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There is a known introspective limitation in the Psychological Refractory Period (PRP) paradigm— people under-
estimate the dual-task costs on their second reaction time. The prevailing explanation for this is that conscious
awareness of the second stimulus is delayed in time until the first task has been centrally processed. Here, we ex-
amined this effect inmore detail, by comparing reaction time estimates after processing a PRP task, and after pas-
sively experiencing ‘replays’ of PRP trials. Evenwhen participants had no dual-task processing demands, they did
not accurately report the reaction time intervals using a visual analogue scale (the original reporting method of
most introspective PRP experiments), but they didwhen placingmarkers that represent each event on a timeline.
Thus, the timeline seems to better represent participants' introspective representation of the trial. Importantly,
introspection limitations still existed when participants processed the PRP task and then recreated it on a
timeline.
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1. Introduction

Since introspective reports were first collected systematically by
Wundt more than a century ago (e.g., Wundt, 1907), they have often
been criticized for being unreliable and unsuitable as a research tool
(Boring, 1953; Miller, Vieweg, Kruize, &McLea, 2010). However, people
frequently use the information gained through introspection in their ev-
eryday lives, for example when deciding howmuch more study time is
required before an exam, aswell as during experiments. Since this infor-
mation, even if flawed or limited, most certainly guides and influences
human behavior, understanding the limits of introspection is important
for understanding behavior. In the present study, we closely examine
one previously reported limit of introspection in a dual-task situation,
and offer a new introspective method that better reflects the partici-
pants' representation of an experimental trial.

The intriguing finding that people appear to be unaware of the sub-
stantial costs associated with processing two tasks simultaneously has
been interpreted as evidence for a close dependent relationship be-
tween consciousness and attention (Dehaene & Changeux, 2011;
Dehaene, Charles, King, & Marti, 2014; Marti, Sackur, Sigman, &

Dehaene, 2010). However, the original experiments that established
this effect (Corallo, Sackur, Dehaene, & Sigman, 2008; Marti et al.,
2010) place considerable demands on participants to process two
tasks as fast as possible, and then introspect about their reaction times
to each task separately. This requires participants to transform the tem-
poral relationships between four events, typically of three different mo-
dalities (auditory, visual, and tactile) into two interval estimates. Given
these demands, in the present study we examine the apparent un-
awareness of dual-task costs in more detail. Specifically, we compare
participants' introspective reports of their own reaction times with re-
ports of the equivalent time intervals when participants have no dual-
task processing demands, using two different reporting methods.

Introspective limitations in a dual-task context were first reported
by Corallo et al. (2008) and Marti et al. (2010), and replicated by
Bryce and Bratzke (2014, 2015) using the Psychological Refractory
Period (PRP) paradigm. In this task, participants are presented two
choice reaction time tasks with a variable temporal gap between them
(called the stimulus onset asynchrony, SOA). Participants are instructed
to respond as quickly as possible to each stimulus. The typical finding is
that responses to the second task (RT2) are much slower when the two
tasks are presented close together in time (short SOA condition) than
when there is a longer interval between them (long SOA condition). In
contrast, responses to the first task are unaffected by SOA (Pashler,
1994). This effect on RT2 is referred to as the PRP effect. Even though
the PRP effect can be as large as 500 ms, introspective PRP experiments
have found that participants' estimates of their reaction times (called
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introspective reaction times, iRTs) do not reflect this large dual-task
cost. That is, there is no SOA effect on iRT1 or iRT2.

This finding of an unawareness of the PRP effect was interpreted by
Marti et al. (2010) as evidence that attention is required for conscious
awareness. They reasoned that while a participant's attention is focused
on the first task, they cannot become aware of another stimulus pre-
sented in that time. Thus, at short SOAs their conscious awareness of
the second stimulus is delayed in time until they have reached a deci-
sion on Task 1 (i.e. the end of Task 1 central processing). This delayed
awareness of the second stimulus leads to an underestimation of RT2
at short SOAs, and thus the lack of a PRP effect in iRT2.

This interpretation of a ‘consciousness bottleneck’ being at play in
the PRP paradigm is in line with the Global Neuronal Workspace
model (Dehaene et al., 2014), andwith the associated taxonomy of con-
scious perception (Dehaene, Changeux, Naccache, Sackur, & Sergent,
2006). This taxonomy states that both sufficiently strong bottom-up
stimulus strength and top-down attention are required for conscious
awareness. According to this taxonomy, while a participant is centrally
processing the first task in a PRP trial, the second stimulus is ‘precon-
scious’ and it can only enter conscious perception when attention is
freed from Task 1 processing. This is also consistent with the dominant
explanation for the related Attentional Blink phenomenon (Raymond,
Shapiro, & Arnell, 1992)—when two target stimuli (e.g. letters) are pre-
sented in a stream of distractors (e.g. numbers), it is thought that the
second target cannot be perceived when it follows the first one within
a certain period of time because the first target has not yet been consol-
idated (i.e. attentional resources are not yet available again). While
some researchers claim that this conscious awareness of the second tar-
get is ‘all or nothing’ (Sergent & Dehaene, 2004), other studies that ad-
ditionally collected confidence judgements from participants (Pincham
& Szücs, 2011) or used post-decision wagering (Nieuwenhuis & de
Kleijn, 2011) support a more gradual change in conscious awareness
in the Attentional Blink.

While the aforementioned explanation of the unawareness of dual-
task costs has attracted a lot of interest within consciousness research,
and is as yet the only proposed model of conscious access in the PRP
paradigm, there are reasons to question it. For instance, we have evi-
dence that iRTs in a PRP trialmay be influenced by the feeling of difficul-
ty regarding each task (Bryce & Bratzke, 2014; see also Hartley,
Maquestiaux, Brooks, Festini, & Frazier, 2012). Additionally, partici-
pants' reports of stimulus onsets in a PRP trial seem to be influenced
by the timing of their own responses (i.e. their inter-response interval;
Bratzke, Bryce, & Seifried-Dübon, 2014) and other temporal information
provided during the trial (Bratzke & Bryce, 2016). Further, the original
method employed for providing iRTs, clicking on a visual analogue
scale (VAS) labelled with millisecond values, is not a typical method in
timing research (see also Bratzke & Bryce, 2016). However, counter to
this criticism, the same result pattern has been observed with a more
typical timing method, namely interval reproduction (Bryce & Bratzke,
2015). It should also be noted that in the original introspective PRP
study (Corallo et al., 2008) an attempt was made to validate the use of
VASs using a single taskwith varyingdifficulty levels.While participants
could fairly accurately report the effect of the difficulty manipulation on
their RTs, clearly a trial with only one task is much simpler than a PRP
trial and therefore this finding does not validate this method for the
dual-task situation.

Indeed, introspective PRP experiments present substantial timing
challenges to participants — they must convert four events, which can
be in different modalities and occur in different orders depending on
the SOA condition, into two intervals to report their iRT1 and iRT2. Evi-
dence from timing research indicates that even in simple timing tasks
(when there are no additional task processing demands) these chal-
lenges can introduce inaccuracies. For instance, Grondin and Rousseau
(1991) andGontier, Hasuo, Mitsudo, and Grondin (2013) demonstrated
that empty intervals marked by differentmodalities at the start and end
(e.g. auditory and visual stimuli) are timed less accurately than those

marked by the same modality (e.g. two auditory stimuli). Grondin,
Kuroda, andMitsudo (2011) also reported that temporal discrimination
is poorer for intervals marked by tactile stimulation of different hands
than thosemarked by tactile stimulation of the same hand. Additionally,
timing can be distorted when participants have to time two intervals
that temporally overlap (as is the case inmost short SOA trials), as com-
pared to when each interval presented one after the other (Brown &
West, 1990; Bryce & Bratzke, 2016; Bryce, Seifried-Dübon, & Bratzke,
2015; van Rijn & Taatgen, 2008). Finally, we know that timing accuracy
also deteriorates when attention must be shared between timing and
some other non-temporal task (Block, Hancock, & Zakay, 2010; Brown,
1997). Such timing inaccuracies might play a role in introspective PRP
experiments, and could be misinterpreted as a limitation in
introspection.

Given the substantial timing challenges in introspective PRP experi-
ments, it seems crucial to establishwhether participants are able to time
the intervals in a PRP trial even when there are no dual-task processing
demands. This would inform us about whether the previously observed
iRT result pattern truly reflects a limitation of introspection (i.e., con-
scious access) or whether it arises from limitations in our timing abili-
ties. To this end, we first ‘replayed’ the trials from a previously
conducted introspective PRP experiment (Experiment 1 in Bryce &
Bratzke, 2014) to new naïve participants as a pure timing task (i.e.
they did not respond to either stimulus) and collected their estimates
of the intervals that represent RT1 and RT2 (referred to as replay RTs,
rRT1 and rRT2) via the VAS (Experiment 1). In the previously conducted
introspective PRP experiment, we observed no SOA effect on iRT1 and
iRT2. By assessing the reported RTs in the replay experiment, we can
infer the impact of timing demands on the iRTs in the original introspec-
tive PRP experiment. To elaborate, the original introspective and replay
experiments make the same demands on timing, but differ in their in-
trospective demands. Thus, any deviation of the rRTs from the iRTs
can be attributed to introspective limitations, and any deviation of the
rRTs from the objective RT pattern can be attributed to timing demands
or the demands of the specificmethodology used (in this case, the VAS).
If timing demands do not contribute to the apparent unawareness of the
PRP effectwe expected participants to fairly accurately report the objec-
tive RT effects in Experiment 1.

2. Experiment 1

In Experiment 1, trials from a previously conducted introspective
PRP experiment in which participants processed a typical PRP task
and reported their iRTs on VASs (Experiment 1 in Bryce & Bratzke,
2014) were replayed to new participants. That is, for example, partici-
pant 1 of our Experiment 1 experienced exactly the same trials as partic-
ipant 1 of the original experiment, presented in the same order. In this
replay experiment, participants simply experienced a series of stimuli
(auditory, visual, left-hand stimulation, right-hand stimulation) and
then reported the interval between the auditory stimulus and the left-
hand stimulation (rRT1), and the interval between the visual stimulus
and the right-hand stimulation (rRT2), on a VAS.

2.1. Method

2.1.1. Participants
Data from 16 participants were analyzed; fifteen participants were

female and one was male, fifteen were right-handed. Participants
were aged between 18 and 26 years (M = 21.3 years).

2.1.2. Apparatus and stimuli
Visual and auditory stimuli were presented on a Mac computer via

Matlab with the PsychToolbox extension (Brainard, 1997; Pelli, 1997).
Stimulus 1 (S1) was a high or low frequency tone (440 or 880 Hz,
60 dB SPL) presented for 150 ms via headphones. Stimulus 2 (S2) was
a plus or minus symbol presented in the center of the screen for
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