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Abstract. A gesture elicitation study consists of a popular
method for eliciting a sample of end end users to propose ges-
tures for executing functions in a certain context of use, spec-
ified by its users and their functions, the device or the plat-
form used, and the physical environment in which they are
working. Gestures proposed in such a study needs to be clas-
sified and, perhaps, extended in order to feed a gesture recog-
nizer. To support this process, we conducted a full-body ges-
ture elicitation study for executing functions in a smart home
environment by domestic end users in front of a camera. In-
stead of defining functions opportunistically, we define them
based on a taxonomy of abstract tasks. From these elicited
gestures, a XML-compliant grammar for specifying result-
ing gestures is defined, created, and implemented to graphi-
cally represent, label, characterize, and formally present such
full-body gestures. The formal notation for specifying such
gestures is also useful to generate variations of elicited ges-
tures to be applied on-the-fly on gestures in order to allow
one-shot learning.

Keywords:, Gesture elicitation study, gesture grammar, ges-
ture recognition, gesture user interfaces, engineering interac-
tive computing systems, one-shot learning

1. Introduction

Natural Language Processing (NLP) [1] is often de-
fined as the science of making computers understand
information in the same way as a person does. Human
communication may be analyzed, using a basic taxon-
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omy, according to whether messages are transmit- ted
through verbal or non-verbal mechanisms. It is espe-
cially interesting that despite the fact multiple investi-
gations mention that approximately 65 percent of the
human communication is carried out through nonverbal
mechanisms [2], it is possible to observe in the litera-
ture that most of the research is focused on analyzing
speech, and that emphasis on Gesture Recognition (GR),
considering facial expressions and body motion, has
been given in the last two decades as consequence of
the development of processing techniques like Machine
Learning (ML) algorithms, data processing techniques,
and of hardware devices.

GR for interaction purposes has been addressed dur-
ing the last decades following different approaches and
through its application to a number of domains such as
education, sports training, rehabilitation, and robotics
[3.4,5,6]. Current proposals report to achieve accuracy
levels close to 100 percent using machine learning tech-
niques and following traditional training procedures
on which a large number of samples are gathered, pro-
cessed and labeled. Due to its nature, the implementa-
tion of mechanisms for dynamically adapting gestural
interfaces to a variety of contexts of use (defined as
a user and related tasks, a platform, and an environ-
ment [26]), demands the consideration of an approach
such that makes it possible for users to enrich the train-
ing of the recognition system providing a gesture only
once, this is, training must be performed using a single
sample.

We introduced a methodology [7] for GR relying
on user-defined gestures sets considering a One-Shot
Learning (OSL) approach [8]. However, even though
the stages for achieving GR and for characterizing the
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obtained gestures are described, there is a lack of a
formal notation for describing such gestures, making
it impossible to compute the gathered information and
then, using it for enabling the training of a classifier
applying OSL. Often, gesture recognizers work on ges-
ture templates that are defined in their own physical
format, such as points in space or vectors [20]

In this paper, we report on how a gesture elicitation
study was conducted on full-body gestures for execut-
ing abstract tasks, from which a grammar was defined
and represented through informal and formal means,
making it possible to feed this information to a classi-
fier and to carry out OSL. The purpose of using abstract
tasks, observed through their instantiation on the possi-
ble commands over a streaming platform, is on that in
this way, the obtained grammar will be useful for dif-
ferent interaction domains. We also provide description
of rules to be followed for achieving training following
the OSL approach.

The rest of the paper is divided into sections. Sec-
tion 2 contains a brief description of the state of the art
including work on full-body GR and an introduction
to abstract interactive tasks. The setting up of the ex-
periment and its performance are described in Section
3. Later, Section 4 is dedicated to present the gathered
results, showing the obtained grammar and explaining
the notation used. Section 5 discusses the insights and
the contributions of the paper. Finally, in Section 6,
conclusions and the future work to be addressed are
presented.

2. State of the Art

This section provides a brief state of the art on full-
body GR and including the definition and description
of abstract interaction tasks.

2.1. Gesture Elicitation Study

To illustrate the purpose of a Gesture Elicitation
Study (GES) [23], let us consider a user interface de-
signer willing to design a full-body gesture user inter-
face to enable end users to control a smart home en-
vironment with commands such as turn lights on and
off, dim lights, and make lights brighter. A sample P
of the target population is defined, typically at least 30
in number, i.e., | P|>30, to participate in a GES. Each
participant is presented with the effect of each function,
the intensity of the lights is increased for the “make
lights brighter” function, and the participant is elicited

to propose a full-body gesture, for example captured by
a camera, that would generate the desired effect. When
the study is completed for all functions and participants,
the designer has collected a resulting set of 120 elicited
gestures = 4 (functions) x 30 (individual gestures). In
order to decide which gesture to keep for each function,
the designer browses the resulting set of gestures to
understand whether there are any gestures in agreement
for each function. This agreement could be acquired
by computing various formula [25] or by frequency. If
the consensus conditions are fulfilled, the designer can
be confident that the elicited gestures are intuitive, and
other end users would likely guess, learn, and perhaps
prefer the same gestures than those elicited in the study.

2.2. Full-body Gesture Recognition

Gestures are (static or dynamic) expressive, mean-
ingful body motions involving physical movements of
the fingers, hands, arms, legs, head or face. Through
gestures, it is possible to communicate in a nonverbal
way and enrich verbal communication as well [9]. A
systematic literature review including 60 works on GR
was performed following a methodology [7]. As rele-
vant insights, it was noticed that 27% of the works are
focused on the study of gestures of the hands using leap
motion sensors, depth cameras, wearable devices, and
RGB cameras; 7% of the works are aimed at describing
interaction by means of lower limbs, using wearable
devices and depth cameras; and that only 10% of the
analyzed works consider full-body interaction, most of
them using depth cameras as data acquisition devices.
A deeper revision to the considered works, reported
that researchers on GR focus on the study of the most
expressive body parts even though they use technology
that enables the recognition of full-body gestures. This
is understandable, as users are more likely using the
most expressive body parts to interact with systems,
i.e., hands and facial expressions, however, there are
contexts on which users need to provide gestures using
less expressive body parts, consider for instance, a re-
habilitation system focusing on knee movement recov-
ery. One of the works regarding full-body interaction
is [10], in which users were asked to perform gestures
for controlling a humanoid robot. In that study, Obaid
et al. proposed navigational commands and analyzed
gestures provided by users, reporting agreement scores,
time performances, and graphical representations of the
consensus set. Along with the elicitation of the gestures
set, significant insights were discussed like the need
of the definition of points of view when trying to rec-
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ognize gestures for navigation, i.e., if users’ motion is
being tracked using cameras in front of them, it is possi-
ble to misunderstand the direction of the gestures. It is
interesting for this research to point out that most of the
proposals in the literature addressing elicitation stud-
ies have the purpose of providing the base for creating
tailored solutions, as they are per-formed on specific
tasks within determined applications. As the objectives
of this work consider a generalization of the to be ob-
tained gesture grammar, abstract tasks are considered.
The following subsection is dedicated to the description
of them.

2.3. Abstract Tasks

Abstract tasks are defined as standard actions [11]:
it is possible to find a list of all the interactive tasks
that users may perform over an application. Keeping
awareness of such tasks, presented in Table 1, while
designing user interfaces enables the definition of in-
teraction mechanisms for their instantiations that are
specific for the task and context of use.

Table 1

Standard tasks and use examples from Constantine [11].

Standard action Use example

Action/operation Print symbol table, color selected shape
Start/go/to Begin consistency check, confirm purchase
Stop/end/complete  Finish inspection session, interrupt test
Select Group member picker, object selector
Create New customer, blank slide

Delete, erase Break connection line, clear form

Modify Change shipping address, edit client details
Move Put into address list, move up/up

Duplicate Copy address, duplicate slide

Perform (& return)  Object formatting, set print layout

Toggle Bold on/off, encrypted mode

View Show file details, switch to summary

The intention followed with the definition of abstract
tasks was to provide a notation for designing graphic
user interfaces. However, for the purposes of this pro-
posal, they will be considered when preparing the ex-
periment, making it possible to define a gesture gram-
mar associated to abstract tasks enabling its use for dif-
ferent contexts. The following section is dedicated to
the description of the experiment that was performed in
order to obtain a gesture grammar associated to abstract
inter-action tasks.

3. Setting up and Performance of an Experiment
for Identifying a Gesture Grammar

In order to identify a gesture grammar for interac-
tion, we decided to perform a gesture elicitation study
as other authors in the literature have reported to do
[12,13,14]. A first approach for this was on asking users
to provide gestures for abstract tasks as such described
in section 2.3. However, it was noticed that users needed
to have specific examples of the correspondence of the
tasks on determined applications for better understand-
ing the requirement. This led us to decide using the Net-
flix streaming platform as base but keeping awareness
of the relation of the analyzed tasks and abstract tasks.
Developing an interaction mechanism for gesture-based
applications is a challenging time-consuming activity.
This, added to the objective of identifying gestures in-
stead of recognizing them, made it evident that the im-
plementation of a system for gesture recognition was
out of the scope of this work, and that in its place, it
would be necessary to apply a technique for gathering
information of the interaction.

Projector

PC1

Observer

Controller
User

PC 2

Webcam

Screen

Fig. 1. Experiment setup following the Wizard of Oz technique [16]
and its disposition in a Gesell chamber.

The Wizard of Oz technique has been used through-
out the history of the development of interactive sys-
tems [15,21], and in particular, in the field of natural
interfaces development as it is a way to collect data for
mixed reality environments or movement commands
for interaction in several application domains [16]. Fol-
lowing this technique, the designed experiment con-
sisted on asking users to use their own body gestures to
interact with the Netflix streaming platform using only
specified body parts and giving them the feeling that
those commands actually worked on the application,
but actually providing the input to the system through
keyboard and mouse commands.

The setup of the experiment, as shown in Fig. 1, took
place in a Gesell room and included two computers
(PC1 and PC2), the first one for retrieving users’ move-
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ment information from a webcam and allowing to doc-
ument the experiment; while the second one was con-
nected to a projector for providing the user with feed-
back and simulating users’ interaction with the system.
An observer of the experiment was designated and lo-
cated next to the user in order to provide support in case
any doubt arises. The experiment controller managed
the devices to document the experiment and to explain
how each user performed the activity.

During the experiment, 90 users divided in 6 groups
were asked to provide the gestures they would use to
perform 23 commands within the Netflix streaming plat-
form. The 23 tasks that were defined are presented in
Table 2 along with their associated abstract task. When
users carried out gestures for each of the requested com-
mands, data was gathered including response time, a
video record of the corresponding gesture, and a score
given by the same user with respect to how natural they
thought the gesture was for the task. As a total, 2070
records were acquired and then processed through man-
ual labeling, manual comparison, to finally be assigned
with an agreement score.

Table 2

Defined tasks for the gesture elicitation study and their association to
abstract interactive tasks from [11].

Id Task Associated abstract task
1 Login Select, Start/go/to
2 Search movie or series Select, Action/operation
3 Adjust volume Modify
4 Play video Start/go/to
5 Change chapter Perform (& return), Select
6  Activate subtitles Select, Toggle
7  Change language Perform (& return), Select
8  Go forward 10 seconds Action/operation
9  Go backward 10 seconds  Action/operation

10 Add to playlist Create

11 Log out Stop/end/complete

12 Pause video Stop/end/complete

13 Deactivate subtitles Select, Toggle

14 Skip intro Stop/end/complete

15 Mute Toggle

16  Exit video Stop/end/complete

17 Move up Move

18  Move down Move

19 Move left Move

20  Move right Move

21 Select show Select, Start/go/to

22 Change profile Select, Modify

23 View full screen View

Those gestures having the highest agreement scores
for each of the defined tasks were considered as part of
the grammar, graphically represented for quick identifi-
cation, textually described and characterized in terms
of an anthropomorphic notation [7], for later using a
formal notation in order to allow their processing and
inclusion as part of a classifier. The results of the per-
formed experiment and the proposed gesture grammar
are described in the next section.

4. A Full-body Gesture Grammar for Interaction
considering Abstract Tasks

Once the experiment was prepared and the 90 partici-
pants were recruited, they were divided into 6 groups of
15 users each, considering balance in terms of gender,
age and whether they were left-handed or right-handed.
Each of the groups was meant to fol-low the same pro-
tocol for the experiment as introduced in the previous
section, with the particularity of having to interact with
the system using different parts of their bodies. The
first group was instructed to use only facial expressions,
the second group was able to use only movement from
neck and shoulders, the third group could only provide
gestures using their arms, group number 4 was only
allowed to use their hands, group 5 used their legs for
interacting, and group six had to use only their feet.
The results of the performance of the experiment are
addressed in the following subsections.

4.1. Obtained Grammar for Interaction with a
Streaming Platform and its Correspondence with
Abstract Tasks

As a total, 124 different gestures were identified dur-
ing the elicitation study. Such gestures and combina-
tions of them, were used by the participants for express-
ing all of the commands within the streaming platform.
Regarding facial expressions(Table 3), 16 gestures were
identified, grouped according to the tasks in which they
were used, labeled, described and characterized.

When studying gestures made using only neck and
shoulders, we selected 21 of the samples that users pro-
vided in Table 4. As it was done with the facial expres-
sions, this set of gestures was also labeled, grouped,
described and characterized.

After analyzing gestures that subjects provided using
their arms, considering only motion from shoulders,
elbows and wrists, we selected and decomposed them
in 22 different gestures as presented in Table 5.
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Table 3

Facial expressions obtained in the gesture elicitation study.

Gesture  Tasks Description Characterization
EO001 1,2,3,6,7,8,11,13,17,21,22  Move tongue up Move tongue up
E002 1,2,3,6,7,11,13,18, 21,22 Move tongue down Move tongue down
E003 1,2,6,7,11,13, 19, 21,22 Move tongue left Move tongue left
E004 1,2,6,7,11, 13,20, 21, 22 Move tongue right Move tongue right
EO005 1,2,6,7,11,13,21,22 Keep tongue out Keep tongue straight
E006 2 Blink with right eye Minimize right eyelid distance
E007 4,12 Double blink with right eye ~ Minimize right eyelid distance twice
E008 5,11 Inflate right cheek Right cheek inflation
E009 6,7,13 Open mouth Increase lip distance
EO010 8 Inflate right cheek once Right cheek inflation, then right cheek contraction
EO11 9 Inflate left cheek once Left cheek inflation, then left cheek contraction
E012 10, 14 Smile -
EO013 11 Inflate left cheek Left cheek inflation
EO014 15 Close mouth hiding lips Minimize lip distance
EO15 16 Frown -
EO16 23 Blow a kiss -
Table 4
Gestures from neck and shoulders obtained in the gesture elicitation study.
Gesture  Tasks Description Characterization
NO001 1,6 Raise right arm to the front for selection ~ Right shoulder flexion
N002 2,5 Raise right shoulder twice Move right shoulder up twice
NO003 2 Raise left shoulder twice Move left shoulder up twice
N004 4 Nod twice Neck flexion then neck extension twice
NO005 7 Rotate neck to the right Neck right lateral rotation
NO006 8 Raise right shoulder Move right shoulder up
NO007 8 Lower left shoulder Move left shoulder down
NO008 9 Raise left shoulder Move left shoulder up
NO09 9 Lower right shoulder Move right shoulder down
NO10 10, 21 Tilt head back twice Neck extension twice
NO11 11, 16, 23 Take right shoulder back Move right shoulder back
NO12 11, 16, 23 Take left shoulder back Move left shoulder back
NO13 12 Nod once Neck flexion then neck extension
NO14 13 Raise right arm to the front twice Right shoulder flexion twice
NO15 14 Tilt head to the right twice Neck right lateral flexion twice
NO16 15 Move head from left to right twice Neck left lateral flexion, then neck right lateral flexion twice
NO17 1,2,3,6,7,17,21,22  Move head back Neck extension
NO18 1,2,3,6,7,18,21,22 Move head forward Neck flexion
NO19 1,2,6,7,19,21,22 Move head left Neck left lateral flexion
NO020 1,2,6,7,20,21,22 Move head right Neck right lateral flexion
NO21 22 Move head from left to right Neck left lateral flexion then neck right lateral flexion
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Table 5

Gestures from arms obtained in the gesture elicitation study.

Gesture Tasks Description Characterization
A001 1,4,12,21 Flex right elbow Right elbow flexion
A002 1,2,3,4,7,8,9,10, Extend right arm to the front Right shoulder flexion and right elbow extension

12, 14, 15, 16, 17,
18,19, 20, 21, 23

Shoulder external rotation
Right shoulder flexion
Right shoulder extension

A003 2,16 Using right arm, draw a circle in the air to the right
A004 3 Move right arm up

A005 3,15 Move right arm down

A006 5 Extend right arm to the front flexing the elbow
A007 5 Rotate right arm to the left

A008 13,22 Extend right arm to the right flexing the elbow
A009 6,13 Rotate right arm to the front

AO010 7 Rotate the right wrist to the front twice

A011 8,14 Rotate the right wrist to the right twice

A012 9 Rotate the right wrist to the left twice

A013 10 Flex and extend the right elbow twice

A014 11 Put both arms together creating an X’

A015 15,1821 Flex right wrist down

A016 17 Flex right wrist up

AO017 19 Flex right wrist to the left

A018 20 Flex right wrist to the right

A019 22 Rotate left arm to the front

A020 23 Extend left arm to the front

A021 23 Rotate right arm to the right.

A022 23 Rotate left arm to the left.

Right shoulder flexion and right elbow flexion
Right shoulder internal rotation

Right shoulder abduction and right elbow flexion
Right shoulder internal rotation

Right wrist flexion twice

Right wrist rotation to the right twice

Right wrist rotation to the left twice

Right elbow flexion, then right elbow extension twice

Right shoulder flexion, left shoulder flexion, right
elbow flexion and left elbow flexion

Right wrist flexion

Right wrist extension

Right wrist ulnar deviation

Right wrist radial deviation

Left shoulder internal rotation

Left shoulder flexion and left elbow extension
Right shoulder external rotation

Left shoulder external rotation

In the same way, the 23 gestures from the hands in-
cluded in Table 6 were gathered during the experiment.

After completion of the analysis of the upper body,
the experiment continued with the analysis of lower
limbs. Table 7 presents the 27 gestures from legs, con-
sidering hips, knees and ankles, on which use for inter-
acting with the streaming platform subjects agreed.

Finally, in order to complete the study, gestures made
using the feet were reviewed. Table 8 summarizes the
information gathered for the 15 selected gestures for
interacting using feet.

A gesture grammar allows not only the identifica-
tion of gestures for interaction, but it also enables user
training through the use of graphical representations.
Fig. 2 reproduces an excerpt of the complement of the
non-formal representation of the gesture grammar cor-
responding to arms and legs gestures. If the informal
representation of the gesture grammar, which was ob-
tained considering the data gathered in the elicitation
study, is useful for proposing an interaction mechanism
and for user interfaces engineering, the objective of our

proposal is aimed at automation of the gesture recogni-
tion and classification training processes focusing on
OSL, a formal representation for storing and process-
ing the incoming data is required. The next subsection
describes the proposed notation for this purpose.

4.2. Formal Description of the Gesture Grammar

Enriching the proposal in [7] with a notation for for-
mally describing gestures and hence enabling the stor-
age and processing of incoming data for further feed-
ing to a classification or recognition stage, in this pa-
per we define an XML file with a structure such that
complies with anthropomorphic metrics and contains
the possible motion and body parts according to the
capability model [17]. The XML structure considers
both eyes’ point of fixation, vertical rotation, horizontal
rotation, and eyelid distance, which is particularly use-
ful for expressing head and shoulders gestures [24]; the
brow head position, brow arch position, and the brow
tail position of both eye-brows; nasal tip position, nasal
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Fig. 2. Excerpt of the non-formal graphical representation of the identified gestures from arms and legs.
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Table 6
Gestures from hands obtained in the elicitation study.
Gesture Tasks Description Characterization
HO01 1, 11, 12,  Open right hand with the palm towards the sys-  Right wrist extension and all fingers’ joints extended
13,15,22  tem
HO02 1 Put all finger tips together Flexion of the A joints of all fingers in the right hand
HO003 2 Make Ok’ sign to the system with the right hand ~ Extension of all joints of fingers 1, 2 and 3, and flexion of all joints
of fingers 4 and 5 making their tips touch
HO04 3,17 Open right hand with the palm up Extension of all joints in the fingers of the right hand, supination of
the right forearm
HO005 3,18 Open right hand with the palm down Extension of all joints in the fingers of the right hand, pronation of
the right forearm
HO06 3,17 Move the hand up Move hand up
HO007 3,18 Move the hand down Move hand down
HO08 4 Close left fist leaving index and middle finger  Flexion of all joints in fingers 1, 2 and 5 of left hand, and extension
together extended of all joints in fingers 3 and 4 of left hand
HO009 5,19 With the right palm open, move hand to the left ~ Extension of all joints in the fingers of the right hand, supina-
tion/pronation of the right forearm and move hand to the left
HO10 6 Using right hand, extend index finger to the front  Flexion of all joints in fingers 1, 2, 3 and 5 of right hand, extension
of all joints in finger 4
HO11l 6 Using left hand, extend index finger to the front Flexion of all joints in fingers 1, 2,3 and 5 of left hand, extension of
all joints in finger 4
HO12 7 With right hand, make an "L’ sign Flexion of all joints in fingers 1, 2 and 3 of the right hand, and
extension of all the joints in fingers 4 and 5 of the right hand
HO13 8 Close right fist leaving index and thumb extended,  Flexion of all joints in fingers 1, 2 and 3 of the right hand, and
touch twice thumb tip using index tip extension of all the joints in fingers 4 and 5 of the right hand, then
flexion of all joints in fingers 4 and 5 making their tips touch twice
HO14 9,21 Close right fist leaving index and middle finger ~ Flexion of all joints in fingers 1, 2 and 5 of the right hand, extension
together extended of all joints in fingers 3 and 4 of the right hand
HO15 10 Using right hand, make thumbs up’ sign Flexion of all joints in fingers 1, 2, 3 and 4 of the right hand, exten-
sion of all the joints in finger 5 of the right hand
HO16 11,13,15  Close right fist Flexion of all of the joints in all the fingers of right hand
HO17 14,20 With the right palm open, move hand to the right ~ Extension of all joints in the fingers of the right hand, supina-
tion/pronation of the right forearm and move hand to the right
HO18 16 Close right fist with the palm towards the system  Flexion of all joints in all fingers of the right hand and extension of
the right wrist
HO19 16 Move right hand down Move hand down
HO020 22 Lower finger tips Flexion of A and B joints in all fingers of the right hand
HO21 23 Open left hand with the palm towards the system  Left wrist extension and all fingers’ joints extended
HO022 23 Move right hand to the right Move right hand to the right
HO023 23 Move right hand to the left Move left hand to the left

ridge wrinkling, left nostril flaring, and right nostril
flaring of the nose; the lip distance and position of the
mouth; the tip position, curling, turning and folding of
the tongue; and the inflation and contraction of both
cheeks as elements related to facial expression. For the
neck gestures, the structure allows to record informa-
tion from flexion, extension, right lateral rotation, left
lateral rotation, right lateral flexion, and left lateral flex-
ion. In a similar way, for the upper limbs, the proposed
structure contemplates the input of information regard-

ing flexion, extension, abduction, adduction, external
rotation, and internal rotation of both shoulders; flexion,
extension, and hyperextension of both elbows; supina-
tion and pronation of both forearms; flexion, extension,
radial deviation, and ulnar deviation of both wrists;
supination and pronation of both hands; and flexion,
extension, adduction, abduction, and hyperextension of
finger joints. Finally, regarding the lower limbs, the pro-
posed structure allows entering information of flexion,
extension, adduction, abduction, external rotation, and



A Grammar for Specifying Full-Body Gestures Elicited for Abstract Tasks 9

Table 7

Gestures from legs obtained in the gesture elicitation study.

Gesture Tasks Description Characterization
LO01 1,6 Flex right knee backwards Right hip extension and right knee flexion
L002 2,10 Flex right knee to the front Right hip flexion and right knee flexion
L003 2 Rotate right knee to the left Right hip internal rotation
L004 3,13,14 Flex left knee to the front Left hip flexion and left knee flexion
LO05 3 Raise left knee Left hip flexion
L0063 Lower left knee Left hip extension
L007 4 Step twice using left foot Left hip flexion, left knee extension and left ankle plantar flexion twice
L0088  5,16,19,22  Move left leg to the left Left hip abduction and left knee extension
L0009 7 Flex left knee backwards Left hip extension and left knee flexion
LO10 8 Draw a circle to the right on the floor  Right hip external rotation
using right leg extended
Loir 9 Draw a circle to the left on the floor  Left hip external rotation
using left leg extended
LOo12 10 Rotate left knee to the right Left hip internal rotation
LO13 11,20 Move right leg to the right Right hip abduction and right knee extension
Lo14 11 Move right leg to the left Right hip adduction and right knee extension
LO15S 12 Raise right tiptoe Right ankle dorsiflexion
LOo16 12 Raise left tiptoe Left ankle dorsiflexion
LO17 12 Lower right tiptoe Right ankle plantar flexion
LO18 12 Lower left tiptoe Left ankle plantar flexion
LO19 13 Rotate left knee to the left Left hip external rotation
L020 15 Move left tiptoe to the right Left ankle inversion
Lo21 15 Move right tiptoe to the left Right ankle inversion
L022 16,22 Extend left leg to the right Left hip adduction and left knee extension
L023 17 Move left leg to the front Left hip flexion and left knee extension
L024 18 Move left leg backward Left hip extension and left knee extension
L025 21 Step twice using right foot Right hip flexion, right knee extension and right ankle plantar flexion twice
L026 23 Sitting down, move right leg to the right  Sitting down (right hip flexion, right knee flexion, left hip flexion and left
knee flexion), right hip abduction
L027 23 Sitting down, move left leg to the left Sitting down (right hip flexion, right knee flexion, left hip flexion and left

knee flexion), left hip abduction

internal rotation of the hips; flexion and extension of
both knees; dorsiflexion, plantar flexion, eversion, inver-
sion, pronation, supination, lateral rotation, and medial
rotation of both ankles; and flexion and extension of
each of the five toes of both feet. By having a structure
for formal representation of gestures, it is possible to
manually — or automatically — record and process data
coming from a source for different purposes, such as
automated analysis of guidelines [22]. Fig. 3 instanti-
ates the A00O6 gesture in the proposed XML structure.
The information encoded in the XML file may express
degrees, centimeters, or relative metrics. A discussion
on the use of the proposal and regarding additional re-
sults that were gathered during the realization of the
experiment is presented in the following section.

5. Discussion

The grammar presented in the previous section may
be used for the achieving the engineering of gesture-
based user interfaces. The association between the ab-
stract tasks defined in [11] and specific commands
within the analyzed domain, as well as the identifica-
tion of gestures which users relate to those commands,
allows generalization of the obtained gesture grammar.
However, it is important to point out that the nature of
gestural user interfaces makes it necessary to consider
cognitive, cultural and linguistic aspects for customiza-
tion purposes [18]. The population which participated
in the experiment consist-ed of 47 female and 43 male
subjects, all of them Mexicans aged between 16 and 57
years (M=38.19, SD=11.88).
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Table 8

Gestures from legs obtained in the elicitation study.

Characterization

Gesture  Tasks Description

F001 1,2,6,7,17,21,22 Move right foot to the front
F002 1,2,6,7,18,21,22 Move right foot backwards
F003 1,2,6,7,9, 19, 21,22 Move right foot to the left
F004 1,2,6,7,8, 14,20, 21,22,23  Move right foot to the right
F005 23 Move left foot to the left
F006 1,2,6,7,21,22 Step twice

F007 3,14 Move right tiptoe up

F008 3 Move right tiptoe down
F009 4,12,16 Move right tiptoe up twice
FO10 5,13 Tilt right foot to the right
FO11 6,7 Tilt right foot to the left
F012 10 Move right toe up

F013 11 Move right tiptoe to the left
F014 11 Move left tiptoe to the right
FO15 15

Move right foot to the front
Move right foot back

Move right foot to the left
Move right foot to the right
Move left foot to the left
Flexion of right foot toe 5 twice
Dorsiflexion of right ankle
Plantar flexion of right ankle
Dorsiflexion of right ankle twice
Supination of the right ankle
Pronation of the right foot
Extension of right foot toe 5
Inversion of right ankle
Inversion of left ankle

Flex all toes from right foot ~ Flexion of both joints in all foot toes of right foot

During the experiment, it was possible to confirm
that there are many-to-one mappings from concepts to
gestures and vice versa as stated in the literature [9]. To
observe this, notice that for the 23 studied tasks, users
provided a total of 2070 gestures (345 gestures for each
of the six groups). From those gestures, 124 gestures
were selected according to their agreement scores and
after disambiguation and division of complex gestures
into simple, atomic ones. Besides, as it may be seen
in Tables 3-8, some of the gestures are used for ac-
complishing several tasks while others are specifically
related. Just after providing each gesture, users were
asked to give a score between 1 and 10, according how
difficult, memorable and descriptive they thought the
given gesture was for representing the required com-
mand. We expected to see relationships existing be-
tween the response times and users’ grades for each
gesture and the agreement scores or final assessment,
however, in a similar way as reported in [7] there does
not seem to be any.

As part of the followed experimentation protocol,
users were asked to fill in the IBM CSUQ [19] in order
to get data regarding their appreciation towards the sys-
tem in terms of usability. The IBM CSUQ instrument is
composed of 19 questions, with a 7-point Likert scales
concerning system use (Q1-Q8), information quality
(Q9-Q15), UI quality (Q16-Q18), and general feedback
to the system (Q19).

Results of the applied IBM CSUQ reported that inter-
action using lower limbs was less satisfying for users as
they assessed it with an average of 5.13 out of 7 points

(SD=1.17) while after simulating interaction using up-
per limbs, subjects gave an average score of 5.8 out of 7
(SD=.79). This difference may be caused due to lack
of expressiveness of the lower limbs, but also by the fact
that subjects are used to use their hands for interacting
with applications rather than their legs or feet. Along
with the quantitative information which was gathered,
i.e., response time, gesture score, agreement score, and
usability evaluation, it was possible to get qualitative in-
sights regarding the experiment. During the experiment,
participants be-longing to the neck and shoulders, legs,
and feet groups complaint about how difficult was for
them to use only such parts of their bodies to interact
with an application and for achieving complex tasks.
It was necessary to introduce them to a scenario on
which interacting with limited parts of the body was
not only desired but critical, e.g., due to disability, for
rehabilitation purposes, and due to characteristics of
the context.

Regarding the resultant proposal in terms of the ges-
ture grammar and its non-formal and formal notation,
it is possible to use it already for user training pur-
poses, for gesture-based applications design, and for
starting the training of an automatic gesture classifier.
Nevertheless, some clarifications need to be done. The
XML file structure was created in compliance with the
user capability model from [17], but its extension with
supplementary interesting features is possible through
the addition of tags into its body. Simplification of the
structure is also possible through tags removal. This
reduction may not only apply to complete blocks of in-
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on="1.@" encoding="UTF-8" standalone="no" 7>

Fig. 3. Formal representation of the A0O6 gesture along with its
graphical representation.

formation (researchers may remove facial expressions
from the file if not interested on tracking such type of
interaction), but also to specific features. Another inter-
esting consideration is on that the proposed structure for
formal representation of gestures includes opposite in-
formation, e.g., flexion-extension, inflation-contraction,
abduction-adduction. These opposite tags may not be
present in a final instantiation as they have repetitive
information and their use depends on the approach fol-
lowed.

The representation of static gestures may be achieved
through the use of one single XML file, while for dy-
namic gestures it is necessary to group a series of
files according to different times on which significant
changes occur. Additional tags should be added to the
basic structure in order to support the inclusion of the
order or appearance and time or speediness.

In order to achieve the general objective of support-
ing OSL as mentioned in the introduction, the formal
notation enables a gesture to be understandable by com-
puters, however, so far it would not be possible to com-
plete a classifier training process with one single sam-

ple. Thus, we identified the need for defining a mecha-
nism for using data gathered for one gesture for train-
ing an automatic gesture classifier. To this purpose,
we propose to apply slight variations on the formally
represented information in order to stimulate multiple
samples for carrying out the training process.

The definition of such transformations implies the
knowledge of motion restrictions, e.g. maximum rota-
tion degrees for a joint, maximum distance between
joints; as well as of tolerance levels in which one ges-
ture may be varied without generating ambiguity. In the
following section, conclusions and the future work to
be addressed are introduced.

6. Conclusion and Future Work

In this paper, we report the results of a full-body ges-
ture elicitation study performed analyzing tasks within
the Netflix streaming platform and aligned to abstract
interactive tasks. Such results were presented through a
non-formal representation using a textual description
and a motion characterization, and then using a formal
notation by means of a flexible XML structure contain-
ing tags for recording information describing the char-
acteristics of the gestures depending on the followed
approach. For the use of this formal notation, it is nec-
essary to assume the existence of a base position from
which all of the recorded movements may be relative
to.

This work includes the presentation of quantitative
and qualitative insights as well, in terms of usability,
number of gestures gathered, agreement scores, grades
provided for each gesture, and subjects’ considerations
and limitations. To the best of our knowledge, there
are no other proposals considering abstract tasks dur-
ing elicitation studies nor defining transformations on
single samples for addressing OSL. To compare the
obtained gestures with other proposals, it will be nec-
essary to analyze such related works considering the
tasks that were studied and associating them to abstract
tasks. This, along with the definition of a complete set
of trans-formations and variations for addressing OSL
are identified as future work.
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