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Some researchers have argued that motor working memory is
relatively independent from visuospatial working memory and
underlies the learning and processing of motor tasks, like
gesture comprehension. To allow systematic testing of these
claims, Wu & Coulson 2014 Psychol. Sci. 26, 1717-1727.
(doi:10.1177/0956797615597671) proposed a novel measure of
motor working memory, the movement span task. Some
studies have reported that the movement span task has a
high degree of validity. The purpose of the present
study was to attempt to replicate Wu & Coulson 2014
Psychol. Sci. 26, 1717-1727. (doi:10.1177 /0956797615597671) in
the following ways: (1) the high correlation between
movement span and movement recall scores and (2) the lack
of correlation between the movement span task on the one
hand and visuospatial and verbal working memory on the
other. In the present study, we found a high correlation
between the movement span and recall scores as well as
most measures of visuospatial memory. However, the size of
these correlations was similar to that reported by Wu and
Coulson, suggesting that the significance may be related to
sample size. In other words, motor working memory may be
weakly related to visuospatial memory. By contrast, there
were weak correlations between the movement span task and
verbal memory. In sum, we found the same pattern of results
observed by Wu & Coulson 2014, 1717-1727. (doi:10.1177/
0956797615597671).

1. Introduction

Working memory refers to the capacity to store unrelated units of
information for a short period of time ([1,2]; cf. [3]). There is some
evidence that working memory differs by modality, with
relatively independent auditory (or verbal) and visuospatial
stores [1,2,4-15]. Working memory capacity within a modality
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can be related to the learning and processing of modality-specific information. For example, verbal memory
capacity has been implicated in both language production [16] and language comprehension [17].
Similarly, visuospatial memory has been linked to processing in spatial tasks, such as situational
awareness while driving [18] and learning novel routes [19].

Learning and processing motor tasks could involve memory for bodily movements [20,21]. Some
researchers have argued that motor working memory is a subset of visuospatial memory [4,5,22-26].
For example, Seidler et al. [24] showed that visuospatial memory was correlated with the rate of motor
learning. By contrast, other researchers have argued that motor working memory is relatively
independent from other working memory stores [21,27-32]. For example, Smyth & Pendleton [30]
found that there was interference from body movements on memory for body movements, but less
interference from saying words or watching spatial targets. Proponents of the view that motor
memory is somewhat independent from visuospatial memory usually distinguish motor memory,
memory for explicit, unrelated, and novel movements [21] from procedural memory, the memory for
implicit, sequenced, and habitual movements [33,34]. If there were an independent motor working
memory, it should be related to learning and processing motor information, like co-speech gestures [21].

In order to test these arguments, it is essential to have a valid and reliable measure of motor working
memory. Wu & Coulson [21] proposed such a measure. Wu & Coulson’s [21] movement span task was
designed to assess memory for body movements by having participants repeat unfamiliar,
unconventional gestures. Wu & Coulson [21] found high test-retest reliability for the movement span
task after one week among twelve participants. By analogy with other working memory tasks, Wu &
Coulson [21] calculated two scores for participants: the span score and the total recall score. The span
score refers to the highest number of gestures accurately recalled by participants. The total recall score
refers to the total accuracy points a participant accrued across all trials. They reasoned that the span
and the total scores would be highly related. As they predicted, there was a correlation of 0.80
between the two scores. Finally, Wu and Coulson [21] found that performance on the movement span
task was unrelated to verbal memory and to visuospatial memory, as measured by a Corsi block task.
This result suggests that performance on this task is relatively independent from verbal and
visuospatial memory.

To verify the validity of the movement span task, one important approach is to test if performance on
this task is related to learning or processing motor-related tasks. Indeed, a number of studies have shown
that performance on the movement span task is related to processing or learning co-speech gestures or
signs in signed languages. For example, Wu & Coulson [21] showed that the movement span task
predicted participants” performance on a gesture classification task. In this task, participants were
asked to identify whether a co-speech gesture was congruent or incongruent in meaning with the
accompanying speech. Similarly, Wu & Coulson [35] found that movement span performance
predicted how much people relied on gestures in their understanding of discourse. Finally, Martinez
& Singleton [36] showed that performance on this task was a significant predictor of hearing people’s
success in learning novel signs.

The purpose of this study was to replicate Wu & Coulson’s [21] movement span task to verify the
reliability. Wu & Coulson’s [21] study included only 90 participants, a relatively small sample size for
a psychometric study. In this study, we included just more than double the number of participants.
We expected to replicate two of their findings: (1) a high correlation between the span and total scores
and (2) no relationship between the movement span task and either visuospatial memory or verbal
memory. To perform this replication study, we use data from a previously published study [37]. The
analyses presented here do not duplicate any of those in the published study. To test the second
point, we included two measures of visuospatial memory: forward and backward Corsi blocks. Some
research has found no difference between forward and backward Corsi block spans [38]. One study
showed that backward Corsi block span might be more sensitive in identifying visuospatial ability [39].

2. Method

Our study was part of a larger study in which participants completed a battery of seven working
memory tasks. The study methods were approved by the Research Ethics Board of the University of
Alberta prior to recruiting participants. We present the data here for only the motor memory task, the
visuospatial memory tasks, and the verbal memory task. One hundred and eighty-five people
participated, about half were musicians (cf. [21], who included 90 participants and did not enquire
about their participants’ musical background). Five other people participated in the study but did not
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complete both the motor and visuospatial memory tasks so their data were not included in the analyses B
of this study. Almost all participants were recruited via the psychology research participation pool and
received partial course credit for completion of the study, however, snowball sampling was also used to
recruit several additional participants. These additional participants received a $10.00 honorarium for
their participation. Participants were provided with full information about the study’s purpose and
procedures before signing to indicate that they were participating with informed consent. All
participants were either university students or were previously university students and had graduated
university within a year prior to their participation. Participants were between the ages of 17 and 29
(M =19.61, s.d. =1.98). Wu & Coulson [21] did not report the age of their participants. However, since
they recruited university students and offered course credit for participation, it is likely that the ages
of the participants are similar.

Our previous analyses showed that the musicians scored significantly higher than the non-musicians
on the forward visuospatial memory task but not on the motor memory task [37]. The effect size for the
visuospatial memory difference was small (d = 0.300). In the present analyses, we do not distinguish the
musicians and non-musicians. In the discussion, we will return to the possible effects of musical training
on the results.

*sosi/Jeunof/6106uiysgnd/aposjedos

2.1. Motor memory task

The same 45 gestures included in Wu & Coulson’s [21] movement span task were included in the present
study. Following Wu & Coulson [21], the movement span consists of five levels, with three trials of the
same difficulty per level. Each participant completed all five levels of the task. For each trial, participants
watched a short video on a computer screen. The videos were of a camera facing person who performed
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a series of unconventional gestures. Participants were then cued with an auditory signal when the video
was over, and were instructed to recreate the gestures they had seen on the screen by mirroring the
person in the video (i.e. if the person on the video used their left hand, participants were supposed to
use their right hand). All participants did a practice trial and received feedback from the
experimenter. All three trials in level one contained one movement, and as the level increased by one,
so did the number of movements in the level, so that in level five, trials contained five movements.

Following Wu & Coulson [21], participants were awarded one point for each correct movement they
reproduced, and half a point for partially correct movements. For a movement to be considered partially
correct, participants could only be missing one parameter of the movement, such as incorrect hand
orientation, trajectory, or handshape (following the catalogue of relevant movement parameters from
[21]). If more than one parameter of the movement was incorrect, no points were awarded. Also
following Wu & Coulson [21], the order of the movements was not taken into account in the scoring.
The span score was calculated by awarding one point for each level at which participants achieved at
least half of the available points, for a maximum span score of 5. If participants achieved less than
half of the available points at any given level, but then achieved at least half of the available points
for a subsequent level, a half-point was awarded for those levels. The total score was calculated by
adding all the awarded points across all trials for each level, for a maximum total score of 45. Higher
scores indicated greater motor memory capacity. Our method of coding was more stringent than that
of Wu & Coulson [21]. In their study, participants needed to recall correctly only a single trial at any
given level to advance to the next. For that reason, our scores may be lower than theirs.

Participants were videotaped while performing this task for scoring accuracy and interrater
reliability. The percentage of total correct movements was calculated to account for missing trials due
to camera malfunction and technical difficulties. Two independent raters coded the movement span
videos. Each rater also coded two videos that had been coded by the other rater. Wu & Coulson [21]
repeated high inter-coder agreement, with correlations ranging between 0.80 and 0.92 for the span
score and between 0.84 and 0.98 for the total score. In our study, the two raters had very high and
significant correlations in their rating of the total scores, r,=0.989, p<0.02. Total score differences
between the videos coded by both raters were no greater than one point. The mean total score rating
for Coder 1 was 15.8 and for Coder 2 15.6. The two raters agreed perfectly on the span score.

2.2. Vlisuospatial memory tasks

To determine whether the movement span task was measuring a distinct body/motor component of
memory, rather than some form of visuospatial memory, participants also completed the forward and
backward Corsi block tapping task as measures of visuospatial memory and visuospatial working
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memory, respectively. In the forward Corsi block tapping task, participants saw a series of blocks
highlighted in a sequence on a computer screen. Participants then had to tap the blocks back in the
same order they saw them highlighted by touching the screen. There were two trials consisting of
sequences of the same length in each level of the task, beginning with a sequence length of two, and
working up to a sequence length of nine. In this way, the task gets progressively more difficult as the
sequence length increases at higher levels. This task has a discontinue rule, meaning participants must
correctly tap both trials in each level to progress to the next level. If participants tapped the first trial
in a level incorrectly, the second trial was still completed, but they did not move onto the next level.
The total score, namely the number of correct trials across all levels, was calculated for every
participant (theoretical range: 0-45). The span score was the number of levels at which participants
received at least half of the available points (theoretical range: 0-5). Half points denote occasions
when participants received fewer than half of the available points at one level, but then received at
least half of the available points on a subsequent level.

The same procedure was used for the backward Corsi block tasks, except participants had to tap the
blocks back in the reverse order that they appeared. Both tasks were marked on an all-or-nothing basis,
meaning participants only received a point for the trial if all blocks were tapped correctly. Only one
version of the task was used, so all participants saw the same block sequences. For the visuospatial
memory score tasks, the total score was calculated as the total number of correct responses and the
span score was the highest number of items remembered without error.

2.3. Verbal memory task

To assess verbal memory, we used the forward digit span task. The researcher read a list of digits out
loud to participants. The number of digits increased with each trial, starting with two digits and
going to nine digits. Every participant completed all list lengths. This task was scored so that if
participants said any incorrect digit in the list, they were counted as zero. Their score on the forward
digit span task was the highest list size that they attained with no errors. Thus, for this task, the span
and the total scores were equivalent. Scores on this tasks could theoretically range from 0 to 9. In our
study, the participants” scores ranged from 2 to 8.

3. Results

Table 1 summarizes the descriptive statistics for our study in comparison to that of Wu & Coulson [21].
Based on one-sample f-tests, Wu & Coulson’s participants had higher total recall scores, t1g4 = —28.58, p =
0.00, and higher span scores, t;34=—22.76, p=0.00, than our participants did. Our participants also
scored significantly lower on the forward Corsi block task, both on span scores, t;g3=-19.85, p=
0.0001, and total scores, t;53 =—83.57, p < 0.0001.

Wu & Coulson [21] argued that movement span and movement recall captured largely the same
construct because they found a high correlation between the two (r=0.80). We also examined the
correlation between the two scores after standardizing the data to eliminate differences in scale size
using z-scores, following Wu & Coulson [21]. As can be seen in table 1, we, too, found a significant
correlation between the span and total scores, r1g4 =0.724, p < 0.001.
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Table 2. Correlations between memory tasks.
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Finally, we examined whether the movement span task was correlated with measures of visuospatial
and verbal memory. Recall that Wu & Coulson [21] found no significant correlations between forward
Corsi block span and movement span (r=0.13) and movement recall (r=0.22). The correlations for
our study are summarized in table 2. Critically, the correlations between forward Corsi block span
and movement span (r=0.25) and movement recall (r=0.23) were similar in size to those found in
Wu & Coulson [21]. In our study, however, they were statistically significant because of our larger
sample size. Wu & Coulson [21] used different measures of verbal memory than we did, but the
correlations ranged from 0.09 to 0.18 to movement span performance. Again, the magnitude of
correlations in our study were very similar.

4. Discussion

Our results suggest that many aspects of Wu & Coulson [21] were replicated. Our scores on the
movement span task were significantly lower than those reported by Wu and Coulson [21]. We used
a more stringent coding scheme for accuracy, which is the most likely reason for lower scores.
However, it is also possible that our study included participants with lower memory abilities all
around. In support of that possibility, our participants also scored lower than the participants in Wu
& Coulson [21] on the visuospatial memory task. Another possibility is that our participants were
fatigued because we administered seven different working memory tasks within an hour, while Wu &
Coulson [21] asked their participants to do a more varied set of tasks.

In any case, like Wu & Coulson [21], we found a high correlation between the span and recall scores.
It should be noted that for many working memory tasks, the span and total scores are often co-
dependent in their method of calculation. Thus, it is not surprising that the correlation between span
and total scores on the movement span task, forward Corsi blocks task, and backward Corsi blocks
task are so high (table 2) that for most research, it would probably be sufficient to include only one
(as suggested by [21]).

Finally, like Wu & Coulson [21], we found low correlations between the movement span task and
verbal memory. However, while Wu & Coulson [21] found no significant correlations between
visuospatial memory (forward Corsi blocks) and movement span, we did. However, it is important to
keep in mind that the magnitude of the correlations reported in both studies was similar and our
study included about twice as many participants as the Wu & Coulson [21] study. These results are
therefore suggestive that there is a small relationship between visuospatial and motor memory, such
that a large number of participants is required to see a significant correlation.

In the present study, we also included another measure of visuospatial working memory, backward
Corsi blocks. Some researchers have argued that the backward Corsi blocks task is a better measure of
visuospatial memory than the forward Corsi blocks task [39]. If so, as can be seen in table 2, the
correlations between the movement span task and backward Corsi blocks were also modest, even
when significant. These results suggest motor working memory is neither simply a subset of
visuospatial memory (as claimed by [4]) nor entirely independent of visuospatial memory (as claimed
by [21]). Instead, motor working memory seems to be weakly related to visuospatial memory. One
possible reason for this weak relationship is that motor working memory may work with visuospatial
working memory in the practice of carrying out motor tasks (see [40]). However, some visuospatial

167007 21 DS tadg 205 'y sosy/jeumol/bioBusygndisaposeror [



tasks may be carried out with only minimal motor memory. Future research can focus on how memory
for visual, spatial, and motor stimuli is related in real-life tasks. This research could also include other
measures of visuospatial memory. Some studies have shown that the Corsi blocks task is not a pure
measure of visuospatial memory [23,41,42]. Thus, the inclusion of other visuospatial tasks could lead
to a more refined understanding of the function of motor memory relative to memory in other modalities.

One other study reported a high correlation (r = 0.391) between movement memory and visuospatial
memory [36]. It is not entirely clear why such a high correlation was found relative to the present study
and that of Wu & Coulson [21]. One possibility is that Martinez & Singleton [36] coded accuracy on the
visuospatial memory task by awarding partial points for partial sequences, as long as they were recalled
in the presented order. By contrast, we used an all-or-none coding method for each sequence length. This
coding approach used in Martinez & Singleton [36] could have been closer to the coding used for the
movement span task [21,36], allowing for partially correct memory for movements. Future studies can
test that interpretation by comparing the results using different coding approaches for accuracy.

In designing these studies, it is important to keep in mind that experience can change the structure
of working memory. For example, musical training can lead to a high degree of integration of motor
and auditory memory ([43]; see review in [44]). We have shown that for musicians, performance on
the movement span task was relatively independent of visuospatial memory, verbal memory and
memory for their own movements [37]. By contrast, for non-musicians, performance on the
movement span task was related to one measure of verbal memory, visuospatial memory, and one
measure of memory for their own movements [37]. These results suggest that some experiences can
fundamentally change how integrated motor memory is with other memory modalities. Future
studies could also include measures of experiences known to impact the structure of working
memory, such as musical training.

In conclusion, we have replicated many key aspects of Wu & Coulson’s [21] study, contributing to the
evidence that their movement span task is a reliable measure. With a reliable measure of motor memory,
future research can better address questions of how motor memory relates to other aspects of memory.

Data accessibility. URL to protocol: https://osf.io/gw2rx. This article received results-blind in-principle acceptance (IPA)
at Royal Society Open Science. Following IPA, the accepted Stage 1 version of the manuscript, not including results
and discussion, was preregistered on the OSF (URL). This preregistration was performed after data analysis.

Authors” contributions. E.N. drafted the manuscript and did some of the data analysis. R.G. collected the data, participated
in data analysis and critically revised the manuscript. Both authors gave final approval for publication and agree to be
held accountable for the work performed therein.

Competing interests. The authors declare no competing interests.

Funding. This study received funding from a Discovery grant (no. 239851) to the first author from the Natural Sciences
and Engineering Research Council of Canada.

Acknowledgements. The authors thank all of the research assistants who made this study possible by running participants
and coding data: Maria Chow, Mariam Dar, Sunny Dhonkal, Beverly Michel Baluyot, Gurishar Dami, Mathew
Gorman, Nicole Love, Anna Kuc, Habeebah Mohammad, Zaahidah Ali and Tehseenah Zahrah.

63, 1-29. (doi:10.1146/annurev-psych-120710-
100422)
Baddeley 2001.

episodic buffer. Neurapsychologia 49,
1393-1400. (doi:10.1016/j.neuropsychologia.
2010.12.042)

References

1. Baddeley AD, Hitch GJ. 1994 Developments in 6. Baddeley AD. 2000 The episodic buffer: a new 10.  Cowan N, Donnell K, Saults JS. 2013 A list-
the concept of working memory. component of working memory? Trends Cogn. length constraint on incidental item-to-item
Neuropsychology 8, 485-493. (doi:10.1037/ Sdi. 4, 417-423. (doi:10.1016/51364- associations. Psychonomic Bull. Rev. 20,
0894-4105.8.4.485) 6613(00)01538-2) 1253-1258. (doi:10.3758/s13423-013-0447-7)
Cowan N, Elliott EM, Saults JS, Morey (C, Baddeley AD, Hitch GJ. 1974 Working memory. 11. Cowan N, Saults JS, Blume CL 2014 Central and
Mattox S, Hismjatullina A, Conway AR. 2005 On In Recent advances in learning and motivation peripheral components of working memory
the capacity of attention: its estimation and its (ed. GA Bower), pp. 47-90. New York, NY: storage. J. Exp. Psychol.: gen. 143, 1806—1836.
role in working memory and cognitive Academic Press. (doi:10.1037/a0036814)
aptitudes. Cognit. Psychol. 51, 42-100. (doi:10. Repovs G, Baddeley AD. 2006 The multi- 12.  Gray, Green, Alt, Hogan, Kuo, Brinkley, Cowan
1016/j.cogpsych.2004.12.001) component model of working memory: 2017.
Brown GD, Neath I, Chater N. 2007 A temporal explorations in experimental cognitive 13. Hampson M, Driesen NR, Skudlarski P, Gore JC,
ratio model of memory. Psychol. Rev. 114, psychology. Neuroscience 139, 5-21. (doi:10. Constable RT. 2006 Brain connectivity related to
539-576. (doi:10.1037/0033-295X.114.3.539) 1016/j.neuroscience.2005.12.061) working memory performance. J. Neurosci. 26, 13
Baddeley A. 2012 Working memory: theories, Baddeley AD, Allen RJ, Hitch GJ. 2011 Binding 33813 343. (doi:10.1523/INEUR0SCI.3408-06.2006)
models, and controversies. Annu. Rev. Psychol. in visual working memory: the role of the 14.  Miyake A, Shah P (eds) 1999 Models of working

memory: mechanisms of active maintenance and
executive control. Cambridge, UK: Cambridge
University Press.

162007 £ s uadp 205y sosyjewmol/bobunsyqndfaanosiedor


https://osf.io/gw2rx
https://osf.io/gw2rx
http://dx.doi.org/10.1037/0894-4105.8.4.485
http://dx.doi.org/10.1037/0894-4105.8.4.485
http://dx.doi.org/10.1016/j.cogpsych.2004.12.001
http://dx.doi.org/10.1016/j.cogpsych.2004.12.001
http://dx.doi.org/10.1037/0033-295X.114.3.539
http://dx.doi.org/10.1146/annurev-psych-120710-100422
http://dx.doi.org/10.1146/annurev-psych-120710-100422
http://dx.doi.org/10.1016/S1364-6613(00)01538-2
http://dx.doi.org/10.1016/S1364-6613(00)01538-2
http://dx.doi.org/10.1016/j.neuroscience.2005.12.061
http://dx.doi.org/10.1016/j.neuroscience.2005.12.061
http://dx.doi.org/10.1016/j.neuropsychologia.2010.12.042
http://dx.doi.org/10.1016/j.neuropsychologia.2010.12.042
http://dx.doi.org/10.3758/s13423-013-0447-7
http://dx.doi.org/10.1037/a0036814
http://dx.doi.org/10.1523/JNEUROSCI.3408-06.2006

15.

16.

17.

18.

19.

20.

21.

22.

2.

24,

Unsworth N, Engle RW. 2007 On the division of
short-term and working memory: an
examination of simple and complex span and
their relation to higher order abilities. Psychol.
Bull. 133, 1038-1066. (doi:10.1037/0033-2909.
133.6.1038)

Acheson DJ, MacDonald MC. 2009 Verbal
working memory and language production:
common approaches to the serial ordering of
verbal information. Psychol. Bull. 135, 50—68.
(doi:10.1037/a0014411)

Daneman M, Merikle PM. 1996 Working
memory and language comprehension: a meta-
analysis. Psychon. Bull. Rev. 3, 422-433.
(doi:10.3758/BF03214546)

Johannsdottir KR, Herdman CM. 2010 The role
of working memory in supporting drivers’
situation awareness for surrounding traffic.
Hum. Factors 52, 663—673. (doi:10.1177/
0018720810385427)

Wen W, Ishikawa T, Sato T. 2011 Working
memory in spatial knowledge acquisition:
differences in encoding processes and sense of
direction. Appl. Cogn. Psychol. 25, 654-662.
(doi:10.1002/acp.1737)

Maxwell JP, Masters RSW, Eves FF. 2003 The
role of working memory in motor learning and
performance. Conscious Cogn. 12, 376-402.
(doi:10.1016/51053-8100(03)00005-9)

Wu YC, Coulson S. 2014 A psychometric
measure of working memory capacity for
configured body movement. PLoS ONE 9,
€84834. (doi:10.1371/journal.pone.0084834)

Bo J, Seidler RD. 2009 Visuospatial working
memory capacity predicts the organization of
acquired explicit motor sequences.

J. Neurophysiol. 101, 3116-3125. (d0i:10.1152/
jn.00006.2009)

Cavallini E, Fastame MC, Palladino P, Rossi S,
Vecchi T. 2003 Visuo-spatial span and cognitive
functions: a theoretical analysis of the ‘Corsi’
task. Imagination Cogn. Personality 23,
217-224. (doi:10.2190/HWQ6-35GU-CIVA-
WVHA)

Seidler RD, Bo J, Anguera JA. 2012
Neurocognitive contributions to motor skill
learning: the role of working memory. J. Mot.
Behav. 44, 445-453. (doi:10.1080/00222895.
2012.672348)

25.

26.

27.

28.

29.

30.

3N

32

33

34,

Tong C, Wolpert DM, Flanagan JR. 2002
Kinematics and dynamics are not represented
independently in motor working memory:
evidence from an interference study. J. Neurosci.
22, 1108-1113. (doi:10.1523/JNEUR0SCI.22-03-
01108.2002)

Wigmore V, Tong C, Flanagan JR. 2002
Visuomotor rotations of varying size and
direction compete for a single internal model in
a motor working memory. J. Exp. Psychol.
Human Percept. Perform. 28, 447—457. (doi:10.
1037/0096-1523.28.2.447)

Lawrence BM, Myerson J, Oonk HM, Abrams RA.
2001 The effects of eye and limb movements on
working memory. Memory 9, 433—444. (doi:10.
1080/09658210143000047)

Rumiati RI, Tessari A. 2002 Imitation of novel
and well-known actions: the role of short-term
memory. Exp. Brain Res. 142, 425-433. (doi:10.
1007/500221-001-0956-X)

Smyth M, Pearson NA, Pendleton LR. 1988
Movement and working memory: patterns and
positions in space. Q. J. Exp. Psychol. Section A:
Hum. Exp. Psychol. 40, 497-514. (doi:10.1080/
02724988843000041)

Smyth M, Pendleton L. 1990 Space and
movement in working memory. Q. J. Exp.
Psychol. (Colchester) 42A, 291-304. (doi:10.
1080/14640749008401223)

Smyth M, Pendleton L. 1989 Working memory
for movements. Q. J. Exp. Psychol. (Colchester)
41, 235-250. (doi:10.1080/
14640748908402363)

Woodin ME, Heil J. 1996 Skilled motor
performance and working memory in rowers:
body patterns and spatial positions. Q J. Exp.
Psychol. (Colchester) 49A, 357-378. (doi:10.
1080/713755629)

Fuchs T. 2012 The phenomenology of body
memory. In Body memory, metaphor and
movement (ed. SC Koch), pp. 9-22. Amsterdam,
the Netherlands: John Benjamins Publishing
Company.

Simor P, Zavecz Z, Horvath K, Elteto N, Torok C,
Pesthy 0, Gombos F, Janacsek K, Nemeth D. 2018
Deconstructing procedural memory: different
leaming trajectories and consolidation of
sequence and statistical learning. front. Psychol.
9, 2708. (doi:10.3389/fpsyq.2018.02708)

35.

36.

37.

38.

39.

40.

4.

4.

43.

4.

Wu YG, Coulson S. 2015 Iconic gestures facilitate -

discourse comprehension in individuals with
superior immediate memory for body
configurations. Psychol. Sci. 26, 1717-1727.
(doiz10.1177/0956797615597671)

Martinez D, Singleton JL. 2018 Predicting sign
learning in hearing adults: the role of
perceptual-motor (and phonological?) processes.
Appl. Psycholinguistics 39, 905-931. (doi:10.
1017/50142716418000048)

Gagnon R, Nicoladis E. 2020 Musicians show
greater cross-modal integration, intermodal
integration, and specialization in working
memory than non-musicians. Psychol. Music
0305735619896088. (doi:10.1177/
0305735619896088)

Vandierendonck A, Szmalec A. 2003 An
asymmetry in the visuo-spatial demands of
forward and backward recall in the Corsi blocks
task. Imagination Cogn. Personality 23, 225-231.
(doi:10.2190/MEEH-UYHG-UY9)-MQ04)

Cornoldi C, Mammarella IC. 2008 A comparison
of backward and forward spatial spans.

Q. J. Exp. Psychol. 61, 674—682. (doi:10.1080/
17470210701774200)

Ohbayashi M, Ohki K, Miyashita Y. 2003
Conversion of working memory to motor
sequence in the monkey premotor cortex. Science
301, 233-236. (doi:10.1126/science.1084884)
Blalock LD, McCabe DP. 2011 Proactive
interference and practice effects in visuospatial
working memory span task performance.
Memory 19, 83-91. (doi:10.1080/09658211.
2010.537035)

Vecchi T, Richardson JT. 2001 Measures of
visuospatial short-term memory: the Knox cube
imitation test and the Corsi blocks test
compared. Brain Cogn. 46, 291-295. (doi:10.
1016/50278-2626(01)80086-5)

Chen JL, Rae C, Watkins KE. 2012 Learning to
play a melody: anfMRI study examining the
formation of auditory-motor associations.
Neuroimage 59, 1200—1208. (doi:10.1016/j.
neuroimage.2011.08.012)

Herholz SC, Zatorre RJ. 2012 Musical training
as a framework for brain plasticity:
behavior, function, and structure. Neuron
76, 486-502. (doi:10.1016/j.neuron.2012.
10.011)

~

*sosi/Jeunof/6106uiysgnd/aposjedos

L£2007 =L DS uadp oS Y


http://dx.doi.org/10.1037/0033-2909.133.6.1038
http://dx.doi.org/10.1037/0033-2909.133.6.1038
http://dx.doi.org/10.1037/a0014411
http://dx.doi.org/10.3758/BF03214546
http://dx.doi.org/10.1177/0018720810385427
http://dx.doi.org/10.1177/0018720810385427
http://dx.doi.org/10.1002/acp.1737
http://dx.doi.org/10.1016/S1053-8100(03)00005-9
http://dx.doi.org/10.1371/journal.pone.0084834
http://dx.doi.org/10.1152/jn.00006.2009
http://dx.doi.org/10.1152/jn.00006.2009
http://dx.doi.org/10.2190/HWQ6-35GU-C9VA-WVHA
http://dx.doi.org/10.2190/HWQ6-35GU-C9VA-WVHA
http://dx.doi.org/10.1080/00222895.2012.672348
http://dx.doi.org/10.1080/00222895.2012.672348
http://dx.doi.org/10.1523/JNEUROSCI.22-03-01108.2002
http://dx.doi.org/10.1523/JNEUROSCI.22-03-01108.2002
http://dx.doi.org/10.1037/0096-1523.28.2.447
http://dx.doi.org/10.1037/0096-1523.28.2.447
http://dx.doi.org/10.1080/09658210143000047
http://dx.doi.org/10.1080/09658210143000047
http://dx.doi.org/10.1007/s00221-001-0956-x
http://dx.doi.org/10.1007/s00221-001-0956-x
http://dx.doi.org/10.1080/02724988843000041
http://dx.doi.org/10.1080/02724988843000041
http://dx.doi.org/10.1080/14640749008401223
http://dx.doi.org/10.1080/14640749008401223
http://dx.doi.org/10.1080/14640748908402363
http://dx.doi.org/10.1080/14640748908402363
http://dx.doi.org/10.1080/713755629
http://dx.doi.org/10.1080/713755629
http://dx.doi.org/10.3389/fpsyg.2018.02708
http://dx.doi.org/10.1177/0956797615597671
http://dx.doi.org/10.1017/S0142716418000048
http://dx.doi.org/10.1017/S0142716418000048
http://dx.doi.org/10.1177/0305735619896088
http://dx.doi.org/10.1177/0305735619896088
http://dx.doi.org/10.2190/MEEH-UYHG-UY9J-MQ04
http://dx.doi.org/10.1080/17470210701774200
http://dx.doi.org/10.1080/17470210701774200
http://dx.doi.org/10.1126/science.1084884
http://dx.doi.org/10.1080/09658211.2010.537035
http://dx.doi.org/10.1080/09658211.2010.537035
http://dx.doi.org/10.1016/S0278-2626(01)80086-5
http://dx.doi.org/10.1016/S0278-2626(01)80086-5
http://dx.doi.org/10.1016/j.neuroimage.2011.08.012
http://dx.doi.org/10.1016/j.neuroimage.2011.08.012
http://dx.doi.org/10.1016/j.neuron.2012.10.011
http://dx.doi.org/10.1016/j.neuron.2012.10.011

	Towards a reliable measure of motor working memory: revisiting Wu and Coulson's (2014) movement span task
	Introduction
	Method
	Motor memory task
	Visuospatial memory tasks
	Verbal memory task

	Results
	Discussion
	Data accessibility
	Authors' contributions
	Competing interests
	Funding
	Acknowledgements
	References


