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ABSTRACT

1.

We introduce WikiNect as a kinetic museum information
system that allows museum visitors to give on-site feedback
about exhibitions. To this end, WikiNect integrates three
approaches to Human-Computer Interaction (HCI): games
with a purpose, wiki-based collaborative writing and kinetic
text-technologies. Our aim is to develop kinetic technologies
as a new paradigm of HCI. They dispense with classical
interfaces (e.g., keyboards) in that they build on non-contact
modes of communication like gestures or facial expressions
as input displays. In this paper, we introduce the notion of
gestural writing as a kinetic text-technology that underlies
WikiNect to enable museum visitors to communicate their
feedback. The basic idea is to explore sequences of gestures
that share the semantic expressivity of verbally manifested
speech acts. Our task is to identify such gestures that are
learnable on-site in the usage scenario of WikiNect. This is
done by referring to so-called transient gestures as part of
multimodal ensembles, which are candidate gestures of the
desired functionality.

Using state of the art technologies of gesture-based 3D
interaction, this paper conceptualizes a novel kind of interactive information system, called WikiNect 1 . The application area of WikiNect relates to three museum-related tasks.
Firstly, based on the Kinect technology, WikiNect aims at
enabling museum visitors to give on-site feedback about museum exhibitions by means of what we call non-contact gestural writing (see below). Secondly, using the MediaWiki
technology, WikiNect allows for online collaborative writing
regarding the further processing of this feedback. Thirdly,
WikiNect enables prospective visitors to learn about a museum’s exhibitions by means of the gesturally documented
experiences of former visitors and their elaborations according to the wiki principle. To this end, WikiNect integrates
three approaches to HCI: the paradigm of games with a purpose, the principle of wiki-based collaborative writing and the
concept of kinetic text-technology.

Categories and Subject Descriptors
I.2.7 [Computing Methodologies]: Natural Language Processing—Discourse, Language models, Language parsing and
understanding, Machine translation, Speech recognition and
synthesis, Text analysis; J.5 [Computing Applications]:
Arts and Humanities—Architecture, Arts, fine and performing, Fine arts, Language translation, Linguistics, Literature,
Music, Performing arts (e.g., dance, music)

General Terms
Conceptual

Keywords
Gesture-based controlling, Kinect, HCI, WikiNect, Learning, Gestural writing, Wiki, Transient gestures
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INTRODUCTION

1. Games with a Purpose [18] were developed in order to integrate tasks of information processing, which are not yet
fully automatable, into web-based games. The idea is to
attract volunteers who generate the desired classifications
or segmentations (e.g., of texts [15] or images [19]) as a
byproduct of their gaming. That is, the entertainment
value of such interactive systems is exploited in order to
motivate volunteers to participate as well as to produce
high quality annotations.
2. Wikis [4] were developed in order to enable users to cooperate in generating and modifying nodes of text networks
mostly without central control.
3. Kinetic text-technologies are developed as a new paradigm of HCI. They dispense with the need for using classical, contact-based interfaces (e.g., keyboard) and allow
for using gestures, body movements and facial expressions
as means for controlling programs and, more specifically,
for sign production and processing.
In this paper, we present WikiNect as an architectural
model that integrates these three paradigms by example of
an interactive museum information system. Museums need
to know what visitors think about their exhibitions, how
they appreciate them and how they assess them. This also
includes questions about the relations visitors imagine between the pieces of an exhibition and their appropriate or
inappropriate placements. This information is relevant, for
instance, for evaluating museum education programs and
for providing feedback for the curator. So far, the preferred
1

“WikiNect” is a portmanteau based on Wiki and Kinect.

2.

GESTURE-BASED INTERFACE

Our aim is to develop WikiNect as a museum information
system that provides a platform for visitors to give feedback
on the artifacts they have seen. For this task, WikiNect will
be equipped with a display that depicts series of these artifacts. In order to select images out of these series, users are
likely to interact multimodally, that is, by means of speech
and gesture [13, p. 421]. By gesture, we refer to co-verbal
hand and arm movements that accompany the turns of conversational participants, that is, gesticulations and speechframed gestures in the sense of Kendon’s continuum [1, 9].
One characteristic of gestures of this sort is that they do
not have conventionally fixed form constraints (in contrast
to gestures of a sign language). That is, the manifestation
of a gesture is rather free and driven by contextual or individual influences.
Generally speaking, gestures are classified into three types:
deictic gestures, iconic gestures, and beats [9]. The proto-
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(data stream)

Learning

way to get this information is to use questionnaires that are
hardly interactive, and for that reason provide little motivation for participation. WikiNect aims at solving this deficit.
The basic scenario of WikiNect is that visitors can produce
gestures in order to generate speech acts whose propositional
content gives information about objects (paintings, sculptures etc.) of exhibitions, their attributes (e.g., quality) and
relations (e.g., painting A and B both contain the same segment C). Using the underlying wiki, users can further process and extend their assessments online.
Our basic research question concerns the identification of
gestures that fulfill three constraints in order to allow for
gestural writing in the framework of WikiNect: firstly, relevant gestures should be instantaneously learnable, so they
do not require previous learning by museum visitors. Secondly, target gestures should be automatically segmentable
and identifiable in terms of high recall and precision rates.
Thirdly, relevant gestures should allow for a sort of gestural writing whose expressivity accords to speech acts. As
these are conflicting constraints, our research task describes
a fuzzy constraint satisfaction problem where candidate gestures may only partly fulfill these constraints. In this paper,
we identify necessary conditions of such gestures in conjunction with a typology of speech acts that can be manifested
by the sort of gestures in question.
In Section 2 we address the problem of how gestures can be
instantaneously learnable and connected with speech acts.
Our strategy is to exploit speech-and-gesture ensembles that
integrate co-verbal gestures and their affiliated speech by
short-term routinization. Section 2.1 introduces the notion
of speech-and-gesture ensembles by empirical examples. In
Section 2.2, the creation of ensembles is used as a model
for a short-term learning process by which gestures can be
“loaded” with speech act functionality such that they enable
gestural writing as a purely kinetic mode of interaction with
WikiNect. This empirically driven discussion allows us to
pinpoint a “manifestation grid” of speech acts in the setting
of multimodal interaction, which is set up in Section 2.3.
An explorative study (Section 3) on the co-verbal use of
gestures in natural language dialogs gives first clues on how
the grid looks empirically. It sheds light on the spontaneous
generation of gestures in multimodal communication and,
therefore, can be referred to as a testbed for studying the
characteristics of gestures as means for gestural writing.

















On-site situation
of WikiNect usage
Ensemble
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t-Gesture

“Gestural writing”

Figure 1: From motion capturing to gestural writing.

typical deictic gesture is pointing, a gesture referring to objects [3]. Iconic gestures are said to bear resemblance to
the thing they depict. Finally, beat gestures are used for
emphatic or rhythmic purposes. Deictic and iconic gestures
are further subdivided according to whether they represent
something concrete or abstract [9]. Since beats are not representational, this distinction cannot be applied to them.
A more detailed, functional classification of gestures distinguishes deictic and iconic types according to a representation technique or practice [12, 2, 17]. The classification
scheme used below acknowledges the following representation techniques (plus combinations of them) [6]:
• Indexing: pointing to a position within gesture space;
• Placing: as if an object is placed or set down within gesture space;
• Shaping: as if an object’s shape is contoured or sculptured
in the air;
• Drawing: as if the hands trace the outline of an object’s
shape;
• Posturing: the hand(s) form(s) a static configuration of
the object;
• Sizing: as if hands or fingers indicate a certain distance
or size;
• Modeling: the hand is used as a proxy for an object;
• Counting: fingers are used to enumerate things by means
of what can be construed as an iconic representation of a
tally sheet;
• Hedging: an indication of uncertainty (typically by a wiggling or shrugging movement).
The non-conventionalized nature of gestures does not allow for modeling them by means of a gesture lexicon, that
is, a fixed set of form-meaning pairs. Rather, we stress the
fluid nature of gestures such that any kinetic interface has
to start with detecting movements before interpreting them
in the usage context of WikiNect. That is, the meaning of
a gesture has to be explored in a strictly context-sensitive
manner. This two-fold model of WikiNect-based gesture detection is sketched in Figure 1. It relies on the notions of
ensemble and gestural writing by means of gestural propositions, which are elaborated in Sections 2.1 and 2.2.

2.1

Speech-and-Gesture Ensembles

Besides the linguistic routinization process that contributes
to the efficiency of dialogical, human-to-human communication [14], there is semiotic alignment between signs of

Figure 2: Route through the SaGA town along several landmarks. (The figure is taken from [6].)

bis irgendwann mal der
Haupteingang kommt,
das ist [ein großer
grauer Bogen]

wo [der große
Bogeneingang] kommt

Figure 4: Ensemble 2: repetition of gesture, but reduced
speech.

ro. . . nein blaue
[Notfalltreppen]

gleiche Farbe wie diese
[Notfalltreppen]

Figure 3: Ensemble 1: Repetition of speech and gesture.

different modalities, for example, between speech and coverbal gesture [10]. This modality-crossing alignment leads
to the development of so-called multimodal ensembles [2, 8]
as cross-modal sign aggregates. Let us illustrate such ensembles by means of real-life examples taken from the (German)
Speech and Gesture Alignment (SaGA) corpus [7]. The data
gathered within SaGA are video recordings of direction dialogs, where a direction giver (henceforth, DG) describes a
certain route through a virtual town to a direction addressee
(DA). In order to give a direction, the DG frequently makes
use of orienting landmarks. See Figure 2 for an overview
of the route (Street 1 through Street 5) and the main landmarks.
In SaGA dialog V5, starting at minute 2:33, the DG describes the fire exit stairs in the wings of the town hall. He
says that the town hall has blue emergency stairs (blaue Notfalltreppen) and simultaneously produces a static C-shaped
gesture with each hand – see the left part of Figure 3. Note
that words that overlap with the gesture are put into square
brackets. At minute 2:47, the DG refers to the exit stairs
again, namely not only by means of the same nominal expression as before (Notfalltreppen, “emergency stairs”). He
also reuses the same gesture – see the right part of Figure
3. Obviously, the DG’s speech and gesture work together in
order to denote a certain (plural) discourse referent.
Why do we think that the example from Figure 3 constitutes an ensemble, rather than being an unconnected reduplication of verbal and gestural means? The reason is
that the co-occurrence of these signs results in a coupling of
speech and gesture that together constitute a holistic representation of a discourse referent. The examples presented in
Figures 4 and 5 provide evidence for this “ensemblehood”.

die Skulptur die hat’n
[Betonsockel]

rote Röhren auf ’m
[Sockel]

Figure 5: Ensemble 3: Both reduced speech and gesture.

In SaGA dialog V5 at minute 6:44 the DG introduces the
arch-shaped entry of the park. The verbal description until
you eventually come to the main entrance, that is a large,
gray arch (translated from the source “bis irgendwann mal
der Haupteingang kommt, das ist ein großer grauer Bogen”)
is accompanied by a gesture depicting the arch-shaped outline of the entrance (see left part of Figure 4). At video
time 7:40, the DG refers to the entrance again. Although
the gesture is repeated, the laborious nominal expression
main entrance, which is a large, gray arch is shortened to
the adjective-noun construction large arch-entry (“große Bogeneingang”). Again, the discourse referent is denoted multimodally. However, the verbal description is now heavily
simplified.
Simplification is not restricted to the verbal part of speechand-gesture ensembles. In fact, both modalities may undergo modification. Take for instance DG’s description of
the sculpture from SaGA dialog V5 at minute 0:38 (see the
left part of Figure 5). Here it is expressed that the sculpture
stands on a concrete base (“Betonsockel”). The form of the
base is indicated by a dynamic gesture (see [16] for an analysis of this example). Later on, both gesture and utterance
get shortened: the nominal expression reduces to its head
base (“Sockel”), while the dynamic gesture cuts down to a
static one (see the right part of Figure 5).
Note that ensembles are signs that can be used by both
dialog partners. For instance, the ensemble “Betonsockel +
gesture” is taken up by the DA in his direction summary
shown in Figure 6. The ensemble uptake by the DA occurs
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hat auch einen [Betonsockel unten]
Figure 6: Uptake of Ensemble 3.
at minute 14:07 of dialog V5 – nearly 14 minutes after the
DG introduced it. This indicates that ensembles are stable
aggregates that persist at least throughout the life-span of
a dialog. In effect, ensembles are spontaneously learnt and
shared during conversations. This is what makes them interesting for exploring gestures as means of gestural writing
in WikiNect.
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Via a coupling as observable in the constitution of speechand-gesture ensembles, a gesture can become associated with
a verbal predicate. This process is illustrated in Figure 7.
It starts from a speech act whose proposition reads as a
statement that a referent x has some property R1 (row 1).
Both parts of the proposition, reference and predication, can
be manifested by a multimodal utterance, where the shortened verbal statement is accompanied by gestures (rows 2
and 3). Due to associating gestures with these parts via cooccurrence, it becomes possible to omit the verbal statement
and to express the proposition by purely gestural means,
that is, by gestural writing (row 4). Note that the association tends to connect the deictic gesture type with the
reference and the iconic gesture type with the predicate of a
proposition. The bridging between exclusively verbal input
and exclusively gestural input is accomplished by means of
co-verbal gestures as part of ensembles. We refer to these
bridging gestures as transient gestures, or simply t-gestures
(cf. Figure 1).
The speech acts in Figure 7 contain one reference and
one predication. In this scenario, gestural writing has to
detect a referential and a predicational gesture. However,
WikiNect will need to deal with more complex propositions
(distinguished by the number of arguments) and different
types of predication involved. This scenario includes at least
three types of transitivity to be mapped by gestural writing:

This one
1





Gestural Writing

Figure 7: From utterances via multimodal behavior to gestural writing in four steps.




2.2

4

Predication, R2

Figure 8: Transitivity patterns of speech-gesture interaction.

(row 3) or relations that involve other kinds of arguments
than nominal ones. The patterns displayed in Figure 7 and
8 can be considered the most basic ones that have to be
mapped by WikiNect in order to approximate the expressivity of verbal manifestations of speech acts.
>From this point of view, gestures must fulfill three basic
roles in gestural writing so as to be enabled by WikiNect:

• transitive, symmetric predicates where the arguments of a
transitive relation have to be filled;
• transitive, asymmetric predicates where subject and object have to be distinguished;
• ditransitive predicates where the objects of a three-place
relation have to be distinguished gesturally.

1. referential gestures single out the objects that are the
arguments of attributions;
2. predicational gestures select predicates that express the
attribute or relation;
3. sequencing gestures separate the arguments of a relation
and, thereby, distinguish between different logical roles of
a predication.

Figure 8 exemplifies these patterns. In the simplest cases
(row 1), the relation is symmetric, so that it does not matter,
at least in logical terms, which referential gesture is associated with which argument. A definite association has to be
achieved for asymmetrical relations, however (row 2). Matters get more complex in the case of ditransitive relations

In sum, the interplay of referential, predicational and sequencing gestures facilitates the gestural expression of propositions thereby introducing gestural writing as a novel means
of HCI that shares a great deal of expressivity of verbal
communication. To this end, the gesture-based interface of
WikiNect has to integrate three modes of sign-processing:

1. It has to process verbal and gestural input to enable users
to generate multimodal ensembles without relying on sign
languages or lexica of emblematic gestures.
2. It has to identify t-gestures that facilitate the transition
from verbal to gestural communication.
3. Finally, it has to support the transition to purely gestural
interaction to bring about gestural writing as an intuitive,
instantaneously learnable mechanism of HCI.
>From the point of museum visitors, the distribution of
communication effort onto speech and gesture does not merely
allow for more efficient interactions. It also reduces the effort to learn gestures as means of gestural writing, which
otherwise would need to be learnt in advance, that is, offsite. >From this perspective, t-gestures are the preferred
means to provide both candidate means of gestural writing
that can be learnt on-site.

2.3

Manifestation Grid of Propositions

As an upshot of the previous discussion, we identified the
following dimensions along which the gestural manifestation
of a proposition can vary:
Arity: The predication of a proposition can be a n-place
relation.
Argument types: The arguments of the predication can
be of various linguistic types: nominal, verbal, sentential,
adjectival, prepositional (and perhaps even more).
Gesture type: Gestures can be of at least three different
kinds: deictic, iconic and beat.
Concrete/abstract: Representational gestures can be used
metaphorically relating to something abstract or concrete.
Handedness: A gesture can be constituted by a single hand,
simultaneously to another one-hand gesture, or by two hands.
Optional/obligatory: The presence of a deictic or illustrative means may be forced by “multimodal subcategorization” [5] (obligatory) or not (optional).
Modality: In the case of speech and gesture, the modality
of a proposition can take three values: unimodal speech,
unimodal gesture, or bimodal (speech-and-gesture ensembles).

Table 1: Bipartivity of the association of gesture and phrase
types derived from multimodal ensembles of seven dialogs.
Dialog
D2
D4
D5
D6
D7
D24
D25

|O|

|E|

βr

βa

21
45
49
39
20
30
21

12
49
33
14
12
26
14

0.8
0.777273
0.764286
0.787879
0.666667
0.796875
0.65

0.866667
0.86
0.915385
0.929293
0.857143
0.852273
0.825

that if multimodal ensembles are learnt in a conversation as
stable associations of gesture and speech, then there should
be a tendency towards unification between both aggregates.
In this case, knowing a gesture tells you much about the
phrase type of its verbal affiliate. Thus, even a latent tendency to unification may be read in support of our hypothesis. See Table 1 for the corresponding quantitative assessment of bipartivity where the 3rd column denotes the overall
number of links between gesture and phrase types. β is a
simple index that relates the latter number O of observed
links to the expected number E of links in a graph of equal
order in which each GT relates to every PT:
β =1−

O
E

(1)

The above-given list provides a typology that structures
and guides the learning task inherent in WikiNect. Together
with the patterns shown in Figure 7 and 8, it can be used
as a blueprint to interpret gestures in gestural writing.

Note that in the 4th column (βr ) of Table 1 only those vertices are considered that are not isolated, while in the 5th
column (βa ) isolated vertices are included. The range of
dialogs analyzed here displays both types of dialogs with
a many-to-many mapping (or bilateral diversification) between gesture types and PTs (see D24 ) and those that tend
to a bilateral unification (see D2 ). In all these cases, the relation is latent such that values of β are located slightly above
the equilibrium of diversification-unification. Of course, this
result is even more prevalent when also accounting for isolated PTs and GTs, that is, for gestures that do not occur
with verbal affiliates (see column 5 in Table 1). This can
be understood as a hint on the effectiveness of multimodal
ensembles as latent aggregates that persist the life-span of
a dialog (for a more elaborated account of this relation see
[11]). According to the needs of WikiNect, these aggregates
may be explored as t-gestures as means of gestural writing.

3.

4.

EXPERIMENTATION

In order to shed light on the existence of t-gestures as part
of multimodal ensembles, we provide an empirical account
of the association of Gesture Types (GT) and of the Phrase
Types (PT) of their verbal affiliates. This is done by means
of a subset of seven dialogs of the SaGA corpus. For each
gesture in these dialogs, the PTs to which the gesture is related have been annotated. Further, each dialog is used to
induce a bipartite graph that maps the association of GTs
and PTs (see Figure 9). In the present case, we associate
techniques for representing gestures as enumerated in Section 2 with PTs. According to Figure 9, there are techniques
(e.g., iconic counting) that tend to be associated with a certain PT (e.g., NP). On the other hand, there are techniques
that diversify over PTs (e.g., iconic shaping in V5).
To give a more systematic account of this association, we
compute a simple index of bipartivity. Our hypothesis is

CONCLUSION

We introduced WikiNect as an interactive system that
integrates three paradigms of HCI. We focused on kinetic
text-technologies by example of gestural writing as a means
to give on-site feedback via WikiNect regarding the exhibitions of a museum. A basic outcome of this paper is that
so called transient gestures as part of multimodal ensembles are likely to be the best means of gestural writing that
are both expressive and learnable in a short-term manner.
The paper also provided a typology of gestural propositions
and of their constituents that can be used as blueprints to
interpret gestures in gestural writing. Finally, the paper
provided empirical results about the distributions of transient gestures as part of multimodal ensembles. In future
work, we will study a prototype of WikiNect that shows
how to learn such gestures from HCI between human users
and WikiNect.
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Figure 9: Sample Representation Technique-Phrase Type graphs (isolated vertices are omitted). Phrase types are abbreviated
as follows. S: sentence, VP: verb phrase, NP: noun phrase, NOM: nominal, AP: adjective phrase, ADVP: adverb phrase, VPdisk: discontinuous verbal expression, P+ADV-CX: preposition-adverb construction, (self- or other) REPAIR, ?? unknown.
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