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Motor Memory in HCI 

Figure 1: A collage of images from 
authors’ previous related work. 
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Abstract 
There is mounting evidence acknowledging that embodi-
ment is foundational to cognition. In HCI, this understanding 
has been incorporated in concepts like embodied interac-
tion, bodily play, and natural user-interfaces. However, while 
embodied cognition suggests a strong connection between 
motor activity and memory, we find the design of technolog-
ical systems that target this connection to be largely over-
looked. Considering this, we are provided with an opportu-
nity to extend human capabilities through augmenting motor 
memory. Augmentation of motor memory is now possible 
with the advent of new and emerging technologies includ-
ing neuromodulation, electric stimulation, brain-computer 
interfaces, and adaptive intelligent systems. This workshop 
aims to explore the possibility of augmenting motor memory 
using these and other technologies. In doing so, we stand 
to benefit not only from new technologies and interactions, 
but also a means to further study cognition. 

Author Keywords 
Motor memory; embodied cognition; embodied interaction; 
intelligent systems; natural user-interfaces; brain-computer 
interfaces. 

CCS Concepts 
•Human-centered computing → Human computer inter-
action (HCI); 
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Figure 2: Mind over Motor: Testing 
a self-driving wheelchair with 
brain-computer interface (BCI) and 
biofeedback [30]. 

Figure 3: Self-driving wheelchair 
with “cyborg-motor-memory” for an 
electric motor [30]. A linear array of 
light sources on each spoke assists 
with biofeedback-based motor 
memory training. 

Introduction 
We are becoming increasingly aware of the role of embod-
iment in the way humans experience the world, with move-
ment acknowledged as foundational to thought [66]. There 
is increasing evidence that memory is tied to the sensori-
motor system rather than only to the sensory system [13], 
a dynamic that is referred to as “motor memory” [21, 61, 
69]. We are now realizing that movement can help us think 
and learn new information faster by establishing embodied 
representations of reality [20, 38]. Additionally, the lack of 
movement where movement would be normal, e.g. after 
amputation, also evokes motor memory [44, 47]. For exam-
ple, concepts of motor memory are embodied in the “Mind-
over-Motor” project [30], a human-computer interface where 
there might not be any human motor movement at all (Fig. 2 
and 3). Motor memory is also interpersonal – our own mo-
tor memory can shape how we perceive and remember 
others [25, 35]. Furthermore, sensorimotor information is 
coupled to form spatial memory necessary for navigation 
and exists as a key to creativity [64, 65]. This suggests that 
thought is internalized action, and re-externalizing thought 
through congruent actions further promotes thought [58]. 
When translated to the design of technological systems, 
this means that not only should we consider that we can 
learn and memorize motor activity (e.g. motor skills), but 
that we can also perform motor activity to learn and memo-
rize new information (e.g. gesturing directions) [68]. 

This broader importance of embodiment has since inspired 
much HCI research, leading to the development of con-
cepts such as embodied interaction [14], on-body interac-
tion [19], bodily games and play [16, 32, 33, 37, 39, 40, 41, 
42], tangible interactions and tangible cognition [67], “wear-
ables” (wearable computing) [26], and natural user inter-
faces (NUIs) [9, 10, 17, 28, 52, 70]. While these concepts 
have productively brought forth a wealth of new design per-

spectives, systems and technologies [11], it is arguable 
that much psychological and cognitive theory has been left 
behind [63], resulting in approaches that laxly appraise any-
thing that includes the physical body as sufficiently “embod-
ied.” Moreover, “cyborg” technologies like prosthetics, are 
often not appraised as “embodied” even when warranted 
(e.g. the brain-controlled wheelchair on Fig. 2 and 3). Thus 
we feel that the notion of “embodiment” is often laxly ap-
plied, in both over-broad and over-narrow senses. 

Resultantly, we find that there is a limited number of works 
in HCI exploring deeper aspects of embodiment such as 
the relationship between motor activity and memory. Con-
sidered alongside new and emerging technologies, this 
presents an exciting opportunity for novel explorations. For 
example, neuromodulation can be used to prime the brain 
to better absorb motor memories [15, 46, 51, 55, 62] and 
electrical stimulation can produce motor activity without ex-
ecutive control from the brain [45, 53, 56]. Brain-computer 
interfaces allow us to directly access intentions of motor 
activity without necessitating bodily movement [12, 18, 31, 
34, 30], and lastly, adaptive intelligent systems can itera-
tively and cyclically learn with humans through the sharing 
of motor and memory resources forming cyber-human, or 
humanistic intelligence (HI) [27, 29, 34, 54, 36]. 

As motor activity is foundational to human cognition, these 
technologies hold the potential to drastically influence how 
we experience the world. In this workshop, we explore the 
areas of embodied cognition and interactions, biomedical 
and “cyborg” technologies, wearable computing, natural 
user-interfaces (NUIs), and intelligent systems, towards 
new horizons of investigation and innovation.Thus‘ we stand 
to benefit not only from the genesis of new interaction tech-
nologies and application areas, but also a means to further 
study human cognition. 
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Topics of Interest 

The topics of interest for the workshop 
include theories, technologies, and 
applications related to motor memory in 
HCI. We encourage contributions which 
do not neatly fit in existing categories. 

Theory 

• Using motor memory in the design of 
intelligent “enactive systems” [23] to 
support declarative memory 

• Drawing from cross-disciplinary 
literature including cognitive neuro-
science, psychology, phenomenol-
ogy, and somaesthetics 

• Theoretical understandings to direct 
the design of intelligent systems for 
augmenting motor memory 

Technology 

We are interested in contributions 
related to how technologies like BCI, 
EMG, EMS, haptics, robotics, machine 
learning, artificial intelligence and 
human modeling can be leveraged 
for physically interfacing with motor 
memory for HCI applications. 

Applications 

• Augmenting motor memory to design 
towards the extension of human 
capabilities and learning 

• Augmenting motor memory in games 
including bodily games and serious 
games 

• Designing for health and biomedical 
applications including rehabilitation 
and prosthetics 

• Novel UX mechanisms for interacting 
with motor memory 

• Designing towards humanistic and 
cyber-human intelligence [27, 36] 

Goals of the Workshop 
The most important goal of the workshop is: (1) to serve 
as an enduring community and networking platform for re-
searchers who are investigating the intersections of tech-
nology, memory, and motor activity. 

Other workshop goals are: (2) to identify and articulate rel-
evant theoretical constructs and create resources for future 
research, (3) understand synergies at the intersections of 
emerging technologies and current knowledge; and (4) nur-
ture the growth of a cross-disciplinary research community 
around these topics and develop plans for subsequent ac-
tivities (e.g. workshops and Dagstuhl Seminars1). 

Topics of interest for the workshop are given on the sidebar. 

Organizers 
Rakesh Patibanda is a PhD candidate at the Exertion 
Games Lab, Monash University. His research mainly fo-
cuses at the intersection of body, technology and play [49, 
50, 48]. His PhD focuses on how we can use muscle mem-
ory as a design resource for intelligent and “enactive” sys-
tems [23]. 

Nathan Semertzidis is a PhD candidate at the Exertion 
Games Lab, Monash University. With a background in psy-
chology and neuroscience, he is currently exploring how 
Brain-Computer Interfacing can be applied to foster integra-
tion between natural and artificial intelligences as “Cyborg 
Intelligence" [60, 59]. 

Michaela Scary is an Exertion Games Lab member at 
Monash University who recently completed an honours 
degree at the University of Melbourne and is interested in 

1Dagstuhl Seminars are academic events for open discussions of 
results and ideas, hosted at Schloss Dagstuhl in Saarland, Germany. 

cognitive psychology, computer science, mathematics, bi-
ology, physics and philosophy. She also experiments with 
technology and game design to understand the brain and 
consciousness. 

Joseph La Delfa is a PhD candidate at the Exertion Games 
Lab, Monash University. Joseph aims to design human-
drone interactions that improve somatic awareness by 
leveraging co-movement, materiality and narrative [22, 24]. 

Josh Andres from IBM Research Australia and Exertion 
Games Lab, Monash University, has co-led various work-
shops as well as the first Summer School on inbodied inter-
action [4, 57, 2].His work focuses on investigating intelligent-
like systems as human partners to inform the design of sys-
tems that support human potential [43, 1, 3]. 

Mehmet Aydın Baytaş is MSCA Research Fellow at Qual-
isys AB. His research has covered embodied interaction 
[11], motion capture [5, 7], gestural interface design [8, 
10, 71], gestures in live music [6], and human-robot co-
movement [22, 24]. 

Anna Lisa Martin-Niedecken is a Senior Researcher at 
the Subject Area Game Design, Zurich University of the 
Arts. Anna’s research mainly focuses on movement-based 
exergames [32, 33]. In 2018 she founded the Startup and 
ZHdK-SpinOff, Sphery Ltd. 

Paul Strohmeier is a postdoc at the HCI group of Saarland 
University. He is interested in human perception and com-
puter sensing. He applies methods from psychophysics to 
deepen his understanding of human perception, especially 
in relation to action. 

Bruno Fruchard is a postdoc at the HCI group of Saarland 
University. His research focuses on gestural interaction and 
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command selection. He previously explored mechanisms 
for supporting memorization. 

Sang-won Leigh is an Assistant Professor of the School of 
Industrial Design at Georgia Institute of Technology. His re-
search focuses on augmenting humans and their creativity, 
through forming symbiotic and tactile relationship between 
humans and computers. 

Elisa D. Mekler is assistant professor in HCI at Aalto Uni-
versity. Her research concerns meaningful and emotionally 
fulfilling interactions with technology, and the development 
of conceptual and methodological tools to evaluate these. 

Suranga Nanayakkara is an Associate Professor at the 
Auckland Bioengineering Institute, the University of Auck-
land. In 2011, he founded the Augmented Human Lab to 
explore creating ‘enabling’ human-computer interfaces as 
natural extensions of our body, mind and behaviour. 

Josef Wiemeyer is a Professor for Sport Science with spe-
cial emphasis on Movement, Training and Computer Sci-
ence at Technische Universität Darmstadt, Germany. Since 
1996 he teaches and researches at TU Darmstadt and his 
work focuses on designing and evaluation Serious Games 
(health and exergames). 

Nadia Berthouze is Professor in Affective Computing and 
Interaction. Her main area of expertise is the study of body 
posture/movement as a modality for recognising, modulat-
ing and measuring human affective states in HCI. 

Thanassis Rikakis is professor of Bioengineering and pro-
fessor of Performing Arts at Virginia Tech. His research 
spans systems design, engineering and arts with a special 
focus on interactive neurorehabilitation, experiential media, 
adaptive learning and cyber-human intelligence. 

Kai Kunze works on technology to understand ourselves 
better. He is an Associate Professor at the Keio Graduate 
School of Media Design, Keio University, Japan. He has a 
general love for science, hacking, making and playing with 
tech. 

Aisling Kelliher is an Associate Professor at Virginia Tech, 
where she also has a joint appointment in the Institute for 
Creativity, Arts, and Technology and the School of Visual 
Art. She co-leads the Interactive Neurorehabilitation Lab at 
VT with Dr. Thanassis Rikakis. 

Kevin Warwick is a British engineer and Deputy Vice-
Chancellor at Coventry University in the United Kingdom. 
He is known for his studies on direct interfaces between 
computer systems and the human nervous system and has 
also done research concerning robotics. 

Elise van den Hoven is Professor of Human-Computer 
Interaction at University of Technology Sydney and Eind-
hoven University of Technology, and is Honorary Professor 
at University of Dundee. Elise’s research interests span 
different disciplines, including interaction design, human-
computer interaction and cognitive psychology, which all 
come together in the research program she leads called 
Materialising Memories. 

Florian ‘Floyd’ Mueller directs the Exertion Games Lab 
at Monash University and will bring to the workshop ex-
perience in designing systems for the motor systems that 
are particularly engaging, having developed theory on how 
interactive design can support motor movement through 
games thinking. 

Steve Mann is often referred to as “the father of wear-
able computing,” in recognition of his invention of the first 
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general-purpose wearable computer, as well as many more 
techniques that seem to have come from the future. 

Tentative Workshop Timeline 

• Opening 

• Session 1 

• Activity 1 

• Lunch break 

• Session 2 

• Activity 2 

• Coffee break 

• Activity 3 

• Results of the design probes session 

• Discussion of future directions 

• Closing 

• Evening: workshop dinner 

Website 
The workshop web page contains more details, call for pa-
pers, link to the submission system, and accepted submis-
sions: www.motorhci.com 

Workshop Structure 
The workshop will take place over one full day. Activities 
are planned to comprise workshop presentations by partici-
pants, context creation and future thinking activity sessions, 
out-of-the-classroom group exercises, and discussions. The 
estimated number of workshop participants is 35. A tenta-
tive timeline for workshop activities is given on the sidebar. 

Prospective participants will apply to join the workshop by 
responding to an online form.2 This information will help 
us understand the thinking, prior research, future plans, 
insights, and/or interests of potential participants as it per-
tains to motor memory in HCI. Responses will be reviewed 
by the workshop organizers, and selected for inclusion 
based on quality, novelty, and potential to engender discus-
sion, while aiming for a balance of different perspectives. 

Group activities will consist of a exercises done in groups of 
7-10 people. Activity 1 will involve creating a context and a 
shared understanding around motor memory in HCI among 
the workshop group. Building upon this shared understand-
ing, activity 2 will comprise two parts. First, groups brain-
storm on three novel scenarios or ideas that focus on motor 
movement and memory for 20 minutes. Second, they cre-
ate a 300-word write-up on each idea in 40 minutes. The 
third activity is also group-based, where each team swaps 
the generated novel ideas from activity 2 with the team on 

2tiny.cc/jwpihz 

their left. Once swapped, each team goes through the three 
new scenarios/ideas, chooses one and picks a prototyp-
ing technique of their choice to expand on it for 90 minutes 
and create the following: (1) artifacts such as drawings and 
flowcharts to show how future technology could assist in the 
contexts and activities in question, (2) artifacts to showcase 
how futuristic technology could augment motor movements 
and memory. Concepts should integrate a technology ele-
ment that resonates with the definitions discussed around 
motor memory. Presentations about the concepts will be 
created (e.g. as a slideshow, video, or enactment), shared, 
and discussed. The organizers will provide an assortment 
of prototyping materials including post-it notes and props. 

Post-Workshop Plans 
Following the workshop, we aim to conduct a hands-on 
design workshop on motor memory and HCI at Schloss 
Dagstuhl in 2020. We aim to submit an article to a relevant 
academic venue (e.g. ACM Interactions, TOCHI Journal) 
co-authored by the participants. We also plan to organize 
a journal special issue where our participants will be en-
couraged to publish. To sustain communications, we aim 
to use an online platform (e.g. Slack) which will be open for 
all those interested, and relevant details will be published 
on the workshop website. Finally, we will work towards con-
ducting a second edition of the workshop at CHI 2021. 

Call for Participation 
The workshop Motor Memory in HCI focuses on how mem-
ory is tied to the sensorimotor system and embodied expe-
riences of performing actions, a dynamic we refer to here 
as “motor memory.” Body movement can help us think and 
learn new information faster by establishing embodied rep-
resentations of reality. This dynamic is also interpersonal 
– our own motor memory can shape how we perceive and 
remember others. When translated to the design of tech-
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nological systems, this means that not only should we con-
sider that we can learn and memorize motor activity (e.g. 
motor skills), but that we can also perform motor activity to 
learn and memorize new information (e.g. gesturing direc-
tions). 

The workshop aims to shape our understanding of how and 
in what circumstances movements assist memory. Once 
understood, it probes the groups to think of how futuristic 
sensorimotor systems can be designed to augment motor 
memory. 

To apply to the workshop, submit your responses to the 
questions in this google form: http://tiny.cc/jwpihz. The sub-
mission deadline is February 11th, 2020. The responses 
will be reviewed by the workshop organizers. Accepted au-
thors will be notified by February 28th, 2020 and the list of 
participants will be posted on the workshop website. Upon 
acceptance, all accepted participants must register for both 
the workshop and for at least one day of the conference. 
You can contact us on hello@motorhci.com if you have any 
questions. 

Acknowledgements 
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the support from the School of Design at RMIT University. 
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[24] Joseph La Delfa, Mehmet Aydın Baytaş, Olivia Wichtowski, Rohit Ashok Khot, 
and Florian Floyd Mueller. 2019. Are Drones Meditative?. In Extended Abstracts 
of the 2019 CHI Conference on Human Factors in Computing Systems (CHI EA 
’19). ACM, New York, NY, USA. 

[25] Sandra C Lozano, Bridgette Martin Hard, and Barbara Tversky. 2008. Putting 
motor resonance in perspective. Cognition 106, 3 (2008), 1195–1220. 

[26] Steve Mann. 1997. Wearable Computing. IEEE Computer 30, 2 (1997). 

[27] S. Mann. 1998. Humanistic Intelligence/Humanistic Computing: ‘WearComp’ as 
a new framework for intelligent signal processing. Proc. IEEE 86, 11 (Nov 
1998), 2123–2151+cover. 

[28] Steve Mann. 2001a. Intelligent Image Processing. John Wiley and Sons. 

[29] Steve Mann. 2001b. Wearable Computing: Toward Humanistic Intelligence. 
IEEE Intelligent Systems 16, 3 (May/June 2001), 10–15. 

[30] Steve Mann, Diego Defaz, Tamer Abdulazim, Derek Lam, Mike Alford, Jeremy 
Stairs, Cayden Pierce, and Christina Mann. 2019. Encephalogames TM 
(Brain/Mind Games): Inclusive health and wellbeing for people of all abilities. In 
2019 IEEE Games, Entertainment, Media Conference (GEM). IEEE, 1–10. 

[31] Rubén Martín-Clemente, Javier Olias, Deepa Beeta Thiyam, Andrzej Cichocki, 
and Sergio Cruces. 2018. Information theoretic approaches for motor-imagery 
BCI systems: Review and experimental comparison. Entropy 20, 1 (2018), 7. 

[32] Anna Lisa Martin-Niedecken and Elisa D. Mekler. 2018. The ExerCube: 
Participatory Design of an Immersive Fitness Game Environment. In Serious 
Games, Stefan Göbel, Augusto Garcia-Agundez, Thomas Tregel, Minhua Ma, 
Jannicke Baalsrud Hauge, Manuel Oliveira, Tim Marsh, and Polona Caserman 
(Eds.). Springer International Publishing, Cham, 263–275. 

[33] Anna Lisa Martin-Niedecken, Katja Rogers, Laia Turmo Vidal, Elisa D. Mekler, 
and Elena Márquez Segura. 2019. ExerCube vs. Personal Trainer: Evaluating a 
Holistic, Immersive, and Adaptive Fitness Game Setup. In Proceedings of the 
2019 CHI Conference on Human Factors in Computing Systems (CHI ’19). 
ACM, New York, NY, USA. 

[34] Dennis J McFarland and Jon R Wolpaw. 2018. Brain–computer interface use is 
a skill that user and system acquire together. PLoS biology 16, 7 (2018). 

[35] Yash Dhanpal Mehta, Rohit Ashok Khot, Rakesh Patibanda, and Florian’Floyd’ 
Mueller. 2018. Arm-A-Dine: Towards Understanding the Design of Playful 
Embodied Eating Experiences. In Proceedings of the 2018 Annual Symposium 
on Computer-Human Interaction in Play. ACM, 299–313. 

[36] M. Minsky, R. Kurzweil, and S. Mann. society of intelligent veillance. In IEEE 
ISTAS 2013. 

[37] Florian Mueller, Stefan Agamanolis, and Rosalind Picard. 2003. Exertion 
Interfaces: Sports over a Distance for Social Bonding and Fun. In Proceedings 
of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’03). 
ACM, New York, NY, USA, 561–568. 

[38] Florian’Floyd’ Mueller, Richard Byrne, Josh Andres, and Rakesh Patibanda. 
2018a. Experiencing the body as play. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems. ACM, 210. 

[39] Florian Mueller and Katherine Isbister. 2014. Movement-based Game 
Guidelines. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’14). ACM, New York, NY, USA, 2191–2200. 

[40] Florian Mueller, Rohit Ashok Khot, Kathrin Gerling, Regan Mandryk, and others. 
2016. Exertion games. Foundations and Trends® in Human–Computer 
Interaction 10, 1 (2016), 1–86. 

[41] Florian ’Floyd’ Mueller, Richard Byrne, Josh Andres, and Rakesh Patibanda. 
2018b. Experiencing the Body As Play. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems (CHI ’18). ACM, New 
York, NY, USA. 

[42] Florian ‘Floyd’ Mueller, Martin R. Gibbs, Frank Vetere, and Darren Edge. 2017. 
Designing for Bodily Interplay in Social Exertion Games. ACM Trans. 
Comput.-Hum. Interact. 24, 3 (May 2017). 

[43] Florian ‘Floyd’ Mueller, Kari Tuomas, Zhuying Li, Yan Wang, Yash Dhanpal 
Mehta, Josh Andres, Jonathan Marquez, and Rakesh Patibanda. 2020. Towards 
Designing Bodily Integrated Play. In Proceedings of the Fourteenth International 
Conference on Tangible, Embedded, and Embodied Interaction (TEI ’20). ACM, 
New York, NY, USA. 

[44] Collette Nicolle and Julio Abascal. 2001. Inclusive design guidelines for HCI. 
CRC Press. 

W07, Page 7



CHI 2020 Workshop Summary CHI 2020, April 25–30, 2020, Honolulu, HI, USA

[45] Daichi Nozaki, Atsushi Yokoi, Takahiro Kimura, Masaya Hirashima, and 
Jean-Jacques Orban de Xivry. 2015. Artificial manipulation of human motor 
memories using noninvasive brain stimulation. Brain Stimulation: Basic, 
Translational, and Clinical Research in Neuromodulation 8, 2 (2015), 407. 

[46] Daichi Nozaki, Atsushi Yokoi, Takahiro Kimura, Masaya Hirashima, and 
Jean-Jacques Orban de Xivry. 2016. Tagging motor memories with transcranial 
direct current stimulation allows later artificially-controlled retrieval. Elife 5 
(2016), e15378. 

[47] Janet Opila-Lehman, Margaret A Short, and Catherine A Trombly. 1985. 
Kinesthetic recall of children with athetoid and spastic cerebral palsy and of 
non-handicapped children. Developmental Medicine & Child Neurology 27, 2 
(1985), 223–230. 

[48] Rakesh Patibanda, Jonathan Duckworth Florian’Floyd’Mueller, and Matevz 
Leskovsek. 2016. BreathSenses: Classification of Digital Breathing Games. 
ACM Transactions on Computer-Human Interaction (2016). 

[49] Rakesh Patibanda, Florian’Floyd’ Mueller, Matevz Leskovsek, and Jonathan 
Duckworth. 2017. Life Tree: Understanding the design of breathing exercise 
games. In Proceedings of the Annual Symposium on Computer-Human 
Interaction in Play. ACM, 19–31. 

[50] S Patibanda. 2017. Understanding the design of breathing exercise games. 
(2017). 

[51] P Petitet, AM Silva Gonçalves, H Johansen-Berg, and J O’Shea. 2017. P259 
Investigating the brain mechanisms of stimulation-enhanced motor memory. 
Clinical Neurophysiology 128, 3 (2017), e139. 

[52] Aleksandar Petrovski, Bekim Fetaji, Majlinda Fetaji, and Mirlinda Ebibi. 2014. 
Investigation of natural user interfaces and their application in gesture-driven 
human-computer interaction. In 2014 37th International Convention on 
Information and Communication Technology, Electronics and Microelectronics 
(MIPRO). IEEE, 788–794. 

[53] Alberto Pisoni, Alessandra Vergallito, Giulia Mattavelli, Erica Varoli, Fecchio 
Matteo, Mario Rosanova, Adenauer G Casali, and Leonor J Romero Lauro. 
2018. TMS orientation and pulse waveform manipulation activates different 
neural populations: direct evidence from TMS-EEG. BioRxiv (2018), 308981. 

[54] Thanassis Rikakis, Aisling Kelliher, Jia-Bin Huang, and Hari Sundaram. 2018. 
Progressive Cyber-human Intelligence for Social Good. Interactions 25, 4 (June 
2018). 

[55] Orjon Rroji, Kris van Kuyck, Bart Nuttin, and Nicole Wenderoth. 2015. Anodal 
tDCS over the primary motor cortex facilitates long-term memory formation 
reflecting use-dependent plasticity. PLoS One 10, 5 (2015), e0127270. 

[56] Stefan Schneegass, Albrecht Schmidt, and Max Pfeiffer. 2016. Creating User 
Interfaces with Electrical Muscle Stimulation. Interactions 24, 1 (Dec. 2016). 

[57] m.c. schraefel, Elise van den Hoven, and Josh Andres. 2018. The Body As 
Starting Point: Exploring Inside and Around Body Boundaries for Body-Centric 
Computing Design. In Extended Abstracts of the 2018 CHI Conference on 
Human Factors in Computing Systems (CHI EA ’18). ACM, New York, NY, USA. 

[58] Ayelet Segal, Barbara Tversky, and John Black. 2014. Conceptually congruent 
actions can promote thought. Journal of Applied Research in Memory and 
Cognition 3, 3 (2014), 124–130. 

[59] Nathan Semertzidis, Josh Andres, Brahmi Dwivedi, Yutika Chandrashekhar 
Kulwe, Michaela Scary, Fabio Zambetta, and Florian "Floyd" Mueller. 2020. 
Introducing Peripheral Awareness as a Neurological State for Human-Computer 
Integration. In Proceedings of the 2020 SIGCHI Conference on Human Factors 
in Computing Systems (CHI ’20). ACM, New York, NY, USA. 

[60] Nathan Arthur Semertzidis, Betty Sargeant, Justin Dwyer, Florian Floyd Mueller, 
and Fabio Zambetta. 2019. Towards Understanding the Design of Positive 
Pre-sleep Through a Neurofeedback Artistic Experience. In Proceedings of the 
2019 CHI Conference on Human Factors in Computing Systems. ACM, 574. 

[61] Reza Shadmehr and Henry H Holcomb. 1997. Neural correlates of motor 
memory consolidation. Science 277, 5327 (1997), 821–825. 

[62] Jeffery J Summers, Nyeonju Kang, and James H Cauraugh. 2016. Does 
transcranial direct current stimulation enhance cognitive and motor functions in 
the ageing brain? A systematic review and meta-analysis. Ageing Research 
Reviews 25 (2016), 42–54. 

[63] Phil Turner. 2016. HCI redux: The promise of post-cognitive interaction. 
Springer. 

[64] Barbara Tversky. 2002. Navigating by mind and by body. In International 
Conference on Spatial Cognition. Springer, 1–10. 

[65] Barbara Tversky. 2019a. Mind in Motion. In Proceedings of the 2019 on 
Creativity and Cognition (C&C ’19). ACM, New York, NY, USA. 

[66] Barbara Tversky. 2019b. Mind in Motion: How Action Shapes Thought. 
Hachette UK. 

[67] Doménique van Gennip, Daniel Orth, Md Athar Imtiaz, Elise van den Hoven, 
and Beryl Plimmer. 2016. Tangible Cognition: Bringing Together Tangible 
Interaction and Cognition in HCI. In Proceedings of the 28th Australian 
Conference on Computer-Human Interaction (OzCHI ’16). ACM, New York, NY, 
USA. 

[68] Christian Vázquez, Lei Xia, Takako Aikawa, and Pattie Maes. 2018. Words in 
Motion: Kinesthetic Language Learning in Virtual Reality. In 2018 IEEE 18th 
International Conference on Advanced Learning Technologies (ICALT). IEEE. 

[69] Timothy N Welsh, Romeo Chua, Daniel J Weeks, and David Goodman. 2007. 
Perceptual-motor interaction: some implications for HCI. In The 
Human-Computer Interaction Handbook. CRC Press, 53–68. 

[70] Daniel Wigdor and Dennis Wixon. 2011. Brave NUI world: designing natural 
user interfaces for touch and gesture. Elsevier. 

[71] Adviye Ayça Ünlüer, Mehmet Aydın Baytaş, Oğuz Turan Buruk, Zeynep 
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