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Abstract. Nonverbal communication (NVC) can benefit from any human
sense. The sense of touch, or haptic sense, is often used as a channel of NVC.
This paper organizes existing knowledge on the use of technology to commu-
nicate nonverbally through the haptic sense (HNVC). The analysis of reported
work and ongoing projects in the area during the last five years has resulted in an
initial taxonomy that is based on three major dimensions, based upon the intent
of the messages exchanged: interpretive, affective, and active communication.
Thus, haptic devices are used to convey meaning in interpretive HNVC, to
convey or to generate emotional reactions in affective HNVC, or to request
specific actions or tasks in active HNVC. We characterize existing work using
these major categories and various subcategories. This initial organization
provides a general overview of all the areas that benefit from technology as a
NVC channel. Analysis shows that using the haptic sense as a communication
means still has many open research areas and potential new applications, and
has proven to date to be an effective mechanism to communicate most of what
humans would want to: messages, emotions, and actions.

Keywords: Nonverbal communication � Haptic technology � Technology
mediated communication � Nonverbal interaction mediated through haptic
technology

1 Introduction

Even though technology has been changing the ways in which people exchange
information, the essence of human communication remains the same. Human com-
munication is composed mainly of language and nonverbal communication (NVC).
Any signal other than speech or writing is considered NVC, and is important because it
can complement, repeat, accent, contradict, regulate, and even substitute language
entirely. Arguably, just being human involves the constant use and interpretation of
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nonverbal signals. NVC was not considered a formal research subject until the 1950’s,
when it was recognized as a new field [1].

NVC is thus a fundamental component of communication as humans, and it must
be investigated further from the perspective of Human-Computer Interaction. The role
of various technologies in supporting or enabling new forms of NVC deserves special
attention, from machine vision or motion sensing to wearable and haptic technologies.
We present an extensive literature review of existing work in the specific area of NVC
mediated by haptic devices, as we consider there is great potential of this technology to
support and enhance NVC.

Our work provides perspective of NVC mediated by haptic technologies by fol-
lowing specific criteria (Sect. 2), organizing knowledge in the field through a taxonomy
(Sect. 3) that considers dimensions derived from the intent of the messages exchanged:
affective, active and interpretive communication. We use our taxonomy to contextu-
alize salient projects in each category and to facilitate comprehension of their
approaches and interrelationships. We discuss challenges, open issues and research
directions for the community interested in advancing the field (Sect. 4). Finally, we
present our ongoing work on haptic NVC and its applications (Sect. 5).

2 Criteria for Inclusion

Given the vast amount of work that has been undertaken on NVC, we adopted a few
criteria in order to narrow down the field of study. Firstly, published work relevant to
our research must involve some kind of NVC, even though authors may not mention it
explicitly. Some examples of NVC include [1]: body movements (the study subject of
kinesics), facial movements, gestures, eye movement (the study subject of oculesics),
haptics, sounds different from speech (known as paralanguage), use of space (studied
by proxemics), and use of time (studied by chronemics).

Secondly, works considered must focus on the haptic sense, either for sending or
receiving purposes in the NVC. Haptics includes all touch behavior, and it is con-
sidered an area in need of research [1]. Haptics is the term used for the investigation of
human-machine communication using the sense of touch, both as input and output [2].
Touch can broadly be divided into discriminative and affective touch, the difference
being feeling stimuli outside or inside the body respectively [3]. Functionally speaking,
touch can also be divided into the cutaneous and kinesthetic senses. Kinesthesia is
related to body movement, information about position of the body, muscular effort and
force-feedback. Haptic interfaces are generally associated with the kinesthetic sense.
The cutaneous sense is more skin-centered and is generally addressed by temperature
and vibrotactile technology. Vibrotactile is the term used to refer to vibrations felt
through the skin. The scope of our work also includes multisensory works, with the
sole condition that the haptic sense must be present.

Thirdly, the communication means employed by the projects we have reviewed
include some form of technology. Mediation through technology can happen in real
time or asynchronously. This technology can either be a robot, wearable technology, or
grounded technology. Wearable technology refers to small body-worn devices. This
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implies a new form of human-computer interaction also known as constant user
interface [4], and thus it is of significant interest to this article.

Using haptic technology as a nonverbal medium to communicate has, theoretically,
applications in every daily life scenario. However, exactly to what extent haptic
technology is being used has not been systematically studied. We provide a general
overview of all the different applications reported in the literature, organizing them
according to their goals and applications. We propose a taxonomy that comprises every
application found in our literature review, with the ultimate goal of fitting any new
application into a category, or perhaps adding subcategories of the taxonomy.

Our literature search started by limiting the publications’ years from 2015 to date.
The search included all related terms: nonverbal, mediated, movements. Furthermore,
results included at least one of the following terms: wearable, wearables, haptic, tactile.
Using the variety of applications yielded by the search, we started constructing the
taxonomy from the bottom up, adding or removing words in the search to find area-
specific works relevant to NVC mediated by technology.

3 Proposed Taxonomy

We have developed a taxonomy for haptic-based NVC mediated by technology
(HNVC) that considers mainly the purpose of communication, focusing on reported
uses and applications of haptic technology in daily human activities. The taxonomy is
intended to classify the wide range of HNVC applications and to inspire researchers to
fill any gaps in the depth of the taxonomy. As a starting point to classify research works
in the area of HNVC, works are divided into three major categories: interpretive,
affective and active (Fig. 1).

This classification differs from the work of MacLean et al. [5], since they divided
communication through touch into three main categories: signaling and monitoring,
expression of affect, and sharing control with intelligent systems. Our classification is
also inspired on the ultimate goal of communication, and is intended to further classify
current works found in literature, thus making the initial classification more general. If
the goal of the research is mainly to help users understand some meaning, it falls under
the interpretive area. If it is related to emotion, it falls under the affective area. And if
the communication is intended to convey actions, it falls under the active area. An
alternative perspective for this classification considers the most common purposes of

Fig. 1. General classification of HNVC.
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verbal communication: sharing a story (interpretive), an exchange of feelings towards
something or someone (affective), or instructions to achieve something (active).

3.1 Interpretive HNVC

Interpretive HNVC refers to research work that focuses exclusively on using haptic
devices for conveying meaning associated to nonverbal cues. Its main intention is that
communication can be understood. Examples of interpretive HNVC includes repre-
senting words with different haptic sensations instead of words or phrases. Interpre-
tive HNVC can be further subdivided into two subcategories, depending on the
granularity of the signals: word-oriented and phrase-oriented, as discussed below.

Word-Oriented HNVC Works in the literature that focus on transmitting some
meaning using haptic stimuli analogous to a word in verbal communication fall under
this category. The work by Enriquez et al. [6] investigate how to convey words related
to plants and fruits using haptic feedback to users. They even relate their research to
phonemes and not words. They refer to a haptic phoneme as “the smallest unit of a
constructed haptic signal to which a meaning can be assigned”. Their aim is associating
arbitrary meanings to haptic phonemes, testing how well users remember them. The
technology they rely on is a grounded haptic knob. They used self-guided and enforced
learning in sequence to train users. They pose that a smarter training method is needed
to avoid some interpretation errors made by the users. The work by Chen et al. [7]
compared guided learning, self-guided learning and mnemonics for the acquisition of
haptic words. They highlight the importance of an effective learning method for users
to fully adopt haptic communication. Their chosen technology is a wearable device for
the forearm, consisting of 24 actuators. They mapped 13 letters into vibrotactile stimuli,
including six vowels and seven consonants. Their experiment involved 100 English
words using the coded vowels and consonants, with native and non-native speakers.
Their findings support the use of guided learning, reporting an accuracy superior to
90% using different modes: incremental rehearsal, flashcards, explore, and video game.
They discuss the need of training being more comprehensive, their device to be smaller,
and planned to extend the research to sentence comprehension, not just words.
Brewster et al. [8] define tactile icons called tactons. Their work is relevant because
tactons are building blocks of tactile communication, adjusting vibrotactile parameters
such as intensity, frequency, waveform and body location to assign a meaning to the
vibration.

Phrase-Oriented HNVC. When research aims to convey haptic complex meanings
analogous to phrases or sentences, it falls under this category. The work by Oliveira
et al. [9] focuses on directional cueing and obstacle detection; hence their meanings are
more complex than just one word. They research different tactile vocabularies with and
without prefixation to communicate effective navigation. Their technology is a belt
with eight actuators, arranged in a compass setting. They research first the perception of
the vibrations, then interpretation, and finally the navigation task. They report that
vibrotactile patterns in sequence present perception difficulties for the users. The work
in Schelle et al. [10] involves inclusion of people with cognitive disabilities, and uses a
textile pillow that allows for communication between patients with dementia and their
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families or caregivers. A single pillow is used, and all participants in the communi-
cation process must be at the same physical location touching the pillow. One of their
main aims is the effect on personalization of the haptic stimuli on the patients. Their
goal is to establish a dialogue in an alternative bodily manner, in what is known as
tangible interaction. Their experiment consisted of three sessions, a mirroring and
design of personalization, the personalized patterns, and mirroring and personalization.
The work by Velázquez et al. [11] reports research on assisting visually impaired
people in their situational awareness. They achieve this by testing the recognition of
words coded with haptic stimuli, and then progress to even more complex sentences
(involving two, three and four words). Their aim is to understand the learning processes
and memory capabilities of the subjects, defining three main tactile concepts: leaning,
language, and memory. The technology they use is a tactile display for the foot,
including four vibrotactile actuators on the foot’s plantar surface. They stress that their
technology could be inserted into a shoe, concealing it completely, thus making it more
wearable than other approaches. Their results include the feasibility of combining
individual tactons to make sentences, achieving high recognition accuracy. They dis-
cuss long time memory, finding that after a month of their experiment, not a single user
could recall meanings. Work they consider for the future includes means for users
being able to concentrate on tactons, independently from noisy environments or
crowded places.

3.2 Affective Communication Mediated Through Haptic Technology

The affective communication category involves work with the aim of understanding,
emulating, or even creating an emotional reaction of the users. In turn, the affective area
can be further subdivided into emotion, mood, and sentiment (Fig. 1). This classifi-
cation is in line with the theory of Brave et al. [12]. According to them, emotion is
object directed, intentional and short-lived (seconds). Mood is nonintentional and
undirected at an object, therefore being diffuse and general. Mood influences appraisal
of external events, and are processed over a longer time (hours or days) than emotions.
Sentiments last longer (persist indefinitely) than both emotions and moods. Sentiments
guide which situations and objects humans seek out or avoid [12]. Examples of the
affective category include making people feel a certain emotion through vibration,
exploring cultural differences in emotion representation, or using robots to elicit certain
human emotions.

Emotion-Oriented HNVC. In this first subcategory, only instantaneous affective
perception of humans is considered. The work by Morrison et al. [13] enables users to
interact through a vest and a wall, both of which are endowed with vibrotactile tech-
nology. The vest is wearable, and has 32 vibrotactile actuators. Their goal was to make
people feel a given emotion (relaxed, calm, and aware of danger). Their vibrotactile
patterns were inspired by conversations with a therapist. Their experiment consisted on
fitting the vest, training, interaction with the wall, and evaluation. They report that users
lack the proper language to express vibrotactile sensations. Their future work suggests
familiarizing users with the proper vocabulary. The research done by Haritaipan et al.
[14] presents a conceptual design of communication using tactile and gestural
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interactions. Their main objective is to identify the difference between the Japanese and
the French cultures. The interpersonal emotions they consider are love, gratitude and
sympathy. Their technology includes hand-held and wrist-worn tactile devices. They
conclude that cultural background does have an impact on the representation of
emotions. The work by Hirano et al. [15] centers on the interaction between humans
and robots, and how visual and haptic interaction affects the way the user feels. They
used the robot Pepper for their research. They mention that human-robot interaction
through touch can be divided into touching a robot, being touched by a robot, and
mutual touch. Their findings encourage that human initiate touch, and not the robot.
Mutual touch is the one area in need of more research. They point to future work
researching gaze difference in different touch situations.

Mood-Oriented HNVC. The work by Ahmed et al. [16] shows that users associate
moods to the system, and said moods have an influence on them. They researched
different forms of touch interaction, vibrotactile and force-feedback, to gain insight of
which is referred by users to convey affection. Their setting involves a user interacting
with a 3D model of a virtual agent, which interacts through haptic signals sensed by the
user’s hand. Their findings also suggest that force-feedback interactions are preferred
over vibrotactile for mood and affection purposes. The work by Mazzoni et al. [17]
explores how a wearable vibrotactile globe can enhance moods watching a film. Their
experiment consists of selecting a movie clip associated with a mood, then designing
vibrotactile stimuli and evaluating the users’ mood response, and finally pairing movie
clips and vibrotactile stimuli. Their findings show that the intensity and frequency of
the vibrotactile stimuli can produce anticipation, tension, and calmness.

Sentiment-Oriented HNVC. The work of Goedschalk et al. [18] is a good example of
a negative sentiment towards a virtual agent. They use haptic feedback to enhance
believability to a virtual “bad guy”, trying to inspire negative sentiments on the user.
Their haptic feedback was provided by a push sensation on a wearable vest, thus
mimicking a common aggression nonverbal cue. Although their results are reported to
have non-statistical significant effects, they highlight the importance to further research
this interaction scenario. Their planned future work includes effect of speech loudness,
alternative and repeated haptic feedback. Bosse et al. [19] also research virtual “bad
guys”: although no real threat was presented to users, only a threatening non-
functioning device was used. Users were made to believe the device could send a small
electrical shock in their finger area. Their findings highlight that only feeling a device
that can potentially hurt rises the anxiety sentiments of the users. They point to future
research in exploring these effects on different personalities, and reducing the pre-
dictability of the virtual agent.

3.3 Active Communication Mediated Through Haptic Technology

Active HNVC in our taxonomy refers to emotion-free messages intended not only to be
understood, but to be performed as well. In this category users need to understand the
message and then perform the required action. The active HNVC category is one we
have elaborated with more detail, and hence involves more subcategories. It can be first
divided, according to the messages’ main purpose, into either perception-, control- or
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instruction-oriented HNVC (Fig. 2). Examples of the active category include naviga-
tion, control and interaction with virtual environments.

Perception-Oriented HNVC. This category involves all applications focusing on
sensing virtual objects, or people sensing their own motions and reactions. Research in
this category explores HNVC without regard of emotional or affective implications.
The category can be further divided into sensing- and immersion-based HNVC.

Sensing-Based HNVC. Sensing-based HNVC focuses on either enhancing or com-
plementing any human sense. It is of special interest for inclusion of people with
disabilities. Houde et al. [20] performed a review of what is known about deaf people
experiencing their own bodies, body-related abilities and body-related processing.
Typical users of research in this sub-area are both deaf and blind people. They advise
future research relating deafness and its effects on body-related process, Bălan et al.
[21] focus on how visually impaired people can benefit from auditory and haptic senses
to construct a mental representation of their environment. Their findings include that
visually impaired people successfully use other senses, including touch, to acquire and
model spatial information.

Immersion-Based HNVC. Any work that relies on HNVC aiming to remove users from
their actual environment, either in a presentation or in a virtual environment, falls under
this subcategory. Of particular interest of this sub-section are virtual environments and
games. Kruijff et al. [22] focus on navigation of particularly large virtual environments
or games. They used three senses: haptic, visual, and auditory. The haptic sense is
achieved through vibrotactile cues under the participant’s feet, using bass-shakers.
They compared their approach with other techniques to navigate virtual environments,
namely regular seated joystick and standing learning locomotion. They conclude their
multisensory method can enhance self-motion perception and involvement/presence.
An interesting finding was that participants appreciated the benefits of walking-related
haptic cues, independent of joystick or standing mode. Feng et al. [23] worked on
enhancing a non-fatiguing walking in a virtual environment. They used tactile cues
such as movement wind (the wind resistance felt by walking), directional wind (en-
vironmental wind), footstep vibration and footstep sound. They also conclude that
tactile cues are of significant improvement for the activity. Bernardet et al. [24]
developed an open source software framework to construct real-time interactive sys-
tems based on movement data. They highlight the importance of recording, sensing,

Fig. 2. Active HNVC sub-classifications.

Organizing Knowledge on NVC Mediated Through Haptic Technology 275



storing, retrieving, analyzing, understanding and displaying movement data through
various senses, while all these components communicate with each other. They provide
further justification for this field by stating: “to better understand humans, and/or to
build better technology, we need to take into account the body, and with it, movement”.

Control-Oriented HNVC. Any research focusing on controlling certain technology
using the haptic sense, either as a control means or as feedback of the controlled
technology is included here. Distinctions in the type of technology lead to two sub-
categories: logical and physical HNVC.

Logically-Based HNVC. Any work that aims to control software is included here.
Saunders et al. [25] focus on controlling desktop applications through the feet, using
discrete taps and kicks. They used motion capture technology for their experiment.
They propose ten design guidelines to be followed, the most general of which are:
tapping for frequent actions, consider both feet as dominant ones, prefer toe taps, and
sensing techniques should be robust. Their planned future work involves developing a
fully working system in a real setting, researching other foot related gestures, or
including other objects for interaction with the foot. The work by Costes et al. [26] use
pseudo-haptics effects to virtually evoke some haptic properties: stiffness, roughness,
reliefs, stickiness, and slipperiness. They refer to pseudo-haptics as additional visual
effects that enhance the touch experience in touchscreens. Their results show that haptic
properties can be successfully conveyed to a user interacting with a software. Their
future work includes quantitative evaluation, thresholding methods, and models to
improve quality, different effects, and the use of haptic databases.

Physically-Based HNVC. In contrast to logical HNVC, physical HNVC involves
research of controlling robotic mechanisms or hardware in general. Bufalo et al. [27]
focus on a disturbance rejection task of a controlled element. They considered three
different modalities of haptic feedback: Variable Haptic Aid (VHA), Constant Haptic
Aid (CHA), and No Haptic Aid (NoHA). Technology they used includes a display and
a grounded electrical control-loaded sidestick, movable only laterally. Their results
show that VHA is the best modality to help users learn the task. They point to further
research on changing both the amount of help given on the CHA modality and the
stiffness of the control, as to improve experimental results of this category. D’Intino
et al. [28] focus on haptic feedback used to learn a compensatory tracking task. Their
experiment uses two groups, one without any haptic feedback, and the other training
with feedback and evaluating without feedback. They relied on a grounded sidestick
with only lateral axis movement. Their conclusion is that users of haptic feedback learn
more rapidly. Van Oosterhout et al. [29] explored the possible effects of inaccuracies in
haptic shared control. They found out inaccuracies do have a negative effect in using
haptic control tasks, and therefore any system should be accurate to work properly. Xu
et al. [30] used wearable technology to develop a motion capture of arm movement.
MYO armbands are located in the upper arm and forearm, so the motion of the
operator’s arm is obtained. They used this data to control a virtual robotic arm that
mimics the movement of the operator.

Instruction-Oriented HNVC. This category involves all works and research that
include HNVC for learning or training. It includes acquisition, improvement, and
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assistance of both skills and knowledge. Instruction-oriented HNVC is divided into two
main types of applications: concept- and skill-oriented. Concept-oriented work focuses
on abstract knowledge, while skill-oriented research involves any physical ability.

Concept-Based HNVC. This area does not deal with movement, but with teaching
abstract ideas using tangible methods. Robotti works on helping students with diffi-
culties in algebra, especially the ones with developmental dyscalculia [31]. Help is
based on providing meaning to algebraic notations through visual, nonverbal, and
kinaesthetic-tactile systems. They stress the importance of supporting abstract concepts
with “visual non-verbal and kinaesthetic channels of access to information”. The work
by Magana et al. [32] is aimed to improve learning of electricity and magnetism
concepts, using a visuohaptic simulation approach. Visuohaptic refers to the use of both
visual and haptic sense. Their work compares visuohaptic to visual only and instruc-
tional multimedia. Their results show that visuohaptic did better, although not signif-
icantly. Their findings include that force feedback is a novelty for the majority of the
users, and therefore might contribute to overloading work memory. They point to
future work in the implementation of guided-inquiry approaches, designing materials
for instruction and assessment more haptic-centered, learning strategies for touch
interaction, and personalized calibration of force feedback.

Skill-Based NVC. The skill-oriented HNVC category involves human-human inter-
action mediated through technology, with the purpose of teaching a new skill to the
user. According to Yokokohji et al. [33] training is a skill mapping from an expert to a
learner, also called trainer and trainee, respectively. Their work highlights the impor-
tance of skill transfer, because it is time consuming and thus not easy to achieve.
Furthermore, motor skills add the challenge of being difficult to describe with language.
Schirmer et al. [34] use a tactile interface for eyes-free pedestrian navigation in cities.
They used only two actuators and divided their experiments into compass and navi-
gation modes. Prasad et al. [35] use a vibrotactile vest to provide navigation and
obstacle detection to the wearer. Their findings include that vibration produces less
cognitive load and greater environmental awareness than other navigational
approaches.

Narazani et al. [36] work on feet-related skill transfer. They centered in dance and
gymnastics, using both tactile and visual feedback. They refer to their users as
instructor and recipient, respectively. Their goal is to achieve “real-time performance-
oriented telexistence context”. Their methodology consisted of three stages: First, the
instructor performs a move that is interpreted and sent to recipient. Second, the
movement is displayed visually or haptically to the recipient who will attempt the
directed action. Third, feedback on accuracy is provided to the recipient. They also
mention that, in general, the process involves feedforward (sending the move) and
feedback (on the accuracy of the move), both of which can be either visual or haptic.
The work by Ros et al. [37] use a robot as a dance tutor for children. Their focus is on
how children accommodate to the tutor across interaction sessions.

Aggravi et al. [38] present a communication between an instructor and the student.
Their aim is to assist the student, who is visually impaired, to learn to ski. They achieve
it with the help of two vibrating bracelets in order to improve communication between
instructor and student. Valsted et al. [39] use a haptic wristband and chest belt that
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assist runners achieve a technique called rhythmic breathing. Their results show that the
runner context must be taken into account in designing the interaction mode, and that,
overall, runners prefer to feel the feedback while exhaling.

Yang et al. [40] work on a handwriting tutor-tutee scenario mediated by a robot,
using haptic feedback for corrections. Their setting involved the computer capturing an
expert’s motion skills, and then the robot can handle multiple tutees by itself. Pede-
monte et al. [41] also work on transferring handwriting skills. They researched remote
user communication with the goal of improving their handwriting skills. They focus on
human-human interaction mediated by a haptic device between novice and expert.
Their findings encourage the use of haptic guidance in the handwriting learning
process.

Rajanna et al. [42] developed a system based on wearable technology for long
periods of rehabilitation after surgery based on vibro-haptic feedback. Their system is
able to set personal goals, track the progress, and easy to include in daily life. Their
feedback works as follows: A vibro-haptic feedback is delivered when the body part
being tracked is lifted to a required angle of elevation [42]. Ostadabbas et al. [43]
propose a system that can be controlled with the tongue for people recovering from a
stroke. They implemented a novel interaction system with the tongue to use an already
existing rehabilitation system for the hand. Their goal is to improve the quality of life
and the upper limbs’ movements of people post-stroke.

Choi et al. [44] study a simulator for closing a wound with suturing procedures.
Their aim is focused not only in medicine, but in nursing as well. They use both hands
for the procedure and are aided by haptic feedback to learn the correct procedure. Uribe
et al. [45] study the feasibility of using robots to assist brain surgery. Their robot is able
to differentiate tissues, thus being of great help to the surgeon in high quality mea-
surements. The work of Guo et al. [46] designed a robotic catheter system to protect
surgeons and improve the overall surgery. Vascular interventional surgery is the
specific application of the robot. They use force-feedback as the interaction with the
surgeon. Their results include errors in the order of a few millimeters; errors reported to
be acceptable in the surgery.

4 Research Directions

Based upon our review of the field, we have generated a taxonomy that provides
perspective on existing work. In this section, we discuss directions for research in each
of the three major categories of the taxonomy: affective, interpretive and active HNVC.

The affective category involves work that started with recognizing emotions, and
then evolved to be able to communicate and simulate them. Given the popularity and
feasibility of using the haptic sense to convey emotions, recent research directions are
shifting towards emotions that linger through time: moods and feelings. It is expected
that HNVC will be able to identify and change the affective states of humans even
better than we as humans can. Because touch is strongly related to expressing emotions
with human beings, it is important to continue to research the effects on artificial touch
for interaction with robots, or with other humans mediated by technology.
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The interpretive category has also evolved from users being able to differentiate
single words, to understand multiple words that form full sentences. This area has also
achieved to convey complex ideas and instructions with iconicity, much like every icon
we use to save or open a document. This area is expected to achieve a high level of
communication between humans using only the tactile sense. There is still need for
research about differentiability of tactile patterns, the cognitive capacity to associate
each pattern with a meaning, and if the association lingers in time. This research is
fundamental to continue to progress in both the affective and active categories. The
more we know about the foundations of tactile interpretations and meaning, the more
HNVC can be explored in diverse real-life scenarios.

The active category has the most variants and subcategories in our proposed tax-
onomy. This is only natural, as humans perform a variety of activities in daily life, so
we cannot turn off the haptic sense for any of them. In the control area the main goal is
to achieve full controllability over the technology, being as natural and error-free as
possible. Therefore, future research directions need to focus on the mutual under-
standing of human and technology. It is also important to explore different modalities
of feedback depending on the current control capabilities of the users, without users
heavily relying on the feedback. Perception strives to enhance our haptic sensory
capabilities, possibly to compensate another sense or just to enhance an experience.
Future research directions are to what extent our different senses correlate and can
compensate each other, and which sensations help users to feel a more realistic virtual
immersion in games and simulators, without causing dizziness or distractions. This
research is central to be inclusive with people with sensorial disabilities, and to learn
more about how humans use and perceive touch. The instruction area is very open,
because it deals with acquiring new skills using technology. This area needs to benefit
from the others, since it needs understanding of interpretive HNVC, and also of some
degree of control between human and technology. The concept instruction subarea is
still very open, as normal classroom settings do not use currently the haptic sense to
help students understand abstract concepts. There are many abstract and even not
abstract concepts that would definitely benefit with a better understanding of how
human beings rely on the sense of touch to perceive and understand the world. The
health applications have attracted attention because of the high level of training doctors
need, and also because of the importance for everyone’s well-being. Research must
focus on providing realistic tactile and haptic sensations to the doctors in training, so
that the training is as similar as possible to a real-life surgery or intervention.

HNVC has a wide range of application domains. Applications may range from
analyzing cultural backgrounds for understanding emotions to using robots for assisting
medical doctors in surgery. Understanding this diversity demands a rich taxonomy to
encompass all existing research, and also to show the full potential of the human haptic
sense to communicate and to perform different tasks. The use of the haptic sense also
allows applications to be more inclusive, because visually impaired and deaf people
can use their touch sense to compensate for deficiencies in their other senses. People
with some sort of cognitive deterioration (such as dementia) may also benefit from
HNVC, because the haptic medium offers them a novel way to express themselves and
understand what others are trying to say. Everyone can benefit from advances in
HNVC research, therefore there is a current need to continue research in this area. To
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formalize HNVC protocols and languages is of general importance, because all other
subareas will benefit from having a solid basis in the general area.

5 Ongoing and Future Work

While our taxonomy provides a general overview of HNVC, specific details could
potentially have been overlooked. Even though our proposed taxonomy focuses mainly
on the purpose and applications of HNVC, we are aware of other transversal attributes
that could further characterize the taxonomy, such as human senses or technology used.
These attributes could further refine the proposed taxonomy, and potentially give
insight of good practices depending on each area and sub-area of the taxonomy. They
could also help identify under-researched technologies or senses in certain categories,
further expanding the discussion on research directions. We are currently working on
refining our taxonomy by considering those cross-category dimensions.

Since we have focused on finding diverse applications of HNVC, and this is a very
active research area, there may be more recent works that can be reviewed and included
in the proposed taxonomy. Therefore, we are also currently working on an extended
literature review, fitting new works that fit under our criteria for HNVC categorization.
These new works will expectedly further enrich each sub-area or the taxonomy, and
provide more detailed research directions and good practices within each specific area.
Overall, the more insight and information we have about how humans use the haptic
sense and associated HNVC, the more we will understand ourselves, improve our daily
activities, be more inclusive as a society, and develop technology that feels more
natural and we can understand better.
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