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Figure 1: We collected illustrations of vibrotactile experiences from scientific literature A○. We developed and applied a novel taxonomy of
illustration characteristics to code them B○. We analyzed the codes with descriptive statistics and used them to identify potential shortcomings
in several illustrations for which we provide more comprehensive alternatives C○. This work uncovered several insights on the design of
illustrations of vibrotactile experiences.
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Abstract
Vibrotactile experiences (VTX) consist of a multitude of design
parameters and experiential dimensions that can be challenging to
communicate visually. To understand how this is commonly done
in scienti�c communication, we systematically reviewed VTX illus-
trations in academic publications. Using inductive and deductive
methods, we built a taxonomy detailing characteristics of VTX il-
lustrations that focuses on what is illustrated and how it is depicted.
Using the taxonomy, we coded a total of 768 �gures spanning 409
publications. These results indicate that (1) half of the illustrations
communicate on the timing of vibrotactile feedback with regards
to users' actions, (2) illustrations depict stimuli rather than expe-
riences and infrequently communicate multimodal aspects of the
experiences, and (3) contextual information of vibrotactile displays
and experiential aspects are often distributed across several com-
plementary �gures. We conclude by discussing the bene�ts and
limitations of this taxonomy to support the design process.

CCS Concepts
ˆ Human-centered computing ! Visualization theory, con-
cepts and paradigms; Human computer interaction (HCI) ;
HCI theory, concepts and models.

Keywords
haptics, vibration, vibrotactile interfaces, vibrotactile augmenta-
tion, tactile design, visualization, taxonomy, illustrations, graphical
design
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1 Introduction
As computing becomes increasingly multimodal [45, 68, 70], the
role of touch in Human�Computer Interaction (HCI) is receiving
growing attention. Vibrotactile systems are among the most preva-
lent technologies for tactual communication. Yet researchers and
designers face a unique challenge: unlike visual or auditory com-
munication, there is no shared standard for illustrating vibrotactile
experiences. Conveying what vibrations feel like, how they are trig-
gered in relation to user actions, and in what context they are mean-
ingful, typically relies on translation into another modality � most
often visual �gures � and requires a speci�c visual language [7, 104]
leveraging metaphors and emphasizing on theirfacets[70]. In HCI
and Haptic Experience Design (HaXD) [98], where the focus is
often on the emergent user experience rather than the design of the
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stimulus itself [2, 24], this mismatch between medium of experience
and medium of communication is especially pronounced.

To support haptics researchers and designers in communicating
VTX and ultimately support the replicability and reproducibility of
their work [31], we take stock of the status quo. To better under-
standwhat information about vibrotactile design and experiences is
currently encoded in illustrations andhowthis is done, we system-
atically reviewed �gures1 from literature. We focused on VTX that
we de�ne asintentionally designed experiences aimed at stimulating
the user's sense of touch through vibrations elicited by mechanical
vibration motors. Following a rapid review approach [109], we col-
lected 1652 papers from ACM and IEEE2 for the past 25 years and
selected 1509 �gures using eligibility criteria, then categorized them
in several categories to �lter out �gures relating only to VTX (Fig-
ure 1 A
 ). We created a taxonomy both deductively by building on
methods from Antoine et al. [6] that proposed a taxonomy of inter-
action illustrations that uni�es previous work on comic books [74]
and industrial design [83], and inductively by reviewing VTX �g-
ures. This taxonomy characterizeswhat is represented on an image
with regard toinput, outputanddevicesused. It also characterizes
how this information is represented and points out how time and
vibration dynamics areencoded, whatvisual characteristicsandtech-
niques, type ofcomposition, andfacets[70] are used to represent
information (Figure 1B
 ).

We coded 768 VTX �gures and present an empirical analysis
using descriptive statistics of all the codes (Figure 1C
 ). This anal-
ysis yields insights on the strategies and challenges to design VTX
�gures and create a coherent set of illustrations conveying signi�-
cant information. Overall, we highlight that �gures tend to either
provide information on the vibrotactile display and its placement
on the body or on the actual experiences, that for half of the �gures
the relation between the vibrotactile feedback and users' actions is
not conveyed or ambiguous, and that experiential dimensions of
VTX [53] are often not visualized.

To evaluate how this taxonomy can support illustration design,
we propose two approaches. We �rst present 5 case studies that
iterate on the design of �gures from the dataset. We coded these
�gures and identi�ed unchecked codes exposing information that
could be added. Based on this, we provide alternate �gures con-
veying more information on these aspects while respecting their
authenticity (Figure 1C
 ). We underline how these changes in-
crease the amount of information conveyed, thus potentially better
support the communication of VTX characteristics. Each case study
shows how the taxonomy supports systematically investigating
the illustration characteristics to identify potential shortcomings
and guide the re�ection on potential improvements. The second
approach consists of a formative study with 11 haptic designers
(4 experienced and 7 novices) whom were tasked with designing
illustrations for VTX with and without support from the taxonomy.
The results indicate the designers did not rely on the taxonomy to
produce illustrations but used it post-hoc to analyze their decisions,
and that the taxonomy was overall considered useful to guide re-
�ections on their design choices, but required more time to fully
grasp.

1we use �illustration� and ��gure� to refer to, respectively, a graphical representation
of one or several VTX, and an illustration with a caption
2the list of all papers is available in the supplementary materials [37]
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In summary, this work is guided by the following research ques-
tion: What are the characteristics of VTX illustrations in scienti�c
papers?To this aim, we propose a taxonomy listing characteristics
of VTX illustrations and present an overview and analysis of the
state of the art of visual representations of VTX. This taxonomy is
designed to characterize visual representations of VTX and help
re�ect on their aspects while creating or analyzing them to en-
sure they are not missing signi�cant information one would like
to convey. We envision that, in future work, this taxonomy could
also support theory development [117], for instance by acting as
a mediating construct in causal modeling processes [113], thereby
enabling systematic formulation, testing, and re�nement of visual
communication theories.

2 Related Work
This section reviews the literature on VTX and taxonomies of illus-
trations. We underline the various factors in�uencing the complex-
ity of VTX and how they tend be to communicated in general. We
then explain how previous work analyzed interaction illustrations
and what taxonomies characterize them.

2.1 Diversity of VTX
Tactile receptors in the skin make the human body sensitive to
vibrations, which enables to distinguish between di�erent mate-
rials [8]. Meissner'sandPacinian corpusclessense light touch and
vibration (between 3-100Hz and 10-500Hz, respectively [18]), while
Merkel cellsandRu�ni endings detect sustained pressure, texture,
and skin stretch [51]. Meissner's corpuscles are concentrated on
the �ngertips to raise acuity to shear and normal forces when
picking up objects, or exploring a surface and pressing into ma-
terials [51]. Pacinian corpuscles, in contrast, are concentrated in
the feet to sense vibrations relating to balance and locomotion [52].
This natural distribution over the body o�ers great opportunities
to produce a multitude of experiences. Research in haptics and
vibrotactile feedback has exploited this knowledge over decades to
induce bodily experiences through controlled actuation on the skin,
e.g., to reproduce material properties [28, 34, 91], simulate materials
virtually [26, 29, 35, 94, 105], or create tactile illusions [61, 93].

Vibrotactile feedback can be used in numerous ways to produce
di�erent types of experiences with di�erent goals. VTX can focus
on symbolic meanings such as noti�cations [12, 72] or directional
guidance [32, 77], or relate to sensory attributes and improve the
sense of agency of physical experiences [22, 65, 92], add physi-
cality to virtual visual experiences [27, 105], or produce sensory
illusions [43, 59, 115]. They can be holistically characterized with
design parameterssuch as timeliness, intensity, density and tim-
bre [53], pragmatic qualitiessuch as their utility, consistency, �delity
or congruency with other senses [25], andexperiential dimensions
or mediated qualitiessuch as their expressivity, harmony, realism
and immersion [25, 53]. The characteristics of the devices used to
produce these experiences are also of great importance [18]. The
type of actuators used, their form factor, their synchronicity and,
ultimately, in what context they can be used all strongly in�uence
the potential VTX felt by end-users. Depending on their design
and the VT displays they rely on, the �delity of VTX can largely

vary [11, 78], impacting speci�c scenarios focusing on the simu-
lation of realistic physical experiences mostly. The goal of VTX
may, however, not be to maximize this �delity, but rather rely on
simple messages or metaphors that are reinforced by congruency
(e.g., [45]). Authoring tools like Macaron [99], TactJam [122], Col-
labJam [121] or VIREO [107] (and most of the tools Terenti and
Vatavu reviewed in their work) support creating such experiences
with low or high-�delity while supporting rapid design iterations.

This highlights the variety and complexity of VT displays and
VTX, o�ering many opportunities to leverage vibrations for contex-
tually adequate and meaningful experiences. This also underlines
the many variables composing such experiences and the challenges
haptic designers face when illustrating them. We present a taxon-
omy that exposes signi�cant variables to consider when illustrating
VTX, which can be used as a tool to guide the graphical design
procedure.

2.2 Communicating VTX
The design and communication of VTX can be broadly separated in
techo-centric and user-centric approaches [69]. The �rst approach
focuses on documenting the underlyingtechnical parametersof the
vibration such as exposing the raw signals or design parameters
through diagrams and screenshots of authoring tools, which par-
ticularly supports reproducibility (e.g., [32, 71], see Figure 2). The
user-centric approach consists in communicating elements of the
human experience, such as experiential metaphors and sensory
descriptions like feeling heavier than usual [108] or illusory motion
sensations [30]. The �eld of a�ective design and social touch list
also many experiences related to human communication that im-
prove closeness over a distance (e.g., feeling distant cheek rubs [82]),
supports communication during co-located medical sessions [97],
or enhance other modalities when sending messages (e.g., textual
or graphical messages [49]). Illustrations often echo these techno-
centric and user-centric approaches of VTX by focusing rather
on the technical conditions to produce a speci�c stimulus, or the
targeted sensation (which is then inferred as an experience) [24].

Several projects proposed to document aspects of haptic expe-
riences to support reproducibility and replicability by classifying
them and using di�erent visualizations to help navigate design
spaces. Haptipedia [101] is a web interface3 designed to support
designers in choosing adequate force-feedback based on their goals.
Designers can navigate the space through multiple dimensions
exposing variables such as portability, robustness, or fabricability.
Conversely, VibViz [102]4 lists 120 vibrotactile signals, not devices.
Signals are mostly represented visually with their intensity through
time (what we refer to as a response curve). They are categorized
using 5 facets: physical characteristics, sensory characteristics, emo-
tional characteristics, usage examples and metaphors. Users can
navigate the signals through 3 panels focusing on a few facets,
and easily compare signals over multiple dimensions. Such tools
do not focus on illustrating tactile experiences, however, as they
primarily support navigating large spaces of haptic information
and identifying speci�c conditions.

3the web interface is available at https://haptipedia.is.tuebingen.mpg.de/
4the web interface is available at https://www.cs.ubc.ca/ sei�/VibViz/main.html
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Figure 2: Examples of rather techno-centric illustrations of VTX (from [ 32] A
 and [71] B
 ), as opposed to rather user-centric illustrations
(from [100] C
 and [49] D
 ).

Communicating bodily experiences is not unique to the �eld of
haptics. Practices such as micro-phenomenology [87] and soma-
design [46] regard such experiences as essential in the use of inter-
active systems and propose methods to facilitate designing for and
reporting on them. Tools like bodymaps [4, 21, 112] illustrate body
sensations on a silhouette using markers or tangible tokens and sup-
port both the re�ection while designing for bodily experiences and
o�er means to report on them. Recently, Cavdir[16] used bodymaps
to re�ect on sensations to design for vibrotactile-augmented music
experiences. While useful for re�ection, this representation alone
does not integrate technical aspects of an experience, i.e., the type
of objects used to produce the bodily sensations (if any).

There exist multiple challenges when illustrating (vibro)tactile
experiences. First, the illustrator must identify all the factors in-
volved in the experience and represent them, and they must decide
on what is actually signi�cant to communicate based on their in-
tention, i.e., should the focus be on the technical aspects, the bod-
ily sensations, or the lived experience? Second, representing such
experiences in a static format adds complexity to represent time
and abstract sensations [74]. Third, there is currently no conven-
tional graphical vocabulary to represent tactile experiences; while
bodymaps are becoming more prevalent, they remain limited to
convey information on VTX for instance. Illustrators, often with
backgrounds in other domains than graphical design, must then
come up with ideas that lack clear guidance.

The taxonomy we propose facilitates identifying what is repre-
sented on VTX illustrations and how it is represented, e.g., using
visual techniques to represent timely actions in static illustrations.
It also supports illustrators to re�ect on missing codes that could
be signi�cant for an illustration, thus suggesting improvements by
omission.

2.3 Taxonomies on Illustrations
Illustrations are useful to tell stories and convey lots of visual in-
formation that evoke speci�c concepts to readers. While styles
and purposes can di�er, illustrations are used in comic books [74],
instructional illustrations [36], graphical abstract for scienti�c

mediation [95], industrial drawings [83], to sketch user experi-
ences [14, 40], etc. Previous work in HCI characterized illustrations
of hand gestures [73], micro-gestures [60], or broader interaction
scenes and scenarios [5, 6].

A comprehensive taxonomy of interaction illustrations was pro-
posed by Antoine et al. [6] to unify previous taxonomies from vari-
ous domains such as comic books [74] and industrial design [83]. It
focuses on �interactive scenarios� and proposed two major types of
codes indicatinghowis information represented, andwhat is being
represented. Overall, they proposed six dimensions, three for each
major type.What codes include theinteractive scenariodimension
that indicates the purpose of the image, its stillness and the activity
depicted; theusersdimension that indicates the number of users
and the body part represented; theinteractive systemdimension that
provides information both on input and output channels (including
haptic feedback) as well as the actions being performed.Howcodes
include thecompositiondimension that provides information on
the point of view and layout of the illustration; thevisual technique
dimension that describes how dynamism is represented along with
groups of elements and emphasis; thevisual characteristicsdimen-
sion that indicates the type of elements (i.e., text, photos, ...) and
colors used.

We build on this taxonomy of interaction illustrations and its
structure ofwhat andhowcodes as interactive scenarios can cover
many illustrations of VTX, and augment its internal structure to
better match information on VTX.

3 Procedure and Methods
To answer the research question �What are the characteristics of
VTX illustrations in scienti�c papers?� we structured our research
process into three phases following a rapid review approach [109].
The �rst was collecting �guresfrom literature (Section 3.1; done by
two authors), the second wasestablishing a taxonomy(Section 3.2;
done by all authors), and the third wasapplying the taxonomyon
the data collected (Section 3.3; done by two authors).
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3.1 Phase 1: Data Collection
The data collection consisted of four stages: (1) a bibliographic
search, (2) the processing of bibliographic records and PDFs (Fig-
ure 3 shows the process in detail), (3) the extraction and classi�ca-
tion of �gures, and (4) the construction of the �nal dataset.

3.1.1 Bibliographic Search.A systematic literature search was per-
formed on June 11, 2025 using two major digital libraries that pub-
lish research in Human�Computer Interaction (HCI) and haptics:
the ACM Digital Library (ACM DL) and IEEE Xplore. The search
strategy was identical across both libraries, using the keyword�vi-
brotactile� in title or abstract and restricting publication dates to
the period 2000�2025.

Both the ACM DL and IEEE Xplore were �ltered for peer-
reviewed documents, for instance from journals and conferences5.
We downloaded the BibTeX metadata and removed 8 duplicates
using the exact matches on the combination of title, �rst author and
publication year. The �nal bibliography comprises 1684 entries (532
from ACM and 1152 from IEEE). All data is available at a dedicated
OSF repository [37].

3.1.2 PDF Processing.We retrieved 525 of 532 PDFs (98.7%) from
the ACM DL and 1127 of 1152 from the IEEE Xplore (97.7%) and
manually screened all 1652 accessible PDFs according to prede�ned
eligibility criteria. Exclusion criteria included non-peer-reviewed
works, editorials, patents, theses, articles without �gures, and works
focusing exclusively on other haptic modalities (e.g., pneumatic,
force feedback, mid-air, electro-tactile, passive haptics, thermal, or
chemical). Based on these criteria, we excluded 1097 (66.4%) PDFs
and kept 555 PDFs (258 from ACM and 297 from IEEE) for further
processing.

3.1.3 Image Extraction and Verification.We automatically
extracted �gures from the remaining 555 PDFs using
pdffigures2 [19]. It failed for 33 PDFs (21 from ACM and
12 from IEEE), which we manually reviewed to extract 80 more
�gures6. After extraction, all automatically processed PDFs (n=532)
were manually checked for missing or incorrectly cropped �gures.

5Filtering options di�er between IEEE Xplore and ACM DL based on the user interface.
IEEE Xplore o�ers conferences, journals, and early-access articles, whereas ACM DL
o�ers more content types such as research articles, short paper, extended abstract,
work in progress, etc.
6We manually extracted only the �gures relevant for analysis.

A total of 200 �gures (123 from ACM and 77 from IEEE) were
added or corrected manually. In total, we collected 4425 �gures
(1881 from ACM and 2544 from IEEE).

3.1.4 Image Filtering and Classification.We de�ned �ve inclusion
criteria to screen �gures. Figures must either represent the intent
behind using VT feedback, represent the context of an experience,
represent one or several users, represent a VT display, or represent
VT signals (see Table 1 in Appendix A for details). The �ltering and
classi�cation of �gures was conducted manually by two authors7.
Out of the 4425 �gures initially collected, we excluded 2916 (1185
from ACM and 1731 from IEEE), corresponding to 65.9%. We cate-
gorized the remaining 1509 �gures (696 from ACM and 813 from
IEEE) asHardware Setup, Study Setup, Study Related, Interactive
Scenario, Model, System Architecture, Vibrotactile Experience, and
Unclear(see Figure 4).

3.1.5 Final Dataset.For the analysis, we focused on �gures catego-
rized as depictingVibrotactile Experiences. Out of 837 such �gures,
69 were deemed too ambiguous or insu�ciently detailed and hence
excluded. The �nal dataset consists of768 �gures depicting VTX .
These �gures were retrieved from 409 papers (189 from ACM and
220 from IEEE) published between 2002 and 2025 (see Figure 18
in Appendix A), across 111 venues (43 from ACM and 68 from
IEEE). The most prominent venues were: ACM CHI (50 papers),
IEEE World Haptics Conference (36 papers), IEEE Transactions
on Haptics (34 papers), ACM UIST (17 papers), and IEEE Haptics
Symposium (17 papers).

3.2 Phase 2: Establishing a Taxonomy
To establish the taxonomy, we initially worked deductively from
literature. We then iteratively tested the taxonomy on subsets of the
data and further re�ned it to ensure its applicability to characterize
VTX.

3.2.1 Deductive Design.We built on the structure ofwhat andhow
codes from the taxonomy of interaction illustration by Antoine et al.
[6]. We restructured thewhat codes to more speci�cally describe
details of vibration characteristics and the physical sensations they
produce. For instance, some codes focus on the characteristics of

7Manual �ltering and classi�cation required approximately 120 hours, completed over
a three-week period.

Figure 3: Flow diagram of the literature review process.
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Figure 4: Count of �gure types for the 1509 �gures included in the
dataset (696 from ACM and 813 from IEEE).

the vibrotactile displays used and the timing of vibrations with re-
gard to users' actions. We also integrated frameworks from haptics
research to identify important categories to consider. We included
information on the device'sgroundingfrom Culbertson et al. [23]
and Adilkhanov et al. [1], some experiential dimensions and de-
sign parameters of VTX from the HX model developed by Kim and
Schneider[53], and thefacetsof VTX described by Sei� et al. [102]
and MacLean et al. [70].

3.2.2 Inductive refinement.Once the data collection was concluded
and the initial taxonomy established, we brought data and taxon-
omy together to ensure alignment. Four co-authors collaboratively
coded 3 subsets of the datasets iteratively using Antoine et al.'s
coding tool [6]8, comparing and discussing after each iteration
(authors coded 42, 20 and �nally 15 �gures) to re�ne the codes.

To ensure the coherency of the resulting taxonomy, the two �rst
authors independently coded the same two subsets of 100 �gures
each. Krippendor�'s alpha [58] indicated satisfactory inter-rater
reliability in line with previous work [6]: 62.1 (f = 13”9) and 60.6
(f = 12”3). Then, they collaboratively reviewed the lowest 25%
of �gures with the highest disagreement for each set to identify
confusions and re�ne the taxonomy's codes.

3.3 Phase 3: Applying the Taxonomy
The remaining dataset was split between the two �rst authors who
reviewed and coded the other 581 �gures. After initial coding, each
of the two authors reviewed the other's coded �gures and made
revisions as deemed necessary. Di�erences between initial and
revised coding were automatically extracted and the original coder
reviewed the proposed changes and either accepted or rejected them.
If signi�cant disagreements remained, both coders discussed the
�gure collaboratively until a consensus was reached. This procedure
was designed to ensure a reliable and consistent application of the
taxonomy while allowing for critical re�ection and discussion to
resolve ambiguity.

3.3.1 Identifying Illustration Categories.While analyzing illustra-
tions, we identi�ed a few categories that codes alone or even com-
binations of codes may not clearly distinguish. To ensure we could
identify them in our analysis, we created 4 meta-codes that we used
during the coding procedure. We tagged illustrations presenting
multiple experienceswhich sometimes listed entire sets of VTX,
illustrations depictingtactile illusions, illustrations exposingde-
sign parametersof experiences with screenshots of authoring tools

8accessible at https://github.com/LokiResearch/IllustrationTaxonomy

or mathematical formula, and illustrations depicting vibrations as
�raw� signalsby using audio signals such as response curves (as
done with VibViz [102]).

4 A Taxonomy of Illustration Characteristics
In this section, we present the dimensions, categories and codes of
the taxonomy.

4.1 Dimensions, Categories and Codes
A comprehensive visual representation of the taxonomy is depicted
in Figure 5. These codes were both deductively and inductively
produced, which means they build on the literature of illustrations
taxonomies and descriptive frameworks from haptics research, and
were re�ned using the dataset of 768 VTX illustrations. Based on this
methodology, the resulting codes comprehensively characterize all
images we analyzed from the state-of-the-art. As research scenarios
extend and include other input for VTX, the codes should re�ect
these changes and include more categories (e.g., other types of input
modalities) to characterize them better.

The codes are rarely mutually exclusive. A combination of them
can be used in a single category to describe experiences that involve
multiple, related factors. For instance, experiences relying on a
vibrotactile tablet could be considered bothtouchableor graspable
depending on whether the tablet is being held (see Section 4.1.3 for
details on these codes), in which case both codes could be checked
to describe a �mixed� scenario.

4.1.1 Input (what).This dimension considers all kinds of input
that impact the VTX, whether by triggering the experience or mod-
ulating it in some ways (e.g., walking while an augmented ground
vibrates [114]). The dimension's overall purpose is to clarify the
relation between users' actions and vibrotactile feedback (i.e.,time-
linessandexpressivity[53]), as well as clarify the type of input and
devices used for interaction. Theaction category indicates whether
users arepassive, performingdiscreteactions such as pointing at a
target, or performingcontinuousmovements. Themodality cate-
gory lists four primary modalities we encountered in the dataset,
namelygaze, locomotion, vocalor manualinteractions; manual in-
teractions include both (virtual) object manipulation and mid-air
movements. We list less modalities than previous work [6] as other
categories were not representative of the illustrations we studied;
note that other input modalities could be integrated in this category
if it better supports the analysis. We leverage Buxton's [15] frame-
work on input device characteristics to further describe manual
interactions (manipulation category) using two sub-categories:
the typeanddegrees-of-freedomof the input. We then consider the
type of device used tomediate the users' actions, as well as the
number ofusers interacting together. The last category indicates
the e�ect of the input on the output and whether it iscausing
it (e.g., a vibration triggers when pressing a button or reaching a
pressure threshold) ormodulatingit (e.g., rotating one's body would
a�ect world-centric directional cues).

4.1.2 Output (what).This dimension describes the number of
users feeling the experience, which can be di�erent from the
number of users interacting, as it is the case with an audience expe-
riencing vibrotactile feedback during artistic representations [111].
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Figure 5: Taxonomy of VTX illustration characteristics. It is split in what and how codes including 3 and 5 dimensions respectively.

The congruence of sensescategory is directly inspired by the
uni�ed HX model from Dalsgaard and Schneider [25]; it indicates
whether the VTX is multimodal and includes more than just the tac-
tile sense (e.g., displaying a texture on a virtual ground [103, 105]).
The last category describes thecoupling between vibration signals
and other events, i.e., whether their parameters vary according
to them. These parameters can depend on events that areuser-
independentwhen watching an augmented movie [42], or coupled
to user input, such as pressing on a car pedal [92] or twisting a
rod [43]. If vibration signals are immutable audio messages [12]
such as noti�cations triggered upon receiving a message, they are
consideredstatic.

4.1.3 Device (what).The �rst category describes thegrounding
of the device; we directly used types of grounding described by
Culbertson et al. [23], i.e., the device isgroundedeither in theworld
or the bodywhile its e�ector is in direct contact with the body, or
is awearable, meaning that the entire device is directly attached
to the skin and does not move (e.g., a smartwatch). Ifungrounded,
the device can be eithergraspable(e.g., a smartphone) ortouchable
(e.g., an interactive surface like a tabletop).

We categorize thelayout (arrangement) of actuators as being
�xed or adaptable, i.e., actuators are part of the same structure or
can be moved independently, and consider the e�ectiveshapeof
these layouts, i.e., whether they are independentpoints, anarray
(1D)or agrid (2D)(e.g., they are coordinated to produce phantom

illusions [3] or apparent motion [48]), or other types ofarbitrary
shapes. We also consider the placement of actuators on the body
(i.e.,actuation on category), and consider several zones (head,
torso, arm, leg), with a speci�c focus onhandsas they are known
to be especially sensitive to tactile stimuli [50, 118].

The last category describes the VT displaycon�guration . We
de�ne four levels of con�guration:bare materials / componentsde-
scribe actuators directly placed on the skin (e.g., Kinesiotape [122]),
custom assembleddevices providing a structural frame around ac-
tuators to either �x them in place or constrain their movements
(e.g., integration in a shoe sole [120]), some VT displaysmodify /
augment o�-the-shelfdevices with VT capacities (e.g., adding an
actuator to a VR controller [27]), and some VTX are directly pro-
duced witho�-the-shelf devices(e.g., using the Meta Quest 3 VR
controllers [116]).

4.1.4 Composition (how).This dimension focuses on the structure
of the illustration. It indicates thenumber of panels composing
the illustration and the number ofdimensions used to convey
information, e.g.,2Ddiagrams, or3Dpictures. Thebody represen-
tation category indicates whether users' bodies are represented,
and to what detail. This representation isrealisticwhen represent-
ing actual body limbs or parts, andabstractwhen suggesting a body
part (e.g., showing a cylinder as a transversal cut of a forearm, see
left of Figure 6 A
 ). It can represent the bodypartially by focusing
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Figure 6: A
 shows examples of body representation extracted from [ 84], [ 20] and [ 86] (left to right). B
 shows on the left examples that use
lines and arrows to illustrate directions (from [67]) and trajectories (from [57]) of vibrotactile feedback through time and between actuators;
and on the right illustrations conveying information on the physical sensation, through symbols (from [ 75]) or through textures (from [ 110]).
C
 shows illustrations using di�erent cognitive framework: physical science (from [ 54]), metaphors (from [ 106]), and music theory (from [ 44]).

on speci�c parts (e.g., one hand), or without a focus (e.g., showing
the entire torso).

4.1.5 Visual Characteristics (how).This dimension indicates the
textual and pictorialelements used in the illustration. We reuse
the codes from Antoine et al.'s [6] work, excluding information on
color types and line styles.

4.1.6 Visual Techniques (how).This dimension points out the tech-
niques used to convey time-related or sensory information. We
reuse thedynamic category from Antoine et al. [6] that includes
thestroboscopic, motion blur, andonomatopoeiavisual e�ects to indi-
cate temporal events, as well as lines and arrows fortrajectoriesand
directions. We added theripplescode as many illustrations represent
vibrations using them. The trajectories and directions codes include
both objects or people moving in space and the �displacement� of
vibrations between actuators through time (Figure 6B
 left).

The sensation explanation category indicates whether the
illustration provides information on the sensationtargeted(theo-
retically) or induced(veri�ed empirically). We di�erentiate textual
information such asquotesandannotationsfrom pictorial elements
such assymbolsor textures(Figure 6 B
 right).

4.1.7 Encoding (how).While visual techniques convey information
on time, we wanted to go beyond and characterize how variables
like time or vibration dynamics (intensity, frequency) are encoded
on the illustration.Time , for instance, can be encoded through the
axisof a plot, usingnumbers, or multiple frames. Vibration dy-
namics include design parameters of vibrations described by Kim
and Schneider[53], i.e., the intensity, timbre and density. We code
these using Bertin's visual variables [9] and add themathematical
representation that was used in several illustrations.

4.1.8 Cognitive Framework (how).We integrated the �vefacets
of haptic experiences described in MacLean et al.'s [70, p. 114]
work, originally from Sei� et al.'s [102] work. These facets are
aspects of VTX, and can be seen as a framework to present them
and re�ect on them. For instance, a VTX can be described using
physical sciencewith plots and measures, or throughmetaphors
such as representing a butter�y landing on the hand (Figure 6C
 ,
middle). They can relate tousage exampleslike directional guidance
when walking [85] or mappings of letters to vibration patterns [79],
or focus onsensory attributesto describe tactile illusions. We call
these facetscognitive framework, and addmusic theoryto the list
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