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Abstract
A hallmark of working memory (WM) is its limited capacity. While visual and verbal domains of WM are able to store multiple
items, the capacity of parametric vibrotactile WM (vtWM) has not yet been established for supra-threshold, one-dimensional
sensory vibrotactile frequencies. The present study extends the standard delayed match-to-sample vibrotactile discrimination task
to determine the capacity of the vtWM and its cognitive mechanism. Here, by presenting subjects with 2 to 6 vibratory
frequencies sequentially in each trial, the present study demonstrates that it is possible to retain about only two vibrotactile
frequencies information in vtWM. The results also showed that the capacity of vtWM does not depend on whether sequentially
presented vibrotactile frequencies are delivered to the same or to different fingers. At the same time, the rate of correct report
depends on sequence length and when in the sequence the stimuli are presented, suggesting the dynamic updating of vtWM
similar to that of visual WM.
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Introduction

The vibrotactile working memory (vtWM) task requires the
memorization of frequency of tactile vibrations (a continuous
parameter), and it is considered to be a parametric WM task
(Spitzer and Blankenburg 2011). Extensive electrophysiolog-
ical recordings have shown that the firing rate of neurons in

monkey prefrontal cortex (PFC) monotonically depends on
vibrotactile frequency in the vtWM task (Romo et al. 1999;
Romo and Salinas 2003; Romo et al. 2012). The unique neural
processing of vibrotactile frequency makes vtWM an impor-
tant model system to test theories of WM and draw compari-
sons to other forms of WM (Wang and Wang 2021).
However, although vtWM is well studied on the neural level,
the cognitive and behavioral research of vtWM is still lacking.
While sub-systems of WM for verbal and visual information
are able to store multiple items, it is necessary to measure the
capacity of vtWM. Whether vtWM can store more than one
stimulus is an important question for the ability to compare
vtWM to other working memory systems. This study intends
to explore the capacity of vtWM and how parametric
vibrotactile frequency is stored and processed in vtWM.

Modalities of the vibrotactile frequencies are different from
the visual and auditory modalities. Vibrotactile frequencies
are abstract (analog) features induced through a somatic sen-
sation. Unlike visual and auditory information, which is char-
acterized by a conjunction of features, frequency of tactile
vibrations is a scalar analogue value and one-dimensional
sensory stimulus. Grouping or chunking of items may influ-
ence the capacity of visual WM and rehearsal has effects on
the capacity of verbal WM (Cowan 2010). But chunking or
rehearsal is unlikely to affect the capacity of vtWM, since the
frequency of tactile vibrations is an analog and one-
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dimensional stimulus. Thus, exploring the capacity of vtWM
will improve and enrich our understanding of WM system.

Previous studies of tactile modality have investigated tac-
tile memory capacity for location whenmultiple tactile stimuli
were presented simultaneously to their fingers, and showed
that participants can remember an average of 3.5–4.5 positions
(Auvray et al. 2011; Bliss et al. 1966; Gallace and Spence
2009). However, in these studies not only tactile information
but also spatial processing of that information is involved.
Previous studies have also investigated tactile memory
for the microgeometric qualities of tactile stimuli (such
as fine textural features), and the macrogeometric qual-
ities of tactile stimuli (i.e., object’s shape, size, etc.)
(Gallace and Spence 2009).

Previous vtWM studies typically applied the delayed
match-to-sample vibrotactile discrimination task: subjects
are presented with a vibrotactile frequency (sample) to the
fingertip, then a second frequency (probe) is delivered to the
same fingertip after a delay period. Subjects are instructed to
compare the probe to the memorized frequency, and to decide
whether the probe is of a higher or lower frequency than the
sample, or whether these two vibrotactile stimuli are of the
same or different frequency (Schmidt et al. 2017; Zhao et al.
2017). This standard task can be used to examine the vtWMof
single frequency, but cannot be used to examine vtWM of
multiple frequencies and its capacity. Although previous stud-
ies provided evidence suggestive of a multi-item storage ca-
pacity for parametric WM processing of vibrotactile frequen-
cy (Bancroft et al. 2012; Spitzer and Blankenburg 2011), the
capacity has not yet been measured. Bancroft et al. (2012)
used a two-item delayed match-to-sample paradigm and
found results that were inconsistent with storing only one
frequency in vtWM. However, the number of frequencies that
vtWM can store is still unknown.

This study aims to test the capacity of vtWM and how
parametric vibrotactile frequency is stored and processed in
vtWM, by extending the standard delayed match-to-sample
vibrotactile discrimination task and presenting subjects with
multiple vibratory frequencies sequentially in each trial. (1)
Since the frequency of tactile vibrations is an analog and
one-dimensional sensory stimulus, which is less unlikely to
be affected by grouping or rehearsal than verbal and visual
information, we hypothesized that the capacity of vtWM
would be smaller than that of the verbal, visual WM, and the
tactile memory for location, i.e., less than three units. (2)
Previous visuospatial WM studies of sequential display
showed that WM resources can be dynamically reallocated
(Gorgoraptis et al. 2011). We hypothesized that processing
and storage of sequentially presented vibrotactile frequency
information would show similar characteristics to that of pre-
vious visuospatial WM studies. (3) In two experiments, we
sequentially presented vibrotactile frequencies to the same
fingertip and to different fingertips to test the capacity and

processing of vtWM. Evidence from previous studies indicat-
ed that when stimuli are retained in both the sensory cortex
and the anterior regions like PFC, interference among stimuli
representations may decrease and capacity may improve
(Christophel et al. 2017). Thus, if the secondary somatosen-
sory cortex contributes to vtWM capacity, frequencies deliv-
ered to different fingertips might improve vtWM capacity.

Experiment 1: Sequential Presentation to the Same
Fingertip

In experiment 1, vibrotactile frequencies were sequentially
presented to the same fingertip to test the capacity and pro-
cessing of vtWM for frequency.

Methods

Participants

A total of 19 (11 females) right-handed healthy undergraduate
and graduate students (age range: 18 years to 26 years) partic-
ipated in Experiment 1. The sample size was determined a
priori from a power analysis (G*Power), which indicated that
this number of participants was sufficient to detect a within-
subjects effect (ηp

2 = 0.2) 90% of the time using an alpha (α)
of 0.05. The effect size is based on pervious visual and vtWM
study, and also a pilot experiment (Bancroft et al. 2012;
Spitzer and Blankenburg 2011; Gorgoraptis et al. 2011). All
of the participants self-reported normal tactile perception. All
participants gave written consent prior to the experiment and
received payment after the experiment. This study was ap-
proved by the Institutional Review Board and Ethics
Committee of Human Participant Protection.

Stimuli

Vibrotactile stimuli are generated by a Braille-like display of 8
pins (2×4 matrix with 2.5 mm spacing). The vibrotactile fre-
quency generators were controlled by a programmable piezo-
electric mechanical stimulator (QuaeroSys, St. Johann,
Germany). All 8 pins of the Braille-like display vibrated with
equal amplitude and intensity, with smoothed onsets and off-
sets. Five vibrotactile frequency generators were installed in a
hand brace, and each of them provided frequencies to each of
the five fingertips (Fig. 1).

To test the capacity of vtWM and avoid the effect of indi-
vidual differences, this study recruited participants to assess
the frequencies to make sure that the frequencies used in the
present study are highly discriminable and supra-threshold for
all participants. The frequencies in the present study were
selected from the range of 10–70 Hz based on previous be-
havioral and imaging studies of vtWM (Bancroft et al. 2012;
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Spitzer and Blankenburg 2011; Schmidt et al. 2017; Zhao
et al. 2017). Before the experiment, we recruited participants
to assess the frequencies. Subjects were presented with two
different 1000 ms vibratory frequencies, separated by an un-
filled 500 ms period. Subjects were instructed to indicate
whether the second stimulus was higher or lower than the first
stimulus. The set of frequencies of 10, 20, 30, 40, 50, 60, and
70 Hz were tested, and accuracies for each pair of these fre-
quencies were above 95%. Thus, the set of discriminable fre-
quencies of 10, 20, 30, 40, 50, 60, and 70 Hz were used in the
present study.

Procedure

The procedure for measuring vtWMcapacity in this study was
designed based on previous vtWM and visuospatialWM stud-
ies (Gorgoraptis et al. 2011; Hernández et al. 2010; Romo
et al. 1999; Romo et al. 2012; Schmidt et al. 2017; Zhao
et al. 2017). The one-item delayed match-to-sample paradigm
used in previous vtWM studies cannot be used to examine
vtWM of multiple frequencies and its capacity. Therefore, this
study referred to the method of measuring capacity in visual
tasks to improve this paradigm, presenting subjects with mul-
tiple vibratory frequencies sequentially in each trial
(Gorgoraptis et al. 2011). Using this new procedure, the pres-
ent study was able to test participants’ performance of remem-
bering multiple frequencies using single-probe report, which
is often used in the visuospatial WM capacity. Then based on
the accuracy of the report, this study estimated the number of
memorized vibrotactile frequencies by following a standard
formula used to assess single-probe capacity (Cowan 2001).

The vibration frequencies of tactile stimuli were selected
from 10, 20, 30, 40, 50, 60, and 70 Hz. Vibrotactile stimuli
were delivered to the left index finger. Subjects were present-
ed with two, three, four, five, or six different vibratory fre-
quencies, separated by an unfilled 500 ms period. The dura-
tion of each stimulus presentation was 1000 ms. The set size
varied from 2 to 6. The serial number (“1”, “2”, “3”, “4”, “5”,

“6”) of the sample stimuli were presented on the computer
screen simultaneously with the vibrotactile stimuli. The serial
number was only used as a marker, and for achieving the goal
of testing the vtWM of each frequency in the sequence. Just
like previous visuospatial WM capacity studies used color to
identify the stimuli (Gorgoraptis et al. 2011). The serial num-
ber in this study played the same role of marker as color in
previous visuospatial WM studies.

Participants were required to remember all the vibra-
tory frequencies. After all vibratory stimuli were pre-
sented and a 500 ms delay period was provided, a ran-
domly selected serial number was presented on the
screen, and a probe frequency was delivered to the
same fingertip. Participants were required to indicate
whether the probe was identical to the frequency cued
by the number presented on the screen (Fig. 2). The
probe frequency was either the same frequency as the
sample delivered to the probe finger or a new frequency
that was not presented in the sample array. Responses
were given via right middle and index finger button
presses. And identical and different probe frequencies
occurred randomly at a probability of 0.5, respectively.
All frequencies in the sequence were equally likely to
be tested. Each subject completed a total of 400 inter-
leaved trials. There were 20 trials for each of the 20
combinations of sequence length (2–6) and serial posi-
tion of the probe frequency within the sequence.

The experimental procedures were programmed in
MATLAB R2012b (The Math Works) us ing the
Psychophysics Toolbox. Participants were tested individually
in a room. The sound of the stimulator was masked by white
noise (90 dB) presented through headphones. The volumewas
adjusted, and none of the participants reported hearing any
residual sound of the vibrotactile stimulation. During the prac-
tice session, participants were provided with feedback on their
accuracy. All participants answered one question (“What
strategy did you use to remember the frequencies?”) after
participating in Experiment 1.

Fig. 1 Vibrotactile stimulator (QuaeroSys, St. Johann, Germany) and custom hand brace
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Results and Discussion

The accuracies of different set size conditions are shown in
Fig. 3A. The main effect of set size was significant, F(4,72) =
17.491, p < 0.001, ηp

2 = 0.493. The pairwise comparison
(Bonferroni corrected) between the five conditions further in-
dicated that two vs. four frequencies conditions, MD= 0.090,
p = 0.002; two vs. five frequencies conditions, MD= 0.089,
p = 0.002; two vs. six frequencies conditions, MD = 0.167,
p < 0.001; and three vs. six frequencies conditions, MD =

0.121, p < 0.001, were significantly different from each other.
The d’ (d-prime) of different set size conditions are shown in
Fig. 3B. The main effect of set size was significant, F(4,72) =
25.73, p < 0.001, ηp

2 = 0.59. The pairwise comparison
(Bonferroni corrected) between the five conditions further in-
dicated that two vs. four frequencies conditions, t(18) = 6.03,
p < 0.001, Cohen’s d = 1.38; two vs. five frequencies condi-
tions, t(18) = 6.06, p < 0.001, Cohen’s d = 1.39; two vs. six
frequencies conditions, t(18) = 7.99, p < 0.001, Cohen’s d =
1.83; three vs. five frequencies conditions, t(18) = 4.11, p =

Fig. 2 Sample trial sequence of Experiment 1 (sequentially presented frequencies delivered to the same fingertip)

Fig. 3 (A) Accuracies of five set size conditions in Experiment 1. (B) The d’ (d-prime) of different set size conditions in Experiment 1. The error bars
represent standard error of the mean
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0.007, Cohen’s d = 0.94; three vs. six frequencies conditions,
t(18) = 6.32, p < 0.001, Cohen’s d = 1.45, and four vs. six fre-
quencies conditions, t(18) = 3.51, p = 0.025, Cohen’s d = 0.80,
were significantly different from each other.

Figure 4 shows how accuracy varied as a function of its
serial position for different set sizes (sequence lengths). There
was a recency effect, and the last item was remembered with
the most accuracy. Serial order had a significant effect on
accuracy (main effect of serial order F(3.20,57.53) = 8.82,
p < 0.001, ηp

2 = 0.33, Greenhouse-Geisser), regardless of the
total number of frequencies in the sequence with the most
recent frequency remembered significantlymore accurately than
the preceding frequencies. The main effect of set size for the last
item in a sequence was not significant, F(2.55,45.96) = 0.68, p =
0.545, ηp

2 = 0.04 (Greenhouse-Geisser). The accuracy of the re-
call of the most recent frequency was unaffected as the total
number of items held in memory increased. The main effect of
the set size for the second to last item in a sequence was signif-
icant, F(2.54,45.75) = 4.90, p = 0.007, ηp

2 = 0.21 (Greenhouse-
Geisser). Accuracy in the recall of the second to last item signif-
icantly decreased with the increase of the sequence length.
Performance was significantly better than chance for every com-
bination of serial order and set size (ts > 8.10, dfs = 18, ps < 0.001,
Cohen’s ds> 1.86), indicating that some information was stored
about every position in a sequence.

Based on the accuracy of report, this study estimated the
number of memorized vibrotactile frequencies by following a
standard formula used to assess single-probe capacity (Cowan
2001): K =N*(H – FA), where H and FA are observed hit and
false alarm rates, and K is the number of memorized items and
N is the set size of the stimuli. The results in Fig. 5A show that
the number of memorized frequencies increase at first and
then decreases along with the set size. The maximum number
of memorized frequencies is 2.1 given sequentially presented
frequencies. Further, we calculated capacity with the last item
excluded from each set size condition (Fig. 5B). The

maximum number of memorized frequencies with the last
item excluded is 1.9. We collected all participants’ answers
about the strategies that they had taken. None of them men-
tioned using any explicit grouping or rehearsal strategies.

The results suggested that the memory capacity of vtWM is
2 units when vibratory frequencies are sequentially delivered to
the same fingertips. Performance was significantly better than
chance for each frequency of serial order and set size, indicating
that some information was stored about every frequency in a
sequence. The mean accuracy of each frequency was recalled
declined with increases in total vtWM load, but also depended
onwhen in the sequence it appeared. All these results suggested
that vtWM resources allocation to each new frequency to be
remembered is affected by sequence length and serial order
dynamically. Thus, suggesting the dynamic updating of
vtWM similar to that of visualWMof sequential display, which
means that resources can be dynamically reallocated in vtWM
for frequency of each serial order and set size.

Experiment 2: Sequential Presentation to Different
Fingertips

Previous studies found the engagement of PFC and somato-
sensory cortex during vibrotactile frequency maintenance and
processing (Harris et al. 2001; Harris et al. 2002; Spitzer and
Blankenburg 2011; Zhao et al. 2017). Evidence from previous
studies suggested that when stimuli were retained in the sen-
sory cortex and the anterior regions, interference among stim-
uli representations might decrease and capacity might im-
prove (Christophel et al. 2017). In the hand representation of
the secondary somatosensory cortex, most neurons have inde-
pendent receptive fields (Merzenich et al. 1978; Iwamura et al.
1993). Thus, if the secondary somatosensory cortex contrib-
utes to vtWM capacity, frequencies delivered to different fin-
gertips might improve vtWM capacity. Therefore, we further

Fig. 4 Accuracies modulated by
serial order and sequence length
in Experiment 1. Accuracy is
plotted against order in the
sequence. The error bars represent
standard error of the mean
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delivered samples to different fingertips in Experiment 2 to
test the vtWM capacity (Fig. 6).

Methods

Participants

A total of 19 (10 females) right-handed healthy undergraduate
and graduate students (age range: 18 years to 26 years)

participated in Experiment 2. All of the participants self-
reported normal tactile perception. All participants gave written
consent prior to the experiment and received payment after the
experiment. This studywas approved by the Institutional Review
Board and Ethics Committee of Human Participant Protection.

Procedure

Vibration frequencies of tactile stimuli were selected from 10,
20, 30, 40, 50, 60, and 70 Hz. Subjects were presented with

Fig. 5 (A) Capacity of five set size conditions in Experiment 1. (B) Capacity of five set size conditions with the last item excluded in Experiment 1. The
error bars represent standard error of the mean

Fig. 6 Sample trial sequence of Experiment 2 (sequentially presented frequencies delivered to different fingertips)

Curr Psychol



two, three, four, or five different vibratory frequencies sequen-
tially, separated by an unfilled 500 ms period. Each frequency
was sequentially delivered to each different finger of the left
hand. We delivered two tactile stimuli sequentially to the in-
dex finger and middle finger; three frequencies to the
index finger, middle finger, and ring finger; four fre-
quencies to the index finger, middle finger, ring finger,
and little finger; and five frequencies to all five fingers
of the left hand respectively (Fig. 6).

The set size varied from 2 to 5. When the vibratory stimu-
lus was presented, the serial number (“1”, “2”, “3”, “4”, “5”)
of the stimulus was simultaneously presented on the screen.
Participants were instructed to remember all the vibratory fre-
quencies. After the presentation of vibratory stimuli, a ran-
domly selected serial number was presented on the screen to
indicate which one sample would be tested, and a probe fre-
quency was delivered to the finger that the delivered frequen-
cy was selected to test. Each subject completed a total of 280
interleaved trials. There were 20 trials for each of the 14 com-
binations of sequence length (2–5) and serial position of the
probe frequency within the sequence. All participants an-
swered one question (“What strategy did you use to remember
the frequencies?”) after participating in Experiment 2.

Results and Discussion

The results of Experiment 2 are similar to those of Experiment
1. The accuracies of the four conditions are shown in Fig. 7A.
The main effect of set size was significant, F(3,54) = 11.049,
p < 0.001, ηp

2 = 0.380. The pairwise comparison (Bonferroni
corrected) between the four conditions further indicated that
two vs. four frequencies conditions, MD= 0.069, p = 0.003;
two vs. five frequencies conditions, MD= 0.074, p < 0.001;
and three vs. five frequencies conditions, MD = 0.046, p =
0.035, were significantly different from each other. The d’
(d-prime) of different set size conditions are shown in Fig.
7B. The main effect of set size was significant, F(3,54) =
15.73, p < 0.001, ηp

2 = 0.47. The pairwise comparison
(Bonferroni corrected) between the four conditions further
indicated that two vs. four frequencies conditions, t(18) =
4.46, p = 0.002, Cohen’s d = 1.02; two vs. five frequencies
conditions, t(18) = 7.07, p < 0.001, Cohen’s d = 1.62; and three
vs. five frequencies conditions, t(18) = 3.99, p = 0.005,
Cohen’s d = 0.91 were significantly different from each other.

Serial order had a significant effect on accuracy (main ef-
fect of serial order F(2.63,47.39) = 11.44, p < 0.001, ηp

2 = 0.39,
Greenhouse-Geisser), regardless of the total number of fre-

Fig. 7 (A) Accuracies of the four set size conditions in Experiment 2. (B) The d’ (d-prime) of different set size conditions in Experiment 1. The error bars
represent standard error of the mean
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quencies in the sequence, with the most recent frequency be-
ing remembered significantly more accurately than the pre-
ceding frequencies. Thus, there was a clear recency effect
(Fig. 8). Similar to the results of Experiment 1, the main effect
of set size for the last item in a sequence was not significant,
F(3,54) = 0.57, p = 0.635, ηp

2 = 0.03. Accuracy in the recall of
the last itemwas not significantly affected by sequence length,
and thus, the memorized items in vtWM had no effect on the
most recent frequency. The main effect of set size for the
second to last item in a sequence was significant, F(3,54) =
3.52, p = 0.021, ηp

2 = 0.16. Accuracy for the second to last
item decreased significantly as the number of preceding items
increased. Performance was significantly better than chance
for every combination of serial order and set size (ts > 5.90,
dfs = 18, ps < 0.001, Cohen’s ds > 1.35), indicating that some
information was stored about every position in a sequence.

The present study also calculated the number ofmemorized
frequencies. The results are shown in Fig. 9A. The maximum
number of memorized frequencies is 2.1. Further, we calcu-
lated capacity with the last item excluded (Fig. 9B). The max-
imum number of memorized frequencies with the last item
excluded is 1.94. In the questionnaire that we collected, none
of the participants mentioned using any explicit grouping or
rehearsal strategies.

Similar results were found when frequencies are sequen-
tially delivered to the same fingertip in Experiment 1 and to
different fingertips in Experiment 2. The results in Experiment
2 indicated that vtWM can store about two frequencies when
vibratory frequencies are sequentially delivered to different
fingertips. The results of Experiment 2 confirmed the conclu-
sions of Experiment 1, that the capacity of vtWM is two units
and the resources can be dynamically reallocated in vtWM.
The processing and storage of vibrotactile frequency informa-
tion of vtWM does not depend on whether sequentially pre-
sented frequencies are delivered to the same or to different
fingers. These results suggested that the processing and stor-
age of vtWMmay be mainly contributed by the higher cortex
like the PFC.

Discussion

In summary, our findings indicate the following. 1) vtWM can
hold two sequentially delivered vibrotactile frequencies. 2)
Information stored in vtWM is dynamically updated when
vibrotactile stimuli are sequentially delivered. The length of
the sequence has no significant effect on the accuracy of the
last item but has a significant effect on the rest of the items.
Finally, 3) The capacity of vtWMdoes not depend on whether
sequentially presented vibrotactile frequencies are delivered to
the same or to different fingers.

First, the capacity of vtWM for vibrotactile frequency is
two units. The present study shows a multi-item storage ca-
pacity for vtWM, which lays the foundations for comparing
the vtWM to other working memory systems. By presenting
subjects with multiple vibratory frequencies sequentially in a
trial, we found a multi-item storage capacity for vtWM pro-
cessing of vibrotactile frequency. Previous studies of tactile
memory for location showed that participants can remember
about 4 positions presented simultaneously to their fingertips
(Auvray et al. 2011; Bliss et al. 1966). Different from spatial
information, frequency of tactile vibrations is a scalar abstract
value and one-dimensional sensory stimulus. Thus, chunking
or rehearsal is unlikely to affect the capacity of parametric
WM of vibrotactile frequency. In the questionnaire that we
collected after experiments, none of the participants reported
using an explicit grouping or rehearsal strategy. Most of the
participants reported that it was difficult to memorize the
vibrotactile frequencies, and no strategy was available. The
present study showed that the parametric vtWM can store
multiple frequencies, and the capacity of vtWM is smaller
than previous tactile memory capacity studies for location.

Second, vtWM resources for sequential frequency stimuli
is dynamically updated, which is similar to observations in the
visuospatial WM of sequential display (Gorgoraptis et al.
2011). The results showed that serial order had a significant
effect on accuracy, regardless of the total number of frequen-
cies in the sequence with the most recent frequency

Fig. 8 Accuracies modulated by
serial order and sequence length
in Experiment 2. Accuracy is
plotted against order in the
sequence. The error bars represent
standard errors of the mean
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remembered significantly more accurately than the preceding
frequencies. Accuracy in the recall of frequencies significantly
decreased with the increase of the sequence length. All these
results suggested that vtWM resources allocation to each new
frequency to be remembered is affected by sequence length
and serial order dynamically. However, the sequence length
has no significant effect on the accuracy of the last item in the
sequence. This may be caused by the quickly decaying mem-
ory storage concerning the frequency of vibrotactile stimula-
tion. Previous studies of tactile memory suggested that senso-
ry storage for passively presented tactile stimuli is a quickly
decaying memory system, which suffers from a rapid decline
in a few seconds (Bliss et al. 1966; Gallace et al. 2008). The
stored frequencies may be rapidly decaying in memory, thus
new frequency can be better recalled. And if storage of fre-
quencies before the last one is decaying in a few seconds, then
there may be sufficient WM resources to store the last
frequency.

Third, our results showed that the vtWM capacity does not
depend on whether sequentially presented vibrotactile fre-
quencies are delivered to the same or to different fingers.
Previous studies have shown that stimulus-selective activity
for vibrotactile frequency is found in the PFC and somatosen-
sory cortex (Hernández et al. 2010; Romo et al. 2012; Schmidt

et al. 2017). Additionally, previous theories of WM have sug-
gested that when different individual stimuli were retained by
detailed representations in the sensory cortex and coarser rep-
resentations in anterior regions, interference among stimuli
representations might decrease (Christophel et al. 2017). Our
data indicate that frequencies delivered sequentially to the
same finger or to different fingers have equal interference in
memory representations. These results indicated that WM for
analog and one-dimensional frequency information is likely to
be retained mainly by coarser representations in the PFC.

There are still unresolved questions with the processing and
storage of vtWM for frequency. Further studies can compare
different forms of stimuli presentation of vtWM. There are two
basic forms of stimuli presentation in WM: simultaneous and
sequential. Previous visuospatialWM studies showed that visuo-
spatial WM system can process simultaneously presented infor-
mation (Luck and Vogel 1997). Studies of tactile memory for
location also showed that participants can remember positions
presented simultaneously to their fingertips (Auvray et al. 2011;
Bliss et al. 1966; Gallace and Spence 2009). Further studies can
test the processing and storage of simultaneous presentation of
vtWM. Studies can also test the underlying mechanisms of si-
multaneous and sequential presentation of vibrotactile frequen-
cies using imaging tools in the further.

Fig. 9 (A) Capacity of four set size conditions in Experiment 2. (B) Capacity of four set size conditions with the last item excluded in Experiment 2. The
error bars represent standard error of the mean

Curr Psychol



In conclusion, this study shows that vtWM has a multi-
item capacity, and the processing and storage of sequen-
tially presented vibrotactile frequency information show
similar characteristics to that of previous visuospatial
WM studies. These results lay the foundations for com-
paring the vtWM to other sub-systems of WM. The re-
sults also showed that the vtWM capacity does not de-
pend on whether sequentially presented vibrotactile fre-
quencies are delivered to the same or to different fingers,
which indicates that vtWM for frequency information is
likely to be retained mainly by coarser representations in
the PFC. Vibrotactile sensation belongs to the tactile sen-
sation, which is one of the most important ways for
humans to obtain external information and interact with
the outside world. With the rapid development technolo-
gy, tactile vibration is becoming more widely used to
obtain and communicate simple information, and assist
visual and auditory information processing. The present
study explores the processing and storage of vibrotactile
information, which improves our understanding of cogni-
tive processing of tactile vibration and assists its
applications.
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