the overall information that a person provides in this test. Essentially, it is a measure of the quality of memory output. Thus, if A
declines to answer 15/20 questions then A’s OBA is 100%, whereas
if B responds incorrectly to ﬁve of the questions, then B’s OBA
measure is 50%. Although in a forced-report test IBA and OBA

process of setting a response threshold might mediate the impact
of distraction. Note that if distraction lowers conﬁdence in an
output, then this will have the same negative effect on
volunteering the item as raising the report threshold for that
output.
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measures are necessarily identical, in free-report they become different measures of memory performance, sensitive to changes in
metacognitive processes.
In their seminal paper, Koriat and Goldsmith (1996) described
several scenarios by which changes in memory and/or metacognitive processes affect IBA and OBA measures. Changes in
underlying memory have quite straightforward consequences: better memory should be linked to increased correct responding,
whether measured in reference to the volume of studied information (the IBA measure) or to the volume of output information
(the OBA measure). However, the consequences of changes in
metacognitive processes for memory performance are less straightforward. Broadly speaking, people can modify performance by
varying the criterial value of conﬁdence, which is then captured by IBA and OBA measures in different ways. If people
want to increase the quantity of correct information provided
in their memory reports they can lower the criterion, ensuring
that more candidate responses achieve or exceed this criterion.
This should generally result in an increase in the IBA measure.
However, because the ability to distinguish between correct and
incorrect candidate responses is almost always going to be less
than perfect, lowering the criterion can also result in volunteering
some incorrect candidate responses. In fact, the more candidate
responses are volunteered, the poorer the quality of these additionally volunteered responses should normally be, leading to
a reduction in the OBA measure. Consequently, the IBA and
OBA measures are subjected to a trade-off: an increase in the
quantity obtained by lowering report criterion should generally
be accompanied by a reduction in the quality and, similarly,
an increase in the quality obtained by adopting a more stringent criterion should generally be accompanied by a reduction
in the quantity of correct answers volunteered in a memory
report.
Currently, little is known about how auditory distraction
impacts upon metacognitive regulation of memory responses as
captured by the Koriat and Goldsmith (1996) framework. The
majority of studies on auditory distraction have used either free
or serial recall tests which allow participants to withhold answers
and respond “don’t know.” Such tests do not allow for disentangling memory and metacognitive effects of distraction because
omissions from a memory report can reﬂect either a failure to
access an appropriate memory trace or a change in metacognitive
processing in one or more ways. For example, participants may
become less conﬁdent of their candidate responses, so that fewer
of them pass the report criterion. Alternatively, participants may
become more cautious and adopt a more stringent report criterion
(see Figure 1). To assess any presumed metacognitive component
of distraction it is ﬁrst necessary to present participants with a test
(such as recognition) in which responding is commonly forced,
not allowing participants to respond “don’t know.” Whilst this
is comparatively rare in studies of auditory distraction, a subset of studies have employed such recognition memory tests. For
example, Beaman and Jones (1997) investigated the effects of auditory distraction (sequences of non-sense words which participants
were asked to ignore played over headphones) on a two-alternative
forced-choice (2AFC) recognition test and found reliable impairment in recognition performance in the distraction condition (see
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also LeCompte, 1994; Stokes and Arnell, 2012). Since performance
in forced recognition tests is not dependent on metacognitive processes of response withholding, this result conﬁrms that auditory
distraction impairs memory access directly.
The outstanding question then remains whether impairment to
memory by auditory distraction is also accompanied by changes
in metacognitive processes, or whether the distraction is limited to memory. For example, do people try to compensate for
the impairment caused by distraction? It is possible that knowing that distraction impairs memory access, participants could
change their report criterion in order to compensate for distraction and volunteer responses held with lower conﬁdence, thus
increasing the quantity of output. Indeed, a recent study by Perfect et al. (2011) examined the effects of distraction at retrieval
and eye-closure (as a strategic response) on memory for actions
and found that distraction did not reduce correct responding but
instead increased the number of incorrect responses (an effect partially mitigated by eye closure). As noted by Perfect et al. (2011)
such a pattern of results is most easily explained if distraction
impairs memory and participants react to this impairment by
adopting a more liberal report criterion, thus volunteering candidate responses held with lower conﬁdence. In other words,
participants in this study could strive to increase the IBA measure of memory performance, sacriﬁcing the OBA measure in the
process.
It should be also noted, however, that results obtained by Perfect et al. (2011) are atypical for the auditory distraction of the type
brieﬂy reviewed here, which more usually reduces the number of
correct responses volunteered. This is particularly noticeable in
free recall where the difference between “irrelevant speech” and
quiet conditions is often evident only in the number of correct
items volunteered (where there are typically few or no incorrect
items in the recall protocol – the exception being when the irrelevant speech is semantically related to the to-be-recalled items and
intrusions from the speech into the recall protocol then become
relatively common; see Beaman, 2004; Beaman et al., 2013). This
common result may suggest that participants typically do not
become more liberal in their reporting strategies under distraction. Such a conclusion may, however, be premature. If distraction
impairs memory, it may also impair the resolution of metacognitive monitoring, that is, people’s ability to distinguish between
their correct and incorrect candidate responses.
As described by Koriat and Goldsmith (1996), the ability to regulate memory performance, crucially depends on the resolution of
metacognitive monitoring. The worse people are in distinguishing between correct and incorrect candidate responses, the less
efﬁcient their attempts to increase IBA will be. When participants
decide to volunteer information held with lower conﬁdence but
resolution of their monitoring is poor, a substantial proportion
of additionally volunteered responses will be incorrect, exerting little inﬂuence on IBA while at the same time undermining
the OBA measure of memory performance. If auditory distraction were to impair the resolution of metacognitive monitoring
at retrieval, then this could render any participants’ attempts to
increase the quantity of correct information in a memory report
futile. Worse still, it could degrade their memory performance
further by increasing the rate of intrusions. However, the extent
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to which resolution of metacognitive monitoring is affected by
auditory distraction is currently not known.
The present study was designed to examine the effects of auditory distraction on both memory and metacognitive monitoring
and control of retrieval. To this purpose, we used a procedure
in which participants studied and were tested on pairs of unrelated words, with both study and test phases performed either
in silence or under conditions of auditory distraction. The tests
we used were 2AFC recognition tests, in which participants were
asked to discriminate between a target pair and a foil pair (the
types of targets and distracters used in the study are described
later). Crucially, the recognition tests were speciﬁcally designed
to assess both memory and metacognitive processes. Each trial of
the test consisted of three separate steps (see Hanczakowski et al.,
2013, for this type of a testing procedure). In an initial free-report
step, participants were instructed to preserve the quality of their
reports and to endorse one of the alternatives only if they were
sure it was correct, while responding “don’t know” if they were
not sure. In the subsequent forced-report step, the “don’t know”
option was no longer available and participants were asked to
endorse one of the alternatives even if it required guessing. Finally,
in the third step, participants were asked to provide a conﬁdence
judgment regarding the accuracy of a decision they made during
forced-report.
This procedure allows for describing participants’ behavior in
terms of the concepts developed in the Koriat and Goldsmith
(1996) framework. The data from the initial free-report step
allows for examining which of the candidate responses are volunteered. In conjunction with conﬁdence judgments obtained
for volunteered and withheld responses, this gives a basis upon
which to assess the report criterion participants adopt in various
conditions (e.g., under distraction). The forced-report test meanwhile serves as a relatively pure measure of the accuracy of direct
memory access. Finally, the conﬁdence judgments collected for
responses provided in the forced-report step allow for examining the resolution of metacognitive monitoring, i.e., participants’
ability to distinguish between their correct and incorrect candidate responses. This framework was employed to assess the impact
of auditory distraction on memory and metacognitive processes.
Speciﬁcally, we were interested: (1) whether distraction impairs
memory access, as assessed in the forced-report test (a direct effect
of distraction on cognition), (2) whether distraction impairs the
resolution of metacognitive monitoring (an effect of distraction
on a metacognitive process), (3) whether participants modify their
report criterion under distraction (metacognition thereby having
a modifying effect on the observed impact of distraction), and (4)
how any possible changes in memory and metacognitive processes
caused by distraction are reﬂected in the IBA and OBA measures
of memory performance.
Apart from manipulating the presence of distraction at study
and test, we also manipulated the nature of the recognition test.
The manipulation of the type of test was introduced to examine
the impact of auditory distraction on memory and metacognition
under testing conditions varying in the contribution of controlled
retrieval processes required. A recent investigation of auditory distraction revealed that negative effects of distraction on recognition
performance were conﬁned to conditions that require controlled
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retrieval, such as retrieval of contextual details, and may not be
revealed in simple old/new judgments that can be made based on
familiarity (Wais and Gazzaley, 2011). In our study, each list of
pairs of words participants studied was followed by three separate tests, each using one third of the studied pairs as a source
of targets and each presented in the three-step format described
above. The ﬁrst two tests were a 2AFC associative recognition
test and a simple 2AFC recognition test. In the 2AFC associative recognition test foils were pairs composed of two previously
studied words recombined to create a novel pair. It was not possible to succeed in this test by identifying one or both of the words
as unfamiliar (as both had previously been encountered in the
experimental context). Instead, participants needed to recollect
which pairs had previously appeared in which combination. In
the simple 2AFC recognition test targets were previously studied
pairs and foils were always composed of two novel words. In this
test, participants could succeed if they if they recognized the target (successful identiﬁcation of the target) or if they identiﬁed
either or both of the words as unfamiliar (successful rejection of
a foil). The results obtained by Wais and Gazzaley (2011) lead
to the prediction that the effects of auditory distraction should
occur in the associative test, which relies on recollection, but
not in the simple test, which can be completed with the use of
familiarity.
It is important to note that, although simple recognition can be
completed with the use of familiarity, recollection may still contribute to performance because reinstating an intact study pair at
test may cue the pairwise association established between words
at study (Cohn and Moscovitch, 2007). To provide a stronger test
of the idea that the effects of auditory distraction are conﬁned
to recollection, we included a third type of test. The third test
was a recombined 2AFC recognition test in which foils were again
composed of two novel words (as in the simple test) but targets
were pairs composed of recombined words, which were words
included at study in different pairs. In this recombined test participants were asked to endorse pairs composed of two studied words,
regardless of whether these pairs had originally appeared together.
Because the original word–word association that could serve as
a memory cue is not reinstated at test for the recombined pairs,
the contribution of recollection to performance in this test should
be further reduced. Thus, if auditory distraction impacts upon
recollection only, it should have minimal impact upon this recombined test. A graphical example of the testing procedure is given in
Figure 2.

MATERIALS AND METHODS
PARTICIPANTS

Forty-two undergraduates from Cardiff University (mean
age = 21.66, range 18–40, 5 males) participated for course credit
or small monetary compensation.
MATERIALS AND DESIGN

We chose 560 4- to 8-letter words from the MRC Psycholinguistic database (Coltheart, 1981), out of which 224 were used as a
source of novel foils in recognition tests. These were paired to create 112 pairs to be included in four simple recognition tests and
four recombined recognition tests. The remaining 336 words were
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FIGURE 2 | Representation of the experimental design.

randomly paired to create the 168 pairs presented at study. These
study pairs were assigned to four different lists of 42 pairs. Each
participant studied all four lists of pairs, two in the distraction
condition and two in the quiet condition. The assignment of a
list to condition was counterbalanced across participants. Pairs of
words were presented across the center of a computer screen in 30
point size Times New Roman font.
The pairs in each list were further divided into three sets of 14
pairs each, which were used in three separate recognition tests following each list. In the simple recognition tests, studied pairs were
presented alongside foil pairs created from two novel, previously
unseen, words. In the associative recognition tests, studied pairs
were presented alongside foil pairs created by presenting previously seen words in a new combination. Words for these new
combinations were taken from the set of pairs that were used as
targets in the same test. For example, if the pairs SLEEP–DAIRY
and TABLE–CHURCH had previously been presented, a foil might
be SLEEP–CHURCH or TABLE–DAIRY. Thus, in the associative

www.frontiersin.org

recognition test each studied word was presented twice: once in a
target pair and once in a foil pair (see Figure 2). In the recombined
tests, recombined pairs (e.g., SLEEP–CHURCH) were presented
along foil pairs created from two novel, previously unseen, words.
The assignment of pairs to the type of test was counterbalanced
across participants.
The study conformed to a 2 (distraction condition: silent vs.
auditory distraction) × 3 (type of test: simple, associative, recombined recognition) within-participants design. Distraction was
manipulated between lists, whereas type of test was manipulated
within lists.
Auditory distraction was created by recording words from 18
different semantic categories (Yoon et al., 2004). 15 words, nonoverlapping with words presented in the study lists, were taken
from each semantic category. The words were spoken in female
voice and were recorded at 16- bit resolution and a sampling
rate of 44 KHz. The recorded words were combined into two
continuous streams of speech, with individual words spoken at
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the approximate rate of 1 per 750 ms. One of these streams was
used for each of the two lists studied and tested in the distraction
condition.
PROCEDURE

Participants studied four lists of pairs, each followed by three
recognition tests. The order in which the lists were presented and
the order of the pairs within each list was random for each participant. In the study phase, each pair was presented individually for
1500 ms, with 500 ms interval between pairs. Three recognition
tests immediately followed the study phase for a given list. Each
recognition test (simple, associative, recombined) was preceded by
speciﬁc instructions, explaining to participants what constituted
a target and what constituted a foil in the test. The procedure for
all tests consisted of three steps, always administered in the same
order. First, target and foil pairs were presented with numbers
“1” and “2” (randomly chosen for targets and foils) and a “don’t
know” option below each pair. In this free-report step, participants were asked to maximize accuracy and thus indicate a target
(by pressing “1” or “2”) only when they were sure which pair
is a target, and to respond “don’t know,” by pressing the spacebar, otherwise. Immediately after the response, the pairs were
presented again, this time without the “don’t know” option and
participants were again asked to indicate which pair they thought
they recognized. Finally, the screen was cleared and participants
were asked to type in a conﬁdence judgment on a 50 (“guess”)–
100 (“sure”) % scale that their response in the forced-report step
was correct. The time for responding in all three steps was not
limited.
Auditory distraction was played over the noise-canceling headphones during study and test for two lists (the remaining two were
studied and tested in silence). Auditory distraction started with
the onset of the ﬁrst study pair in each list and also with the ﬁrst
test pair in each of the three recognition tests. It was however,
switched off when participants were reading instructions for each
of the tests.
Participants took about 30 min to complete the procedure.

RESULTS
We organize the result section according to the questions posed
in Introduction and referring to (1) memory, (2) resolution of
metacognitive monitoring, (3) report criterion, and (4) the IBA
and OBA measures of performance. To further disentangle the
memory and metamemory effects of distraction on IBA and
OBA measures, we also analyze gains of using the “don’t know”
option in terms of quality of volunteered responses and losses in
terms of quantity of volunteered correct responses. The descriptive
statistics can be found in Table 1.

Distracting cognition and metacognition

are reported as effect sizes. Partial η2 is arguably a more appropriate effect-size measure for repeated measures designs because
error due to the participant is always included in the denominator when calculating η2 (hence partial η2 will give a larger effect
size estimate than η2 for such designs), however, η2 is more readily
transformed for purposes of meta-analysis and other comparisons
across studies. A 2 (distraction: present vs. absent) × 3 (type of
test: simple, associative, recombined) repeated measures analysis
of variance (ANOVA) on hit rates in forced-report recognition
yielded a signiﬁcant main effect of distraction, F(1,41) = 13.85,
MSE = 0.01, p < 0.001, η2p = 0.25, η2 = 0.15, by which performance was better when distraction was absent in the quiet
condition than when distraction was present. A main effect of
test was also signiﬁcant, F(2,82) = 13.18, MSE = 0.02, p < 0.001,
η2p = 0.24, η2 = 0.05. This effect arose because, collapsing across
distraction conditions, recognition performance was better in the
recombined recognition test than in the associative recognition
test, t(41) = 2.59, SE = 0.02, p = 0.01, and still better in the simple
recognition than in the recombined recognition test, t(41) = 2.53,
SE = 0.02, p = 0.02. The interaction of distraction and type of
test was not signiﬁcant, F < 1, indicating that distraction disrupted forced responding hit-rates on all types of tests to a similar
extent.
Altogether, these results show that auditory distraction negatively affects memory processes, which ﬁnds its reﬂection in
impaired memory performance on tests in which participants
cannot withhold answers. In this, our results support the earlier
ﬁnding documenting distraction effects in forced-report tests (e.g.,
Beaman and Jones, 1997). However, these results do not support
the hypothesis that distraction is more harmful to performance
on tests based on recollection than tests based on familiarity (see
Wais and Gazzaley, 2011). We assumed that performance in the
simple recognition test could rely on both familiarity and recollection whereas performance in associative recognition would rely
mostly on recollection and performance in recombined recognition would rely mostly on familiarity. The pattern of differences
in the level of performance seems at least consistent with these
assumptions, with performance in simple recognition (supported
by two processes) reliably higher than performance in the remaining two tests (supported by one process). Despite these differences
in performance, however, distraction had a similar disruptive
effect on all these tests. We return to this observation in the
Discussion.
RESOLUTION OF METACOGNITIVE MONITORING

We turn now to the resolution of metacognitive monitoring,
which is participants’ ability to distinguish between their own correct and incorrect candidate responses1 . Resolution is assessed
by examining the relationship between conﬁdence judgments

MEMORY

The recognition tests used in the present study were 2AFC tests
and thus recognition hit rates in these tests serve as a measure of
recognition discrimination. We analyzed hit rates in forced-report
recognition tests, which did not allow for withholding responses
and thus remained unaffected by any effects distraction could
have on metacognitive monitoring and control of retrieval. For
completeness, in this and later analyses both partial η2 and η2
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1 Resolution is one aspect of the accuracy of metacognitive monitoring. The
other aspect is referred to as calibration. Whereas resolution computed based on
conﬁdence judgments captures the degree to which correct candidate responses
receive higher judgments than incorrect responses, calibration measures capture
the degree to which mean of conﬁdence judgments correspond to the mean memory performance. Calibration scores are usually interpreted in terms of realism
of metacognitive monitoring: when mean conﬁdence judgments are lower than
memory performance participants are said to be underconﬁdent and when mean
conﬁdence judgments are higher than memory performance participants are said

May 2014 | Volume 5 | Article 439 | 6

Beaman et al.

Distracting cognition and metacognition

Table 1 | Table showing mean recognition accuracy (hit rate) in the forced-report tests, resolution of metacognitive monitoring (measured by
area under the curve, AUC ), report criterion adopted in free-report tests (measured by the Prc measure), output-bound accuracy in the
free-report tests (OBA), and input-bound accuracy in the free-report tests (IBA).
Distraction

Forced-report accuracy

Quiet

Simple

Associative

Recombined

Simple

Associative

Recombined

recognition

recognition

recognition

recognition

recognition

recognition

0.78 (0.02)

0.69 (0.02)

0.74 (0.02)

0.83 (0.02)

0.73 (0.03)

0.79 (0.02)

AUC

0.73 (0.02)

0.67 (0.03)

0.66 (0.03)

0.78 (0.02)

0.68 (0.02)

0.71 (0.03)

Prc

66.97 (2.50)

65.26 (2.31)

68.03 (2.65)

66.32 (2.56)

65.53 (2.14)

67.11 (2.52)

OBA

0.90 (0.02)

0.80 (0.03)

0.83 (0.02)

0.92 (0.02)

0.81 (0.03)

0.87 (0.02)

IBA

0.49 (0.03)

0.47 (0.03)

0.44 (0.04)

0.59 (0.03)

0.53 (0.03)

0.53 (0.03)

Gains in OBA

0.12 (0.02)

0.10 (0.02)

0.08 (0.01)

0.09 (0.01)

0.07 (0.01)

0.08 (0.01)

Losses in IBA

0.29 (0.02)

0.22 (0.02)

0.30 (0.03)

0.24 (0.03)

0.20 (0.02)

0.25 (0.02)

Mean conﬁdence

77.12 (1.79)

77.19 (1.69)

71.52 (1.91)

80.70 (1.68)

80.01 (1.73)

77.14 (1.81)

Proportion “don’t know”

0.38 (0.06)

0.35 (0.05)

0.42 (0.07)

0.30 (0.05)

0.29 (0.04)

0.34 (0.05)

Gains in OBA between forced- and free-report tests, losses in IBA between forced- and free-report tests, conﬁdence judgments provided for correct forced-report
recognition decisions and “don’t know” responses for answers correct on the forced-report tests are all proportion measures. Standard errors of the means are given
in parentheses.

given to responses in forced-report test and correctness of these
responses, under the assumption that participants’ metacognitive monitoring is more accurate if they are more conﬁdent
in their correct responses and less conﬁdent in their incorrect
responses. Traditionally, gamma correlations have been used to
assess this relationship by researchers interested in metacognition (e.g., Koriat and Goldsmith, 1996) although other measures
of calibration and resolution (e.g., over/under conﬁdence statistic, point bi-serial, resolution and slope correlation) are available
and, in particular, have been used more extensively by researchers
interested in the relationship between eyewitness conﬁdence and
accuracy (e.g., Juslin et al., 1996; Olsson et al., 1998; Brewer, 2006;
Brewer and Wells, 2006; Krug, 2007; Sauer et al., 2010). Recent
work in the area of metacognition has also revealed that other
measures – those based on signal detection theory – better serve
to reveal the accuracy-conﬁdence relationship in these judgments
also (Masson and Rotello, 2009; see also Higham, 2002, 2007).
Accordingly, we used a non-parametric measure of area under the
curve (AUC) to assess resolution of metacognitive monitoring as
expressed in conﬁdence judgments2 . A 2 (distraction) × 3 (type of
test) ANOVA on the AUC measure yielded a signiﬁcant main effect
of distraction, F(1,36) = 4.13, MSE = 0.02, p = 0.049, η2p = 0.10,
to be overconﬁdent. However, the psychological interpretations of calibration measures have recently been questioned based on the observation that calibration scores
derived from conﬁdence judgments do not chime with the results derived from other
tasks, like binary judgments or betting decisions (Hanczakowski et al., 2013; Higham
et al., in press; see also Scheck and Nelson, 2005; England and Serra, 2012, for related
discussion). Given the theoretical problems surrounding calibration results, we did
not analyze this aspect of the accuracy of metacognitive monitoring in the present
study.
2 The degrees of freedom in this analysis differ from other analyses presented here
because the AUC measure in at least one of the condition could not be computed
for ﬁve participants, who had no incorrect responses in some conditions. These
participants were excluded from this analysis.
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η2 = 0.02, with lower resolution in the presence of distraction.
A main effect of type of test was also signiﬁcant, F(2,72) = 8.93,
MSE = 0.01, p < 0.001, η2p = 0.20, η2 = 0.08. This effect emerged
because, collapsed across distraction conditions, resolution was
better in the simple recognition tests as compared to both associative recognition, t(36) = 4.14, SE = 0.02, p < 0.002, and
recombined recognition, t(36) = 3.31, SE = 0.02, p = 0.002, while
the resolution in the latter tests did not differ, t < 1. The interaction of distraction and type of test conditions was not signiﬁcant,
F < 1. The curves from which the AUC measure was derived are
given in Figure 3.
The main conclusion from the above analyses is that distraction impairs resolution of metacognitive monitoring. Thus, the
distraction seems to be doubly damaging. It undermines memory
performance by impairing access to memory records (as described
earlier) and it also impairs participants’ ability to indicate which
of their responses in memory test are correct and which are
incorrect.
REPORT CRITERION

The third question addressed here is whether in the presence of
distraction participants adjust their report criterion. The measure of criterion placement, Prc , was computed according to the
methodology described by Koriat and Goldsmith (1996). Each
decimal value on a conﬁdence scale was considered as a possible
placement of the report criterion by computing, ﬁrst, the number
of items that were assigned conﬁdence higher than this value and
which were volunteered in the free-report test (hits), and second,
the number of items that were assigned conﬁdence lower than
this value and which were withheld in the free-report test (correct
rejections). Hits and correct rejections were used to derive a ﬁt
ratio, which is a ratio of the sum of hits and correct rejections to
the number of items in a memory test. The value with the highest
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FIGURE 3 | Hit rates (HR) plotted against false alarm rates (FAR) for distraction (Dist) and silent control conditions on the associative, simple, and
recombined testing conditions.

ﬁt ratio was chosen as the placement of the report criterion and
whenever an interval of values was characterized by the same ﬁt
ratio, the high boundary of this interval was chosen. This procedure of deriving the Prc measure was followed in all six condition of
the study. Reduced degrees of freedom for the analyses of Prc reﬂect
the fact that some participants either volunteered or withheld all
answers in the free-report test in at least one of the conditions, precluding the calculation of Prc . This measure was analyzed with a 2
(distraction) × 3 (type of test) ANOVA, which failed to reveal any
signiﬁcant effects, F(2,74) = 1.13, MSE = 79.66, p = 0.33, for the
main effect of test, and Fs < 1, for the main effect of distraction and
the interaction. These results indicate that the level of conﬁdence
required by participants to volunteer an answer in the free-report
test was independent of the lack of distraction and the type of
test.
IBA AND OBA MEASURES OF PERFORMANCE

Finally, we examined the IBA and OBA measures of memory
performance in the free-report test3 . For the OBA measure of performance in free-report tests, a 2 (distraction) × 3 (type of test)
ANOVA yielded a signiﬁcant main of type of test, F(2,80) = 15.87,
MSE = 0.02, p < 0.001, η2p = 0.28, η2 = 0.19, which exactly
paralleled the effect observed for forced-report accuracy: better
3 One participant was removed from all analyses involving the OBA measure because
this person responded “don’t know” to all questions in one of the conditions,
precluding the calculation of the OBA measure.
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performance for the recombined test than for the associative test,
t(40) = 2.33, SE = 0.02, p = 0.02, and still better performance
for the simple (vs. recombined) test, t(40) = 3.02, SE = 0.02,
p = 0.004. The main effect of distraction was not signiﬁcant,
F(1,40) = 3.22, MSE = 0.01, p = 0.08. The same 2 (distraction) × 3 (type of test) ANOVA on the IBA measure yielded a
signiﬁcant main effect of distraction, F(1,41) = 27.30, MSE = 0.02,
p < 0.001, η2p = 0.40, η2 = 0.12, showing that IBA was worse
under distraction. A main effect of type of test came close to signiﬁcance, F(2,82) = 3.06, MSE = 0.02, p = 0.052, η2p = 0.07,
η2 = 0.03. This arose because IBA was higher in simple recognition than in associative recognition, a result which also just
missed signiﬁcance, t(41) = 1.89, SE = 0.02, p = 0.07, and
higher also in simple recognition than in recombined recognition, t(41) = 2.60, SE = 0.02, p = 0.014 . Altogether, these results
largely track the effects obtained with forced-report accuracy
and, most importantly, indicate that participants’ performance,
at least if indexed by the IBA measure, is impaired under distraction when participants can respond “don’t know” in a memory
test.
4 According to the yes/no logic of signiﬁcance testing, these results should be treated
with caution as there is an enhanced possibility of false positives when reporting such
results after a null main effect. However, it is of interest to see how the data break
down in cases (such as this) which so narrowly fall short of reaching conventional
signiﬁcance and we do not base any strong theoretical claims on these particular
outcomes.
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GAINS AND LOSSES FROM USING THE “DON’T KNOW” OPTION

The fact that performance was impaired in free-report tests under
distraction can be easily explained by the fact that distraction
affects memory access directly, as revealed in the forced-report
steps. Interest remains, however, in how metamemory processes
contribute to the effects observed in the OBA and IBA measures. To
examine this issue, we focused on changes in performance indices
between forced- and free-report tests. Koriat and Goldsmith
(1996) describe how allowing participants to respond“don’t know”
should lead to participants screening out candidate responses
they are not sure about, which in turn should generally lead to
an increase in the quality of output at the cost to the quantity
(see also Figure 1). The question addressed in the next set of
analyses is whether the increases in quality and reductions in quantity between forced- and free-report tests were inﬂuenced by the
distraction condition.
First, we calculated increases in quality brought about by
exercising control over reporting in free-report tests. For each
participant, we subtracted his or her forced-report accuracy from
the OBA measure in order to calculate the gains achieved by withholding answers. For this measure, higher scores indicate a larger
increase in the quality of output between forced- and free-report
tests. The analysis of gains of exercising the “don’t know” option
with a 2 (distraction) × 3 (type of test) ANOVA revealed no signiﬁcant main effect of distraction, albeit a main effect that once
again came close to conventional signiﬁcance, F(1,40) = 3.44,
MSE = 0.01, p = 0.07, η2p = 0.079, η2 = 0.02. This arose because
participants’ quality of output increased more from forced- to
free-report tests when distraction was present. Although this analysis comes close to suggesting larger gains from exercising the
“don’t know” option under distraction, the compared conditions
differ also in the forced-report recognition performance, which
was lower under distraction. Any difference in gains may thus
be simply due to the fact that more correct responses are to be
gained by using the “don’t know” option in the distraction condition. To verify if this is indeed the case, we collapsed across
type of test conditions (which did not interact with distraction
in the initial analysis) and performed an additional analysis of
covariance which controlled for the difference in forced-report
recognition performance when comparing gains between two
distraction conditions. With the difference in forced-report recognition performance as a covariate, the difference in gains between
distraction and silent conditions fell well short of conventional
signiﬁcance, F < 1. It thus appears that although participants gain
more in terms of quality when they use the “don’t know” option
under distraction, this effect can be accounted for simply by the
greater potential for gain given the lower baseline rather than any
more fundamental difference in the effectiveness of metacognitive
processes.
To construct the measure of the reduction in the quantity of
output, we subtracted the IBA measure from forced-report accuracy. For this measure, higher scores mean that more correct
responses were lost from forced- to free-report test. The analysis
of losses from exercising the “don’t know” option with a 2 (distraction) × 3 (type of test) ANOVA revealed a signiﬁcant main
effect of type of test, F(2,82) = 12.37, MSE = 0.02, p < 0.001,
η2p = 0.23, η2 = 0.11, which arose because losses were reliably
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lower in the associative recognition test, than in both simple recognition, t(41) = 3.87, SE = 0.01, p < 0.001, and recombined tests,
t(41) = 5.13, SE = 0.01, p < 0.001. Losses for the latter two tests
did not differ from each other, t < 1. More importantly, a signiﬁcant main effect of distraction was revealed, F(1,41) = 9.74,
MSE = 0.01, p = 0.003, η2p = 0.19, η2 = 0.05, which points
to higher losses from exercising the “don’t know” option in the
presence (vs. absence) of distraction. The interaction was not
signiﬁcant, F < 1. We conducted a similar covariance analysis as before to account for the difference in the forced-report
recognition performance between distraction and silent conditions. Collapsing across type of test conditions, the analysis with
the difference in forced-report performance between silent and
distraction conditions as a covariate still revealed a reliable difference between distraction and silent conditions in terms of losses,
F(1,40) = 10.34, MSE = 0.003, p = 0.003, η2p = 0.21, η2 = 0.20.
Thus, in contrast to the analysis of gains, greater losses in the
quantity of output in the distraction condition were not due to
differences in the forced-report recognition performance between
silent and distraction conditions.
The analyses of gains and losses arising from exercising the
“don’t know” option revealed that allowing the “don’t know”
response in a memory test under distraction bears important consequences for the ﬁnal performance. On the one hand, participants
in the present study initially appeared to gain more in terms of
quality in the distraction compared to the silent condition. This
effect, however, did not stem from any differences in metacognitive processes but simply from the fact that with lower memory
performance participants had more to gain under auditory distraction. More cogently, the presence of distraction caused also
greater losses in term of quantity of correct responses when participants were allowed to respond “don’t know.” This effect was
independent of differences in forced-report recognition in silent
and distraction condition and thus must reﬂect a metacognitive
effect.
The effect of greater losses of correct responses under distraction might, in principle, be the result of two different mechanisms.
One such mechanism is reduced relative accuracy of metacognitive monitoring under distraction. When participants are worse in
assessing which their candidate responses are correct and incorrect, using the “don’t know” option can lead to withholding of
more correct responses. To assess this account, we performed an
additional covariance analysis in which differences in the AUC
measure between the distraction and silent conditions (again collapsed across different tests) served as a covariate for the analysis of
losses5 . This analysis again resulted in a reliable differences in losses
between the distraction and silent conditions, F(1,35) = 4.79,
MSE = 0.003, p = 0.035, η2p = 0.12, η2 = 0.11, suggesting that
differences in the accuracy of metacognitive monitoring cannot
account for the observed pattern of losses.
A second mechanism that can account for greater losses under
distraction is reduced conﬁdence in correct responses. If participants are overall less conﬁdent in their correct responses under
distraction, then fewer of these correct candidate responses will
5 Five

participants were excluded from this analysis due to incomplete set of AUC
results.
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pass the rigid response criterion (see the earlier analysis of the
Prc measure). To test this hypothesis we analyzed conﬁdence
for answers that were correct on the forced-report recognition
tests. The analysis of conﬁdence with a 2 (distraction) × 3
(type of test) ANOVA yielded a signiﬁcant main effect of test,
F(2,82) = 12.45, MSE = 44.21, p < 0.001, η2p = 0.233, η2 = 0.114,
which arose because conﬁdence in correct responses was lower
in the recombined test than in either the simple recognition test,
t(41) = 4.33, SE = 1.06, p < 0.001, or the associative recognition
test, t(41) = 3.87, SE = 1.10, p < 0.001, which did not differ from
each other, t < 1. More importantly, the main effect of distraction was also signiﬁcant, F(1,41) = 26.97, MSE = 37.50, p < 0.001,
η2p = 0.397, η2 = 0.105, conﬁrming that participants were less conﬁdent in their correct responses under distraction. The interaction
was not signiﬁcant, F(2,82) = 1.58, MSE = 28.01, p = 0.21. To
ensure that lowered conﬁdence in correct responses under distraction found its reﬂection in the pattern of response volunteering, we
also analyzed the rates of “don’t know” responding for responses
that were correct on the forced-report recognition test. A 2 (distraction) × 3 (type of test) ANOVA yielded a signiﬁcant main
effect of type of test, F(2,82) = 4.99, MSE = 0.017, p = 0.009,
η2p = 0.108, η2 = 0.045, which arose because participants more
often responded “don’t know” for questions scored as correct in
the forced-report recombined test than in either the forced-report
simple recognition test, t(41) = 2.06, SE = 0.02, p = 0.046, or the
forced-report associative recognition test, t(41) = 2.88, SE = 0.02,
p = 0.006, which in turn did not differ, t(41) = 1.14, SE = 0.02,
p = 0.26. Again, the main effect of distraction was signiﬁcant, F(1,
41) = 15.94, MSE = 0.02, p < 0.001, η2p = 0.280, η2 = 0.09, with
fewer responses that were correct on the forced-report test volunteered under distraction6 . These analyses indicate that distraction
affects performance when a “don’t know” response is allowed by
reducing conﬁdence in correct candidate responses, which leads to
fewer correct responses being volunteered. Overall, reduced conﬁdence under distraction is related to greater response withholding,
this constitutes a metacognitive mechanism by which distraction
exerts inﬂuence over memory performance.

DISCUSSION
The present study was designed to investigate memory and
metacognitive processes under auditory distraction. The main
results can be summarized in few points. First, distraction consistently impaired memory as revealed by forced-report recognition
accuracy. Thus, there was an effect of distraction on cognition under forced-choice conditions. Second, distraction affected
metacognitive monitoring of retrieval by impairing participants’
ability to distinguish between their own correct and incorrect
candidate responses (as reﬂected in the conﬁdence measures).
Thus, there was also an effect of distraction on metacognitive
6 Although incorrect responses do not contribute to the pattern of losses which is
discussed here, for completeness we separately analyzed conﬁdence and the rate of
“don’t know” responses when an incorrect response was given in the forced-report
test. Since quite a few participants had no incorrect forced-report responses in one
or more cells of the full design, for the present analyses we collapsed across the type
of test variable, which resulted in excluding two participants only. The comparisons
of quiet and distraction conditions in terms of both conﬁdence in incorrect forcedreport responses (62.14 vs. 63.15) and the rate of “don’t know” responses when
forced-response was incorrect (0.66 vs. 0.66) were not signiﬁcant, ts < 1.
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outcomes. Third, participants did not try to strategically compensate for the loss in the quantity of output under distraction
by lowering their report criterion. Instead, participants used the
same report criterion in all conditions of our study. Fourth, distraction affected both beneﬁts and costs of using the “don’t know”
option. Larger gains in accuracy under distraction stemmed from
the fact that, with poorer memory in the presence of distraction, participants had more to gain by withholding responses.
However, losses in terms of quantity of correct responses were
also larger under distraction, stemming from the fact that participants were generally less conﬁdent in their correct responses
when distraction was present, leading to more prevalent withholding of these correct responses. Thus, there appeared to
be an impact of some metacognitive factors (conﬁdence) but
not on others (report criterion or threshold) on the distraction
observed. A limitation of the study is that, because distraction
was present at both encoding and retrieval we are unable to
tease apart potentially different impacts on metacognitive processes at these stages. The literature on auditory distraction shows
that some distractors (so-called “changing-state” irrelevant sound
distractors, Jones et al., 1992; Jones and Macken, 1993) operating on short-term serial order episodic memory (Beaman and
Jones, 1997) are equipotent at encoding and retrieval (Miles et al.,
1991) whereas semantic auditory distractors operating on semantic memory lose potency to induce false positive errors when
presented only during a retention period (Marsh et al., 2008).
Thus, this particular area is open to further research in which
both the types of distraction and the period of distraction are
varied.
The fact that auditory distraction is harmful for visual memory
performance is hardly surprising given numerous studies which
already document such detrimental effects. However, the present
study allows for a clearer picture of how impairment in performance is caused by distraction affecting both memory access
directly, and metacognitive processes responsible for translating
retrieved information into free-report performance. The study
was built on the assumption borrowed from the framework by
Koriat and Goldsmith (1996) that performance in a test allowing
for “don’t know” responses is dependent on both memory and
metacognitive processes. Here we demonstrated that auditory distraction affects both memory and metacognition, which jointly
determine performance in free-report tests.
In our study we included a forced-report test in which withholding responses was not possible, thus minimizing the role of
metacognitive processes. The fact that distraction impaired forcedreport responding provides further support for previous research
using this format of testing (e.g., LeCompte, 1994; Beaman and
Jones, 1997) in showing that auditory distraction has a negative
impact on core memory processes. Importantly, we used three
different types of recognition test, in which performance was at
least partially supported by distinct memory processes of familiarity and recollection and yet the effects of auditory distraction
were exactly the same in all these tests. This observation points to
a general disruptive effects of distraction upon various memory
processes regardless of the relative contribution of recollection and
familiarity in these tests. This is surprising given the differential
impact of auditory distraction upon other memory tasks – notably
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the reliable impact upon probed or serial recall which is either
absent or much reduced in a “missing item task” in which participants are required to identify which member of a well-known
set was not presented at study (Beaman and Jones, 1997). Here, it
seems plausible that familiarity might be used to identify missing
items (by recalling all items from the set and assessing which has
the lowest familiarity level) whereas recollection is necessary for
probed recall. These tasks differ in other ways, however, notably
the requirement to recall a pairwise, positional, or serial-order
association for the probed recall task – arguably also present in
the current set of 2AFC recognition tests, which is entirely absent
from a missing item recall task (see also Jones and Macken, 1993;
Beaman and Jones, 1998).
In this observation of generalized effects of auditory distraction
by speech on memory processes, our results also stand in contrast to the recent results obtained by Wais and Gazzaley (2011),
who documented the effects of distraction in a test dependent on
recollection but not in the test dependent on familiarity. Various procedural differences may underlie this discrepancy but the
most likely seems to be that whereas Wais and Gazzaley (2011)
played distraction during retrieval only, in our study distraction
was present during both encoding and retrieval. Some researchers
(e.g., Neath, 2000) have argued that the effects of auditory distraction are similar to the effects of manipulations imposing cognitive
load, like for example requiring participants to engage in an
additional cognitive task apart from encoding and retrieval. Dualtask manipulations, when implemented at the time of a memory
test, are known to affect recollection, leaving familiarity relatively intact (e.g., Gruppuso et al., 1997). By contrast, dual-task
manipulations implemented at the time of encoding affect both
recollection and familiarity (Yonelinas, 2001). Thus, our ﬁndings
of auditory distraction effects of similar magnitude in recollectionand familiarity-based tests can be easily reconciled with ﬁndings
pointing to speciﬁc recollection impairment obtained by Wais and
Gazzaley (2011) if one is willing to assume that auditory distraction, in some respects, works similarly to an additional cognitive
task, putting tax on attentional resources available for encoding and retrieval7 . Pilot data from our lab support this idea, by
showing an impact of auditory distraction upon pupillometric
measures of cognitive effort at encoding. To conclude, it is likely
that it is our design choice of presenting distraction both at encoding and at retrieval that precluded us from observing differential
effects of auditory distraction on familiarity and recollection. This
issue could be pursued in further studies that could factorially
manipulate when distraction is presented to examine performance
in recognition tests sensitive to familiarity and recollection effects.
The results documented in our study with free-report tests
also reveal that effects of distraction do not end with impairing memory processes. Auditory distraction has important
consequences for how accurate people are in monitoring their

7 Note, however, that there are multiple types of auditory distraction (e.g., those
based around the acoustics of the distractor and those based upon the lexical and
semantic status of speech) which appear to impact on different tasks differentially
(Hughes and Jones, 2003; Beaman, 2005a; Jones et al., 2010). Without further investigation varying the distractor type do not know which type of distraction we (or
Wais and Gazzaley, 2011) observed.
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memory processes, as revealed by impaired resolution of conﬁdence judgments under distraction. Even more importantly,
auditory distraction modiﬁes metacognitive control and thus
shapes performance when the “don’t know” option is available in a
memory test. Participants seem to be aware that auditory distraction is harmful for memory as they become much less conﬁdent in
their correct responses when distraction is present (see also Ellermeier and Zimmer, 1997; Beaman, 2005b). In their responding
on a free-report test they strive to attain a similar level of accuracy of reported responses whether distraction is present or not, as
revealed by an equal report criterion between distraction and quiet
conditions. However, since participants are generally less conﬁdent, fewer correct candidate responses pass the report criterion
when distraction is present. With fewer correct responses volunteered, the IBA measure of accuracy suffers. Not only is the IBA
measure lower under distraction but also losses in quantity caused
by using the “don’t know” option are higher when distraction is
present.
This last ﬁnding is important inasmuch as it testiﬁes to
metacognitive contributions to performance decrement caused by
distraction in free-report tests. When free-report test are used, the
IBA measure of performance is commonly interpreted as reﬂecting
memory processes only (cf. Koriat and Goldsmith, 1996; Hanczakowski et al., 2014). This can be gleaned from paradigms using
free recall, a par excellence IBA measure of performance, in which
results are discussed in terms of memory, not metamemory. In
respect to auditory distraction, several recent papers dealing with
distraction semantically related to memoranda have revealed performance decrements in free recall tests under semantic auditory
distraction (e.g., Marsh et al., 2008, 2009). What the present study
underscores is that results obtained with free recall tests should be
interpreted in view of distraction impacting upon both memory
and metacognitive processes. It thus remains to be examined if
auditory distractions semantically related to memoranda impact
upon metacognitive processes, changing the pattern of conﬁdence
and “don’t know” responding, and thus contributing to the overall
pattern of free recall impairment.
In conclusion, the present study showed how auditory distraction affects both memory processes and metacognitive processes
that inﬂuence memory reporting. In broadest terms, auditory distraction when present at both encoding and retrieval negatively
impacts upon a spectrum of performance measures in memory
tasks. However, a speciﬁc pattern of impairment in these measures
is visible, shaped by the effects distraction has on metacognitive
processes, with important roles of the overall level of conﬁdence assigned to correct candidate responses and the ability to
distinguish between one’s own correct and incorrect candidate
responses.

ACKNOWLEDGMENT
Portions of this research were presented at the 11th International
Congress on Noise as a Public Health Problem in Japan.
REFERENCES
Beaman, C. P. (2004). The irrelevant sound phenomenon revisited: what role for
working memory capacity? J. Exp. Psychol. Learn. Mem. Cogn. 30, 1106–1118.
doi: 10.1037/0278-7393.30.5.1106

May 2014 | Volume 5 | Article 439 | 11

Beaman et al.

Beaman, C. P. (2005a). Auditory distraction from low-intensity noise: a review of
the consequences for learning and workplace environments. Appl. Cogn. Psychol.
19, 1041–1064. doi: 10.1002/acp.1134
Beaman, C. P. (2005b). Irrelevant sound effects amongst younger and older adults:
objective ﬁndings and subjective insights. Eur. J. Cogn. Psychol. 17, 241–265. doi:
10.1080/09541440440000023
Beaman, C. P., and Jones, D. M. (1997). Role of serial order in the irrelevant speech
effect: tests of the changing-state hypothesis. J. Exp. Psychol. Learn. Mem. Cogn.
2, 459–471. doi: 10.1037/0278-7393.23.2.459
Beaman, C. P., and Jones, D. M. (1998). Irrelevant sound disrupts order information in free recall as in serial recall. Q. J. Exp. Psychol. 51A, 615–636. doi:
10.1080/713755774
Beaman, C. P., Hanczakowski, M., Hodgetts, H. M., Marsh, J. E., and Jones, D.
M. (2013). Memory as discrimination: what distraction reveals. Mem. Cogn. 41,
1238–1251. doi: 10.3758/s13421-013-0327-4
Bell, R., Röer, J. P., and Buchner, A. (2013). Irrelevant speech disrupts item-context
binding. Exp. Psychol. 60, 376–384. doi: 10.1027/1618-3169/a000212
Brewer, N. (2006). Uses and abuses of eyewitness identiﬁcation conﬁdence. Legal
Criminol. Psychol. 11, 3–23. doi: 10.1348/135532505X79672
Brewer, N., and Wells, G. L. (2006). The conﬁdence-accuracy relationship in eyewitness identiﬁcation: effects of lineup instructions, foil similarity, and target-absent
base rates. J. Exp. Psychol. Appl. 12, 11–30. doi: 10.1037/1076-898X.12.1.11
Broadbent, D. E. (1982). Task combination and selective intake of information. Acta
Psychol. 50, 253–290. doi: 10.1016/0001-6918(82)90043-9
Cohn, M., and Moscovitch, M. (2007). Dissociating measures of associative memory: evidence and theoretical implications. J. Mem. Lang. 57, 437–454. doi:
10.1016/j.jml.2007.06.006
Coltheart, M. (1981). The MRC psycholinguistic database. Q. J. Exp. Psychol. 33A,
497–505. doi: 10.1080/14640748108400805
Ellermeier, W., and Zimmer, K. (1997). Individual differences in susceptibility to the ‘irrelevant speech effect’. J. Acoust. Soc. Am. 102, 2191–2199. doi:
10.1121/1.419596
Elliott, E. M., and Cowan, N. (2005). Coherence of the irrelevant-sound
effect: individual proﬁles of short-term memory and susceptibility to
task-irrelevant materials. Mem. Cogn. 33, 664–675. doi: 10.3758/BF031
95333
England, B. D., and Serra, M. J. (2012). The contributions of anchoring and past-test
performance to the underconﬁdence-with-practice effect. Psychon. Bull. Rev. 19,
715–722. doi: 10.3758/s13423-012-0237-7
Goldsmith, M., Pansky, A., and Koriat, A. (2014). “Metacognitive control of memory
reporting,” in The SAGE Handbook of Applied Memory, eds T. J. Perfect and D. S.
Lindsay (London: Sage), 481–500. doi: 10.4135/9781446294703.n27
Gruppuso, V., Lindsay, D. S., and Kelley, C. M. (1997). The process-dissociation
procedure and similarity: deﬁning and estimating recollection and familiarity
in recognition memory. J. Exp. Psychol. Learn. Mem. Cogn. 23, 259–278. doi:
10.1037/0278-7393.23.2.259
Hanczakowski, M., Pasek, T., Zawadzka, K., and Mazzoni, G. (2013). Cue familiarity
and‘don’t know’responding in episodic memory tasks. J. Mem. Lang. 69, 368–383.
doi: 10.1016/j.jml.2013.04.005
Hanczakowski, M., Zawadzka, K., and Coote, L. (2014). Context reinstatement in recognition: memory and beyond. J. Mem. Lang. 72, 85–97. doi:
10.1016/j.jml.2014.01.001
Hanczakowski, M., Zawadzka, K., Pasek, T., and Higham, P. A. (2013).
Calibration of metacognitive judgments: insights from the underconﬁdencewith-practice effect. J. Mem. Lang. 69, 429–444. doi: 10.1016/j.jml.2013.
05.003
Higham, P. A. (2002). Strong cues are not necessarily weak: Thomson and Tulving
(1970) and the encoding speciﬁcity principle revisited. Mem. Cogn. 30, 67–80.
doi: 10.3758/BF03195266
Higham, P. A. (2007). No special K! A signal detection framework for the strategic regulation of memory accuracy. J. Exp. Psychol. Gen. 136, 1–22. doi:
10.1037/0096-3445.136.1.1
Higham, P. A., Zawadzka, K., and Hanczakowski, M. (in press). “Internal mapping
and its impact on measures of absolute and relative metacognitive accuracy,” in
The Oxford Handbook of Metamemory, eds J. Dunlosky and S. K. Tauber (New
York: Oxford University Press).
Hughes, R. W., and Jones, D. M. (2003). Indispensible beneﬁts and unavoidable
costs of unattended sound for cognitive functioning. Noise Health 6, 63–76.

Frontiers in Psychology | Cognition

Distracting cognition and metacognition

Jones, D. M., Hughes, R. W., and Macken, W. J. (2010). Auditory distraction and
serial memory: the avoidable and the ineluctable. Noise Health 12, 201–209. doi:
10.4103/1463-1741.70497
Jones, D. M., and Macken, W. J. (1993). Irrelevant tones produce an irrelevant speech
effect: implications for phonological coding in working memory. J. Exp. Psychol.
Learn. Mem. Cogn. 19, 369–381. doi: 10.1037/0278-7393.19.2.369
Jones, D. M., Madden, C., and Miles, C. (1992). Privileged access by irrelevant
speech to short-term memory: the role of changing-state. Q. J. Exp. Psychol. 44,
645–669. doi: 10.1080/14640749208401304
Juslin, P., Olsson, N., and Winman, A. (1996). Calibration and diagnosticity of
conﬁdence in eyewitness identiﬁcation: comments on what can be inferred from
the low conﬁdence-accuracy correlation. J. Exp. Psychol. Learn. Mem. Cogn. 22,
1304–1316. doi: 10.1037/0278-7393.22.5.1304
Koriat, A. (2007). “Metacognition and consciousness,” in The Cambridge
Handbook of Consciousness, eds P. D. Zelazo, M. Moscovitch, and E.
Thompson (Cambridge, UK: Cambridge University Press), 289–325. doi:
10.1017/CBO9780511816789.012
Koriat, A., and Goldsmith, M. (1996). Monitoring and control processes in the
strategic regulation of memory accuracy. Psychol. Rev. 103, 490–517. doi:
10.1037/0033-295X.103.3.490
Krug, K. (2007). The relationship between conﬁdence and accuracy: current
thoughts of the literature and a new area of research. Appl. Psychol. Crim. Justice
3, 7–41.
LeCompte, D. C. (1994). Extending the irrelevant speech effect beyond serial
recall. J. Exp. Psychol. Learn. Mem. Cogn. 20, 1396–1408. doi: 10.1037/02787393.20.6.1396
Marsh, J. E., Hughes, R. W., and Jones, D. M. (2008). Auditory distraction in
semantic memory: a process-based approach. J. Mem. Lang. 58, 682–700. doi:
10.1016/j.jml.2007.05.002
Marsh, J. E., Hughes, R. W., and Jones, D. M. (2009). Interference by process, not
content, determines semantic auditory distraction. Cognition 110, 23–38. doi:
10.1016/j.cognition.2008.08.003
Masson, M. E. J., and Rotello, C. M. (2009). Sources of bias in the GoodmanKruskal gamma coefﬁcient measure of association: implications for studies of
metacognitive processes. J. Exp. Psychol. Learn. Mem. Cogn. 35, 509–527. doi:
10.1037/a0014876
Miles, C., Jones, D. M., and Madden, C. A. (1991). Locus of the irrelevant speech
effect in short-term memory. J. Exp. Psychol. Learn. Mem. Cogn. 17, 578–584. doi:
10.1037/0278-7393.17.3.578
Neath, I. (2000). Modeling the effects of irrelevant speech on memory. Psychon.
Bull. Rev. 7, 403–423. doi: 10.3758/BF03214356
Olsson, N., Juslin, P., and Winman, A. (1998). Realism of conﬁdence in earwitness versus eyewitness identiﬁcation. J. Exp. Psychol. Appl. 4, 101–118. doi:
10.1037/1076-898X.4.2.101
Perfect, T. J., Andrade, J., and Eagan, I. (2011). Eye closure reduces the cross-modal
memory impairment caused by auditory distraction. J. Exp. Psychol. Learn. Mem.
Cogn. 37, 1008–1013. doi: 10.1037/a0022930
Salamé, P., and Baddeley, A. D. (1982). Disruption of short-term memory by unattended speech: implications for the structure of working memory. J. Verbal Learn.
Verbal Behav. 21, 150–164. doi: 10.1016/S0022-5371(82)90521-7
Salamé, P., and Baddeley, A. D. (1986). The unattended speech effect: perception
or memory? J. Exp. Psychol. Learn. Mem. Cogn. 12, 525–529. doi: 10.1037/02787393.12.4.525
Sauer, J., Brewer, N., Zweck, T., and Weber, N. (2010). The effect of retention interval
on the conﬁdence-accuracy relationship for eyewitness identiﬁcation. Law Hum.
Behav. 34, 337–347. doi: 10.1007/s10979-009-9192-x
Scheck, P., and Nelson, T. O. (2005). Lack of pervasiveness of the underconﬁdencewith-practice effect: boundary conditions and an explanation via anchoring.
J. Exp. Psychol. Gen. 134, 124–128. doi: 10.1037/0096-3445.134.1.124
Stokes, K. A., and Arnell, K. M. (2012). New considerations for the cognitive locus
of impairment in the irrelevant-sound effect. Mem. Cogn. 40, 918–931. doi:
10.3758/s13421-012-0194-4
Thiede, K. W., and Dunlosky, J. (1999). Toward a general model of self-regulated
study: an analysis of selection of items for study and self-paced study time. J. Exp.
Psychol. Learn. Mem. Cogn. 25, 1024–1037. doi: 10.1037/0278-7393.25.4.1024
Wais, P. E., and Gazzaley, A. (2011). The impact of auditory distraction on retrieval
of visual memories. Psychon. Bull. Rev. 18, 1090–1097. doi: 10.3758/s13423-0110169-7

May 2014 | Volume 5 | Article 439 | 12

Beaman et al.

Yonelinas, A. P. (2001). Consciousness, control and conﬁdence: the three Cs of
recognition memory. J. Exp. Psychol. Gen. 130, 361–379. doi: 10.1037/00963445.130.3.361
Yoon, C., Feinberg, F., Hu, P., Gutchess, A. H., Hedden, T., Chen, H.-Y. M., et al.
(2004). Category norms as a function of culture and age: comparisons of item
responses to 105 categories by American and Chinese adults. Psychol. Aging 19,
379–393. doi: 10.1037/0882-7974.19.3.379
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or ﬁnancial relationships that could be construed
as a potential conﬂict of interest.

www.frontiersin.org

Distracting cognition and metacognition

Received: 28 November 2013; accepted: 25 April 2014; published online: 14 May 2014.
Citation: Beaman CP, Hanczakowski M and Jones DM (2014) The effects of distraction
on metacognition and metacognition on distraction: evidence from recognition memory.
Front. Psychol. 5:439. doi: 10.3389/fpsyg.2014.00439
This article was submitted to Cognition, a section of the journal Frontiers in Psychology.
Copyright © 2014 Beaman, Hanczakowski and Jones. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

May 2014 | Volume 5 | Article 439 | 13

