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ABSTRACT

Static illustrations are ubiquitous means to represent interaction
scenarios. Across papers and reports, these visuals demonstrate
people’s use of devices, explain systems, or show design spaces.
Creating such figures is challenging, and very little is known about
the overarching strategies for visually representing interaction sce-
narios. To mitigate this task, we contribute a unified taxonomy of
design elements that compose such figures. In particular, we pro-
vide a detailed classification of Structural and Interaction strategies,
such as composition, visual techniques, dynamics, representation
of users, and many others — all in context of the type of scenarios.
This taxonomy can inform researchers’ choices when creating new
figures, by providing a concise synthesis of visual strategies, and
revealing approaches they were not aware of before. Furthermore,
to support the community for creating further taxonomies, we also
provide three open-source software facilitating the coding process
and visual exploration of the coding scheme.
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« Human-centered computing — Human computer interac-
tion (HCI); Visualization theory, concepts and paradigms.
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1 INTRODUCTION

Interaction scenarios describe situations when one or multiple users
interact with one or more interfaces of digital computing systems
or devices. When interested in one of these scenarios, the ideal way
to understand the interactivity is to experience it, or at least to be
able to see it in action. Unfortunately, interacting with the system
is not always possible. Indeed, the main medium to communicate
about research in Human-Computer Interaction remains research
papers, that use non-dynamic formats (in particular PDF or static
HTML web pages). As “a picture is worth a thousand words”, au-
thors often design and represent static graphical illustrations to
explain these interactive scenarios, most of the time associated with
captions or legends to form a complete figure [27]. Furthermore,
an increasing number of journals recommend adding graphical
abstracts [38] summarising the submissions (for example, Elsevier
journals suggest including visual abstracts [25]). The figure should
give a clear representation of the work described in the paper, sum-
marise the content to help readers quickly gain and understand the
main take-home message of the paper, encourage browsing, promote
and identify research papers.

Ilustrations are not only a useful for describing interactive sce-
narios in research papers, but they are also widely used as effective
visual means in presentations or for communicating ideas during
meetings. They can take many forms and represent various in-
formation that can be photographs, drawings, diagrams depicting
concepts, and ideas or charts helping to visualise data. The structure
of the illustrations might also vary, using one or multiple frames,
being augmented with titles, labels, and even the nature of the
captions can be considered as part of the illustration [27].

While ubiquitous and widely used, little is known regarding the
different approaches to create such static illustrations and existing
works on this topic are limited in terms of domain focus (e.g. design,
education) or interaction context (e.g. gestures). In this paper, we
unpack a rich taxonomy of styles and techniques that unifies works
from the literature, and investigates how the HCI community uses
static figures as a way to depict interactive scenarios. We call static
figures any visual representations that are used on static forms of
media (such as PDF papers) containing an illustration (e.g. drawing,
photograph) with additional information (e.g. caption, legend, title).
We consider in this work only figures representing interactive con-
texts, where the interaction can be seen as Tool Use [36], i.e. figures
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“defining how the user acts with a system and how the system acts with
a user”, as they can be particularly complex to design and make use
of elaborate illustration techniques to represent specific aspects of
the interaction (3D, perspective, dynamic gestures, timing, user’s
body, etc.).

First, we propose a taxonomy of static figures that illustrate tool
use, where we categorise figures according to different design el-
ements (conceptual or visual attributes of an illustration used to
encode the interaction [64]) they are composed of. We classify the
design elements under two main categories, the what design ele-
ments (that characterise the concepts represented in the figure) and
the how design elements (that characterise the visual properties).
Then, we coded design elements for each image of a dataset ex-
tracted from the proceedings of four major ACM 2018 conferences
in HCI (CHI, UIST, CSCW and Ubicomp) and from a set of patents
about interaction designs. Finally, we analyse the coded design
elements and corresponding figures to reveal different strategies
used to represent interaction.

An increasing number of papers in HCI are published every
year, resulting in an increasing number of graphical illustrations
being produced. Yet, no guidelines or recommendations exist to
help researchers create these kind of illustrations. The strategies
identified in this paper provide an overview of the figures produced
by HCI researchers. It can help early-career researchers working on
visual representations of their work, and foster reflection of senior
researchers on their own (previously) created figures.

This paper makes the following main contributions:

(1) A unified taxonomy of design elements that compose figures
representing interactive scenarios. Our taxonomy integrates
existing taxonomies and synthesises a broad spectrum of
techniques and approaches across the many different inter-
active scenarios illustrated in the HCI community.

(2) A set of Structural and Interaction strategies in existing fig-
ures used to represent specific aspects of the interaction.

(3) Three open-source software tools: one application to facil-
itate the time-consuming and tedious coding process, and
two on-line tools to explore the taxonomy we created and
identify strategies. These tools can be used to repeat our
methodology either with a different dataset or driven by
different goals in order to extract novel strategies.

2 RELATED WORK

2.1 Existing taxonomies

Our work builds upon and extends related taxonomies that classify
visual design elements, all with different and specific motivations,
exploring either the impact of illustrations on learners’ behaviour
[27], new product development [68], gesture representations [64]
or trace figures [4]. To the best of our knowledge, our work is the
first taxonomy focused on the classification and characterisation
of illustrations that depict interactive scenarios. In this section we
summarise the most relevant visual taxonomies, and their relation
to the work presented in this paper.

Pei et al. proposed a taxonomy of visual design representations
in the context of product development [68]. In particular, they
discuss that in the field of product design, the drawing style might
be different depending on the life cycle of an illustrated product
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or the purpose conveyed through the illustration. Using a dataset
built by designers and engineers, their taxonomy divides the visual
design representations in four main categories: sketches, drawings,
models and prototypes. While this taxonomy is focused on specific
design representations, we believe their work is of interest to our
larger exploration of interactive scenario illustrations, as interactive
systems might require different types of representation as well.
More specifically, Pei et al. propose a specific sub-category: 2D
Visual Design Representations > Drawings > Industrial Design
Drawings > Scenario and Storyboard, where the purpose of such
illustrations is to suggest user and product interaction and portray
its use in the context of artefacts, people and relationships.

Another taxonomy can be found in McAweeney et al. ’s
work [64]. They first conducted an elicitation study with design-
ers and researchers to understand the processes and tools used to
create gesture representations. The elicitation study pointed out
that no guidelines existed to assist researchers in designing ges-
ture representations. Then, the authors constituted a dataset from
30 papers published in ACM conferences (CHI, ISS and Ubicomp),
including trace figures, photographs, computer graphics, abstract
lines, dots and texts. Using information from the elicitation study,
they coded the dataset and classified the identified design elements
in six dimensions grouped in two main categories: structural and
details. Structural dimensions (Perspective, Frame and Colour) are
described as necessary dimensions to design any representation
while Details dimensions (Body Context, Environmental Context and
Gesture Elements) are described as optional dimensions commonly
used to extend/enrich the structural representation of the gesture.

More recently, Antoine et al. proposed a taxonomy of trace
figures, a specific type of illustrations they define as “graphical
representations of the most essential features of a scene by using
contours/outlines of objects, people and the environment” [4]. They
extracted 124 trace figures from the 222 papers published in the
2015-2017 ACM UIST conference proceedings and used two coders
to code the dataset. They identified five categories of trace figures
(demonstration of gestures, overview of system setup or assembly,
interaction sequences, design space illustrations and others) and they
extracted eight characteristics depicted (person’s body, hands or
fingers, devices and objects, screen user interfaces, environment, use of
colour, annotations, static vs dynamic and use of perspective). While
this taxonomy covers a number of different interactive scenarios
used in the HCI community, it only contains a brief description
of identified categories and characteristics. Moreover, the work is
focused on trace figures only and, as such, excludes figures based
on photographs that are likely to be used to illustrate other scenar-
ios (typically too complicated to reproduce as trace figures) and
using different strategies (that would not be adapted to trace-based
drawings).

Finally, while different from figures illustrating interacting sce-
narios, Fleming’s taxonomy [27] relates to our visual taxonomy. He
analysed 787 illustrations extracted from 40 textbooks from four
subject areas: English, History, Mathematics and Science [27]. The
purpose of the study was to observe the impact of illustrations
on learners’ behaviour. To do so, he established a taxonomy of in-
structional illustrations by tagging each illustration with attributes
grouped into 11 scales for a total of 107 categories. The scales
were as follows: Area, Framing, Shape, Position, Elements, Chroma,
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AchromaEncoding Stylé&Encoding Mediuninformation Leveand
Uni cation. The scales of this work, and the general discussion
of visual representations by Fleming, informed our classi cation
scheme discussed shortly.

2.2 Bridging existing taxonomies with theories
on illustration

As explained above, very few taxonomies speci cally targeted at il-
lustrations exist, and they remain limited either in terms of context
of interaction, type of gures or domains of interest. Nevertheless,
these taxonomies contain information that can be merged together
towards a larger and more holistic taxonomy of illustration of inter-
active scenarios. In the following sections, we link the taxonomies
presented in the previous subsection with other works from the
literature, typically design books or articles, to analyse how de-
sign elements present in gures can support the representation of
interactive scenarios.

2.2.1 Framing interactive scenario illustratiéngst characteris-

tic of illustrations lies in how they are structured, for instance how
many images are used, how they are framed and the layout they
are composed with.
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aspects of the represented contertd.giving di erent points of
view of a prototype system device).

Greenberget al.also identi ed the importance of frames and
their transitions when describing an interactive context, as they
are what triggers a change in statand can betriggered by one
or more user action$31]. A good example is Ul transitions, which
are often represented in HCI papers to illustrate the step-by-step
interaction with an interface.

Finally, an interesting structural dimension iperspective
a dimension for the point of view of the representation.
McAweeneyet al.listed ve di erent points of view: 1st persar8rd
personmirror, bird's eyeandside anglg¢64]. Note that frame and
perspective are dependent as perspective encompasses the point of
view used in a frame.

2.2.2 lllustrate dynamic interactions through the medium of static
images|n illustrations representing dynamic, motion can be ex-
plicit (an object moves within one frame) or implicit (an object
moves between two di erent frames)pl, especially when repre-
senting step-by-step operations that are generally illustrated as sto-
ryboards or interaction sequenced][ Designing a storyboard con-

Notably, Buxton argues thatsketches for experience and interac- sists in structuring a gure with multiple frames, dependent from
tion design [...] di er from conventional sketching since they have to each other, and indicating a continuous ow of events in time and/or

deal with time, phrasing and fe¢tl4. As such, the representation
of an interaction scenario should respect di erent attributes, for
instancetime (since interaction might be ongoingglear vocabulary
anddistinct gesturéo only represent the essential elements that
compose the interactiorminimal detailandappropriate degree of
re nementto minimise the reader disturbance. These attributes
relate to similar concepts mentioned in McAweeneyal.'s tax-
onomy of gesture representation§4] where they mentioned ve
important aspectsTime PositionPostureMotionand Touch

Similarly, while theDetailsdimensions by McAweenegt al.[64]
describe the addition of precise details to understand di erent as-
pects of the represented gesture, t¢ructuraldimensions are
necessary to design any kind of interaction illustration. Speci cally,
the Framedimension (which is close to thEramingscale presented
in Fleming's taxonomy 27]) mentions that illustrations can have
one or multiple frames to structure the representation [64].

A notion similar to framing is discussed inderstanding Comics
Scott McCloud's book exploring formal aspects of comics and their
fundamental vocabularygy. More precisely, McCloud discusses
the notion of Panelghat can be used tdfracture both time and
space, o ering a jagged rhythm of unconnected mom¢pig), and
useclosure(i.e.space between panels) as waysdonnect these mo-
ments. Such transitions between the di erent frames of a comics
storyboard can have di erent forms (p.7088, where few of them
might be relevant in an interactive scenario illustration. Notably,
McCloud introducesnoment-to-momerds a frame transition be-
tween two very close moments in time (that in the context of HCI
could be relevant to illustrate transitions between two Ul captures
of a system)action-to-actioras a frame transition between two
close actions in time of a same subjeetd.a user pointing at a spe-
ci c target), subject-to-subjeets frame transition between di erent
subjects €.g.showing a data transfer between two collaborating
users) andaspect-to-aspeas a frame transition between di erent

space to represent the expected behaviour. Greenle¢ia.[31]

said that storyboard is a collection of sketches, where each sketch
is a key frame or a state that portrays an important moment in the
interface sequenceéMulti-step operations can also be structured
as a single illustration, using key structure elements to indicate in
which order to read the elements of a gure (typically numbers). In
the context of instruction manuals, step-by-step instructions have
been shown to be preferred by users over a single complex gure
(such as an exploded view), to understand assembly instructions
[1], thus con rming the usefulness of storyboards for presenting
sequential information.

Alternative techniques to storyboards have also been identi ed
by McAweeneyet al.[64] and Antoineet al.[4]. For instance, ar-
rows can be used to represent trajectories or motion pahssy]
using a plain line-style on a surface or dotted line in mid-a64.
Touchpoints B4 (or contact points f]) can be used to illustrate
physical contacts between ngers and a surface. Finally, both men-
tioned the possibility to use a ghost e ect§4 (or stroboscopic
e ect [4]) to illustrate a motion where previous states/positions are
drawn in di erent colours or line style§4]. Interestingly, arrows
and stroboscopic e ects were already identi ed as best candidates
to illustrate dynamic by Cutting in his book on the representation
of motion in static images22, and software tools assisting the pro-
duction of gures that might illustrate motion usually implement
both methods [4, 19].

Variations of arrows and stroboscopic e ects are also often used
to illustrate dynamic in comics§9: wave symbols to describe the
sound propagation, motions or action lines for movements, trajec-
tory paths, multiple images (a.k.a stroboscopic e ect), a streaking
e ect (using game of shadow/very simpli ed version of the model)
or a blurring e ect. Moreover, some of these e ects can be applied
to the object or to the background whether the camera is moving
with the object or not.
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2.2.3 Appearance of an illustratiaddther than the structure of Pictorialelements are the illustrations,e., what is represented

an illustration, its overall appearance might also be impacted by such as geometric shapes, schematic drawings or gragéalel-

the content displayed and how it is displayed. Typically, the aspect ements are text elements added to the gure such as labels, legends
is directly impacted by the source material used: a photograph, a or numbers; andesigrelements are geometrical elements added
screen capture, or a drawing. As previously mentioned, drawing tothe gure in overlay such as arrows, lines or coloured areas. Such

style might di er in the eld of product design depending on the life
cycle of the illustrated product or the purpose conveyed through
the illustration, and belong to one of four di erent main categories:
sketcheslrawings modelsor prototype$68. In the speci ¢ context
of automotive design sketches, Tovey al.studied the drawing
process of postgraduate students and professional desig@&ts [
Their results depicted di erent categories of lines to represent an
object such agorm lines(e.glines de ning the object's contours),
crown linege.glines used to add volume to the object) area lines
(e.glines de ning the object's shadows).

A more exible approach is suggested by Scott McCloud who

additional information added to the drawing/photography gure
itself are part of the illustration and considered to be useful to help
the dissemination of important information.

Hansen explored this graphical language and identi ed graphic
tools to help visualisation34). He categorised them in six families:
circles or curvoids, square-square corners, triangles, lines, points
and fuzz or Fuzzy Ideas. This implies visual codes are used to sort
and categorise presented information.

To simplify the visualisation of any representation and help the
user to rapidly identify key elements from all the di erent elements
structuring an illustration, some annotation techniques may be

established that the style, the appearance of comics, could be posi-used. Chi, in her thesis on the design of tools that rely on physical

tioned in a triangle that he calls thpictorial vocabularyf drawings
[69 (Chapter 2, p51-53), and whose corners Reeality Language
andThe Picture Planeespectively corresponding tealist iconic
andabstractstyles. Thus, each drawing can be positioned within
this triangle depending on the style the author used.

We observe the same philosophy with Wileman (see gure 8.6 in
[34]) describing how to represent an object from an abstract concept
to realistic drawing. This notion of style and drawing complexity
is also depicted by Buxtonlf] through the minimal detail key
element or by FlemingZ47] through the encoding styleategory
conveying the hypothesis that when using illustrations to illustrate
a discourse other than design, the style might need to be simplistic.
This is particularly the case in trace gures, where the drawing
complexity is very low as only the outlines of the represented
objects are drawn.

In the speci ¢ context of illustrating interaction, the appearance
of an illustration can di er for speci c elements. Typically, An-
toine et al.and McAweene\et al.both identi ed that line style can
be used as a way to express speci ¢ motion paths, for instance by
using dotted lines for mid-air interaction [4, 64].

Another factor important for the appearance of an illustration is
the potential use of colours. For both McAweeneyal.[64] and
Antoine et al.[4], the Colourdimension is simply a boolean value
representing the presence or not of colour in the illustration. They
consider colour as a key element and classify the dimension in
the structurecategory. For Fleming, however, the use of colours is
described through th&€€hromaand Achromacategories 27 which
imply more details such as transparency, tint and hue.

Note that compared to conventional drawing or photographs,
colours can play a critical role in the context of illustrating interac-
tion. Typically, it can be used as a way to focus on speci ¢ aspects
of an illustration such as emphasising motiof4] or highlighting
touch contact points (with coloured circles) or a speci ¢ ared.|
Finally, colour might also be used as a coding scheme where di er-
ent colours can group (respectively distinguish) elements of a same
(respectively di erent) types [18].

demonstration to produce illustrations of human movemenis
listed such annotation techniqueblighlightsare used to address
attention via shapes (mark the zone) and colours (use a di erent
colour from the background, ashy coloursiall-outsare used to
present a detailed view while preserving the context (a.k.a mag-
ni ers or zooms).Text annotationare used to provide additional
useful information that cannot be drawriconscan be used to indi-
cate the general situation (e.g. valid or invalid situatioNumbers
can be used to indicate the numbers of a multi-step operation (which
can be an alternative to a stroboscopic e ect).

2.2.5 Bridging with patent figurdsteractive context illustrations
can also be found in gures that are used in patents describing
novel interactive devices or systems. lllustrations are highly rec-
ommended for such patents as they provide visual context to make
sure that the idea behind the technical aspects of the patent is clear.
The creation of a patent gure follows standard$,[8g, from its
organisation to its appearance. One important aspect of a patent g-
ure organisation is the layout/page format: gure margins, type of
paper, gure and text size are indicated. Regarding the illustration
appearance, it has to be a black-and-white drawing but colours and
photographs exceptions might be accepted in speci c cases. While
the drawing should be as clear as possitsleadings recommended

to give 3D perception to the drawing when needed. Finally, extra
information is highly, notably to connect visual elements in illus-
trations to corresponding text descriptions. For that end, lines must
be used to link the visual feature illustrated and the corresponding
text using a number identi er, be as short as possible and not cross.
Arrows can also be used as extension of these lines to indicate a
global area or, as seen before, the direction of a movement. Inter-
estingly, text is not recommended in the illustration unless highly
needed.

3 TAXONOMY OF INTERACTIVE SCENARIOS

3.1 Context and objective
The main objective of this work is to propose a hovel comprehensive

2.2.4 Adding additional information and explanations to illustra- taxonomy of how interaction can be illustrated, that builds on top of

tions. Fleming considered each gure to be composed of three dis-
tinct types of elementsZ7: Pictorial Verbaland Desigrelements.

existing taxonomies4, 27, 64, 68 and that is not limited to speci ¢
types of interactions §4. This new hierarchy of design elements
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Table 1: Our hierarchy of design elements composed of six main categories. Key categories used to facilitate the coding pro-
cess are displayed with a star symbol. Existing design elements introduced with previous taxonomies are displayed with a
coloured circle. Plain circles show elements composing existing taxonomies while empty circles show elements mentioned in

the corresponding papers. We took into account the equivalent terms such as  Dashed line in our taxonomy versus Do ed line
in the taxonomy by McAweeney et al. [64].
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covers two fundamental aspects of gures representing interactive lteration #gures #codes Fleiss' Krippendor 's

scenarioswhat is represented in the gurewhat codesandhowit 1 40 241 061 (f Ofoa 0.61 ( - 0:08
is representediow codes). We built a large dataset using gures g ;8 ;g'i g‘gi’ E: 8:13 g‘gi’g B 8:13
extracted from four HCI conferences and applied a grounded theory 4 20 272 063(=0:10 0.63( = 0:10

approach bQ, section 11.4.1.1] to determine the design elements
composing our taxonomy. Our global assumption regarding this
work is that identifying relationships between the di erent design
elements used for a gure would help us understand higher-level
strategies employed to represent speci ¢ types of interaction.

Table 2: Fleiss' kappa and Krippendor 's alpha agreement
scores among coders for each re nement iteration.

manual process helped to quickly create a preliminary version of

3.2 Data set collection taxonomy.

We collected the 2018 proceedings from the ACM CHI, UIST, CSCW 3.3.2 Step 2: Iteratively refine the taxonofihe preliminary ver-
and UbiComp conferences that were chosen as they were the four sion of the taxonomy was then re ned by iterating on the estab-
top conferences in HCI on Google Scholar when this process was lished codes, this time with four coders (including the three from
initiated, and cover the full spectrum of interactive contexts thatcan  step 1). Each iteration was composed of the following three actions.
be represented in HCI research. We automatically extracted 7243 First, coders exchanged about the current version of the taxonomy
gures and corresponding captions from the proceedings using to establish a list of modi cations to apply such as adding, remov-
pd gure2?. Finally, we manually sorted the extracted guresto ing, merging or reorganising categories. Second, a new subset of
only keep the 616 gures illustrating interactive scenarios that can  gures was extracted (still keeping 22% of patents) that coders were
be seen as tool us&§, i.e. gures involving one or several users asked to code using the newly modi ed codes. Third, an agreement
interacting with one or several interactive systems, and discarded score between coders was computed. As recommended by McDon-
gures that did not t this de nition ( e.gdata charts, tables or UML aldet al.[66 section 5.3.2], we used inter-rater reliability (and more
diagrams). precisely Fleiss' Kappa and Krippendor 's Alpha agreement scores,

As presented in the related work, we also decided to consider see section 6 for a discussion of how these methods were adapted
patent gures representing interactive contexts. We therefore to our problem) as a metric to verify agreement between coders.
complemented our dataset with gures from patents found on Note that after the rstiteration, some codes in certain categories
GooglePatenh the rst 30 pages using the keyword interaction.  were almost systematically selected. We therefore considered the
We only kept patents including at least one gure representing an  corresponding categories &gy categories, meaning that at least
interactive scenario, which gave us a total of 47 patents. We then one code inside each category should probably be selected (but was
manually extracted 179 gures from these patents. not mandatory) when coding a gure. Key categories wegeint of

In the end, our dataset consists of a total of 179+616=795 g- view, number of framedype, colour purposgtime, interaction type
ures illustrating interactive scenarios, extracted from both ACM  input channelndoutput modality

proceedings and patents. Coders proceeded to four re nement iterations in total, with
respective results of agreement scores for each iteration presented
3.3 Coding procedure in table 2. The rstiteration was conducted on a subset of 40 gures

3.3.1 Step 1: Grounded theory appro&ld. rst randomly ex- to have a consequent dataset to start with. Subsets of only 20 gures
tracted from our gure set a subset of 100 gures. As the propor- Were used for the three other iterations. Coders stopped after the
tion of patent gures over the whole set is about 22%, we ensured fourth iteration, after which 25% of the entire dataset had been

that the same proportion was kept in the extracted subset. Three c0dedandagreementscores con rmed as stablesutistantia[49
co-authors of the present paper acted sibjectiveoders in this suggesting that coders had agreed on the codes and their de nitions.

stef?. They were instructed to identify the design elements of each R€gardless, modi cations proposed by coders were systematically
gure by creating codes from scratch, with only one constraint; ~ Minor such as simply renaming a code, or adding a new item to get
each code had to answer one of the following questiongat is exhaqstlve categories (e.g. attivity orsnuatloncat_egones), w_hl_ch
represented on the guré®hat codes) andHow is it represented? ~ &re directly dependent on the gure context without providing
(how codes). Once the gures were coded, all the codes created useful information. Finally, we also computgd the average number
were analysed. To do that, each code was printed on paper strip of codesf selected by gures for_each |ter§t|0n. Inter_estlngly, that
using a colour scheme to di erentiate/hat codes (red) fronhow number increases with the iterations, possibly r_esultlng from both
codes (blue). Each paper strip0 included the name of the code and "€W codes that were added and coders getting more con dent
the number of times each coder used it, giving the information on cross the iterations. A complete overview of the re ned taxonomy
how signi cant a code can be regarding its number of occurrences. ¢&n be found Table 1. A full version, with code descriptions and
Coders then manually and collaboratively arranged together the d€ Nitions, is provided as adjunct material to this submission.
codes in di erent categories/hierarchies based on the relationships

between the codes, their similarities and their signi cance. This 3.3.3 Step 3: Coding the remainder of the datidéethen pro-

ceeded to coding the remainder of the data set, which consisted of

T . 595 gures, 460 were extracted from the ACM proceedings and 135
https://github.com/allenai/pd gures2 . -

2As explained below, this step required spatial co-location thus limiting the number of from patents. Since _the agreement_ sco_re stabilised among coders,

codersvho could participate only one coder e ectively took part in this step.
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We used two metrics to evaluate the precision of this coder.
The rst metric was subjective and simply consisted in giving a
con dence score from 1 to 5 after coding each gure in the dataset
(average con dence score was of 4.3= 0:8). The second metric
was objective and consisted in computing a stability score. We
duplicated 5% of the guresin the datase®(29 gures) in order to
control that the coding was consistent across the duplicate gures.
The stability score computed for each gure with Krippendor 's
alpha and Fleiss' kappa, was on average about 0.8 (:1, min =
0:5, max = 1:0) for both metrics. Note that only one gure had a
score of0:5 and eight a perfect agreement scorel® considering
the average number of codes selected for the 29 gure$G49
codes.

3.3.4 Step 4: Recode the figures used to elaborate the taxono
Finally, the coder who coded the remaining of the dataset in the
previous step made an additional pass on the 200 gures that were
used during steps 1 and 2, in order to update their coding this time
with the de nitive codes of the taxonomy. This step is required in
order to homogenise codes for all gures of the dataset and then
be able to analyse the entire dataset rather than limit the analysis
to the gures coded in step 3.

Note that during steps 3 and 4, respectively 18 and 4 gures
were excluded as these gures were eventually not considered as
representations of interactive scenarios. This subset corresponds
to 2:8%00f the dataset used for the taxonomy. In the end, our coded
dataset is composed of 773 gures, each coded with a set of what
and how codes.

4 ILLUSTRATION STRATEGIES OF

INTERACTIVE SCENARIOS

Eventually, we gathered a dataset of 773 gures, each of them coded
with a set ofwhat andhow codes. Our main goal is to nd relation-
ships between uses of codes and gures, nding relevant groups

of gures using a same group of codes. Our hypothesis is that in-
side each identi ed group of gures, analysing the relationships
betweenwhat andhow codes would yield to the understanding of
strategies used to represent interaction. We de ne a strategy as the
relationship between a group afthat and/orhowcodes in a set of
gures. One assumption is that, the more a given group of codes
is present in di erent gures, the more an underlying strategy is
expected to be used to represent the concept illustrated. We did
not nd any appropriate or standard method to analyse this mul-
tidimensional problem, therefore we chose to nd the strategies
using an exploration-based approach with our own exploratory
tool (described in section 5). During the data exploration, we identi-
ed three types of strategiesStructural Srategies §3, I nteraction
Strategies (S) andPatent Strategies PS). Structural Strategies are
strategies that can be applied to any gure, regardless of the type of
interaction illustrated, as they are mostly composednafw codes
groups. They provide guidelines on how to deal with the basics of
gure conception. To nd these strategies, we applied a bottom-
up methodology. We successively selecteaiv codes in our ex-
ploratory tool to observe the impact on othérow codes andvhat
codes without further treatments. We then analysed the resulting
gures to understand tendencies described in the following sec-
tions. We identi ed ve structural strategies: choosing a frame
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structure §S3, choosing a point of view§S3, sub-framing §S3,
de ning relationships between element$64, and preprocessing
photographs §S9.

InteractionSrategies are strategies that apply only to specic
interactive contexts. They are composed of groupsofvcodes
andwhat codes and thus, provide guidelines about representing a
speci c component of the gure. To identify these strategies, we
applied a top-down and grouping methodology. We successively
selectedvhat codes, and we recursively selected the most common
what codes present in the current gure set until the formed group
was relevant. Then, we observed the most preseotv codes in
the resulting gure set to obtain the strategy. We identi ed ve
interaction strategies: de ning the interactive spacks(), high-
lighting interactive elementsl§2), representing frame dynamic

n"( 3), highlighting users' actionsl§&4) and illustrating non-visual

feedbackIS5).

PatentSrategies were more straightforward to identify. As seen
inthe related work, illustrations guidelines already exist to standard-
ise gures in patents. We used the same bottom-up methodology as
for the general strategies to identify the strategies used in respect
to these standardisation rules. We also highlight examples of patent

gures showing that the introduced general and speci ¢ strategies
are used to illustrate interactive contexts in patents.

All these strategies are described hereafter using gures from
other papers as examples. Please note while some example gures
may be a portion of the corresponding original gures, no other
modi cation was applied.

SS1: Choosing a frame structure

Frame structure represents the layout of frames in the gure
i.e.their number and how they are arranged.

Number of frames

414 (69%) of the gures in the data set use multiple frames. The
number of frames directly depends on the interactive context. While
depicting an interactive system itself might require only one frame,
illustrating interaction sequences (Figure 1(a)) or design spaces
(Figures 1(b), 1(c) and 1(d)) uses multiple frames to show the main
steps of the sequence or the di erent possibilities of the designed
interaction. Among gures using multiple frames, 35% represent
interaction sequences and 55% design spaces.

Organising frames

Frames organisation depends on the content representation, the
number of frames, and in particular on the space available for the
gure. Interaction sequence frames are often organised using a
one-dimensional layout to facilitate the succession of frames (usu-
ally from left to right, see Figure 1(a)). Design spaces do not need
sequencing and provide more freedom to use di erent layouts, typ-
ically a grid layout, such as in Figures 1(c) and 1(d). Interestingly,
note that these grid-layouts can be nested, such as in 1(c) where
each frame of @ 2grid (identi ed using letters, see below) is com-
posed of two di erent frames using frame juxtaposition (discussed
in SS3).

Identifying frames
When creating a gure with multiple frames, it might be nec-
essary to indicate the order of the frames to the reader. These
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(a) Interactive sequence, letter identi ers [83, Fig. 16]

(b) Design space, letter identi ers [51, Fig. 1]

(c) Design space 2layout, letter identi ers [76, Fig. 3]

(d) Design space 4 layout, subtitles [93, Fig. 7]

Figure 1: Examples of di erent frame structures

identi ers are generally displayed on a frame corner or border. To

order frames such as in interaction sequences, letters or numbers
are generally used to identify each step of the sequence (see Figure
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are used for ordering and non-ordering purpose, the reader has to
understand the context to guess the meaning of the identi ers. In
that case, transition arrows between successive frames can be used
as an extra indicator to reinforce the image sequence and guide the
reading of the gure (Figure 1(a)). In the dataset 44% of gures used
letters, 13% subtitles, 5% transition arrows and 2% numbers.

SS2: Choosing a point of view

Each gure frame uses a speci c point of viewg.an observation
point with a particular perspective on the represented interactive
context. We identi ed four main points of view that depend on
the interaction illustrated39 person,15t person, top view, and
over-shoulder.

39 person view

The most frequently used perspective, with 323 gures (54%),
depicts a user interacting with a system, or the system itself, from
a3d person's point of view. For example, Figure 2(e) shows a user
wearing an HMD and Figure 2(f) illustrates the user posture in a
context of desktop interaction.

15! person view

Another frequently used point of view shows the scene from
the user perspective, using B! person view (170 gures, 28%).
Depending on the context, the way this point of view is used may
vary. Typically, in VR (24%) or AR (14%), tif& person view is
often a capture of what the user sees through the HMD with the
corresponding user interface (see Figures 2(e) and 2(c)). For other
contexts, using 45! person perspective is mostly used to focus on
user's hands or device such as in a touch interaction context (31%
represent mobile devices). As an example, Figure 2(d) shows speci ¢
touch gestures to use on a smartphone and the hand posture.

Top view

Representing the scene from a top view (101 gures, 17%) can
be used to get a wide angle of a scene to observe and ease the
readability of user interfaces by avoiding perspective. For instance,
top view is mostly used in touch (54%) and tangible (20%) interac-
tions as it allows to get a view on the user interface, user limbs
such as hands or ngers and the devices used. As examples, Figure
2(a) represents the tangible objects and the interactive surface and
Figure 2(b) illustrates speci ¢ gestures on a smartphone.

Over-shoulder view

Used in 55 gures (9%), this point of view aims to illustrate
the distance between the user and the system she is interacting
with. While not specially used for distal interaction, 21% of gures
concern distal pointing tasks. By positioning the point of view
above the user's shoulder, it is possible to observe the Ul and the
direction pointed by the user, as illustrated in Figures 2(g) and 2(h)
representing distal wall pointing and TV remote control.

1(a)). Letters and numbers are also used along with subtitles as SS3: Sub-framing

frame identi ers when ordering is not involved, for instance, in

Given a frame structure for a gure and a point of view for each

design spaces. For example, Figure 1(b) only uses letters, Figureframe, di erent strategies can be used to combine visual elements
1(d) subtitles and Figure 1(c) both. As both letters and numbers using sub-framing.
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(a) Top view [41, Fig. 5] (b) Top view [30, Fig. 2] (a) Frame magni cation [3, Fig. 1{b) Frame magni cation 90, Fig. 5]
(c) 13t person view [56, Fig. 3] (d) 15! person view [86, Fig. 2] (c) Frame juxtaposition [45, Fig. {d) Frame juxtapositiond0, Fig. 12]
(e) 39 person view [16, Fig. 5] (f) 39 person view [92, Fig. 1] (e) Picture-in-picture [10, Fig. 3] (f) Picture-in-picture [53, Fig. 4]
(g) Over-shoulder view [63, Fig. Bh) Over-shoulder view80, Fig. 6] (g) Frame blending [94, Fig. 11] (h) Frame blending [56, Fig. 6]
Figure 2: Examples of di erent points of view Figure 3: Examples of di erent sub-framing strategies
Frame magni cation main gure level while keeping the same perspective. The zoomed

Frame magni cation consists of embedding subframes in the area is typically enclosed and linked to the subframes. We counted
main frame to represent a zoomed portion of the gure. These 24 gures (4% of the dataset) using frame magni cation. In Figure
subframes are used to provide focus and context at the same time, 3(a), the lens provides details about a speci ¢ hand gesture with
by adding sub-level information that cannot be represented at the a stroboscopic e ect and a motion arrow that would be hard to
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notice at the gure level. In Figure 3(b), the lens gives a detailed
representation of haptic feedback.

Frame juxtaposition

Subframes can also be juxtaposed and separated by a line or
white space, vertically or horizontally. This strategy is often used to
represent di erent perspectives on the same gure. 80 gures (13%
of the dataset) use frame juxtaposition, from which 25% correspond
to a VR interaction context. Figures 3(c) and 3(d) are two examples
of juxtaposed subframes use, where one subframe represents the
user's perspective and the other the user interface.

. . (a) Areacolour grouping91, Fig. 1](b) Area colour grouping94, Fig. 1]
Picture-in-picture

With Picture-in-picture (PiP) one frame is embedded into an-
other. In contrast to frame magni cation, the two subframes do not
represent the same image at di erent zoom level. Picture-in-picture
was used in 38 gures (6%) in our dataset. Figure 3(e) and 3(f) show
two use cases of PiP, such as illustrating di erent points of view
in the same gure (from di erent users for example) or showing
details about a created device used in a system.

Frame blending
Finally, frames can be blended, by overlaying subframes (often
two) on each other using transparency. This strategy is mostly used
to overlay virtual/digital content on the real world representation. (c) Objects colour grouping39 (d) Legend colour grouping4Q,
Frame blending was used in 47 gures (7%) of our dataset, from  Fig. 8] Fig. 6]
which 67% illustrate AR interaction. For example, Figure 3(g) over-
lays with transparency the interactive space boundaries for the user
in VR. Figure 3(h) overlays an AR interaction user interface.

SS4: De ning relationships between elements

These speci ¢ strategies gather techniques used to group or link
elements inside and outside the gures such as by associating a
label or a de nition to an element, or grouping multiple elements
across one or multiple frames. Three strategies are used for that
purpose: colour, shape and identi ers grouping.

Grouping using colours (e) Arrow grouping [90, Fig. 5] (f) Line grouping [79, Fig. 9]
Colour grouping (used in 73 gures, 12% of our dataset) consists

of grouping elements for a gure using the same colour for lling,

strokes, or even text. For example, interactive areas in Figure 4(a)

are displayed using di erent colours, with areas corresponding to

the same nger displayed with the same colour. Figure 4(b) groups

the global interactive area borders in red and the personal area

in orange. Figure 4(c) uses di erent colours, green for interactive

objects and blue for the interactive area. Finally, Figure 4(d) uses

colour grouping to link gure elements to a legend.

Grouping using lines and arrows

Simple geometric shapes can also be used to group elements.
Typically, arrows can be used to group an object of the system with
a descriptive element (typically a label), while lines can be used to
connect multiple objects of a gure. For instance, Figure 4(e) uses Figure 4: Examples of strategies used to de ne relationships
yellow arrows to add extra information to describe the vibrations ~between elements
generated by haptic elements. Figure 4(f) on the other hand uses
plain lines with a label to link real objects in the photography to the
corresponding virtual objects on the display. 79 gures (12%) use
arrows and lines grouping, from which 71 gures use additional
text annotation for grouping.

(g) Number grouping [79, Fig. 7] (h) Letter grouping [2, Fig. 14]
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(a) Background removedp, Fig. 6](b) Background
Fig. 18]

removed 5F,

(c) Background greyed out5B(d) Anonymisation blur L1, Fig. 5]
Fig. 4]

(e) Anonymisation
Fig. 1]

ling [23

Figure 5: Examples of photograph preprocessing strategies

Grouping using identi ers

Finally, identi ers such as letters or numbers are also used to
provide structure. These identi ers are often placed on the object
itself or next to it. Figure 4(g) uses the number 1 twice to show that
the blue transparent and opaque blue parallelepipeds are the same
object that is actually moved. Figure 4(h) uses letter identi ers A, B,
C and D to link speci c parts of the gure to extra information out-
side the gure such as de nitions in the caption (not included). We
found 31 gures (5%) using identi ers for grouping in our dataset.

SS5: Preprocessing photographs

Two strategies, speci c to photographs, consist of pre-processing
the raw medium (i.e., the source photo) in order to highlight speci ¢
elements, or anonymize users.
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Background removal

We found 12 gures (2%) that removed the background and two
gures greying out the background in our dataset among the 387
gures using photographs. While uncommon, it corresponds to a
strategy which consists in removing or blurring the background
of a photograph in order to make the main elements such as the
users and the system stand out, while at the same time remove
unnecessary details that might distract the viewer's attention or
result in visual clutter. Figures 5(a) and 5(b) are good examples
of users and devices detouring. Figure 5(&§[shows a greyed
background highlighting the tablets.

Anonymisation blurring or lling

Two strategies can be used to anonymize users. The simplest one
consists in blurring portions of the gures where users faces appear
(see Figure 5(d)). We only found 9 gures using such anonymi-
sation technique in our dataset. Another type of anonymisation
(not present in our dataset) might also be used, such as lling all
the areas of the gures showing a person in order to anonymize
their identity. Figure 5(e)23 is a good example of such technique.
Buxton [14 and Greenberget al.[31] refer in this context to the
technique of hybrid sketching: a part of the original photograph
is kept, while other parts are sketched over (in this case here in
order to anonymize). Besides anonymisation, hybrid sketching can
be used more broadly for any interaction scenarios where it is im-
portant to provide rich information about the context of the scene
(through the photograph), and overlaying these photographs with
the sketched elements illustrating an interaction technique, device,
or interface.

IS1: De ning the interactive space

Highlighting the physical dimensions of an interaction space (e.g.,
the two-dimensional area or a three-dimensional volume) is useful
to show a constrained space or a speci ¢ environment a person can
interact.

Colouring the interactive space

Applying a speci c colour to a portion of the gure is a strategy
that is often used to highlight a 2D interactive space. Figures 6(b)
and 6(c) provide good examples of coloured interactive spaces.
The former shows a constrained on-skin interactive touch surface
limited to the arms of the user. The latter shows the area of possible
user displacements in a distal interactive context. Highlighting
3D spaces with colour can also be done using a geometrical 3D
shape enclosing these physical spaces. Figure 6(a) demonstrates
this technique where a semi-translucent blue cube is used for the
3D volume a person can interact with the system.

Highlighting the borders of a space

Instead of directly highlighting the interaction space, some g-
ures use space delimiters to provide spatial structure. A classic
approach is to draw lines on the gure as space delimiters. Figures
6(d) and 6(e) are good examples of the use of lines: while both
gures are delimiting VR spaces, the rst one is using plain white
circles, and the second one dashed lines. Figure 6(f) instead uses
transparent coloured panels embedded in the gure as borders for
each individual interaction space in the VR environment.
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