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For digit–color synaesthetes, digits elicit vivid experiences of color that are highly consistent for each
individual. The conscious experience of synaesthesia is typically unidirectional: Digits evoke colors but
not vice versa. There is an ongoing debate about whether synaesthetes have a memory advantage over
non-synaesthetes. One key question in this debate is whether synaesthetes have a general superiority or
whether any benefit is specific to a certain type of material. Here, we focus on immediate serial recall
and ask digit–color synaesthetes and controls to memorize digit and color sequences. We developed a
sensitive staircase method manipulating presentation duration to measure participants’ serial recall of
both overlearned and novel sequences. Our results show that synaesthetes can activate digit information
to enhance serial memory for color sequences. When color sequences corresponded to ascending or
descending digit sequences, synaesthetes encoded these sequences at a faster rate than their non-
synaesthetes counterparts and faster than non-structured color sequences. However, encoding color
sequences is approximately 200 ms slower than encoding digit sequences directly, independent of group
and condition, which shows that the translation process is time consuming. These results suggest memory
advantages in synaesthesia require a modified dual-coding account, in which secondary (synaesthetically
linked) information is useful only if it is more memorable than the primary information to be recalled.
Our study further shows that duration thresholds are a sensitive method to measure subtle differences in
serial recall performance.

Public Significance Statement
This study shows that our ability to recall information presented rapidly in series is better when there
is structure, such as ascending or descending digit sequences, than when there is no structure. It
shows that in a special group of synaesthetes, for whom digits elicit consistent and involuntary
experiences of color, serial memory for digits is not better than for non-structured controls, but is
better for colors when there is an underlying structure based on their digit–color associations (e.g.,
“red, green, blue” if red � 1, green � 2, and blue � 3). This suggests that additional associations
need to be more memorable than the primary information to enhance memory. This study presents
a new method for measuring serial memory that can detect subtle differences between groups that
will be useful for both research and clinical tests of memory.
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In synaesthesia, an ordinary stimulus results in an extraordinary
experience (Grossenbacher & Lovelace, 2001; Ramachandran &
Hubbard, 2001; Rich & Mattingley, 2002). For example, a sound

(the “inducer”) can elicit a colored shape (Chiou, Stelter, & Rich,
2013) (the “concurrent”), or letters, digits, and words elicit colors.
These experiences are typically highly consistent over time
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(Baron-Cohen, Burt, Smith-Laittan, Harrison, & Bolton, 1996) and
can occur within a modality or across different modalities. Here,
we focus on colors elicited by digits to examine whether synaes-
thesia can enhance serial recall for either inducers (digits) or
concurrents (colors).

Over the past three decades, there has been considerable prog-
ress in understanding the cognitive and neural mechanisms under-
pinning synaesthesia. The link between digits and their elicited
colors is thought to depend critically on attention to the inducer
(Edquist, Rich, Brinkman, & Mattingley, 2006; Mattingley, Payne,
& Rich, 2006; Rich & Mattingley, 2010; Sagiv, Heer, & Robert-
son, 2006). Once an inducer is attended, though, synaesthetic
colors occur involuntarily, such that they influence color naming
times (e.g., Chiou et al., 2013; Mattingley, Rich, Yelland, &
Bradshaw, 2001; Mills, Boteler, & Oliver, 1999; Odgaard, Flow-
ers, & Bradman, 1999; Wollen & Ruggiero, 1983). Although the
conscious synaesthetic experience is typically unidirectional (dig-
its evoke colors but not vice versa), there is evidence that the link
between the two can result in subtle bidirectional effects (Brugger,
Knoch, Mohr, & Gianotti, 2004; Cohen Kadosh et al., 2005;
Knoch, Gianotti, Mohr, & Brugger, 2005). For example, Cohen
Kadosh et al. (2005) showed that a modified size congruency
paradigm works with colors for digit–color synaesthetes. In their
task, synaesthetes were presented with two colored digits and had
to indicate which of the two had a higher numerical value. If the
colors corresponded to two digits with a larger numerical distance,
synaesthetes were faster than when the colors matched the numer-
ical value and therefore gave no additional numerical distance
information. Control participants intensively studied the digit–
color associations of their synaesthetic counterpart but still did not
show this effect. This suggests that colors can facilitate numerical
magnitude judgment.

McCarthy, Barnes, Alvarez, and Caplovitz (2013) showed that
in addition to subtle influences of colors on response times, syn-
aesthetes can also make deliberate use of the backward link be-
tween colors and digits. In their study, participants had to verify or
reject solutions of simple mathematical problems (e.g., “2 � 3 �
5”). On some trials, synaesthetic colors that matched particular
digits replaced parts of the equation. The results showed that
digit–color synaesthetes were able to calculate with colors only.
However, performing this verification task with colors came at a
cost: An additional 250 ms on average was necessary for each
color that had to be translated back to a digit.

The high consistency of synaesthetes’ colors over time makes
this group of participants particularly interesting for memory re-
search. Each synaesthete is an expert on an individual set of
inducer–concurrent pairs, and some studies suggest that this ad-
ditional information leads synaesthetes to have enhanced memory
in comparison to non-synaesthetes. Case studies, in particular,
show that synaesthetes can have extraordinary memories (Baron-
Cohen et al., 2007; Luria, 1968; Mills, Innis, Westendorf, Owsian-
iecki, & McDonald, 2006; Smilek, Dixon, Cudahy, & Merikle,
2002). Some group studies also show that synaesthetes have an
enhanced memory in comparison to non-synaesthetes (Gross,
Neargarder, Caldwell-Harris, & Cronin-Golomb, 2011; Radvan-
sky, Gibson, & McNerney, 2011; Rothen & Meier, 2009, 2010;
Yaro & Ward, 2007), although generally, the advantage is not as
extreme as in single cases. However, at this point, there is no clear
picture as to (a) whether there is a consistent memory advantage

for synaesthetes over non-synaesthetes; and (b) what the charac-
teristics of any such memory advantage are. One possibility is that
any memory advantage is specific to stimuli that evoke synaesthe-
sia. Alternatively (or in addition), it may be for stimuli within the
domain of experiences that are elicited due to synaesthesia, or a
general, overall superiority.

Evidence for a memory advantage for material that is related to
the inducer is mixed. Some results show enhanced memory for
word lists in synaesthetes (Gross et al., 2011; Radvansky et al.,
2011; Yaro & Ward, 2007) but not for digits (Gross et al., 2011;
Rothen & Meier, 2009, 2010; Teichmann, Nieuwenstein, & Rich,
2015; Yaro & Ward, 2007), despite the fact that both words and
digits evoke colors. Evidence for a specific memory advantage for
material that is related to the concurrent comes, for example, from
a study by Rothen and Meier (2010) who administered the
Wechsler Memory Scale—Revised (WMS-R) to a large sample of
synaesthetes (n � 44). The WMS-R is divided into three scales,
the short-term memory (STM), verbal memory, and visual mem-
ory scales. In the STM scale participants have to repeat informa-
tion immediately (e.g., digit span). In the verbal and visual mem-
ory scales participants are asked to recall verbal and visual
information immediately and with a delay of 30 min (e.g., logical
memory or visual reproduction). In the STM scale, synaesthetes
did not show an advantage compared to controls but in the verbal
and visual scales, synaesthetes performed slightly better than non-
synaesthetes (within 1 SD above the mean). Only in one of the tests
(immediate visual paired associate learning) did synaesthetes per-
form in the extraordinary range (more than 1 SD above the mean).
This test involves making associations between colors and line
drawings; in the test phase, colors for the specific line drawings
have to be recalled. More evidence for a specific memory benefit
in the domain of the concurrent comes from a study by Yaro and
Ward (2007) who showed that synaesthetes performed better than
non-synaesthetes both in recognizing a color chip with a specific
hue among distractor color chips and in recalling positions of
colors within a matrix. The superior memory performance on these
tasks suggests that synaesthetes have an advantage for recalling
information related to the concurrent (colors).

In a recent study, we asked synaesthetes and non-synaesthetes to
complete an immediate serial recall (ISR) task with color stimuli
(Teichmann et al., 2015). We found that synaesthetes did not
outperform controls recalling color sequences in general, although
within the synaesthete group they were better for color sequences
which would have a meaningful structure if translated back to
digits relative to sequences without such structure. We used two
set durations (500 ms and 200 ms), and measured overall accuracy,
which limited sensitivity for detecting differences between the
groups. In the current study, we aimed for a more sensitive test by
developing a new methodology for studying ISR. Specifically, we
used interleaved staircases in which we manipulated presentation
duration to measure each participant’s “serial memory duration
threshold” (SMDT). These thresholds are an indication of how fast
each item in the sequence can be presented for the participant to be
able to recall sequences correctly. First, to validate our method, we
investigated whether sequences of digits stored in long-term mem-
ory have an effect on ISR. We tested whether synaesthetes and
non-synaesthetes perform better when digit sequences contain
items in a well-known order (ascending or descending) in com-
parison to a pseudo-randomized order. Second, to shed light on the
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debate regarding synaesthetes’ potential memory superiority rela-
tive to non-synaesthetes, we examined whether synaesthetes per-
formed better than matched controls in recalling color and digit
sequences. We further examined the SMDTs to see how long the
translation from colors to digits takes for synaesthetes. Our novel
method showed that (a) digit sequence recall is influenced by
known structure; (b) synaesthetes can use their synaesthesia to
recall color sequences and outperform controls; and (c) the syn-
aesthete advantage is due to a relatively slow translation of colors
to digits. The measurement of SMDTs represents a sensitive new
approach to address questions in the broader field of ISR.

Method

Participants

We tested a group of 12 digit–color synaesthetes (all female,
mean age � 29.58 years, SD � 11.39 years, all right-handed) and
a group of 13 control participants, matched for sex, age (mean
age � 29.41 years, SD � 7.15 years), and handedness. One control
was replaced because she was unable to do the task, leaving us
with 12 matched synaesthete–control pairs. All participants re-
ported normal or corrected-to-normal visual acuity and color vi-
sion. The synaesthetes experienced colors in response to digits but
did not experience digits when looking at specific colors. For all
synaesthetes, each digit evoked a non-identical hue. Synaesthetes
registered their interest to participate in studies by signing up for
the online synaesthesia participant pool of the Synaesthesia Re-
search Group at Macquarie University. They completed a ques-
tionnaire and selected colors matching their experiences for the
digits 0–9 prior to the experiment. Synaesthetes were highly
consistent in the color they reported for each digit on two separate
test occasions (mean consistency across group � 99.15%; SD �
0.03%; test–retest range at least 4 months). The study was ap-
proved by the Macquarie University Human Research Ethics Com-
mittee. All participants gave informed consent prior to the exper-
iment and were reimbursed with $15 per hour for participation.

Apparatus

A Dell Optiplex 9010 computer running MATLAB 7.5 with
Psychtoolbox3 (Brainard, 1997) was used for stimulus presenta-
tion and response collection. Stimuli were presented on a 27-inch
Samsung LCD monitor with a refresh rate of 120 Hz.

General Procedure

Participants completed two memory tasks: the digit recall task
and the color recall task. The order of the tasks was counterbal-
anced across synaesthetes. All controls completed the tasks in the
same order as their corresponding synaesthetes.

The trials were self-paced, with a mouse click starting each trial.
At the beginning of each trial, a fixation cross was displayed in the
center of the screen for 500 ms. A sequence of five color or digit
stimuli then appeared, for color and digit blocks respectively. We
used an adaptive 2-up-2-down staircase procedure to vary the
presentation duration of the stimuli. In the 2-up-2-down staircase,
the presentation duration decreased when sequences of two previ-
ous trials of a particular condition were recalled with 100% accu-

racy and it increased when these trials yielded less than 100%
accuracy. The step sizes decreased after the first, third, and fifth
reversal. After the fifth reversal, the presentation duration was
increased or decreased by a single refresh (8.33 ms). Pilot data
showed that participants were more accurate recalling sequences at
slower than fast presentation durations up to a point. If items were
presented �1,000 ms per item, participants had difficulty recalling
the sequences in the right order, presumably because too much
time had elapsed over the course of the trial. We therefore used an
upper limit of 1,000 ms; the presentation duration for each item
could not be slower than the upper limit. After each stimulus there
was a 50-ms interstimulus interval (constant across stimulus du-
rations). After presentation of the five-item sequence, a response
screen was shown with all nine possible stimuli in an invisible 3 �
3 grid (see Figure 1). Participants had to select the items they saw
in the correct order. We randomized the order of the stimuli on the
response screen on a trial-to-trial basis to prevent selection based
on learned motor sequences. When a stimulus was selected, a
light-gray square framed the item to confirm that the participant
had clicked it. To move on to the next trial, participants had to
choose five stimuli, even if they were unsure. After the last item
had been clicked, feedback on accuracy was displayed for 500 ms
in the center of the screen. When the participant recalled all five
stimuli in the correct order the word correct was displayed; oth-
erwise the word incorrect was shown (see Figure 1A for the
depiction of digit recall and Figure 1B for color recall trials). In the
following sections, we first outline the procedure for the digit
recall task and then describe the color recall task.

Digit Recall Task

Stimuli. In the digit recall task, black digits in 95-point Calibri
font were used as stimuli. Viewing distance was approximately 75
cm, making the size of the digits �2.56° of visual angle. Stimuli
were shown on a gray background (red, green, blue: 128, 128,
128). All digits from 1 to 9 were used.

Procedure and design. Participants completed practice trials,
a pretest, and a main test. Before the main test, participants looked
at examples of different types of sequences, and were instructed
that some sequences would be fully structured (e.g., ascending or
descending digits) whereas others would have partial structure or
have no apparent structure.

First, each participant completed five practice trials. The digit
sequences for the practice trials were randomly generated and each
digit was shown for 500 ms. The data from these practice trials
were not analyzed. After the practice trials, all participants com-
pleted a pretest to determine the starting duration for the main test
(see Figure 2 for sample pretest data). In the pretest, only randomly
generated digit sequences were used. We used a 2-up-2-down
staircase procedure to vary the presentation duration of the stimuli.
In the first two trials, stimuli were presented for 500 ms. The initial
step size was set to 200 ms and was modified after the first, third,
and fifth reversals to 100 ms, 50 ms, and 25 ms, respectively. A
reversal was defined as a trial at which the step direction changed
(e.g., when the presentation duration was increased in response to
poor performance after it had been decreased before in response to
correct performance). Each participant completed a maximum of
50 trials in the pretest. If the participant reached seven reversals
before getting to the 50th trial, the pretest finished immediately. To

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1496 TEICHMANN, NIEUWENSTEIN, AND RICH



Figure 1. Example trials for Subject 1 (S01). Five stimuli were shown consecutively in the center of the screen.
The task was to recall the items in the correct order. The presentation duration for each item varied on a
trial-to-trial basis, depending on the condition and the current staircase duration. In the top row, the synaesthetic
colors for digits 1–9 for S01 are shown. (A) A Structured5 trial of the digit recall task is depicted. (B) The
identical Structured5 sequence is shown for the color recall task. Sequences of the two different tasks (i.e., digit
recall and color recall) were shown in separate blocks. Sequence conditions (i.e., Structured5, Structured4,
Non-Structured5, and Non-Structured4) were intermingled within a block. ISI � interstimulus interval; Seq5 �
sequence 5. See the online article for the color version of this figure.
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obtain the starting duration for the main test, we averaged the
stimulus presentation durations of the last five pretest trials and
added 50 ms. This way, participants could start at a duration that
was close to their performance limit for unstructured sequences,
which made the staircase procedure in the main test more efficient
and reliable.

In the main test, we tested the effect of structure on serial
memory. There were four sequence types that differed in degree of
structure. Degree of structure was defined by the number of items
in ascending or descending order within a sequence. In each
condition, there were 10 different sequences (see Table 1) and each
sequence was shown five times on average throughout the exper-
iment. In the fully structured (Structured5) condition, the se-
quences were completely ascending or descending (e.g., 4–5–6–
7–8). To prevent participants from guessing in ascending or
descending order, we included a condition with partially structured
sequences. In the partially structured (Structured4) condition, four
items of each sequence were in ascending or descending order
(e.g., 1-5–6–7–8). The ordered part within each Structured4 se-
quence could be positioned at either the beginning or the end (e.g.,
1-5–6–7–8 or 5–6–7–8-1). This condition allowed us to measure
how frequently participants guessed an ascending or descending
order just based on partial recall of the items.

As structured sequences could only be ascending or descending,
there was an unpreventable imbalance of pair frequencies. For
instance, the combination of 3–4 occurred in six sequences but the
combination 1–2 occurred only twice. To control for this, the
non-structured sequences were constructed by randomizing all
nine digits (e.g., 5–8–1–6–2–9–3–7–4) and then using the iden-
tical series as the structured sequences (see Table 1). Thus, Non-
Structured4 and Non-Structured5 contained the same degree of
imbalance in pair frequencies as the structured conditions but were
based on the randomized number set. As a consequence, the

pseudo-randomized, “non-structured” conditions actually did have
a structure — The structure in these trials was just not meaningful.
Over time, participants might have learned that some patterns
occurred more often than others over the course of the experiment
(e.g., red follows blue more often than red follows green). This
type of long-term learning of sequences over the course of an
experiment has been observed in previous ISR studies (Hurlstone,
Hitch, & Baddeley, 2014), and may well occur in the current
experiment, but although it would improve performance in the
baseline condition relatively to a truly random sequence, it should
affect both synaesthetes and controls. Note that neither the Non-
Structured5 nor the Non-Structured4 condition contained any ob-
vious mathematical structure.

The careful matching of the conditions ensured an identical
probability of digit pairs in all conditions. To further discourage
guessing “in order,” participants were informed that some of the
trials would be only partially ascending and descending and there-
fore that it would be important to attend to the whole sequence.
Furthermore, we analyze the errors within the Structured4 condi-
tion to see how frequently participants still guessed in order. All
participants were aware of the different sequence types and were
presented with a sample sequence of every sequence type before
they started the experiment. We displayed the response screen with
all possible colors to the synaesthetes and controls and explained
that these colors correspond to the digits 1–9 for the synaesthete.
Thus, both synaesthetes and controls were fully informed about the
potential presence of structure in the sequences, although only for
the synaesthetes was this information likely to be useful.

For the main task, all participants completed a further eight
practice trials, two of each condition, to get used to the different
types of sequences. In the practice trials, each digit was presented
for each participant’s starting duration (pretest threshold � 50 ms).
In the experimental trials, four adaptive staircases were inter-
leaved, one for each condition, to obtain the serial memory dura-
tion threshold per condition (see Figure 3 for a sample data set).
All participants completed a fixed number of 20 trials per staircase
to ensure they had equal exposure to the sequences of all condi-

Table 1
Digit Sequences Used in All Four Conditions

Structured digit sequences
Non-structured (pseudo-randomized)

digit sequences

Sequences based on
1 2 3 4 5 6 7 8 9

Sequences based on
5 8 1 6 2 9 3 7 4

Structured5
condition

Structured4
condition

Non-Structured5
condition

Non-Structured4
condition

1 2 3 4 5 1 2 3 4 7 5 8 1 6 2 5 8 1 6 3
2 3 4 5 6 9 2 3 4 5 8 1 6 2 9 4 8 1 6 2
3 4 5 6 7 3 4 5 6 8 1 6 2 9 3 1 6 2 9 7
4 5 6 7 8 2 4 5 6 7 6 2 9 3 7 8 6 2 9 3
5 6 7 8 9 5 6 7 8 1 2 9 3 7 4 2 9 3 7 5
9 8 7 6 5 9 8 7 6 4 4 7 3 9 2 4 7 3 9 6
8 7 6 5 4 3 8 7 6 5 7 3 9 2 6 1 7 3 9 2
7 6 5 4 3 7 6 5 4 9 3 9 2 6 1 3 9 2 6 4
6 5 4 3 2 8 6 5 4 3 9 2 6 1 8 7 9 2 6 1
5 4 3 2 1 7 4 3 2 1 2 6 1 8 5 3 6 1 8 5

Note. Underscored digits indicate (pseudo)structured elements. Structured se-
quences were based on an ascending number line of digits 1–9. Non-structured
sequences were based on a pseudo-randomized number line.

Figure 2. Example pretest data from the digit recall task for Subject 8
(S08). Presentation duration is plotted across trials. Dots symbolize a
correct trial and triangles an incorrect trial. A 2-up-2-down staircase was
used to change the presentation duration depending on performance. Step
sizes were reduced after the first (Trial 6), third (Trial 10), and fifth (Trial
14) reversals. The pretest for S08 finished after 20 trials because seven
reversals were reached. The pretest data were used to obtain the starting
duration for the main test: The starting point was the averaged presentation
duration of the last five trials plus 50 ms (black rectangular box).
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tions. The different types of trials were randomly intermingled so
that participants could not predict whether a structured or a non-
structured trial was next. The first two trials of each staircase
started with the individual starting duration of the pretest. Then we
used 2-up-2-down staircases to change the presentation duration
depending on performance separately for each condition (i.e., four
interleaved staircases), with smaller step sizes as the participant
approached threshold. The initial step size was set to 100 ms,
which was reduced to 50, 25, and 8.33 ms after the first, third, and
fifth reversals, respectively (these steps correspond to 12, 6, 3, and
1 frame of the refresh rate). We averaged the presentation dura-
tions of the last five trials of each staircase to obtain our measure
of performance, which we term the serial memory duration thresh-
old (SMDT), for each condition. These SMDTs indicate how fast
the digits could be presented for each participant to recall the
sequences in the correct order with 100% accuracy in half of the
trials. The 2-up-2-down staircase converges at 50% binary accu-
racy, meaning that of two sequences, one would have been recalled
correctly (100%) and the other one incorrectly (any accuracy
below 100%). Each participant completed two blocks of experi-
mental trials. The SMDTs were averaged across blocks.

It is possible that participants may realize that the presenta-
tion duration is varied for each sequence type separately. If this
was the case, they could guess according to their prediction and
the structured trials would get faster than the non-structured
trials. Such a bias would match our hypothesis that the SMDTs
for fully structured sequences would be shorter than for non-
structured sequences. To avoid this, we added 20 catch trials per
block that were trials of each condition presented at the current
staircase duration of another condition. For instance, a Struc-
tured5 catch trial would be a fully sequential trial shown at the
current staircase duration of Non-Structured5. Half of the catch
trials were structured trials, randomly selected from the Struc-
tured4 and Structured5 lists and shown at the duration of the
Non-Structured4 and Non-Structured5 conditions, respectively.

The other half were non-structured trials, randomly selected
from the Non-Structured4 and Non-Structured5 lists, presented
at the duration of the Structured4 and Structured5 conditions,
respectively. The catch trials were inserted at random positions
after the 10th trial of each block. These trials were not part of
any staircase, and therefore did not influence the presentation
durations of a specific condition. However, they minimized the
risk that participants predicted the condition even if they real-
ized that some trials were faster than others.

Color Recall Task

Stimuli. In the color recall task, five colored squares (5 cm �
5 cm) were displayed in the center of the screen. Viewing distance
was approximately 75 cm, making the size of the squares �3.82°
of visual angle. The colors corresponded to each synaesthete’s
colors associated with the digits 1–9.

Procedure and design. The procedure and design of the color
block were almost identical to those of the digit block, with a few
exceptions. First, before the pretest, we showed the participants the
response screen with all possible colors so that they had an
opportunity to label the colors and get used to differences between
colors (some synaesthetes had more difficult color sets with mul-
tiple digits having similar colors, e.g., three different greens).
Second, because pilot testing showed the color recall task to be
harder than the digit recall task, we set the starting duration in the
practice trials to 800 ms instead of 500 ms and participants
completed 15 instead of 5 practice trials. Third, in the main test,
the four conditions (Structured5, Structured4, Non-Structured5,
Non-Structured4) were constructed in the same way as in the digit
block, but this time we used the colors corresponding to digits for
each synaesthete and the matched control (see Figure 1B for an
example).

Results

The SMDT was defined as the average presentation duration of
the last five trials of each staircase condition. We calculated the
SMDTs for each participant and condition separately. The stair-
cases successfully converged at approximately 50% accuracy in all
conditions in both groups (range: 42%–61%). That means that on
average, participants recalled two to three sequences out of five
with 100% accuracy when they reached the end of the staircase.
Thus, the SMDT is an estimate of the duration at which a partic-
ipant can recall approximately half of the sequences with 100%
accuracy.

In the Non-Structured4 condition of the digit recall task, one
participant (S12) had a SMDT that was more than 3 SDs above the
group mean. Therefore, we excluded this data point as an outlier
from the analysis. We collapsed across the two non-structured
conditions (Non-Structured4 and Non-Structured5) to form a sin-
gle baseline condition for each participant, separately for the digit
and color recall tasks.

To examine the effects of synaesthesia and structure on SMDTs
for color and digit sequences, we conducted a repeated-measures
analysis of variance with Task (digit recall and color recall) and
Structure (baseline, Structured4, and Structured5) as within-
subject factors and Group (synaesthetes and controls) as a
between-subjects factor. There was no significant main effect of

Figure 3. Data from one block of the digit recall task of Subject 10 (S10)
as an example. There were four interleaved 2-up-2-down staircases, one for
each sequence condition. The trial numbers within each staircase are shown
on the X-axis. Dots symbolize accurate recall whereas triangles symbolize
incorrect recall of the sequence. The starting duration for each participant
was determined based on the pretest performance. Step sizes were de-
creased after the first, third, and fifth reversals. The serial memory duration
thresholds (SMDTs) were calculated by averaging the presentation dura-
tions of the last five trials in each staircase. The black rectangular box
frames the trials that were used to calculate the SMDTs.
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Group, F(1, 22) � 2.2 p � .152, but significant main effects of
Task, F(1, 22) � 81.32, p � .001, �p

2 � 0.79, and Structure,
F(1.47, 32.34) � 26.83, p � .001, �p

2 � 0.49 (Greenhouse-Geisser
correction applied for violation of sphericity). There were no
two-way interactions between Task and Group, F(1, 22) � 2.08,
p � .163, or Task and Structure, F(1.46, 32.07) � 1.58, p � .223,
but there was a significant interaction between Structure and
Group, F(1.47, 32.34) � 7.31, p � .005, �p

2 � 0.25. Most impor-
tantly, there was a significant three-way interaction among Struc-
ture, Task, and Group, F(1.46, 32.07) � 9.73, p � .001, �p

2 � 0.31,
which shows that the influence of structure differed between the
synaesthetes and controls, but this influence differed between the
tasks.

To identify the source of the interaction, we first tested for
differences between the groups by breaking the interaction down
by Task and comparing the groups at each level of structure. For
the digit recall task, synaesthetes did not differ from controls
(Figure 4A) at any level (baseline, Structured4, or Structured5; all

ps � .809). For the color recall task (Figure 4B), synaesthetes and
controls did not differ in the baseline or Structured4 condition, but
synaesthetes performed significantly better than controls in the
Structured5 condition (p � .014). These results show that when
color sequences have an implicit structure in the associated digits,
synaesthetes have superior recall for color sequences relative to
controls.

To identify whether performance was significantly better in
structured than in less structured trials, we then broke the interac-
tion down by Group. For both synaesthetes and controls sepa-
rately, in the digit recall task, all three conditions differed, with
SMDTs for Structured5 � Structured 4 � baseline (all ps � .001).
In contrast, in the color recall task, controls showed no difference
in SMDT among the three conditions (all ps � .39). However,
synaesthetes showed the same pattern as for the digits: SMDTs for
Structured5 � Structured4 � baseline (all ps � .008). These
results demonstrate that both groups benefited from structure in the
digit recall task but only synaesthetes were able to use the structure
in the color recall task to boost their memory.

To confirm the pattern clear in Figure 4, we tested whether there
was a difference between the digit and the color recall tasks by
breaking the interaction down by structure. The results showed that
there was a significant difference between the digit recall task and
the color recall task for both groups. In the baseline, Structured4,
and Structured5 conditions, controls had longer SMDTs in the
color recall task than in the digit recall task (all ps � .001).
Synaesthetes showed the same effect (p � .001, p � .001, and p �
.001, respectively). This suggests that both groups required more
time to encode color in comparison to digit sequences across all
structure conditions.

Finally, we examined whether the enhanced performance for
fully structured sequences could be due to guessing. If we look at
the partially structured (Structured4) sequences, we can determine
how many times participants falsely completed a Structured4
sequence with a fully sequential order (e.g., if the sequence was
“4-5-6-7-2” and the participant reported “4-5-6-7-8”). We calcu-
lated the percentage of this type of false alarm out of all Struc-
tured4 trials, to test whether this type of guessing strategy could
drive our effect. In the digit recall task, synaesthetes reported
2.08% (SD � 0.21%) and controls 4.37% (SD � 0.32%) of
Structured4 trials in completely ascending or descending order,
falsely completing the partially structured sequence as completely
structured. In the color recall task, synaesthetes had 3.3% (SD �
0.3%) and controls 0.21% (SD � 0.001%) of false alarms. This
false alarm analysis demonstrates that, on average, a maximum of
1.75 out of 40 Structured4 sequences were reported erroneously in
ascending or descending order. Thus, the benefit in the Structured5
condition is unlikely to be driven purely by a guessing strategy. In
the color recall task, only synaesthetes erroneously reported occa-
sional color sequences in ascending or descending order, which is
not surprising as controls do not have the color–digit associations.
However, synaesthetes reported, on average, less than one color
sequence falsely in ascending or descending order, which makes it
unlikely that the effect is driven by guessing. Importantly, the
catch trials in our design also discouraged such a strategy.

Together, these results show that both groups clearly benefit
from structure in the digit recall task. In the color recall task,
synaesthetes and controls do not differ in baseline performance,
suggesting that there is no overall benefit to color memory. How-

Figure 4. Serial memory duration thresholds (SMDTs) in milliseconds
for both groups. The SMDTs are the averaged presentation durations of the
last five trials for each staircase. They represent the level at which �50%
of the sequences were recalled with 100% accuracy. Results of the (A) digit
recall task and of the (B) color recall task. The baseline condition corre-
sponds to the mean performance of the two non-structured conditions.
Error bars reflect 95% confidence intervals.
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ever, synaesthetes have an advantage over controls when recalling
fully structured sequences, demonstrating that digit–color synaes-
thetes can use their synaesthesia to boost color memory. For
synaesthetes, the SMDTs for recalling fully structured color se-
quences are slower than for recalling fully structured digit se-
quences.

Discussion

In this study, we used a novel method to examine whether
synaesthetes can use their associations between colors and digits to
enhance serial recall for specific color sequences, measured by
SMDTs. Our results show that both synaesthetes and non-
synaesthetes can correctly recall structured sequences of digits
(ascending or descending in order) when presented at a faster rate
than novel, non-structured (pseudo-randomized) sequences. Syn-
aesthetes showed a similar benefit for structured color sequences
(corresponding to ascending and descending digit sequences) over
non-structured color sequences (corresponding to pseudorandom
digit sequences). Non-synaesthetes did not show any performance
difference in structured and non-structured color sequences.
Hence, our results demonstrate that digit–color synaesthetes can
use the link between colors and digits to boost memory for specific
color sequences.

Usually, the differences in performance in ISR tasks are mea-
sured in terms of recall accuracy. Here, we obtained our data with
a method new to the field of serial recall, a staircase procedure
varying presentation duration depending on performance. Previous
use of staircases in ISR studies has been through varying sequence
length to adjust task difficulty. Although this method is suitable to
examine, for example, differences between multiple types of stim-
uli (e.g., Li, Schweickert, & Gandour, 2000), it is not very sensi-
tive to subtle differences. This type of staircase can add only whole
items to the sequence and can measure whether, for example, six
or seven items can be recalled accurately. Here, we showed that
detecting subtle differences in serial recall performance is possible
by using a staircase procedure that manipulates presentation dura-
tion, which allows us to measure SMDTs.

We used our sensitive measure to explore the memory abilities
of synaesthetes who have long-term associations between digits
and colors. The data show that synaesthetes do not have a general
memory benefit relative to non-synaesthetes in immediate recall.
There is no difference in performance for digit sequences, with
both groups showing improvement with structured over pseudo-
random sequences, or for unstructured color sequences. Synaes-
thetes do, however, perform better in recalling colors when the
sequence of colors reflected an underlying digit structure. Other
studies have shown that synaesthetes are better relative to controls
when recalling material within the same domain as that evoked by
their synaesthesia such as colors. For example, Yaro and Ward
(2007) showed that synaesthetes have an advantage over non-
synaesthetes when recalling color matrices after a delay (and not
on immediate recall). In another study, Rothen and Meier (2010)
found that synaesthetes performed better than non-synaesthetes
when recalling line–color associations. In contrast to Yaro and
Ward’s (2007) findings, in this second study, the advantage for the
synaesthetes was more pronounced immediately after the learning
phase in comparison to delayed recall. Here, we find a very

specific advantage for colors with an underlying structure that
depends on the synaesthetic link to digits.

The specific advantage for colors that are associated with a
structured sequence of digits might arise from synaesthetes having
a benefit at recall, after the whole sequence has been presented, or
during the encoding period, or both. The classic serial position
effect is that the first and the last items of a sequence are usually
recalled with a higher accuracy, whereas the items in the middle of
the sequence are often recalled in the wrong order (Ebbinghaus,
1913). Here, synaesthetes may recall the first and last colors and
then reconstruct the order of the items in the middle based on their
long-term associations with the structured sequences. This would
imply that our effect is due to a deliberate use of synaesthetic
associations to boost recall accuracies of color sequences. Alter-
natively, or in addition, synaesthetes might deliberately translate
the colors back into digits to get the benefit of the underlying
structure. All participants were aware that the sequences would
have different degrees of structure, but only synaesthetes could
translate colors to digits at the encoding stage to boost memory.
This interpretation is in line with results from McCarthy et al.
(2013) who showed that synaesthetes could translate colors to
digits and solve arithmetic tasks with colors only. In this previous
study, synaesthetes needed 250 ms per color to translate them back
to digits, which is consistent with our longer SMDTs for structured
colored sequences over digits.

We cannot rule out the possibility that the translation of colors
to digits is due to a relatively slow but still automatic process.
There certainly is good evidence from synaesthetic congruency
paradigms that digits evoke colors involuntarily (e.g., Mattingley
et al., 2001). There is also evidence that mismatching color infor-
mation can affect digit processing (e.g., Brugger et al., 2004;
Cohen Kadosh et al., 2005), suggesting that there is implicit
involuntary activation of digit information by the colors they
usually evoke. Thus, the structure advantage for synaesthetes
recalling colors could be because implicit activation of digit iden-
tity when looking at colors leads to a prediction of which item
comes next in the sequence. Such predictive encoding methods
(for a recent review, see Clark, 2013) could account for our
structure effect: Synaesthetes’ expectations would be more accu-
rate for the fully structured in comparison to the partially struc-
tured and non-structured conditions. Non-synaesthetes do not ben-
efit from the structure in the color recall task because they do not
have these color sequences stored in long-term memory and hence
cannot successfully predict which item comes next in the se-
quence. Although this is possible, it seems less likely in light of the
relatively long SMDTs for colors relative to digits, which fit with
previous strategic translation effects (McCarthy et al. (2013).

Two different theoretical frameworks could explain the advan-
tage in color encoding that leads to memory benefits observed for
synaesthetes in comparison to non-synaesthetes. One suggestion is
that synaesthetes’ advantage in color memory over non-
synaesthetes is due to higher sensitivity for visual information
(Pritchard, Rothen, Coolbear, & Ward, 2013; Rothen, Meier, &
Ward, 2012; Terhune, Wudarczyk, Kochuparampil, & Cohen Ka-
dosh, 2013). Previous studies have claimed that synaesthesia is
associated with neuroanatomical differences in the ventral visual
stream which may lead to enhanced visual processing (e.g., Jän-
cke, Beeli, Eulig, & Hänggi, 2009; Rouw & Scholte, 2007). As the
ability to encode rapid sequences in the correct order depends on
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the rate at which the items can be identified and encoded into
memory (Wyble, Bowman, & Nieuwenstein, 2009), in principle,
any difference in visual sensitivity could improve memory for
serial order. However, the enhanced visual processing account
predicts that synaesthetes would be better at recalling all digit and
color sequences relative to non-synaesthetes, whereas our data
show that the benefit is specific to the structured color sequences.
Thus, these data do not support the proposal that synaesthetes have
generally enhanced visual processing relative to controls.

An alternative theory explaining memory benefits for synaes-
thetes is the dual-coding account of memory (based on the work of
Paivio, 1991), which suggests that synaesthetes could benefit from
the additional information attached to items they have to remember
(Rothen et al., 2012). However, a dual-coding explanation predicts
that synaesthetes should have an advantage when memorizing digit
sequences because of the additional color cue. Consistent with
earlier results (e.g., Rothen & Meier, 2010), we do not find any
advantage for synaesthetes over controls when recalling digit
sequences in general. Thus, the dual-coding account does not fully
explain the current findings either.

We propose that a modified version of the dual-coding account
is a more plausible explanation for the current data. Synaesthetes
were only able to use the link between colors and digits to boost
their serial recall of a color sequences when the secondary infor-
mation (i.e., digits in the color recall task) was more useful for task
performance than the primary information (i.e., colors in the color
recall task). Thus, we need a modified dual-coding account that
holds that synaesthetes will have a benefit over non-synaesthetes
only in situations where the synaesthetically linked information is
more memorable than the presented stimuli.

Digits seem not to be available immediately when colors are
presented as there was a difference in synaesthetes’ SMDTs for
structured sequences of digits (mean SMDT: 28 ms) and sequences
of colors structured only by the underlying digit sequences (mean
SMDT: 221 ms). This could be due to general differences between
inducers and concurrents: Whereas a digit elicits one specific
color, that same color could potentially be associated with more
than one stimulus. For example, yellow might not only be associ-
ated with “2” but also with “Tuesday” or specific objects such as
bananas. Although within the context of the experiment it was
clear that each color in the sequence represented a digit, the
potential one-to-many relationship of color to inducer could slow
the translation of colors to digits. Thus, the difference between the
color recall and digit recall tasks for synaesthetes potentially
reflects the process of interpreting the colors in terms of digits and
translating them back. Then, when the translated digit secondary
information is more useful or memorable than the primary-color
information, we see a benefit for synaesthetes over controls.

In summary, the current findings show that synaesthetes do not
have an overall enhanced immediate memory for sequences of
either digits or colors but they can use their synaesthesia to
translate colors to digits to improve serial memory for colors. This
translation process is quite slow: In comparison to encoding digit
sequences directly, synaesthetes needed additional time to translate
colors to digits when encoding color sequences. We propose a
modified dual-coding account of memory advantage in synaesthe-
sia such that synaesthesia will only enhance memory when the
synaesthetically linked information is more memorable than the
primary information. Our study further shows that duration thresh-

olds are a sensitive method to measure subtle differences in serial
recall performance.

References

Baron-Cohen, S., Bor, D., Billington, J., Asher, J., Wheelwright, S., &
Ashwin, C. (2007). Savant memory in a man with colour form-number
synaesthesia and Asperger. Journal of Consciousness Studies, 14 (9–
10), 237–251.

Baron-Cohen, S., Burt, L., Smith-Laittan, F., Harrison, J., & Bolton, P.
(1996). Synaesthesia: Prevalence and familiality. Perception, 25, 1073–
1079. http://dx.doi.org/10.1068/p251073

Brainard, D. H. (1997). The psychophysics toolbox. Spatial Vision, 10,
433–436. http://dx.doi.org/10.1163/156856897X00357

Brugger, P., Knoch, D., Mohr, C., & Gianotti, L. R. (2004). Is digit–color
synaesthesia strictly unidirectional? Preliminary evidence for an implic-
itly colored number space in three synaesthetes. Acta Neuropsycho-
logica, 2, 252–258.

Chiou, R., Stelter, M., & Rich, A. N. (2013). Beyond colour perception:
Auditory-visual synaesthesia induces experiences of geometric objects
in specific locations. Cortex, 49, 1750–1763. http://dx.doi.org/10.1016/
j.cortex.2012.04.006

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the
future of cognitive science. Behavioral and Brain Sciences, 36, 181–
204. http://dx.doi.org/10.1017/S0140525X12000477

Cohen Kadosh, R., Sagiv, N., Linden, D. E., Robertson, L. C., Elinger, G.,
& Henik, A. (2005). When blue is larger than red: Colors influence
numerical cognition in synesthesia. Journal of Cognitive Neuroscience,
17, 1766–1773. http://dx.doi.org/10.1162/089892905774589181

Ebbinghaus, H. (1913). Memory: A contribution to experimental psychol-
ogy (H. A. Ruger & C. E. Bussenius, Trans.). New York, NY: Teachers
College Press. http://dx.doi.org/10.1037/10011-000

Edquist, J., Rich, A. N., Brinkman, C., & Mattingley, J. B. (2006). Do
synaesthetic colours act as unique features in visual search? Cortex, 42,
222–231. http://dx.doi.org/10.1016/S0010-9452(08)70347-2

Gross, V. C., Neargarder, S., Caldwell-Harris, C. L., & Cronin-Golomb, A.
(2011). Superior encoding enhances recall in color-graphemic synesthe-
sia. Perception, 40, 196–208. http://dx.doi.org/10.1068/p6647

Grossenbacher, P. G., & Lovelace, C. T. (2001). Mechanisms of synes-
thesia: Cognitive and physiological constraints. Trends in Cognitive
Science, 5, 36–41.

Hurlstone, M. J., Hitch, G. J., & Baddeley, A. D. (2014). Memory for serial
order across domains: An overview of the literature and directions for
future research. Psychological Bulletin, 140, 339–373. http://dx.doi.org/
10.1037/a0034221

Jäncke, L., Beeli, G., Eulig, C., & Hänggi, J. (2009). The neuroanatomy of
grapheme-color synesthesia. European Journal of Neuroscience, 29,
1287–1293. http://dx.doi.org/10.1111/j.1460-9568.2009.06673.x

Knoch, D., Gianotti, L. R., Mohr, C., & Brugger, P. (2005). Synesthesia:
When colors count. Cognitive Brain Research, 25, 372–374. http://dx
.doi.org/10.1016/j.cogbrainres.2005.05.005

Li, X., Schweickert, R., & Gandour, J. (2000). The phonological similarity
effect in immediate recall: Positions of shared phonemes. Memory &
Cognition, 28, 1116–1125. http://dx.doi.org/10.3758/BF03211813

Luria, A. (1968). The mind of a mnemonist: A little book about a vast
memory (L. Solotaroff, Trans.). New York, NY: Basic Books.

Mattingley, J. B., Payne, J. M., & Rich, A. N. (2006). Attentional load
attenuates synaesthetic priming effects in grapheme-colour synaesthesia.
Cortex, 42, 213–221. http://dx.doi.org/10.1016/S0010-9452(08)70346-0

Mattingley, J. B., Rich, A. N., Yelland, G., & Bradshaw, J. L. (2001).
Unconscious priming eliminates automatic binding of colour and alpha-
numeric form in synaesthesia. Nature, 410, 580–582. http://dx.doi.org/
10.1038/3506906235069062

McCarthy, J. D., Barnes, L. N., Alvarez, B. D., & Caplovitz, G. P. (2013).
Two plus blue equals green: Grapheme-color synesthesia allows cogni-

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1502 TEICHMANN, NIEUWENSTEIN, AND RICH

http://dx.doi.org/10.1068/p251073
http://dx.doi.org/10.1163/156856897X00357
http://dx.doi.org/10.1016/j.cortex.2012.04.006
http://dx.doi.org/10.1016/j.cortex.2012.04.006
http://dx.doi.org/10.1017/S0140525X12000477
http://dx.doi.org/10.1162/089892905774589181
http://dx.doi.org/10.1037/10011-000
http://dx.doi.org/10.1016/S0010-9452%2808%2970347-2
http://dx.doi.org/10.1068/p6647
http://dx.doi.org/10.1037/a0034221
http://dx.doi.org/10.1037/a0034221
http://dx.doi.org/10.1111/j.1460-9568.2009.06673.x
http://dx.doi.org/10.1016/j.cogbrainres.2005.05.005
http://dx.doi.org/10.1016/j.cogbrainres.2005.05.005
http://dx.doi.org/10.3758/BF03211813
http://dx.doi.org/10.1016/S0010-9452%2808%2970346-0
http://dx.doi.org/10.1038/3506906235069062
http://dx.doi.org/10.1038/3506906235069062


tive access to numerical information via color. Consciousness and Cogni-
tion, 22, 1384–1392. http://dx.doi.org/10.1016/j.concog.2013.09.005

Mills, C. B., Boteler, E. H., & Oliver, G. K. (1999). Digit synaesthesia: A
case study using a Stroop-type test. Cognitive Neuropsychology, 16,
181–191. http://dx.doi.org/10.1080/026432999380951

Mills, C. B., Innis, J., Westendorf, T., Owsianiecki, L., & McDonald, A.
(2006). Effect of a synesthete’s photisms on name recall. Cortex, 42,
155–163. http://dx.doi.org/10.1016/S0010-9452(08)70340-X

Odgaard, E. C., Flowers, J. H., & Bradman, H. L. (1999). An investigation
of the cognitive and perceptual dynamics of a colour-digit synaesthete.
Perception, 28, 651–664. http://dx.doi.org/10.1068/p2910

Paivio, A. (1991). Dual coding theory: Retrospect and current status.
Canadian Journal of Psychology/Revue canadienne de psychologie, 45,
255.

Pritchard, J., Rothen, N., Coolbear, D., & Ward, J. (2013). Enhanced
associative memory for colour (but not shape or location) in synaesthe-
sia. Cognition, 127, 230–234. http://dx.doi.org/10.1016/j.cognition.2012
.12.012

Radvansky, G. A., Gibson, B. S., & McNerney, M. W. (2011). Synesthesia
and memory: Color congruency, von Restorff, and false memory effects.
Journal of Experimental Psychology: Learning, Memory, and Cogni-
tion, 37, 219–229. http://dx.doi.org/10.1037/a0021329

Ramachandran, V. S., & Hubbard, E. M. (2001). Synaesthesia—A window
into perception, thought, and language. Journal of Consciousness Stud-
ies, 8, 3–34.

Rich, A. N., & Mattingley, J. B. (2002). Anomalous perception in synaes-
thesia: A cognitive neuroscience perspective. Nature Reviews Neurosci-
ence, 3, 43–52. http://dx.doi.org/10.1038/nrn702

Rich, A. N., & Mattingley, J. B. (2010). Out of sight, out of mind: The
attentional blink can eliminate synaesthetic colours. Cognition, 114,
320–328. http://dx.doi.org/10.1016/j.cognition.2009.10.003

Rothen, N., & Meier, B. (2009). Do synesthetes have a general advantage
in visual search and episodic memory? A case for group studies. PLoS
One, 4(4), e5037. http://dx.doi.org/10.1371/journal.pone.0005037

Rothen, N., & Meier, B. (2010). Grapheme-colour synaesthesia yields an
ordinary rather than extraordinary memory advantage: Evidence from a

group study. Memory, 18, 258 –264. http://dx.doi.org/10.1080/
09658210903527308

Rothen, N., Meier, B., & Ward, J. (2012). Enhanced memory ability:
Insights from synaesthesia. Neuroscience and Biobehavioral Reviews,
36, 1952–1963. http://dx.doi.org/10.1016/j.neubiorev.2012.05.004

Rouw, R., & Scholte, H. S. (2007). Increased structural connectivity in
grapheme-color synesthesia. Nature Neuroscience, 10, 792–797.

Sagiv, N., Heer, J., & Robertson, L. (2006). Does binding of synesthetic
color to the evoking grapheme require attention? Cortex, 42, 232–242.
http://dx.doi.org/10.1016/S0010-9452(08)70348-4

Smilek, D., Dixon, M. J., Cudahy, C., & Merikle, P. M. (2002). Synesthetic
color experiences influence memory. Psychological Science, 13, 548–
552. http://dx.doi.org/10.1111/1467-9280.00496

Teichmann, A. L., Nieuwenstein, M. R., & Rich, A. N. (2015). Red, green,
blue equals 1, 2, 3: Digit–color synesthetes can use structured digit
information to boost recall of color sequences. Cognitive Neuroscience,
6(2–3), 100–110. http://dx.doi.org/10.1080/17588928.2015.1056519

Terhune, D. B., Wudarczyk, O. A., Kochuparampil, P., & Cohen Kadosh,
R. (2013). Enhanced dimension-specific visual working memory in
grapheme-color synesthesia. Cognition, 129, 123–137. http://dx.doi.org/
10.1016/j.cognition.2013.06.009

Wollen, K. A., & Ruggiero, F. T. (1983). Colored-letter synesthesia.
Journal of Mental Imagery, 7, 83–86.

Wyble, B., Bowman, H., & Nieuwenstein, M. (2009). The attentional blink
provides episodic distinctiveness: Sparing at a cost. Journal of Experi-
mental Psychology: Human Perception and Performance, 35, 787–807.
http://dx.doi.org/10.1037/a0013902

Yaro, C., & Ward, J. (2007). Searching for Shereshevskii: What is superior about
the memory of synaesthetes? Quarterly Journal of Experimental Psychology,
60, 681–695. http://dx.doi.org/10.1080/17470210600785208

Received July 6, 2016
Revision received December 12, 2016

Accepted January 11, 2017 �

E-Mail Notification of Your Latest Issue Online!

Would you like to know when the next issue of your favorite APA journal will be available
online? This service is now available to you. Sign up at https://my.apa.org/portal/alerts/ and you will
be notified by e-mail when issues of interest to you become available!

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1503DIGIT–COLOR SYNAESTHESIA AND SERIAL RECALL

http://dx.doi.org/10.1016/j.concog.2013.09.005
http://dx.doi.org/10.1080/026432999380951
http://dx.doi.org/10.1016/S0010-9452%2808%2970340-X
http://dx.doi.org/10.1068/p2910
http://dx.doi.org/10.1016/j.cognition.2012.12.012
http://dx.doi.org/10.1016/j.cognition.2012.12.012
http://dx.doi.org/10.1037/a0021329
http://dx.doi.org/10.1038/nrn702
http://dx.doi.org/10.1016/j.cognition.2009.10.003
http://dx.doi.org/10.1371/journal.pone.0005037
http://dx.doi.org/10.1080/09658210903527308
http://dx.doi.org/10.1080/09658210903527308
http://dx.doi.org/10.1016/j.neubiorev.2012.05.004
http://dx.doi.org/10.1016/S0010-9452%2808%2970348-4
http://dx.doi.org/10.1111/1467-9280.00496
http://dx.doi.org/10.1080/17588928.2015.1056519
http://dx.doi.org/10.1016/j.cognition.2013.06.009
http://dx.doi.org/10.1016/j.cognition.2013.06.009
http://dx.doi.org/10.1037/a0013902
http://dx.doi.org/10.1080/17470210600785208

	Digit–Color Synaesthesia Only Enhances Memory for Colors in a Specific Context: A New Met ...
	Method
	Participants
	Apparatus
	General Procedure
	Digit Recall Task
	Stimuli
	Procedure and design

	Color Recall Task
	Stimuli
	Procedure and design


	Results
	Discussion
	References


