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Figure 1: The pGlyph notation. Core elements: A) finger movements and B) execution contexts. C) Graphical structure based on
a direct mapping with the hand. D) Two examples: D1) touch of the thumb on the index: a thumb flexion beginning in the air
and ending in contact with the index, D2) downward drag of the thumb along the index: a thumb flexion beginning and ending

at the contact of the index finger.

ABSTRACT

In the active field of hand microgestures, microgesture descriptions
are typically expressed informally and are accompanied by images,
leading to ambiguities and contradictions. An important step in
moving the field forward is a rigorous basis for precisely describing,
comparing, and analyzing microgestures. Towards this goal, we
propose uGlyph, a hybrid notation based on a vocabulary of events
inspired by finger biomechanics. First, we investigate the expres-
siveness of uGlyph by building a database of 118 microgestures
extracted from the literature. Second, we experimentally explore the
usability of pGlyph. Participants correctly read and wrote uGlyph
descriptions 90% of the time, as compared to 46% for conventional
descriptions. Third we present tools that promote pGlyph usage,
including a visual editor with KIgXexport. We finally describe how
uGlyph can guide research on designing, developing, and evaluating
microgesture interaction. Results demonstrate the strong potential
of pGlyph to establish a common ground for microgesture research.
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1 INTRODUCTION

Over the past decade, finger movements have been explored for
interaction in a variety of contexts (e.g., augmented reality, cockpits,
cars) to take advantage of their speed of execution, their potential
to be performed without looking at the hand, and their immediate
and permanent availability while holding or not an object. This
interaction modality, initially designated as finger movement [40],
is now more usually referred to as hand microgesture [7, 39, 44]. In
this paper we consider hand microgestures as finger movements
only, regardless of the forearm and wrist motion.

In the very active field of hand microgestures, a consensus has
emerged to describe a microgesture as a quick and subtle movement
of the fingers [7, 38], but no precise definition of a microgesture
is provided. The absence of a precise definition and description of
microgestures leads to ambiguities and even contradictions in the
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papers of this field. First, ambiguity is an inherent phenomenon
in natural language text+images descriptions [37, 47], which can
lead to misunderstandings and inconsistencies amongst researchers.
Second the current level of informality in the descriptions of mi-
crogestures leads to contradictions. For instance, the microgesture
named tap can be considered as a mouse down event in [7] and
as a mouse click event in [44]. Similarly, the microgesture named
press can be considered as a mouse down event in [8] and as an
increase of pressure in [39]. Moreover, the levels of detail in the
description of microgestures is variable from one paper to another.
For instance, one microgesture (e.g. tap [38]) can be decoupled into
several microgestures by considering the finger that initiates the
movement or the contact surface (e.g. tap of the index finger
on a specific phalanx [35]). A notation to precisely define mi-
crogestures at multiple levels of granularity is required to be able
to relate studies on similar microgestures and, more generally, to
establish a common ground for microgesture research.

To this end, this paper proposes uGlyph (Figure 1), a hybrid
(graphic-textual) notation of microgestures for HCI researchers
and practitioners. The core elements of the notation are based
on the biomechanics of the fingers to ensure the completeness of
movements. A microgesture description is composed of:

e 1/ a movement (or absence of movement),

e 2/ a context of execution (i.e., movement performed in the
air or on a surface) or a transition between two contexts (e.g.,
movement beginning in the air and ending in contact with a
surface), and optionally,

o 3/ characteristics further detailing the movement (e.g., which
finger performs the movement).

We investigate the expressiveness of the uGlyph notation by
showing how the notation encompasses the features of existing
microgesture taxonomies and by demonstrating how the notation
solves ambiguities and contradictions identified in the literature. We
further provide a database of 118 microgestures extracted from the
literature that includes for each microgesture its provided descrip-
tion as well as its pGlyph description. Given the trade-off between
expressiveness and ease of use, we also examined the ease of use
of the uGlyph notation as compared to conventional text+images
description. We conducted a user study with 18 participants who
learned the notation, and then read and wrote uGlyph descriptions
of microgestures. After a 9-minute course and a 10-minute training
session, participants correctly interpreted pGlyph 89% of the time
and correctly wrote pGlyph 91% of the time. In comparison, when
the same participants read conventional descriptions (text+images)
from the literature, they correctly interpreted the microgestures
46% of the time. To promote the usage of the pGlyph notation, we
provide support tools available online: a UI with search features
for the database, a visual editor with KTEX export, and a proof-of-
concept tool that generates an animated 3D model from uGlyph
descriptions, with SVG export of the animation keyframes. Beyond
an expressive and usable notation with support tools, pGlyph can
also be used as a basis for engineering microgesture interaction,
as has been done with movement/gesture notations: interaction
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design [23], development of recognizers and toolkits [26] and eval-
uation with a predictive model of performance [6].

The primary contributions described in this paper are:

e an expressive notation to describe microgestures at different
levels of granularity;

e an evaluation that offers empirical insights into the usability
of the notation;

e a database of 118 microgestures extracted from the literature
and described using uGlyph, along with a set of support tools
to promote the use of the notation.

2 RELATED WORK

Currently, there is no notation for microgesture interaction. Previ-
ous work has described microgestures with a name and a descrip-
tion, which is either a picture, a text or both, as in [7, 39]. Beyond
punctual representations, as commonly used to represent specific
gestures in different HCI fields, e.g. [16, 43] for touch gestures, we
focus on notations that define rules for representing gesture fea-
tures. After a review of movement/ gesture notations, we review
definitions and taxonomies of microgestures to highlight the va-
riety of microgesture features. Finally, we point out the existing
terminological problems due to the lack of notation.

2.1 Movement and gesture notations

The cognitive dimensions of notations introduced by Green [19] and
further enriched by Green and Petre [18] define principles that
can inform the design of a usable notation. The dimensions pro-
vide a framework for reasoning and analyzing features in notation.
However, the dimensions are not independent: for a given nota-
tion a trade-off between the dimensions is achieved depending on
the intended goals of the notation. Thus, a notation does not ad-
dress all the dimensions and we give the short definitions of the
dimensions used in the paper. Abstraction gradient: types and
availability of abstraction mechanisms. Closeness of mapping;:
closeness of representation to domain. Consistency: similar se-
mantics are expressed in similar syntactic forms. Diffuseness /
terseness: verbosity of language.

While various notations exist for movements and gestures, we
focus on notations that describe finger movements, in particular the
multi-touch notations. We invite readers to read GestureCards [23]
for a more detailed review of multi-touch notations. We provide
a mere summary of existing notations organized into three types:
textual, graphic and hybrid combining textual and graphic descrip-
tions.

Textual notations rely on a set of letters, numbers, operators,
and rules to define gestures. Choi et al propose a textual notation
for 3D hand gestures that uses numerical coding to describe a hand
pose [9]. For instance, a close hand with the index finger open is
represented by 51666 ; 2422-233. It is therefore complex to read and
write such a description without knowing the notation perfectly
(low closeness of mapping). Krupka et al. also propose a XAML-
based textual notation that allows developers to describe 3D hand
gestures as hand pose sequences using natural language keywords
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Figure 2: Example of a gesture description using the notation
introduced in Charade [4]. The represented gesture is the
arm moving down while closing all fingers.

such as “middle” “above” “index” [27]. However, both notations
remain at finger level and it is not possible to describe a touch on a
part of a finger, for instance a touch on a phalanx or on one side of
a finger. Describing microgestures based on hand poses, will also
lead to long and wordy descriptions of the sequence of intermediate
finger poses (low diffuseness / terseness).

For multi-touch gestures, textual notations are often built to be
computer readable in order to create gesture recognizers. To this
end, Proton++ uses regular expressions and three atomic events, i.e.
down (D), move (M), up (U), to define and recognize multi-touch
gestures [26]. Those atomic events are represented by the structure
E‘%lD:Az:'" where E € {D, M, U}, Typ is the identifier of the touch
and A1:A2... are the properties of the touch, e.g. the trajectory
direction with N (north), S (south), W (west), E (east), O (unde-
tected direction). However, such precise textual descriptions can
become complicated (low closeness of mapping). For instance

D?MIO * Mlleols * MfMlo‘E * UlolE describes an L-shaped tra-
jectory. GeForMt uses a set of higher-level events defining the
basic gestures, e.g. line, circle. Events can be combined to cre-
ate and recognize more complex gestures [25]. For instance CON-
NECT_START[LINE_SW;LINE_SE] describes two fingers touching
and then separating, one towards south west and the other towards
south east. By using words, the descriptions are easier to read than
those of Proton++ but this results in long expressions (low diffuse-
ness / terseness). The use of words as in GeForMt increases the
human readability of the descriptions. However, when it comes to
accurately describing a gesture, using words can lead to longer and
more difficult to understand descriptions than graphical descrip-
tions.

Graphic notations rely on a set of graphic symbols that are
spatially arranged. Graphic notations are often built to be human
readable. In multi-touch notations, these graphical elements are
often arrows, for movements (high closeness of mapping), and
icons, for additional features. For instance, Monox uses a set of dif-
ferent arrows, e.g. different arrowheads, to represent basic gestures,
e.g. move, swipe and drag&drop [15]. Monox is a gesture notation
for collaborative design and analysis of multi-touch interactions.

Baudel et al. created Charade, an application using 3D hand
gestures. To describe the gestures, they propose a notation repre-
senting the movement of the arm with the initial and final pose
of the hand [4]. Graphic symbols, e.g. dots and lines, are used to
indicate whether a finger is closed or not. The symbols are spatially
arranged according to a representation of a hand which offers high
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closeness of mapping, see Figure 2. However, the notation is
based on the description of the wrist and the pose of each finger
(low Abstraction gradient). Describing how these fingers interact
with each other, i.e. contact, would also involve introducing new
symbols and redesigning the graphical structure of the notation.
Labanotation is a movement notation to describe dance and
choreographies [20]. Labanotation uses a set of graphical symbols
to represent the part of the body that moves, the duration, the direc-
tion, and other features of the movement. A specific subset of the
notation focuses on the hand and finger movements [21]. However,
it takes intensive learning and training to read and use this nota-
tion for accurate descriptions: the complete list of Labanotation
graphical symbols are described in 10 different books. Therefore, it
is important for a graphic notation to have a high semantic trans-
parency, i.e. “a novice can easily infer the meaning of a symbol
from its appearance” [33], to shift the cognitive load from working
memory to visual. Nonetheless, Labanotation summarizes the re-
quirements for finger movement notations: “[the notation] defines
[...] different [hand] parts as well as how these flex and extend
or contact objects, another hand or indeed, itself” [21]. Benesh is
another dance notation [5], which represents the body as a stave
(high closeness of mapping). For movements, only the actuators
(body and limb positions) are described within the five-line stave.

Hybrid notations use textual and graphic elements to describe
each part of the movement with the most appropriate represen-
tations. Graphic elements can be used to abstract concepts that
require complex and/or lengthy textual descriptions [34]. More-
over, graphic symbols can depict the perceptual content of the
represented concept, i.e a high closeness of mapping. For in-
stance, GestureCards [23] graphically represents the movement
(high closeness of mapping) and uses additional textual elements
to specify features including duration, direction, pressure, and speed
(high consistency). Figure 3 presents a gesture card for a swipe
left gesture.

Traits

Speed: Fast

Return values

SwipelLeft

Speed, Location

Figure 3: Example of a gesture card, reproduced from [23].

Drawing on existing notations, a hybrid notation of microges-
tures is promising: the notation should combine in a consistent
way textual elements with graphic elements for a high closeness
of mapping. Furthermore, the notation must enable the descrip-
tion of all possible finger movements and contacting surfaces, thus
fulfilling the requirements defined for Labanotation. The follow-
ing section highlights the variety of movements and contacting
surfaces that need to be described by a microgesture notation.
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2.2 Variety of microgestures

Soliman et al. define a design space for thumb-to-finger and finger-
to-thumb microgestures [39]. This design space is organized along
four axes: the type of actions (i.e., tap, slide and draw), the finger
that initiates the action, the area of the finger on which the action
is performed (e.g., a phalanx or the side of the finger) and the ex-
tension state of the other fingers [39]. For example, considering
these four feature axes, we can differentiate a thumb tap on the
bottom phalanx of the index finger from a thumb tap on the tip of
the index finger. Moreover, these two microgestures can be distin-
guished according to the state of the other fingers of the hand, for
example if the ring finger and/or the little finger are opened and/or
closed during the movement. Those four axes, namely action, ac-
tuator, surface, and other properties, can be extended to all types
of microgestures and give us a structure to review the features of
microgestures.

Several studies on microgestures define additional actions to
those defined by Soliman et al [39]. Way et al. define thumb-to-
finger touch, finger curl, finger extension, and two-finger
opening/closure. These actions were defined for microgestures
that are recognizable by a wrist-worn camera [11]. Chan et al. define
tap, swipe, draw and circle. These actions were identified from
a user elicitation study with 16 participants [7]. Other actions have
been studied but never defined: for instance ream [47], tab [47],
stretch [38], press [38], up [14] or flick [12].

For actuators which perform the actions, while Soliman et al. only
consider a single finger [39], other studies focus on microgestures
performed by a group of fingers, e.g. tap thumb with index and
middle fingers [7], or go into more detail by considering a specific
joint of a finger, e.g. finger 1ift [11].

A microgesture can be further characterized according to the
surface touched by the actuator. The literature on microgestures is
divided into two families: free-hand microgesture and grasping mi-
crogesture. Free-hand microgestures are microgestures performed
without holding an object. In this context, the touched surfaces
are often parts of the hand itself. Soliman et al. define as a surface,
a finger, a finger phalanx and a finger side [39]. Other studies in-
troduce as a surface, a group of fingers, e.g. swipe on the index
and middle fingers with thumb [7], and the palm, e.g. tap palm
with the index, middle and ring fingers [7]. Grasping microgestures
are microgestures performed while holding an object. In this con-
text of holding an object, Sharma et al. define three surfaces: on
body, on object, in the air [38]. On body, surfaces are similar to
the ones defined for free-hand microgestures, e.g. a tab where the
thumb goes around a driving wheel to touch a specific finger [47].
On object, surfaces can be any surface other than the hand, e.g.
external touch [11], or specific object, e.g. up / down drag of
the index or middle finger on stylus [47]. In the air, microgestures
are performed without touching any surface, e.g. stretch [38] and
triangle [14].

Finally, other features than the extension state of the fingers
[39] have been introduced. For instance, the pressure is used to
distinguish between a tap and a force tap [45].
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2.3 Imprecise descriptions of microgestures

The variety of features of the microgestures already studied com-
bined with the lack of precise descriptions of microgestures, leads
to misunderstanding, ambiguities and even contradictions. A mi-
crogesture is generally described by a name and a description in
the form of natural language text and/or images.

First, while some papers include a detailed textual description of
each microgesture [7, 11, 39, 45], many papers describe a microges-
ture only by a name and an image [8, 12, 14, 24, 30, 31, 37, 38, 47].
This lack of precision can lead to misinterpreting a microgesture,
for instance the microgesture named ream [47]. Furthermore, the
same image can be used for describing different microgestures [47]
leading to even more ambiguity.

Second, the description often lacks a precise definition of the
initial and final states of a microgesture. For instance, does a tap
[7, 44] end in contact or in the air? This issue with initial and final
states consists of identifying which part of the movement is key to
describing the microgesture. We illustrate this issue by making the
analogy with a mouse down event and a click event which consists
of a mouse down then up. Is the mouse down the key part of the
movement or is it both mouse down and mouse up that define the
key part of the movement? For instance, a touch [47], a tab [47], a
tap [7] and a press [8] can be considered as a mouse down event
while a tap [44] as a click event.

The absence of precise description leads to naming issues. Such is-
sues are serious because they make it difficult to relate and compare
pieces of research. Indeed, a same microgesture can be designated
by several names, as illustrated by the following three examples
(precisely described in Table 7):

e close gap of index and middle [11], tap of index and
middle [7]

e drag[47] and slide [39]

e multi finger snap[12]and swipe across all fingers[7]

Moreover, the same name can designate different microgestures.
In the following three examples, we quote names used for differ-
ent microgestures and we provide their precise descriptions that
highlight their differences in Table 7:

e extend [11] and extension [37]
e tap [7] and tap [44]
e press [8] and press [38]

The need for precise descriptions based on a notation is thus para-
mount in moving the field forward. Given the variety of features of
the microgestures already studied, we conclude that a microgesture
notation must:

e enable the unambiguous description of a large variety of
microgestures, not covered by existing taxonomies;

e enable the description of microgestures at several levels of
abstraction (Abstraction gradient dimension [18]), for ex-
ample at a high level, by ignoring which finger is touched
by another finger and at a low level by describing the finger
that performs the action, the finger that is touched or other
features such as the exerted pressure or the extension state
of a finger;
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Table 1: Desired cognitive dimensions and movement features listed as requirements for a microgesture notation. Requirements
and existing notations: ‘+’: the notation fulfills the requirement, ‘~’: the notation partially fulfills the requirement, ’-’: the

notation does not fulfill the requirement.

e have a stable set of core elements that can be consistently
(Consistency dimension [18]) extended with new features
as the research area progresses (e.g., nail regions as new
contacting surfaces [30]);

e be easy to read and write to be widely adopted by the commu-
nity (Closeness of mapping and Diffuseness / terseness
dimensions [18]).

Based on these requirements for a notation, Table 1 summarizes
our review of existing notations. The following section describes
uGlyph, the new notation we propose to fill the gaps by meeting
all the requirements.

3 pGLYPH NOTATION

uGlyph is a hybrid notation describing all possible finger move-
ments and contacting surfaces. Referring to the cognitive dimensions
of notations [18], the design of the pGlyph notation is as follows.
uGlyph is based on a graphical representation of the hand (high
closeness of mapping) where only the key elements of the micro-
gesture are represented. To this end, the graphical symbols corre-
spond to a finite set of low-level events that concisely (high diffuse-
ness / terseness) describe any type of movements. A microgesture
is a sequence of finger movements within an execution context.
Graphical symbols represent the execution context that specifies if
the movement is done in the air or in contact with a surface. The
textual description is used in a consistent way (consistency) for

Heavy touch Down drag Up drag Release
S N SN
v v x s

Table 2: Examples of microgestures described at a high level
of abstraction with the movement and context glyphs of
pGlyph.

finer features of the movement (abstraction gradient). The tex-
tual description also contributes to the extensibility of the notation,
making it easier to add new movement features in the future.

Having introduced the main design principles of the uGlyph
notation, we present it now step by step. Figure 4 at the end of the
section summarizes all the steps.

3.1 Movements, Contexts and Graphical
Structure

Based on the biomechanics of a finger, we use the finger move-
ments described in Figure 1. A glyph is associated with each of
these movements, derived from anatomical observations [42]. The
following five movement glyphs are core elements of the uGlyph
notation:
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Hand structure 1Index flexion MCP (metacarpophalangeal) PIP (proximal interphalangeal) Base index
index flexion index flexion touch
———= Y Y mepT T Yo A S

Table 3: Examples of microgestures described at a low level of abstraction by specifying the features of the actuator as defined

in pGlyph.

Extension (A): movement of a finger away from the palm;

Flexion (¥): movement of a finger closer to the palm;

Abduction («): movement of a finger away from the sagittal
plane;

Adduction (»): movement of a finger closer to the sagittal
plane;

Static (m): absence of movement.

Movement glyphs are inspired from the representations commonly
used for the concepts play (» movement metaphor) and stop (m
no movement metaphor). The triangle orientation represents the
direction of the movement.

These finger movements are performed in an execution context
that characterizes whether the movement is performed in the air or
in contact with a surface. To represent the contact with a surface, we
chose the glyph e (full circle), as in many representations of multi-
touch gestures, e.g. guide i0S, wikipedia "Pointing device gesture".
Contrastingly, a finger in the air is represented with the glyph o
(empty circle). We describe the contexts only at the beginning and
at the end of the movement, which represents six possible cases
divided into two groups.

(1) Single-glyph contexts

o: the finger is in the air and stays in the air, in the same
position. There is no movement possible.

e: the finger stays at the same position on a surface. Some
movements are possible, all subtle. For example, to exert
pressure on a surface, the finger must be moved in the
direction of the surface, but the contact position remains
unchanged.

(2) Dual-glyph contexts

oo: the finger moves from one position in the air to another.

oe: the finger moves from a position in the air to a position in
contact with a surface.

eo: the finger moves from a position in contact with a surface
to a position in the air.

ee: the finger moves from one position in contact with a sur-
face to another.

Extension (a), Flexion (¥),Abduction («)and Adduction (»)
are used with the contexts for which a movement is possible (oo,
ce, @0, ee or ). Static (m) is used only with the two contexts
without changing position (o or ). Context glyphs are placed above

a movement glyph. Two graphical structures co-exist: — for single-
glyph contexts and = for dual-glyph contexts. The glyph — (dash)
represents an unspecified slot, a wildcard for any glyph.

As letters form words, groups of glyphs form events. An event

is a combination of movement and context glyphs (e.g. .V.). Such
combinations of glyphs allow microgestures to be described at a
high level of abstraction, as illustrated in Table 2 with elementary
microgestures consisting of one event. By using unspecified slots
for movements and/or contexts, microgestures can be described
at an even higher level of abstraction. For instance, a drag can be
described as the movement of a finger from one position in contact
with a surface to another, without specifying the direction. The

corresponding pGlyph description is: =. This can be a drag up N
L]

or a drag down V. for example.

To obtain a more detailed description of a microgesture (low
level of abstraction), pGlyph includes movement features, such as
the actuator (the part of the hand that performs the movement), and
context features, such as the receiver (part of the hand on which
the movement is performed). Below we present these features of
events and explain how to combine events to describe microgestures
composed of several events.

3.2 Movement features: actuator

The actuator represents the part of the hand, i.e. the finger, which
performs the movement [7, 11, 24, 36, 39, 45, 47]. To specify the
finger actuator, we adopt a graphical structure representing a hand
with the positions of the fingers: - ———— (from left to right: thumb,
index, middle, ring, pinky; see the representation on the left in
Table 3). Just like the graphical structure of an event, a hand-based
description can include unspecified slots (—). When specified, a slot
defines an event. For instance, a flexion of the index finger which

ce

results in contact with a surface is described as follows: _ Y==~.

For more detailed descriptions, other features of the actuator are
specified as indices of the event. The parts of the finger that enter
in contact with a surface are represented by the following textual
symbols: b (base), m (middle), t (tip) and n (nail) as indices of the
event. For instance, a touch performed by the base phalanx of an

oe

index finger is written as — Y v~~~ . Additional symbols denote the

sides of a finger performing the movement: 1 (left), r (right), f (front)


https://support.apple.com/en-gb/guide/iphone/iph75e97af9b/ios
https://en.wikipedia.org/wiki/Pointing_device_gesture

uGlyph: a Microgesture Notation

Thumb touch Thumb touch on

CHI 23, April 23-28, 2023, Hamburg, Germany

Thumb touch on Index touch

on index middle finger nail middle finger base on palm
0e®— 0™ 07T 0s " ®b _ e
v v v

Table 4: Examples of microgestures described at a low level of abstraction by specifying the features of the receiver as defined

in pGlyph.

and d (dorsal). For instance, a touch performed by the left side of

ce

an index finger is written as _ Y177~ . Phalanxes and sides can be
combined, for instance a touch performed by the left side middle

phalanx of an index finger is written as — ¥ m~ "~ . In addition
to the finger parts, the finger joints performing the movement
can be specified. For example, the 1ift microgesture, presented in
EMGRIE [11], is performed by a specific finger joint. To describe the
finger joint, we introduce two indices MCP (Metacarpophalangeal)
used in EMGRIE, and PIP (Proximal interphalangeal) never used in
the microgesture literature yet. MCP is the joint between the finger
and the palm. PIP is the joint between the finger phalanxes. The

e]e]
1lift microgesture [11] is written as ¥ .

Table 3 shows some of the examples presented above, including
for each microgesture, its graphical representation and its uGlyph
description.

3.3 Other movement features

Beyond the actuator of the movement, we introduce features of the
movement itself.

First, when in contact with a surface, the actuator can exert
pressure on the surface [11, 38, 44, 45, 48]. While in theory we can
detect an infinite number of pressure levels, in practice, and with-
out visual feedback, a user can only distinguish between a limited
number [46]. In the microgesture literature, there are at most three
pressure levels [45]. We represent those three pressure levels by Lo,
Md and Hi, respectively for a low, medium, or high level of pressure.
If only two levels are used, we then recommend using Lo and Hi.
In the pGlyph notation, the level of pressure is specified below the
movement glyph. For instance, a constant high pressure drag on a
surface is written as ¥. If the level of pressure changes between

Hi
the beginning and the end of the movement, the change in pressure
is specified with an arrow between the two pressure levels. For
instance, the increase in pressure of a finger already in contact with

L]
a surface is written as v . If required, new pressure levels can

Lo — Hi
be defined and pressure values can be specified, e.g. an increase of

L]
pressure from 1 to 3 Newton Vv
1IN — 3N

Second, microgestures are described as quick and subtle move-
ments [7, 38, 39], corresponding to two additional movement fea-
tures: duration and amplitude of the movement. Even though these
two features are rarely used in the microgesture literature, they can
be specified below the movement glyph. For instance, a maximum

L]
dwell time of 40 ms without movement is written as ® . Similarly,
t < 40ms

amplitude can be used to specify a movement. From our literature
review, three amplitudes of movement are identified: Cl (Close), Ha
(Half) and Op (Open). For instance, a finger extension ending with
a half-open finger is written as 4 and a flexion from a fully open

—Ha

[e]e)
v . In addition, a finger pose (for
Op—Ha

finger to a half-open finger as

example a half-open finger) is written as m. It is also possible to
Ha

specify the opening percentage of the finger. A finger extension

ending to a 25% open finger is written as A .
—25%

3.4 Context features: receiver

The receiver is the contact surface. The pGlyph features of a re-
ceiver are therefore only used in contexts where a contact surface
is involved. Based on the literature, pGlyph enables us to describe
two types of contact surfaces: a part of the hand, e.g. [39] and an
object, e.g. [38].

When the contact surface is a part of the hand, it is described
by the contact glyph e within the graphical representation of the
hand. For instance, the thumb touching the index finger is written
as follows: ov-'—“ . For more detailed descriptions, the features

used for the actuator apply to the receiver. The textual symbols
b (base), m (middle), t (tip) and n (nail) are therefore also used to
describe the receiver. For instance, the thumb touching the base of

the middle finger is written as ovc_ *»~~ and the thumb touching

the nail of the middle finger as CRRLI A contact on the palm of

the hand is represented by the contact glyph (e) in the center of

the graphical hand representation - e . For instance, the index

oe

v-——
finger touching the palm of the hand is writtenas — o . While
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Tap Thumb swipe on the
index toward the palm

Chaffangeon Caillet, et al.

Index or middle finger 1Index and middle finger
tap on the thumb

tap on the thumb

o
-v—. —A——)

(_ f

IVl V)

(%)

Table 5: Sequence, choice and parallelism: Examples of pGlyph descriptions. On the left, the microgesture description is at a
high level of abstraction. For the other three microgestures, the descriptions are more detailed, at a low level of abstraction.

the representation of all fingers is necessary to avoid any positional
ambiguity, the palm is represented only if necessary.

If the contact surface is an object, then it is represented by a gear
glyph #. Any additional information about this object is represented
at the bottom left of the glyph. For example, a touch performed by
the base phalanx of the index on an object, shown in Table 3, can

oe

be described more precisely as — Y™~ g ®

Table 4 shows some of the examples presented above, including
for each microgesture, its graphical representation and its uGlyph
description.

3.5 Combining and factorizing events

The following symbols are inspired from other movement nota-
tions [9, 41].

3.5.1 Sequence. So far, we have presented the notation for describ-
ing a single event. But a microgesture is usually composed of more
than one event. A sequence of events is represented with events
separated by a semicolon “; ”.

For instance, a downward swipe of the thumb along the index

is written as os®~ "~ ; +e®" "~ ;«°~~~ and a tap (i.e., pressing and
oe L .0

releasing a finger) is written , at a high level of abstraction, as
oce eo

v; A. It is important to note that at a high level of abstraction, the

actuator(s) of the first event remain(s) the same throughout the
. oe €0 oce @0 oe L ]e)
sequence. For instance, ¥; A can represent ,V; A or V; A but
oe e0
cannot represent | ¥; A.

3.5.2  Choice. A pGlyph description of a microgesture can include a
choice between several values of a feature. The choice is represented
by a pipe symbol “| ”.

For instance, a right swipe of the thumb on the index base or

middle phalanx is written as

(oo.b___ Jee b T T T ;400 ) (oo.m___ Jee®mTTT 000 ) Sucha
oe . . oe . .

description is quite long and could be factored as follows:

ce  bIm S ee bim ; 209~~~ . However, this introduces ambiguous
os . X
possibilities such as: os *v™ 77 ; 0e ®*m™"7 ; oo0=—= . To specify that the

>

choice described in the first event should be applied to the second
event, a variable should be added as follows:
x € {blm}, 0s®x"77; .;‘x“‘ ;000

3.5.3 Parallelism. A uGlyph description can include events in

parallel, represented by the parallel symbol “ || ”. For instance,
the index and middle fingers touching the thumb is written as

A ) Again, the description is quite tedious and can

be factored. For this purpose, the events are combined, resulting

oe oe

in the following description: o ¥ Y~ . Beyond events performed in
parallel, multiple values of a feature at a given time are described
using the parallel symbol. For instance, a touch of the index on the
v

tip of the thumb and on the middle phalanx: , .

Table 5 shows some of the examples presented above, for each
microgesture, its graphical representation and its pGlyph descrip-
tion.

3.6 Encapsulation

Some microgestures can be described by a long sequence of different
uGlyph events, which can make the description difficult to read
and understand. This is particularly the case for the microgestures
based on the drawing of shapes [7, 14, 37, 38, 47] (usually a circle).
Those microgestures are systematically performed on a 2D plane in

the air or on a surface. Even if each drawing could theoretically be
00 OO0 0O OO
represented by a succession of events (for example V; »; A; « for

a rectangle), it seems much simpler and more intelligible to define a
new symbol representing the drawing to be made, for example the
symbol CJ to represent a square. By using this symbol, the notation
is simplified but remains consistent. For instance, a square-shaped
movement performed by the index finger in the air is written as

_B-— For consistency, events can be encapsulated if and only if
they share the same context (oo or ee), the same actuator(s), and
represent a monotonic progression of other movement features (for

. oo oo oo oo . oo
instance ¥ ; » ; A ; <« encapsulatedinto O ).
IN—2N 2N — 2N 2N — 3N 3N — 4N IN — 4N
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Microgesture name Standard pGlyph Concise pGlyph
Index base touch A iov. b
Thumb touch on the nail of the middle finger %™ ®n7" tov.(mo )
OV.——— oe
Index touch on the palm _ e Y(e,)
Index base touch on a cup R iov. o (ep®)
Left swipe of the thumb on X € {bm}, o ® s ea®xm ; s0—— oe . .
the index base or middle phalanx - > - x € {blm}, = (0,05 > (9,05, =
Index and middle touch on the thumb M i”mo'.(t.)
Square made by the index finger in the air g o

Table 6: Microgestures described using the standard pGlyph hand-based representation and using the concise pGlyph represen-

tation.
Symbols Assemblies of symbols
Concept Representation
In contact [ ] Event
Context In the air @) start position = end position start position # end position
Unspecified -
No movement | |
Movement Movements WV flexion, A extension, P> addu'ction, <dabduction
Custom Movements (O (circles, LI [squares, A\ M triangles, Z zigzag, ...
Unspecified -
Actuator Fingers t thumb, i index, m middle, r ring, p pinky Hand structure Concise structure
‘ Fingers (@) t thumb, i index, m middle, r ring, p pinky V V V V P
Receiver = I ;
Obijects (48) mug, ... o D ( % ) |
— (I A Ay
Phalanx b base, m middle, t tip V D
Hand Parts F?nger Siqes | left, f front, b back, r right ... optional <. ...- H optional ;
Finger Joints MCP palm/finger, PCP phalanx/phalanx
Others palm, ...
Microgesture
Pressure Pressure Levels Lo low, Md Medium, Hi high, Lo— Hi, ...
Elementary D Choice D | [:]
Duration Time xs, x<1s, ... I
Amplitude Amplitude Levels Op open, Ha half, Cl close, = Ha, x%, ... ] Sequence D ; D Parallel D || D

Figure 4: Global summary of the pGlyph notation.

3.7 Concise notation

So far, we have described a microgesture using a graphical rep-
resentation of the hand to make the description more intelligible.
However, this notation can take a lot of space to describe a simple

oo

microgesture, such as an extension of the index finger: - 4=~
a more concise and advanced way of describing a microgesture,
the fingers are specified by their first letter at the bottom left of
the event glyph. For instance, an extension of the index finger is

. For

oo
written as ; A. Receivers can also be specified in a more concise
way. They are represented as a function of the event. For instance,
a touch of the middle finger on the base phalanx of the thumb is

oe
written as _ ¥ (,¢,). The rest of the notation is unchanged.
Table 6 includes microgestures and their two descriptions: the
hand-based description and the concise description.
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Finger touches [11]
Finger taps [39]

Picture Paper pGlyph Additional characteristics
Press [8] OV.(l')
Tap [7] v

A = {i|mr|p} x {b|m|f}

(xy) €A V(o) A = {ilmlr} X {bmlf}

Tap [38]
Tap [37]

Tap [44]
Pinch [36]

A = {ijm} x {bjm|f} U {i, t1} U {x, n}

(oY) €4, V(,e,); A A = {ijm|r|p}

Swipe Left or Right [37]

Extension [37]

Drag [47]
Slide [39]

Slide thumb on finger [11]
linear thumb-to-finger slides [39]

«

>

\4

A

«

>

oo oo A = {ijm|r ”,withn>:1
rea (o)L o ey

el Vg

Swipe [7] oe ( o ")_ o A = {i|(il/m)|(m]||r)}
Drag&Drop thumb on index-side [47] xeA (s ( V(o)A )= A=il
Swip.e across all fingers with thumb [7] t"_'(p.); <(0);, <(,0); «(0):;,%
Multi-finger snap [12]
Squeeze/Pull up [36] xeEA ¥ (®); N A = {i|m|r|p}
Press [38] Lo Hi Hi - Lo

oo
Strech [38] A
Extend [11] OAOMCP
Up [14] A A = {ijm|(r[lp)}
Thumb up [47] xEA A A=t

Table 7: Theoretical expressiveness of pGlyph: descriptions of microgestures at two levels of abstraction and highlighting (in

bold) of terminological problems existing in the literature.

4 THEORETICAL EXPRESSIVENESS:
DESCRIPTIVE POWER OF nGLYPH

Theoretical expressiveness refers to the ability of pGlyph to un-
ambiguously describe existing microgestures, regardless of the us-
ability of pGlyph. Indeed, the ease of use, reading and writing of
uGlyph descriptions, i.e. the practical expressiveness of uGlyph, is
the focus of the next section.

First, we motivate the pGlyph notation by showing that it en-
compasses and extends the axes of Soliman et al’s characterization
scheme [39]. The four axes, namely Action, Actuator, Touch Location

and Finger flexion, are described in the related work section. The
first three axes correspond in uGlyph respectively to the movements
and contexts, the movement features: actuator and the context fea-
tures: receiver. In addition, the uGlyph movement features: actuator
extend Soliman et al’s Actuator axis by considering the parts of
the finger (phalanxes, sides) and the finger joints. The fourth axis,
Finger flexion, describes the extension state of the fingers that are
not the actuator and corresponds to the pGlyph other movement fea-
tures. As presented by Soliman et al., there are two ways to describe
a finger flexion, by specifying either the flexion movement or the
finger pose. Using uGlyph, on the one hand, a flexion movement
is described using Extension (A) and Flexion (), for instance a
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[e]e)
finger extension ending with a x% open finger V¥ . On the other

—X%

hand, a finger pose is described with Static (m), for instance a x%

open finger m. More generally, this example shows that uGlyph

supports the two common ways of describing a microgesture: the
description of a sequence of movements or a sequence of positions.

Second, we translated into pGlyph all the microgestures de-
scribed in a precise and textual way in the literature 7, 11, 39, 45].
The purpose of this translation exercise was to test the ability of the
notation to allow the specification of subtle differences described
in the text. Table 7 includes a subset of these microgestures. Using
uGlyph, we described several other microgestures of the litera-
ture. The tables in the Appendix B contain the complete list of
microgestures described in uGlyph. In total, we described 118 mi-
crogestures from 17 papers. Of the papers considered, some provide
precise definitions and characterization schemes of microgestures
[7, 11, 39, 45], others are seminal papers in the field of microgesture
e.g. [38, 47]. In addition, the papers cover various contexts of use,
e.g. airplanes [44], cars [14, 22, 47], microgestures on a pen [40],
free-hand microgestures [8, 12, 24] and propose various recognition
mechanisms, e.g. cameras [8], gloves [44], bioacoustics [12] and
electromyography [36]. Some papers also provided us edge cases
to describe using uGlyph, e.g. [30].

Finally, we have pointed out some terminological problems ex-
isting in the literature. It is worth examining whether the pGlyph
notation, by allowing a precise and unambiguous description of
the microgestures, solves these problems. Based on the description
in uGlyph, we can identify similar microgestures that are referred
to by different names in the literature. For instance, a close gap
index and middle [11] and a tap of index and middle [7]
are both described by (io;(mO) mc;(iO)). In addition, a uGlyph de-
scription can help to distinguish microgestures designated with the

oo

same name: extend [11] A ., and extension [37] .A.(.) or Tap [7]

¥ and Tap [44] OV.; . Table 7 presents other examples of ambiguity.

To facilitate the work of researchers and practitioners, we have
created a database compiling each of the microgestures presented
in the tables in Appendix B. For each microgesture, the database
contains the following information: name used in the paper, tex-
tual description, visual description, paper title and DOI, pGlyph
description, intended context of use (i.e. whether the microgesture
is performed free-hand or while holding an object). In addition, if
the microgesture is performed while holding an object, information
on the grasps and objects studied is included.

5 PRACTICAL EXPRESSIVENESS: USABILITY
OF pGLYPH

The practical expressiveness refers to the usability of the pGlyph
notation by researchers and practitioners. As identified for task
modeling notations in [3], the usability of a notation covers two dis-
tinct notions. The first notion refers to the ease with which a pGlyph
description can be read and understood. This notion of usability
integrates that of learnability and readability. The second notion
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concerns the ease with which pGlyph descriptions are generated
and modified. We structure the experimental study according to
these two notions of usability: reading and writing. For the reading
part, the experiment is inspired by the first experiment conducted
by Hesenius et al. to evaluate the readability of GestureCards, a
gesture notation [23].

5.1 Participants

The end-users of pGlyph are HCI researchers and practitioners.
Therefore, we decided to recruit participants who work in HCI
related fields and have an academic background. We recruited 18
unpaid participants (30 y.o + 9): 6 HCI PhDs, 4 HCI PhD students,
4 HCI internship students, 2 HCI research engineers and 2 PhD
students from another domain who work with notations and have a
strong interest in HCI. For context, 6 participants had had a course
with an exam less than a year ago, 4 less than 5 years ago, and 8
more than 5 years ago (7 years ago =+ 8).

5.2 Setup

Participants sat at a desk in front of a computer. Descriptions and
videos were displayed on the computer screen. Descriptions and
videos used in the experiment are available in the supplementary
material of the paper. A camera was placed in front of the partici-
pants and only captured their hands. Participants used the keyboard
for pressing the RETURN and SpACE keys. Pen and paper were placed
on the desk for participants to write their answers.

5.3 Sets of microgestures for comparison

To compare different ways of describing microgestures, we first
defined 4 sets of 10 microgestures from the literature. 3 sets are used
for the reading part (sets A, B and C) and 1 set for the writing part
(set W) of the experimental study. The sets were designed to reflect
the most common microgestures in the literature. Each set contains
(listed below in this order): 3 taps/touches, 3 swipes/slides/drags,
1 pressure- or amplitude-based microgesture, 2 ambiguous micro-
gestures, and 1 drawing microgesture. We distinguish two types
of ambiguity. First, a microgesture whose name may induce a mis-
interpretation, e.g. Extension (Set C 8). Second, a microgesture
whose name is in conflict with another microgesture of the same

set, e.g. Robin presses (Set A 8), in pGlyph lov.(io ), and Press

(Set A 7), in uGlyph t; . Moreover, each set uses similar fea-

Lo — Hi
tures or combination of features while covering a broad range of
uGlyph symbols. For instance, the first microgesture of each set
isaTap thumb with finger “x” (single actuator), with finger
“x” different for each set. The second microgesture is a Tap with
different parallel actuators. Finally, for the reading part of the study
(sets A, B and C), each set contains 5 microgestures described with
text and images in the original papers and 5 with images only. The
5 microgestures with images only are: 5, 7-10 in sets A and B, and
3-4,7-9 in set C.
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Set A:

1: Tap thumb with ring finger [7]

2: Tap thumb with index and middle fingers [7]

3: Finger Tap [39]

4: Swipe accross all fingers with thumb [7]

5:Drag and Drop Index On Thumb [47]

6: Rotational thumb-to-finger slide [39]

7: Press [38]

8: Robin presses on the tip of his index finger [8]
9: Tab [47]

10:Triangle CW [14]

Set B:

1: Tap thumb with index finger [7]

2: Tap thumb with ring and pinky fingers [7]
3:Fist Tap [39]

4: Swipe middle and ring fingers with thumb [7]
5:Drag thumb around object [47]

6: Linear thumb-to-finger slides [39]

7: Thumb up [47]

8: Swipe left [37]

9:Multi finger snap [12]
10: ZigZag [37]

Set C:

:Tap thumb with middle finger [7]
:Tap all fingers together [7]

: Snip [47]

: Swipe right [37]

:Drag and Drop middle on index [47]
:Fingertip slide [39]

:Force tap [45]

: Extension [37]

9: Ream [47]

10: Draw circle [39]

0 U R WD =

Set W:

1: Tap thumb with pinky finger [7]

2: Tap palm with index, middle and ring fingers [7]
3: Tap and Flap [39]

4: Swipe index and middle fingers with thumb [7]
5:Drag Index or Middle finger on stylus up/down [47]
6: Linear finger-to-thumb slides [39]

7: Stretch [38]

8: Pressing down on the lateral side

of the upper index finger [44]
9: Flexion [37]
10: Square [14]

5.4 Procedure

A session consisted of two phases: a training phase and an experi-
ment phase, see Figure 5. During the training phase, we informed
the participants about the context of the research, and defined what
a microgesture is. We also explained the purpose of the experiment
which is to read microgesture descriptions and transcribe microges-
tures using pGlyph. After participants completed a consent form,
we then gave them a hard copy of a cheatsheet (Appendix A) that
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they would use during the experiment. Participants then watched a
9-minute video! explaining uGlyph. To conclude the training phase,
the participants had to describe 5 microgestures in uGlyph. The
experimenter performed each microgesture in front of the partici-
pants, as many times as necessary, and helped them find the correct

oe
answers. The microgestures were: a touch with the thumb v, a

drag up or down of the thumb on the ring finger t.v.(r.)| t.;(r.)’ a
flexion of the index finger until mid-closure v , an extension

i
Op — Ha

followed by a touch on the thumb with either the index or the

middle finger x € {i|m}, XOAO; XOV.([O) and a squeeze of every finger

elifml er; (). Up to this point, participants could
Lo — Hi

ask questions on pGlyph. Afterwards, this was forbidden. The hard

copy of the cheatsheet was taken back by the experimenter. The

training phase lasted around 20 minutes in total.

The experimental phase was divided into two parts: reading and
writing. For the reading part, participants were asked to read a
microgesture description and perform the corresponding microges-
ture. We used three types of description: pGlyph, concise pGlyph
and text+images from the original paper. For each description type,
we used one of the sets A, B or C. We used a Latin square to coun-
terbalance the order of the description and the set used. The mi-
crogestures of each set were presented in a randomized order. To
start a trial, participants pressed the RETURN key which prompted
a description on the screen. When they understood the microges-
ture, participants pressed RETURN again. The time spent between
both presses on the RETURN key (READING TIME) was recorded.
Then, the description was hidden, and participants performed the
microgesture in front of a camera while the experimenter wrote
down the performed microgesture using uGlyph. We also asked
them to verbally describe the microgesture, and to explicitly state
when it began and ended. Finally, participants rated their level of
confidence in their response on a 6-point Likert scale (1-not at all
confident, 6-very confident).

For the writing part, participants were asked to describe 10 micro-
gestures in uGlyph. We used the microgesture set W and presented
each microgesture in a randomized order. Participants watched a
video for each microgesture. They could watch it as many times
as they wanted. Then, they had to verbally describe the microges-
ture to the experimenter to ensure that any errors in the pGlyph
description were not due to the participants describing a different
microgesture than the one requested. Then, participants had to
describe the microgesture in pGlyph. To do so, participants first
pressed the RETURN key and then began to write the pGlyph descrip-
tion on paper. We asked them to verbally describe the microgesture
as they wrote. The experimenter re-explained the microgesture if
the participant verbally described a different one. We have not im-
posed a specific form for writing in uGlyph, i.e. standard or concise.
After completing their writing, participants pressed the RETURN
key again. The time spent between both presses on the RETURN
key (WRITING TIME) was recorded. Then, they rated their level of
confidence on a 6-point Likert scale (1-not at all confident, 6-very
confident).

on an object

! The URL is removed for submission and the video is included in the supplementary
material.
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Experimental phase

Reading part
x10 Reading tasks == x3 Descriptions
intro MELE WD read description answer rate
tutorial 5 pGlyph P confidence

[cheatsheet (hard copy) available]

F——— READING TIME ——
<RETURN> <RETURN>

Legend

cheatsheet (virtual copy) accessible with <SpPace>

Writing part
x10 Writing tasks
watch describe write rate . .
. . N interview
microgesture video verbally pGlyph confidence
FWRITING TIME=
<RETURN> <RETURN>

Figure 5: Experimental procedure (<RETURN> represents the return key, <Space> the space key).

During both reading and writing in pGlyph, participants could
freely access a virtual copy of the cheatsheet by holding down the
SpACE key. The number of times the cheatsheet was used and the
time spent using it were recorded. At the end of the experiment,
we asked participants which form of pGlyph they preferred, why
and if they had any additional comments.

Figure 5 summaries the experimental procedure. In total, the
experiment lasted around 1h.

5.5 Measures and Hypotheses

During the experiment, we recorded the following measures: the
number of cheatsheet calls, the total time using the cheatsheet, the
total time (READING/WRITING TIME) spent on a microgesture and
participants’ self-confidence ratings. For the reading part, the ex-
perimenter translated the participants’ answers into uGlyph using
his notes, the participants’ explanations, and the videos. Movement
and context symbols as well as sequence and parallel combinations
were inferred from the microgesture performed by the participant.
The choice of events and additional features were inferred from
participants’ oral explanations. For instance, for a Finger Tap (Set
A 3), a participant performed a tap with the thumb on the tip of
the index in front of the camera, then verbally explained that this
could be done on the index, middle or ring finger and on the tip,
middle or base phalanx. If the translated answer had additional,
missing or incorrect symbols, the answer was considered incorrect.
For the writing part, we scored a pGlyph description as incorrect if
it was missing one or more symbols or if the structure was wrong.
If participants were more accurate than expected but their pGlyph
description still correctly described the microgesture presented in
the video, e.g. Tap thumb tip with pinky finger instead of
Tap thumb with pinky finger (Set W 1), the answer was con-
sidered correct. Using these measures, our first hypothesis is that
uGlyph performs better than text+images descriptions in terms
of answer correctness and that participants are more confident in
their responses. Our second hypothesis is that uGlyph performs
worse than text+images descriptions in terms of how long it takes
to read a description. Our final hypothesis is that pGlyph can be
used easily after a short training period, i.e., a high percentage of
correct answers, and a limited number of calls to the cheat sheet
and time spent on it.

6 RESULTS

The data analysis follows recommendations for “fair statistical
communication in HCI” [13]. Reported confidence intervals are 95%
confidence intervals computed with the formula CI = 1.96 * 1’1,

with o the standard deviation and n the size of the considered
sample. We also report the proportion overlap (POL) [10] when
comparing two CIs, i.e. overlap amount / mean size of the CI arms
that overlap. Using the TIP 24 of the guidelines [13], if POL < 0.25,
i.e. if the CIs visually overlap by more than 1/4 of their length, then
a reasoning similar to that of a p-value less than 0.05 can be used.
Figure 6 presents an overview of the results.

6.1 Reading

Time: Overall, reading text+images descriptions of microges-
tures was the fastest ( 24s + 3, n = 60 ), followed by standard uGlyph
(36s + 4, n =60 ) and concise uGlyph ( 42s + 5, n = 60 ). The dif-
ference between text+images and standard uGlyph (POL: -1.4) as
well as between text+images and concise pGlyph (POL: -2.5) is sig-
nificant, but the difference between standard and concise pGlyph
(POL: 0.66) is not.

Correctness: For correctness, Cls are computed on the success
rates of participants. Reading standard pGlyph led to the highest
number of correct answers ( 90% + 3, n = 60 ), followed by concise
HGlyph ( 88% + 3, n =60 ) and text+images ( 46% + 4,n = 60 ). There
is a significant difference between text+images and pGlyph (POL:
-10.9) as well as between text+images and concise pGlyph (POL:
-11.1), but not between standard and concise pGlyph (POL: 1.4).
There was no impact of the microgesture set on correctness (POL <
-1.15 when comparing two sets for the same type of description).

Considering both pGlyph forms together, there are a total of 39
errors out of 360 readings of uGlyph descriptions. We observed the
following error types:

« »

Choice symbol “|” mistaken for sequence symbol
A symbol not taken into account (8 / 39)

Parallel symbol “||” mistaken for choice symbol “|” (5 / 39)
Symbol “p” interpreted as “palm” instead of “pinky” (3 / 39)
Other types of one-off errors (8 / 39)

(9/39)

For text+images descriptions, out of the 97 errors made when
reading 180 descriptions, the most common errors are:
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Figure 6: Overview of the study results with 95% confidence intervals. A) Average reading and writing time in seconds. B) Average
percentage of correct reading and writing. C) Average confidence of the participants in their responses (1 - low confidence, 6 -
high confidence). D) Average number of calls to the cheatsheet. E) Average time spent on cheatsheet for reading and writing.

Incorrect start and end positions of the microgesture, e.g. a

tap[7, 39] (¥) performed as ¥; & (43 / 97)
Incorrect or incomplete microgesture direction (11 / 97)
A choice interpreted as a sequence (5 / 97)

A press [8] (Ov.) performed as a press [38] ( v ) and the

Lo — Hi

opposite case (4 / 97)

Confidence: Participants were more confident in their responses
after reading standard uGlyph (5 £ 0.1,n = 60 ) and concise uGlyph
(5+0.1,n=60) than text+images descriptions (4.5 + 0.2,n =60 ).
There is a significant difference between text+images and pGlyph
(POL: -2) as well as between text+images and concise pGlyph (POL:
-2), but not between pGlyph and concise uGlyph (POL: 2).

Cheatsheet: On average, the cheatsheet was called more often
with concise pGlyph (0.8 £ 0.5, n = 180 ) than with standard uGlyph
( 0.5 + 0.3, n = 180 ). Participants spent on average 1.5s + 1.0 read-
ing the cheatsheet for concise uGlyph and 1.3s + 1.0 for standard
uGlyph. A more detailed analysis reveals that the cheatsheet has
never been called on average for 37% of microgestures (correspond-
ing to 11 out of 30 microgestures) when using standard pGlyph and
for 20% of microgestures (6 out of 30 microgestures) when using
concise pGlyph.

6.2 Writing using uGlyph
Time: On average, participants wrote a pGlyph expression in
1min 20s + 19s. As expected, the more symbols there are to write and

the less common the symbols are, for example 1 for left, the longer
it takes to write a pGlyph expression. Indeed, the expressions with
the least number of symbols, namely flexion, stretch, square
and tap thumb with pinky, are, on average, written in less than
40s. The expressions with the highest number of symbols, namely
tap and flap, linear finger to thumb slides and swipe
index with middle and thumb, are, on average, written in over
1min 50s. The three other expressions, namely tap palm with
index middle and ring finger, drag index or middle on
stylus up/down, and pressing down on the lateral tip of
the index, take between 1min 4s and 1min 44s to write.

Correctness: Using uGlyph, participants wrote the correct mi-
crogesture 91% = 6 of the time. There were 16 errors out of 180
uGlyph descriptions written. The most common errors are:

Merged contexts, i.e. oo written o and ee written o (5/ 16)
ce ee

Merged events, i.e. ¥; ¥ written v (2/16)

Incorrect or missing movement direction (2 / 16)

Parallel symbol “||” instead of choice symbol “|” (2 / 16)
Incorrect symbol placement and missing contact glyph (2 /
16)

Confidence: Participants had a confidence in their responses of
4.8 £0.13.

Cheatsheet: On average, per microgesture, participants called
the cheatsheet 1.1 + 0.6 times for a total of 4.5s + 3.1 spent on it.
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uGlyph forms of expression used: On average, participants
used standard pGlyph 33% of the time and concise pGlyph 67% of
the time. It varies considerably depending on the microgesture to be
written. Indeed, Tap thumb with pinky, Tap palm with index,
middle and ring and stretch are written in standard uGlyph
by 8 participants (44%) and in concise pGlyph by 10 participants
(56%). Linear finger-to-thumb slides, Flexion, Drag index
or middle on stylus up or down are written in standard pGlyph
by 3 participants (17%) and in concise pGlyph by 15 participants
(83%).

7 DISCUSSION

In this section, we report the lessons learned from the conceptual
and experimental study of pGlyph.

7.1 Improvement of the notation

The experimental results, for both reading and writing pGlyph,
show errors in the interpretation of two symbols, namely choice
“|” and parallel “||” symbols. We observed that the error of reading
a choice symbol “|” as a sequence symbol “;” occurred only if the
choice symbol was in long descriptions on a single line, but never
occurred when it was placed at the beginning of a new line. There-
fore, we recommend that pGlyph users spread long descriptions
over several lines by cutting them off before a choice symbol.

The participants who misinterpreted a parallel symbol “||” as a
choice symbol “|” explained to us that based on their knowledge of
programming languages, the symbol “||” means to them a logical or.
One way to solve this problem is to use a slanted parallel symbol:
“I1.

7.2 pGlyph is usable

The experimental results show that pGlyph is usable by researchers
and practitioners. Our participants first found uGlyph “frightening”
[P3] and text+images “simpler to understand” [P4], but in the end,
uGlyph is “comprehensible” [P3], “precise” [P4], and “simpler than
text+images for complex microgestures” [P4]. P8, an HCI researcher,
appreciated the high level of precision on the description of the
microgesture. Moreover, P9, also an HCI researcher, pointed out that
“having two symbols [“t”and “p”] with different meanings depending
on their position, to the right or left of the glyph, requires mental
attention”, yet, “uGlyph remains simple to understand”.

Like any notation, pGlyph requires some training to be mastered,
even if “it looks intuitive” [P11]. As a concrete example of the need
for training, we observed a common error during the training phase
that never occurred during the experiment after the experimenter
pointed it out to participants: many participants represented a
thumb flexion using the symbol a (since the thumb goes “up, toward
the other fingers”) while the correct glyph is ¥ (since it goes “down,
toward the palm”). This point should be highlighted in the pGlyph
tutorial video. However, even though P6 thought that “[he] would
need an hour of training”, based on the results of the experiment,
participants still managed to read and write pGlyph correctly after
a 9 min video tutorial and 10 min of writing practice.

It is unclear which form of expression is preferred by partici-
pants when reading uGlyph descriptions. While P7 and P15 found
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the concise pGlyph form “simpler”, “more logical” and “more vi-
sual” than the standard pGlyph form, P12 found the concise pGlyph
form “not intuitive” and thought she would not remember its mean-
ing in a week. However, for writing, 15 of the 18 participants, in-
cluding those who preferred the standard pGlyph form, used the
concise form to write microgestures requiring specification of a
finger choice, i.e. the two microgestures Linear finger-to-thumb
slides and drag index or middle finger on stylus up/down.
Overall, participants thought that standard pGlyph is simpler to
understand [P3, P4, P11, P18, P19] but becomes too verbose for mi-
crogestures with many features [P13, P18, P20]. Thus, they prefer
concise pGlyph, called “expert form” by a participant [P11], to write
and read “complex microgestures”, i.e. microgestures with choices
of events and/or many features [P4, P6, P9, P10, P13, P14, P17, P18,
P19]. We conclude that both forms of pGlyph expression are useful.

7.3 Literature is ambiguous

The experimental results confirm the terminological problems iden-
tified in the literature. Participants made several errors when read-
ing descriptions from the literature and were not completely confi-
dent in their responses.

It was not uncommon for participants to be unsure of how to
approach certain microgestures, such as “ream” or “tab”. The names
did not give a clear idea of the corresponding microgestures. In
these cases, participants relied solely on the associated images. For
“ream” and “tab”, this led to respectively only 16% and 50% of correct
answers. For press, however, the images did help participants
to differentiate between ¥ and ¥ , leading to 75% of correct

Lo — Hi
answers. However, to avoid ambiguity, we recommend using the

name “touch” for OV., asin [11, 47].

We also observed several errors due to a misunderstanding of
the initial and final states of a microgesture, even if the textual
description is precise. For instance, based on the precise description
of a tap “pressing one part of the hand onto another part” [7]

(OV.) participants read the microgesture as oV.; .Ao 61% of the time.
Participants’ comments indicated that they were biased by their
HCI expertise, particularly in touch interaction. P7, a computer
science student, thought the name and description did not match,
so he read the taps in a way that was familiar to him, i.e., a tap on a

touchscreen 0V.; %P1 reported that “in [his] experience [as an HCI
research engineer], a tap is similar to a mouse click, whereas here it
is similar to a mouse-down event”. Therefore, even if a microgesture
is precisely described, its name can be misleading.

P16 was surprised that text+images descriptions were “less com-
prehensible than pGlyph”, specifically “to determine the actuator”.
Additionally, during the writing part of the experiment, P13 noted
that determining the actuator is difficult in the videos, especially
for tapping since both the actuator and the receiver are moving.

These observations suggest that beyond precise descriptions as
in pGlyph, the community needs to agree on names for classes of
microgestures. Often, the name implies initial and final states in ref-
erence to the more established domains of touch interaction and 3D
gesture interaction. As a first step towards this terminological goal,
we suggest the following names for the classes of microgestures
described in pGlyph at a high level of abstraction:



CHI 23, April 23-28, 2023, Hamburg, Germany

e Tab, Touch: = (e.g. v)
oe eo

o Tap: ;¥ (eg. v; 4)
e Slide,Drag: &*

o0 oo oo oo . .
e Ream: V; A | A; Vv and extension to horizontal Ream:
o0 oo o0 oo

> <] >
o Directional Swipe, Multi-finger snap, Drag&Drop:

e0 | Oe o0, ce ®°® oo
B e Y N il Bl He
. oce ee eO
in other words —; —; =

7.4 Rare properties

In building the database, we found very few examples of micro-
gestures that would require the addition of textual symbols, such
as those for phalanges, to pGlyph. For instance, Whitmire et al.
uses two-handed taps for text input [45]. For the standard pGlyph,
instead of introducing a new symbol, one can simply duplicate and
mirror the graphical structure: _———= ———— _ . Another example
would be to further differentiate fingertips to describe a tap on
the very tip of the index by the thumb [8]. We purposefully de-
cided not to increase the number of textual symbols in order not to
overwhelm pGlyph users with abbreviations for only one or two
studied microgestures. Instead, we let users take advantage of the
fact that uGlyph is an hybrid notation, partly graphical and partly
textual. This leaves the possibility of accurately describing new

oe 0
contact areas using words. For instance, , ¥ ;. (;® 1i1ana)s (A et hana
describes a tap of the thumb of the left hand on the index finger of

the left hand. Similarly, lov.(io very tip) t.AO describes a tap of the thumb
on the very tip of the index. This trade-off can be mitigated in the
future: if the literature evolves, or if many studies make extensive
use of previously understudied receivers, new textual symbols can
be added to pGlyph, as was done for other notations such as La-
banotation [20]. However, no matter how many textual symbols
are added, the core of the notation, i.e., movements, contexts, and
event compositions, will remain the same, demonstrating a certain
completeness and self-sufficiency of the uGlyph notation.

8 ONLINE TOOL TO FACILITATE THE USE OF
pnGLYPH

To promote the adoption of pGlyph by researchers and practitioners,
the proposed online website? offers three main services. Figure 7
shows a screenshot of these services.

First, we implemented a visual editor for pGlyph descriptions
with an export function to KIgX. We used this editor to translate the
literature microgestures into pGlyph and the KIgX export feature
to create the tables in Appendix B.

The website also contains the complete database, described above,
along with a search engine allowing users to formulate targeted
searches based on: 1) pGlyph descriptions 2) keywords that match
the names and descriptions of the microgestures as well as the
descriptions of the grasps and objects studied in conjunction with
the microgestures. This search engine allows users to efficiently
explore the database of existing microgestures, to relate and com-
pare existing studies. To add a new paper, researchers can find our

Zhttps://mic.imag.fr/microglyph/
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contact information on the website to send us their document and
descriptions in pGlyph.

Finally, to visually present a microgesture, the website includes
a view of a 3D hand model using three-js and a tool to generate an-
imations based on pGlyph descriptions>. After inputting a pGlyph
description, users can watch an animation of the hand reproducing
the microgesture. Each part of the pGlyph description is used to
create a keyframe of the animation. To play the animation, the
keyframes are interpolated over a number of frames. Users can
rotate the hand model to play the animation from any angle. Such
a tool can be used to explain microgestures to users, similar to
the Hololens 2 hand coach that teaches the pinch gesture [32]. In
addition, users can export a SVG file containing all the animation
keyframes. This feature was inspired from Esquisse [1], to help
researchers easily export a graphical description of a microgesture
with different hand orientations, as illustrated in Figure 8. The
export function is implemented using the three SVG rendering plu-
gin®. Usage scenarios of the tool are available in the accompanying
video figure.

9 FUTURE RESEARCH BASED ON pGLYPH

In this paper, we have presented pGlyph, studied its expressiveness
and usability, and presented tools that support the use of pGlyph.
While this is an important step toward a more rigorous hand micro-
gesture field, there are clearly many avenues of research that this
work does not directly address. Several of these are topics of current
work by the authors. We outline these research avenues according
to the main phases of the life cycle of an interactive system based
on microgesture interaction: designing, developing, and evaluating.

9.1 Designing and developing microgesture
interaction

Designing new microgestures. Using puGlyph, it is possible to
build a tree of all possible glyph combinations. By considering
all the sequences of two pGlyph events, without even taking the
uGlyph features into account, we already obtain more than 250
different microgestures. New types of microgestures, which have

not yet been studied, can be identified. For instance, microgestures
00 oe
with momentum (e.g., the microgesture a; V¥ is the momentum
oe 00 00
version of ¥), or back and forth microgestures in the air (e.g., ¥; A).

However, given the already wide variety of microgestures and
the small number of human factor studies, we argue that at this time,
the generation of new microgestures should be approached with
caution. Nevertheless, the uGlyph notation can help systematize
the human factor studies.

Developing microgesture recognizers. One barrier for micro-
gesture recognition is the training usually required [12, 37, 39] for
a given set of microgestures. When a new microgesture is added to
the set, beyond adding new sensors if required, new data from users
must be collected to re-train the model. One promising avenue is to
create a classifier capable of recognizing elementary pGlyph events.
The recognition of a new microgesture, composed of elementary

3The animation tool is a proof of concept. The tool is a work in progress and, at the
time of writing, only works for some simple and concise pGlyph expressions.
“https://github.com/LokiResearch/three-svg-rendering.


https://mic.imag.fr/microglyph/
https://github.com/LokiResearch/three-svg-rendering

uGlyph: a Microgesture Notation

CHI 23, April 23-28, 2023, Hamburg, Germany

BEX  Viz o uGlyph
Advanced Search
Search Within
V Microgesture Name
Microgesture Description
Paper Title
Search uGlyph ol
Grasp
Object
v/a Sl S b ol | o @
+
Name HGlyphe
Circle
Chanetal o e
ol @® ol @
2013 ERN T r/8 | e\ Tt
ITEX
Papertitle:  FingerPad: Private and subtle interaction using fingertips
Authors: L. Chan, R. Liang, M. Tsai, K. Cheng, C. Su, M. Chen, W. Cheng and B. Chen
Date: 2013
Paper DOI:  10.1145/2501988.2502016
Grasp(s): ~ Free-Hand
Circle

(an

({}}

O O cuest

simple
IETeX export

o

VoadtDo 0o moo B oW

5]

Image
description

K

Text description

No textual description

Figure 7: Screenshot of the pGlyph website. A) Database of microgestures: for each microgesture, name, description, paper and
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SVG export of the animation keyframes.

& -
N

(=]

Figure 8: Creation of a graphical description of a microges-
ture using the SVG export. A) Keyframes exported from the
3D hand viewer (Figure 7 C). B)The graphical description
created with the keyframes.

uGlyph events, will then be straightforward, by combining the
outputs from the classifier.

9.2 Evaluating microgesture interaction

Keystroke [6] or its extension for touch interaction [17, 35], makes it
possible to accurately predict user performance. Such performance
models do not yet exist for microgestures, but they are necessary
for the field to develop further. We propose three approaches based
on uGlyph to build such models

Using medical knowledge. Since the atomic movements of
uGlyph are derived from biomechanics of the finger, i.e. extension,
flexion, abduction and adduction, microgestures can be evaluated

according to feasibility and/or human performance by relying on
the medical literature, e.g. [2, 28, 29]. This may be even more im-
portant in defining inclusive microgesture sets that account for
limitations due to specific conditions, such as finger arthritis. Al-
though previous work has already used medical knowledge [24, 47],
many questions related to the physical feasibility of microgestures
remain. For instance, is it easier to perform a horizontal swipe,
i.e. adduction or abduction, than a vertical swipe, i.e. flexion or
extension.

Studying the memorability of microgesture sets. The size of
microgesture sets varies considerably in the literature from three
microgestures [31] to more than fifty [39]. But we have yet to
understand how many microgestures a user can retain. pGlyph
can be used as a basis for understanding which properties of a
microgesture are easier to remember. For instance, it might be
easier to remember a set of several taps (e.g. thumb-to-finger taps:
x € {ilmlrlp},y € {blmlt},, ¥ (,0,);, &), than a set of 5 different

oe eo °

L 1)
microgestures(e.g. tap: ¥; A,press: V ,swipeup: =; A; =, swipe

Lo — Hi
o0 [e]e)
down: 2; v; ¥ and stretch: A).

Studying the proximity between microgestures. We have
noted much confusion due to the fact that the microgestures are
very close to each other, e.g. tab, touch, press, tap or swipe, slide,
drag, drag and drop. puGlyph could be used to assess how different,
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two microgestures are, from the user’s perspective. This could allow
a designer to assign critical tasks to the most different microgestures
and thus reduce the risk of false activation.

10 CONCLUSION

We have presented pGlyph, a notation to unambiguously and pre-
cisely describe microgestures at different levels of abstraction. uGlyph
is based on a graphical and textual representation of the finger
movements, the execution context, and optional features of the
movements. pGlyph aims to standardize microgesture descriptions
by providing a convenient notation to researchers and practitioners.
To evaluate the usability of the uGlyph notation, we conducted an
experiment with 18 participants. After a 9-minute course and a
10-minute training phase, our participants could accurately read
uGlyph 89% of the time and write correctly 91% of the time, as
compared to 46% with conventional descriptions. To illustrate the
descriptive power of the pGlyph notation, we translated in pGlyph
a set of 118 microgestures from 17 literature papers. We gathered
these translations, along with their original text and image descrip-
tions, in an online database. To ease the adoption of the pGlyph
notation, we developed a set of tools for searching the database,
writing and embedding puGlyph expressions within IKIEX based re-
search papers, as well as visualizing microgestures. We put forth
that pGlyph can serve as a common language amongst researchers
and practitioners to advance the field of microgesture interaction.

ACKNOWLEDGMENTS

The authors would like to thank Carla Coutant for her help in filling
the microgesture database and Julie Dugdale for dubbing the video
of the lesson on pGlyph. This work was partly supported by the
French National Research Agency (ANR) project MIC (ANR-22-
CE33-0017).

REFERENCES

[1] Axel Antoine, Sylvain Malacria, Nicolai Marquardt, and Géry Casiez. 2019. Es-
quisse: Using 3D Models Staging to Facilitate the Creation of Vector-Based Trace
Figures. In Human-Computer Interaction — INTERACT 2019, David Lamas, Fer-
nando Loizides, Lennart Nacke, Helen Petrie, Marco Winckler, and Panayiotis
Zaphiris (Eds.). Springer International Publishing, Cham, 496-516.
R. Arunachalam, V. S. Weerasinghe, and K. R. Mills. 2005.
trol of Rapid Sequential Finger Tapping in Humans. Journal of Neuro-
physiology 94, 3 (2005), 2162-2170.  https://doi.org/10.1152/jn.01173.2004
arXiv:https://doi.org/10.1152/jn.01173.2004 PMID: 15928053.

[3] Sandrine Balbo, Nadine Ozkan, and Cécile Paris. 2004. Choosing the right task-
modeling notation: A taxonomy. The handbook of task analysis for human-
computer interaction 1 (2004), 445-465.

[4] Thomas Baudel and Michel Beaudouin-Lafon. 1993. Charade: Remote Control
of Objects Using Free-Hand Gestures. Commun. ACM 36, 7 (jul 1993), 28-35.
https://doi.org/10.1145/159544.159562

[5] Rudolf. Benesh and Joan. Benesh. 1977. Reading dance : the birth of choreology
/ by Rudolf and Joan Benesh. Souvenir Press London, London, UK. xvi, 139 p. :
pages.

[6] Stuart K. Card, Thomas P. Moran, and Allen Newell. 1980. The Keystroke-Level
Model for User Performance Time with Interactive Systems. Commun. ACM 23,
7 (July 1980), 396-410. https://doi.org/10.1145/358886.358895

[7] Edwin Chan, Teddy Seyed, Wolfgang Stuerzlinger, Xing-Dong Yang, and Frank
Maurer. 2016. User Elicitation on Single-Hand Microgestures. In Proceedings
of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose,
California, USA) (CHI ’16). Association for Computing Machinery, New York, NY,
USA, 3403-3414. https://doi.org/10.1145/2858036.2858589

[8] Liwei Chan, Rong-Hao Liang, Ming-Chang Tsai, Kai-Yin Cheng, Chao-Huai Su,
Mike Y. Chen, Wen-Huang Cheng, and Bing-Yu Chen. 2013. FingerPad: Private
and Subtle Interaction Using Fingertips. In Proceedings of the 26th Annual ACM
Symposium on User Interface Software and Technology (St. Andrews, Scotland,

[2

—

Motor Con-

—
L

(10]

[11

=
N

[13

[14

[15

[16

(17

[21

[22

[24

[25]

[26

[27

Chaffangeon Caillet, et al.

United Kingdom) (UIST ’13). Association for Computing Machinery, New York,
NY, USA, 255-260. https://doi.org/10.1145/2501988.2502016

Eunjung Choi, Heejin Kim, and Min K. Chung. 2014. A taxonomy and notation
method for three-dimensional hand gestures. International Journal of Industrial
Ergonomics 44, 1 (2014), 171-188. https://doi.org/10.1016/j.ergon.2013.10.011
Geoff Cumming. 2009. Inference by eye: Reading the overlap of independent
confidence intervals. Statistics in medicine 28 (01 2009), 205-20. https://doi.org/
10.1002/s5im.3471

David Way. 2014. EMGRIE: Ergonomic Microgesture Recognition and Interaction
Evaluation, A Case Study. Technical Report 2000. Massachusetts Institute of
Technology. 1-195 pages.

Travis Deyle, Szabolcs Palinko, Erika Shehan Poole, and Thad Starner. 2007.
Hambone: A Bio-Acoustic Gesture Interface. In 2007 11th IEEE International Sym-
posium on Wearable Computers. Institute of Electrical and Electronics Engineers,
New York, NY, USA, 3-10. https://doi.org/10.1109/ISWC.2007.4373768

Pierre Dragicevic. 2016. Fair Statistical Communication in HCL Springer Interna-
tional Publishing, Cham, 291-330. https://doi.org/10.1007/978-3-319-26633-6_13
Christoph Endres, Tim Schwartz, and Christian A. Miller. 2011. Geremin": 2D
Microgestures for Drivers Based on Electric Field Sensing. In Proceedings of the
16th International Conference on Intelligent User Interfaces (Palo Alto, CA, USA)
(IUI ’11). Association for Computing Machinery, New York, NY, USA, 327-330.
https://doi.org/10.1145/1943403.1943457

Roman Ganhér and Wolfgang Spreicer. 2014. Monox: Extensible Gesture Notation
for Mobile Devices. In Proceedings of the 16th International Conference on Human-
Computer Interaction with Mobile Devices &amp; Services (Toronto, ON, Canada)
(MobileHCI ’14). Association for Computing Machinery, New York, NY, USA,
203-212. https://doi.org/10.1145/2628363.2628394

Emilien Ghomi, Stéphane Huot, Olivier Bau, Michel Beaudouin-Lafon, and
Wendy E. Mackay. 2013. Arpege: Learning Multitouch Chord Gestures Vo-
cabularies. In Proceedings of the 2013 ACM International Conference on Inter-
active Tabletops and Surfaces (St. Andrews, Scotland, United Kingdom) (ITS
’13). Association for Computing Machinery, New York, NY, USA, 209-218.
https://doi.org/10.1145/2512349.2512795

Alix Goguey, Géry Casiez, Andy Cockburn, and Carl Gutwin. 2018. Storyboard-
Based Empirical Modeling of Touch Interface Performance. In Proceedings of
the 2018 CHI Conference on Human Factors in Computing Systems (Montreal QC,
Canada) (CHI ’18). Association for Computing Machinery, New York, NY, USA,
1-12. https://doi.org/10.1145/3173574.3174019

TR.G. Green and M. Petre. 1996. Usability Analysis of Visual Programming
Environments: A ‘Cognitive Dimensions’ Framework. Journal of Visual Languages
& Computing 7, 2 (1996), 131-174. https://doi.org/10.1006/jvlc.1996.0009

T. R. G. Green. 1989. Cognitive dimensions of notations. In A. Sutcliffe and L.
Macaulay (Eds.) People and Computers V. Cambridge University Press, Cambridge,
UK, 443-460.

Ann Hutchinson Guest. 2005.  Labanotation: The System of Analyzing
and Recording Movement: Ann Hu. Taylor & Francis, New York, NY,
USA.  https://www.taylorfrancis.com/books/mono/10.4324/9780203626122/
labanotation-ann-hutchinson-guest

Ann Hutchinson Guest and joukje Kolff. 2002. Advanced Labanotation issue 5:
Hands, fingers. Dance Books Ltd, Hampshire, England, UK.

Renate Hauslschmid, Benjamin Menrad, and Andreas Butz. 2015. Freehand vs.
micro gestures in the car: Driving performance and user experience. 2015 [EEE
Symposium on 3D User Interfaces, 3DUI 2015 - Proceedings 0336 (2015), 159-160.
https://doi.org/10.1109/3DUL2015.7131749

Marc Hesenius and Volker Gruhn. 2019. GestureCards: A Hybrid Gesture Nota-
tion. Proc. ACM Hum.-Comput. Interact. 3, EICS, Article 22 (jun 2019), 35 pages.
https://doi.org/10.1145/3331164

Da-Yuan Huang, Liwei Chan, Shuo Yang, Fan Wang, Rong-Hao Liang, De-Nian
Yang, Yi-Ping Hung, and Bing-Yu Chen. 2016. DigitSpace: Designing Thumb-to-
Fingers Touch Interfaces for One-Handed and Eyes-Free Interactions. In Proceed-
ings of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose,
California, USA) (CHI ’16). Association for Computing Machinery, New York, NY,
USA, 1526-1537. https://doi.org/10.1145/2858036.2858483

D. Kammer, D. Henkens, C. Henzen, and R. Groh. 2015. Gesture Formalization
for Multitouch. Software: Practice and Experience 45, 4 (apr 2015), 527-548.
https://doi.org/10.1002/spe.2247

Kenrick Kin, Bjorn Hartmann, Tony DeRose, and Maneesh Agrawala. 2012. Pro-
ton: Multitouch Gestures as Regular Expressions. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (Austin, Texas, USA) (CHI
’12). Association for Computing Machinery, New York, NY, USA, 2885-2894.
https://doi.org/10.1145/2207676.2208694

Eyal Krupka, Kfir Karmon, Noam Bloom, Daniel Freedman, Ilya Gurvich, Aviv
Hurvitz, Ido Leichter, Yoni Smolin, Yuval Tzairi, Alon Vinnikov, and Aharon
Bar-Hillel. 2017. Toward Realistic Hands Gesture Interface: Keeping It Simple for
Developers and Machines. In Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems (Denver, Colorado, USA) (CHI ’17). Association for
Computing Machinery, New York, NY, USA, 1887-1898. https://doi.org/10.1145/
3025453.3025508


https://doi.org/10.1152/jn.01173.2004
https://arxiv.org/abs/https://doi.org/10.1152/jn.01173.2004
https://doi.org/10.1145/159544.159562
https://doi.org/10.1145/358886.358895
https://doi.org/10.1145/2858036.2858589
https://doi.org/10.1145/2501988.2502016
https://doi.org/10.1016/j.ergon.2013.10.011
https://doi.org/10.1002/sim.3471
https://doi.org/10.1002/sim.3471
https://doi.org/10.1109/ISWC.2007.4373768
https://doi.org/10.1007/978-3-319-26633-6_13
https://doi.org/10.1145/1943403.1943457
https://doi.org/10.1145/2628363.2628394
https://doi.org/10.1145/2512349.2512795
https://doi.org/10.1145/3173574.3174019
https://doi.org/10.1006/jvlc.1996.0009
https://www.taylorfrancis.com/books/mono/10.4324/9780203626122/labanotation-ann-hutchinson-guest
https://www.taylorfrancis.com/books/mono/10.4324/9780203626122/labanotation-ann-hutchinson-guest
https://doi.org/10.1109/3DUI.2015.7131749
https://doi.org/10.1145/3331164
https://doi.org/10.1145/2858036.2858483
https://doi.org/10.1002/spe.2247
https://doi.org/10.1145/2207676.2208694
https://doi.org/10.1145/3025453.3025508
https://doi.org/10.1145/3025453.3025508

uGlyph: a Microgesture Notation

[28]

[29

[30

w
g

[32

[33]

[34

[35]

[36

[37

[38

[39

[40]

[41]

[42

[43]

[44]

Li-Chieh Kuo, Haw-Yen Chiu, Cheung-Wen Chang, Hsiu-Yun Hsu, and Yun-Nien
Sun. 2009. Functional workspace for precision manipulation between thumb
and fingers in normal hands. Journal of Electromyography and Kinesiology 19, 5
(2009), 829-839. https://doi.org/10.1016/j.jelekin.2008.07.008

Catherine E. Lang and Marc H. Schieber. 2004. Human Finger Independence:
Limitations due to Passive Mechanical Coupling Versus Active Neuromuscular
Control. Journal of Neurophysiology 92, 5 (2004), 2802-2810. https://doi.org/10.
1152/jn.00480.2004 arXiv:https://doi.org/10.1152/jn.00480.2004 PMID: 15212429.
DoYoung Lee, SooHwan Lee, and Ian Oakley. 2020. Nailz: Sensing Hand Input
with Touch Sensitive Nails. In Proceedings of the 2020 CHI Conference on Human
Factors in Computing Systems (CHI "20). Association for Computing Machinery,
New York, NY, USA, 1-13. https://doi.org/10.1145/3313831.3376778

Yi Liu, Hongying Meng, Mohammad Rafiq Swash, Yona Falinie A. Gaus, and
Rui Qin. 2018. Holoscopic 3D Micro-Gesture Database for Wearable Device
Interaction. In 2018 13th IEEE International Conference on Automatic Face &
Gesture Recognition (FG 2018). Institute of Electrical and Electronics Engineers,
New York, NY, USA, 802-807. https://doi.org/10.1109/FG.2018.00129
Microsoft. 2022. Hand Coach - MRTK2. https://docs.microsoft.com/en-
gb/windows/mixed-reality/mrtk-unity/mrtk2/features/ux-building-
blocks/hand-coach?view=mrtkunity-2022-05

Daniel Moody. 2009. The “Physics” of Notations: Toward a Scientific Basis for
Constructing Visual Notations in Software Engineering. IEEE Transactions on
Software Engineering 35, 6 (2009), 756-779. https://doi.org/10.1109/TSE.2009.67
Brad A. Myers. 1990. Taxonomies of visual programming and program vi-
sualization. Journal of Visual Languages & Computing 1, 1 (1990), 97-123.
https://doi.org/10.1016/S1045-926X(05)80036-9

Andrew D. Rice and Jonathan W. Lartigue. 2014. Touch-Level Model (TLM):
Evolving KLM-GOMS for Touchscreen and Mobile Devices. In Proceedings of
the 2014 ACM Southeast Regional Conference (Kennesaw, Georgia) (ACM SE ’14).
Association for Computing Machinery, New York, NY, USA, Article 53, 6 pages.
https://doi.org/10.1145/2638404.2638532

T. Scott Saponas, Desney S. Tan, Dan Morris, Ravin Balakrishnan, Jim Turner,
and James A. Landay. 2009. Enabling Always-Available Input with Muscle-
Computer Interfaces. In Proceedings of the 22nd Annual ACM Symposium on User
Interface Software and Technology (Victoria, BC, Canada) (UIST "09). Association
for Computing Machinery, New York, NY, USA, 167-176. https://doi.org/10.
1145/1622176.1622208

Adwait Sharma, Michael A. Hedderich, Divyanshu Bhardwaj, Bruno Fruchard,
Jess McIntosh, Aditya Shekhar Nittala, Dietrich Klakow, Daniel Ashbrook, and
Jiirgen Steimle. 2021. SoloFinger: Robust Microgestures While Grasping Everyday
Objects. In Proceedings of the 2021 CHI Conference on Human Factors in Computing
Systems (Yokohama, Japan) (CHI °21). Association for Computing Machinery, New
York, NY, USA, Article 744, 15 pages. https://doi.org/10.1145/3411764.3445197
Adwait Sharma, Joan Sol Roo, and Jiirgen Steimle. 2019. Grasping Microgestures:
Eliciting Single-Hand Microgestures for Handheld Objects. In Proceedings of the
2019 CHI Conference on Human Factors in Computing Systems (Glasgow, Scotland
Uk) (CHI °19). Association for Computing Machinery, New York, NY, USA, 1-13.
https://doi.org/10.1145/3290605.3300632

Mohamed Soliman, Franziska Mueller, Lena Hegemann, Joan Sol Roo, Chris-
tian Theobalt, and Jiirgen Steimle. 2018. FingerInput: Capturing Expressive
Single-Hand Thumb-to-Finger Microgestures. In Proceedings of the 2018 ACM In-
ternational Conference on Interactive Surfaces and Spaces (Tokyo, Japan) (ISS
’18). Association for Computing Machinery, New York, NY, USA, 177-187.
https://doi.org/10.1145/3279778.3279799

Hyunyoung Song, Hrvoje Benko, Francois Guimbretiere, Shahram Izadi, Xiang
Cao, and Ken Hinckley. 2011. Grips and Gestures on a Multi-Touch Pen. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Vancouver, BC, Canada) (CHI ’11). Association for Computing Machinery, New
York, NY, USA, 1323-1332. https://doi.org/10.1145/1978942.1979138

Lucio Davide Spano, Antonio Cisternino, Fabio Paterno, and Gianni Fenu. 2013.
GestIT: A Declarative and Compositional Framework for Multiplatform Gesture
Definition. In Proceedings of the 5th ACM SIGCHI Symposium on Engineering
Interactive Computing Systems (London, United Kingdom) (EICS ’13). Association
for Computing Machinery, New York, NY, USA, 187-196. https://doi.org/10.
1145/2494603.2480307

Seval Tanrikulu, Senol Bekmez, Akin Uzﬁmcﬁgil, and Giirsel Leblebicioglu. 2015.
Anatomy and Biomechanics of the Wrist and Hand. Springer Berlin Heidelberg,
Berlin, Heidelberg, 441-447. https://doi.org/10.1007/978-3-642-36569-0_49
Julie Wagner, Stéphane Huot, and Wendy Mackay. 2012. BiTouch and BiPad:
Designing Bimanual Interaction for Hand-Held Tablets. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (Austin, Texas, USA)
(CHI ’12). Association for Computing Machinery, New York, NY, USA, 2317-2326.
https://doi.org/10.1145/2207676.2208391

Jérémy Wambecke, Alix Goguey, Laurence Nigay, Lauren Dargent, Daniel Hau-
ret, Stéphanie Lafon, and Jean-Samuel Louis de Visme. 2021. M[Eye]Cro: Eye-
Gaze+Microgestures for Multitasking and Interruptions. Proc. ACM Hum.-Comput.
Interact. 5, EICS, Article 210 (May 2021), 22 pages. https://doi.org/10.1145/3461732

[45]

[46]

[47

(48]

CHI 23, April 23-28, 2023, Hamburg, Germany

Eric Whitmire, Mohit Jain, Divye Jain, Greg Nelson, Ravi Karkar, Shwetak Patel,
and Mayank Goel. 2017. DigiTouch. Proceedings of the ACM on Interactive, Mobile,
Wearable and Ubiquitous Technologies 1, 3 (2017), 1-21. https://doi.org/10.1145/
3130978

Graham Wilson, Craig Stewart, and Stephen A. Brewster. 2010. Pressure-Based
Menu Selection for Mobile Devices. In Proceedings of the 12th International Con-
ference on Human Computer Interaction with Mobile Devices and Services (Lisbon,
Portugal) (MobileHCI ’10). Association for Computing Machinery, New York, NY,
USA, 181-190. https://doi.org/10.1145/1851600.1851631

Katrin Wolf, Anja Naumann, Michael Rohs, and Jorg Miiller. 2011. A taxonomy
of microinteractions: Defining microgestures based on ergonomic and scenario-
Dependent requirements. Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics) 6946
LNCS, PART 1 (2011), 559-575. https://doi.org/10.1007/978-3-642-23774-4_45
Hyeonbeom Yi, Jiwoo Hong, Hwan Kim, and Woohun Lee. 2019. DexCon-
troller : Designing a VR controller with grasp-recognition for enriching nat-
ural game experience. In Proceedings of the 25th ACM Symposium on Virtual
Reality Software and Technology (Parramatta, NSW, Australia) (VRST ’19). As-
sociation for Computing Machinery, New York, NY, USA, Article 22, 11 pages.
https://doi.org/10.1145/3359996.3364263


https://doi.org/10.1016/j.jelekin.2008.07.008
https://doi.org/10.1152/jn.00480.2004
https://doi.org/10.1152/jn.00480.2004
https://arxiv.org/abs/https://doi.org/10.1152/jn.00480.2004
https://doi.org/10.1145/3313831.3376778
https://doi.org/10.1109/FG.2018.00129
https://docs.microsoft.com/en-gb/windows/mixed-reality/mrtk-unity/mrtk2/features/ux-building-blocks/hand-coach?view=mrtkunity-2022-05
https://docs.microsoft.com/en-gb/windows/mixed-reality/mrtk-unity/mrtk2/features/ux-building-blocks/hand-coach?view=mrtkunity-2022-05
https://docs.microsoft.com/en-gb/windows/mixed-reality/mrtk-unity/mrtk2/features/ux-building-blocks/hand-coach?view=mrtkunity-2022-05
https://doi.org/10.1109/TSE.2009.67
https://doi.org/10.1016/S1045-926X(05)80036-9
https://doi.org/10.1145/2638404.2638532
https://doi.org/10.1145/1622176.1622208
https://doi.org/10.1145/1622176.1622208
https://doi.org/10.1145/3411764.3445197
https://doi.org/10.1145/3290605.3300632
https://doi.org/10.1145/3279778.3279799
https://doi.org/10.1145/1978942.1979138
https://doi.org/10.1145/2494603.2480307
https://doi.org/10.1145/2494603.2480307
https://doi.org/10.1007/978-3-642-36569-0_49
https://doi.org/10.1145/2207676.2208391
https://doi.org/10.1145/3461732
https://doi.org/10.1145/3130978
https://doi.org/10.1145/3130978
https://doi.org/10.1145/1851600.1851631
https://doi.org/10.1007/978-3-642-23774-4_45
https://doi.org/10.1145/3359996.3364263

Chaffangeon Caillet, et al.

CHI 23, April 23-28, 2023, Hamburg, Germany

A THE pGLYPH CHEATSHEET

The pGlyph cheatsheet used during the experimental study.
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B MICROGESTURES FROM LITERATURE PAPERS

The tables below show microgestures from literature papers. Each pGlyph description was exported from our website using the LaTeX
export for pGlyph.
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Table 8: First part of the set of microgestures derived from the pattern —; —.

Microgesture Paper pGlyph
Click Chan et al. 2013 [8] tov.(io BF t.AO
Closed Gap touch Way et al. 2014 [11] x0 € {t|i|m|r|p},
x1 € {t|i|m|r|p},x0 # x1,
XOO_.(XI.)Hxlo_.(XO.)
Double Tap Song et al. 2011 [40] i.AO; iov.(.); i.Ao; iov.(.)

External Surface Touch
Flick
Finger Pinch
Finger Tap
Fist Tap

Make a fist

Mult Flicks

Mult Taps

Pinch gesture
Press on tip of index
Snip
Stretch

Stretch

Way et al. 2014 [11]
Deyle et al. 2007 [12]
Way et al. 2014 [11]
Soliman et al. 2018 [39]
Soliman et al. 2018 [39]

Chan et al. 2016 [7]

Lee et al. 2020 [30]

Lee et al. 2020 [30]

Saponas et al. 2009 [36]
Chan et al. 2013 [8]
Wolf et al. 2011 [47]

Sharma et al. 2019 [38]

Sharma et al. 2019 [38]

oe
i ¥ ()

x € {ilmlrlp}, m, (0); &

oe
Y (i\m\qp’ b|m|t)

oce
t v (i\m|r. b\m|t)

oce o
Y (0l |i”m”r”p.

oce

. v
tfiflm|lrl[p
—cl

x € {il[m | mljr | rf|p | iljml|r | ml|r|lp | iffm]|r|[p},
] [ Je]
x.n(t.);xA

x € {ifjm | mlfr [ rl[p | il|ml|r [ mffr[[p | il jm]|r[|p},

y € {nail center|nail tip},
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Table 9: Second part of the set of microgestures derived from the pattern =; >,

Microgesture Paper pGlyph
Tab Wolf et al. 2011 [47] e Y ()
Tab Wolf et al. 2011 [47] i ¥ (49)
Tab index or middle on object Wolf et al. 2011 [47] x € {im}, y € {}, XOV.(.); X.Ao
Tap Huang et al. 2016 [24] [ov.(i‘m‘r‘po i)
oe e0
Tap Lee et al. 2020 [30] Y (;\m\r\p' nail tiplnail rootinail inner|nail outerjnail center)3 1 A
oe e0
Tap Sharma et al. 2019 [38] Y (#); A
Tap Sharma et al. 2019 [38] mov.(O); m.AO
Tap Sharma et al. 2019 [38] iov.(.); 3
Tap Sharma et al. 2021 [37] m‘mov.(.); m‘m.Ao
Tap Whitmire et al. 2017 [45] [Ov'(i‘m‘r‘po bt ;[.Ao
Tap all fingers together Chan et al. 2016 [7] tHiHerHPOV.(l”leHr”p o)
Tap and Flap Soliman et al. 2018 [39] tov.(l.b\m\t)H( erHpOVO | erHPT )
op —cl cl— op
Tap index and middle finger together Chan et al. 2016 [7] ‘Ob.(mO) | |mo<.(i0)
Tap of the thumb on other fingers phalanx and nail Wambecke et al. 2021 [44] (tov.(”mo i) |lov.(io 1,1)|to'.(,' n)); t.Ao
Tap palm with index, middle and ring fingers Chan et al. 2016 [7] leHrOV.(o »)
Tap palm with thumb Chan et al. 2016 [7] lo'.(. »)
oce €0
Tap the wheel Wolf et al. 2011 [47] x € {t|ijm|r[p}, ¥;, A
Tap thumb and pinky Chan et al. 2016 [7] pov.(g)
Tap thumb with middle finger Chan et al. 2016 [7] mov.('o)
Tap thumb with index and middle finger Chan et al. 2016 [7] iHmcv.([.)
Tap thumb with index finger Chan et al. 2016 [7] iov.(t.)
Tap thumb with ring and pinky finger Chan et al. 2016 [7] erOV.(tO)
Tap thumb with ring finger Chan et al. 2016 [7] ‘OV.(tO)
oe e0
Tap to the very tip Chan et al. 2013 [8] (O ey )i A
Thumb Up Wolf et al. 2011 [47] x

oe

Touch Wolf et al. 2011 [47] 2V Giiip® )
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Table 10: Microgestures using pressure.

Microgesture Paper pGlyph

Force Tap ~ Whitmire et al. 2017 [45] x € {ilmlr|p},y € {blmlt}, ¥ (0.); ¥ (); & ()4

lo = hi hi— lo
L]
Press Saponas et al. 2009 [36] i Y
lo - hi
L] L]
Press Sharma et al. 2019 [38] doee Y (5 G A
lo — hi hi—lo
L] L]
Press Sharma et al. 2019 [38] Y (#); A (W
lo — hi hi—lo
L] L]
Press Sharma et al. 2019 [38] Y (W), A (W
lo— hi hi - o
Press Wolf et al. 2011 [47] i‘m‘r‘p; (©)
lo— hi
. L] L]
Press Yi et al. 2019 [48] il Y 5 il A
lo— hi hi = lo
L]
Pull Saponas et al. 2009 [36] i Y

lo — hi
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Table 11: First part of the set of microgestures derived from the pattern >,

Microgesture Paper pGlyph
Drag Index or Middle finger on stylus up or down Wolf et al. 2011 [47] i‘m.vo(.) |1\m.;(.)
Drag and Drop Index on Thumb Wolf et al. 2011 [47] 22(,®); 1.'.((')§ =
Drag and Drop Middle on Index Wolf et al. 2011 [47] (e m.'.(;’ Dz
Drag and Drop Thumb on Index-side Wolf et al. 2011 [47] x € {ilm|r|p}, Z(,®.); t:(Xo )z
Drag fingers around the wheel Wolf et al. 2011 [47] iHerHp.;(.)
Drag middle finger above object Wolf et al. 2011 [47] m.A.(.)
Drag thumb along object Wolf et al. 2011 [47] [:(.)L:(.)
Drag thumb around object Wolf et al. 2011 [47] t.'.(.)h.‘.(.)
Extension Sharma et al. 2021 [37] t\i\m“’(.)
Fingertip slide Soliman et al. 2018 [39] l:(i\m\r. n)ll:(i\m\r. D
Flexion Sharma et al. 2021 [37] t‘i‘m.v.(.)
Flip Wolf et al. 2011 [47] i\m\r\p.;(t.); i‘mMp.Ao
HSwipe Lee et al. 2020 [30] x € {ijm|r|p}, y € {nail top|nail center|nail root},

200 ) (0o T o)

Linear Finger to Thumb slide Soliman et al. 2018 [39] ;\m\,.v.(t‘)h\m\,.;(p)
Linear Thumb to Finger slide Soliman et al. 2018 [39] t.v.(i\m\r. l\r)lt?(i\m\r. 1)
Move Chan et al. 2016 [7] (o)
Mult HSwipe Lee et al. 2020 [30] x € {i/lm | m||r | r||p | i|jm]|r | ml|r||p | i||m||x||p},

y € {nail tip|nail center|nail root},

() (G T ()

Multi-finger snap Deyle et al. 2007 [12] to—'(po); [:(ro); t.4.(mo); t:(i.); =
Ream Wolf et al. 2011 [47] 1\m\r\p.v.(t. t)ll\m\r\p.:(t. )
Rotational thumb-to-finger slide Soliman et al. 2018 [39] t:(i\m\r. oim) |l:(i\m\r. bim)
Slide Whitmire et al. 2017 [45] x € {ijm|r|p}, y € {b|m|t},

(o (VLX) =
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Table 12: Second part of the set of microgestures derived from the pattern >,

Microgesture Paper pGlyph
Swipe Sharma et al. 2019 [38] PO
Swipe Sharma et al. 2019 [38] t.v.(.); t.A.(.)
Swipe Sharma et al. 2019 [38] m:(o)|m:(o)
Swipe Sharma et al. 2019 [38] m.V.(O)|m.A.(O)
Swipe Sharma et al. 2019 [38] PO,
Swipe Sharma et al. 2019 [38] V()] x (@)
Swipe Song et al. 2011 [40] m'—'
Swipe Left Sharma et al. 2021 [37] tMm:(O)
Swipe Right Sharma et al. 2021 [37] tMm:('l')
Swipe across all fingers with thumb Chan et al. 2016 [7] t°—°(Po); t:(r.); t:(mo); t:(i.); =
Swipe index and middle fingers with thumb  Chan et al. 2016 [7] Z(e); (t.v.(iﬂm.)lt.;(ium.)); R
Swipe index finger with thumb Chan et al. 2016 [7] 220 (t'v'(i.) |t'£(i.)); o
Swipe middle and ring fingers with thumb Chan et al. 2016 [7] = (e ®)s (t.v.(erO)|t.A.(er0));t'—O
Swipe middle finger with thumb Chan et al. 2016 [7] 2 ) (t';(m.)h'[(m.)); o
Swipe thumb leftward Chan et al. 2013 [8] t:(io )
Thumb index rub backward Deyle et al. 2007 [12] t.4.(i0)
V Swipe Lee et al. 2020 [30] x € {ijm|r|p},

y € {nail inner|nail center|nail outer},

25 (o LR (o))



uGlyph: a Microgesture Notation

Table 13: Microgestures derived from the pattern =.

Microgesture Paper pGlyph
oo
Down Endres et al. 2011 [14] Y
Finger Curl Way et al. 2014 [11] mePovo
Finger Extend Way et al. 2014 [11] m‘m‘r‘pvo CP
Finger Lift Way et al. 2014 [11] m‘mmp? CP
oo
Left Endres et al. 2011 [14] R
Open Palm  Hauslschmid et al. 2015 [22] tHmeHerT
Right Endres et al. 2011 [14] io»o
Stretch Sharma et al. 2019 [38] r”pvo
Swipe Hauslschmid et al. 2015 [22] i? io:

Up

Endres et al. 2011 [14]
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Table 14: Drawing microgestures.

Microgesture Paper pGlyph
00 00
Clock wise and counter clockwise circle Hauslschmid et al. 2015 [22] OO

Circle
Circle
Circle
Circle CW
Circle CCW
Circle CW & CCW
Circle sidewise
Circle thumb over side of index finger
Draw Circle
Square
Square CW
Square CCW
Triangle
Triangle CW
Triangle CCW

Zigzag

Chan et al. 2013 [8]
Huang et al. 2016 [24]
Sharma et al. 2021 [37]
Endres et al. 2011 [14]
Endres et al. 2011 [14]

Wolf et al. 2011 [47]

Wolf et al. 2011 [47]

Chan et al. 2016 [7]
Soliman et al. 2018 [39]
Huang et al. 2016 [24]
Endres et al. 2011 [14]
Endres et al. 2011 [14]
Huang et al. 2016 [24]
Endres et al. 2011 [14]
Endres et al. 2011 [14]

Sharma et al. 2021 [37]

to(i. t) |tO (i. t)
10 (;\mmp' b\m\t) |¢ O (i\mmp' b\m\t)

Oe)

tfijm

oo

O

i

oo

O

i

x € {ilmlrlp}, O (o )1 OCe,)

ta i ®) |18 Cmpp®)
O
ti(,' )3 ta Cimp®)

(1) (1)
0 (x\mMp. b\m\t) (] (i\m\r\p. b\mh)

IA (;\mmp b b\m\t) |[A (i\m\r\p o b\mh)

oo

A

i

oo

LY

i

zZ®

tijm
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