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AbstractMany outdoor spaces have hidden stories connected with them that can be
used to enrich a tourist’s experience. These stories are often related to environmental
features which are far from the user and far apart from each other. Therefore they are
difficult to explore by locomotion, but can be visually explored from a vantage point.
Telling a story from a vantage point is challenging since the system must ensure that
the user can identify the relevant features in the environment.Gaze-guided narratives
are an interaction concept that helps in such situations by telling a story dynamically
depending on the user’s current and previous gaze on a panorama. This chapter
suggests a formal modeling approach for gaze-guided narratives, based on narrative
mediation trees. The approach is illustrated with an example from the Swiss saga
around ’Wilhelm Tell’.

1 Introduction

Outdoor spaces offer a variety of opportunities and experiences for tourists. On
the one hand, they facilitate physical activities, such as hiking, skiing, or climbing.
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Previous HCI research has aimed at supporting these kinds of sports activities in a
way that contributes to individuals’ health,well-being, and safety [5, 34]. On the other
hand, outdoor spaces also feature unique opportunities for learning and entertainment
[29, 16]. For instance, there seems to be a widespread interest in knowing the names
of environmental features in sight, as can be seen in the prevalence of augmented
reality (AR) apps, such as PeakFinder1.

Many touristic outdoor spaces around the world have fascinating yet complex
stories to tell, which are not easy to communicate through simple interaction ap-
proaches. Consider, for instance, the history and literary fiction connected with a
Swiss mountain panorama (see section 3 and [17]), Romantic poetry related to the
English Lake District [8], or the formation history of geological phenomena in a
US national park. The plot of such stories typically involves more than one environ-
mental feature and has narrative ordering dependencies. Previous work on locative
media has suggested to tell these stories by guiding users through a sequence of
relevant places using positioning technology [23, 8] or through magic lens-based
interaction with maps, such as in the WikEar system [31]. Often, however, a story
involves environmental features which are far from the user and far apart from each
other, but easy to explore visually from one (or a small set of) vantage point(s).

Here, we consider guides that tell stories to a tourist standing at a vantage point.
A particular challenge is that the system must ensure the user can identify the rel-
evant features in the environment. For such interaction scenarios, we have recently
introduced Gaze-Guided Narratives [20], a novel interaction concept which com-
bines gaze guidance [21] with storytelling [25]. While the benefits of the interaction
concept were demonstrated with two user studies [20], the creation of a gaze-guided
narrative for a new panorama is cumbersome and laborious since the connection
between panorama and audio content is currently defined by a developer on the
source-code level. In order to support complex and large narrative structures and
facilitate the inclusion of domain experts in the process, a formal modeling approach
would be desirable that enables both, visual and automated model checking (e.g., for
avoiding deadlocks and ensuring completeness).

This chapter proposes a formal modeling approach for gaze-guided narratives,
which is based on narrativemediation trees. The approach allows us tomodel the state
of an interactive narrative system such that we can differentiate between narrative-
induced user actions (e.g., telling a user to look at a new landmark for the next part
of the story) and user-directed changes in the narrative (changing the story because
the user is focused on a new location). We illustrate the modeling approach with an
example from the Swiss saga about ‘Wilhelm Tell’.

The rest of the chapter is structured as follows: Section 2 discusses related work
on storytelling, eye-based interaction, and reiterates on the gaze-guided narratives
interaction concept (Section 2.3). In Section 3, the ‘Wilhelm Tell’ scenario is intro-
duced. Gaze-guided narrative mediation trees are formally defined and illustrated
with the ‘Wilhelm Tell’ scenario in Section 4. The chapter closes with a conclusion
and outlook (Section 5).

1 https://www.peakfinder.org/
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2 Related Work

2.1 Interactive Narratives

Interactive systems that tell narrative stories in virtual and real world environments
are now commonplace and are exemplified by computer games. But beyond enter-
tainment, interactive narrative systems have been developed for education, similar to
tourism guides [33]. With the increasing availability of location-based technologies,
interactive narratives are being developed that unfold in the real-world, including
outdoors [9]. The degree of control that the user has to shape the narrative can
vary from stories where the user is largely free to choose any path to ones where
the sequence of events in the narrative are highly-controlled [7]. Formally, this re-
quires a graphical representation of the narrative state of the system and user, as
well as the development of narrative planning algorithms, which are derived from
general planning algorithms in artificial intelligence [24, 35]. Narrative intelligence
research incorporates theory from narratology, where the narrative planning can be
influenced by formal rules of how events, characters, goals, and themes combine
to create an engaging and coherent story [3, 28, 25]. In this work, we present an
abstract graphical model for gaze-guided narratives that enables narrative planning,
although it does not explicitly model all narrative elements, such as characters and
themes. This is because in most cases tourism guides do not have the same degree
of narrative complexity as literary works, and the purpose of the storytelling is more
informational than affectual. However, one could incorporate those elements in the
choice of story plans that are available in the graph (see Section 4).

2.2 Outdoor Gaze-Based Interaction

Gaze-based interaction, as enabled by eye tracking technology, can be used for
implementing intuitive, natural, and unobtrusive ways of interacting with a computer
system [22]. While gaze-based interaction using stationary eye trackers has entered
the consumer market, e.g., in gaze-based gaming [32], mobile gaze-based interaction
is much less common and mostly at the stage of research prototypes [6]. This applies
even more to outdoor scenarios where eye tracking is often challenging due to
interference with sunlight and higher mobility leading to degradation of calibration
[12].

Despite these challenges, outdoor mobile eye tracking offers various opportuni-
ties for gaze-based interaction. For instance, by integrating gaze-based interaction
with positioning, novel types of location-based services (LBS) become possible
(Location-Aware Mobile Eye Tracking, [18]). Three types of spatial context can be
used for this type of interaction [10]: the space interacting in (i.e., the user’s position),
the space interacted with (i.e., the environmental object looked at), and the spatial
information interacted with (e.g., a map used for orientation in wayfinding).
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Here, we consider a stationary user interacting with static environmental features
(e.g., mountains). A working prototype for these types of scenarios has been devel-
oped in the scope of the LAMETTA project (Location-Aware Mobile Eye Tracking
For Tourist Assistance, http://www.geogaze.ethz.ch/lametta/) [1]. Figure 1 shows the
system at a science fair in Zurich (Scientifica, September 2017). The LAMETTA
system has also been used outdoors for city panoramas (Figure 2, [1]) and in a virtual
CAVE (Cave Automatic Virtual Environment) environment (see next sub-section).

2.3 Gaze-Guided Narratives

We have recently introduced Gaze-Guided Narratives [20], an interaction concept
that combines gaze guidance and narrative features. A prototype for demonstrating
and testing the interaction concept was designed for the scenario of exploring a city
panorama from a vantage point. First, we evaluated the system through an empirical
controlled lab study in a virtual CAVE environment (Figure 3) with 60 participants,
and then the feasibility was demonstrated with a real-world outdoor study with 16
tourists. Our results revealed that, compared to the system without the interaction
concept, the system with Gaze-Guided Narratives could enhance user experience,
lower cognitive load, and assist users in the acquisition of spatial knowledge in
unfamiliar places.

Furthermore, Gaze-Guided Narratives are not only limited to tourism scenarios
but can also be applied in other scenarios, such as mobile learning in outdoor space
or the creation of dynamic story lines in location-based games (as suggested in a
recent position paper [14]).

Fig. 1 Demo of the gaze-based tourist guide for a panorama wall (exhibit at science fair).
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Fig. 2 Gaze-based tourist guide for a city panorama.

Fig. 3 Gaze-Guided Narratives study carried out in the virtual CAVE environment.

The work has demonstrated the benefits of using the Gaze-Guided Narratives in-
teraction concept and it also showed the need for further development of a systematic
model which could support complex narrative structures.

3 Scenario: Swiss Mountain Panorama

We introduce the scenario of a tourist guide that builds a gaze-guided narrative
around the Swiss saga of ‘Wilhelm Tell’, a drama written by Schiller in 1804 about
the struggle for freedom in which the hero fights against the despotic authorities,
represented by the character ‘Hermann Gessler’ [30]. Figure 4 illustrates a number of
places related to that storywhich can be seen froma vantage point on the Fronalpstock
mountain.

We consider the following requirements:
(R1) The systemmust not be visually distracting in order to enable full immersion

and unobtrusive user experiences [11].
(R2) The system should help the user correctly identify the places relevant for the

story when they are mentioned.
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(R3) The system should guide the user through the (not necessarily linear) story,
but avoid being patronizing (e.g., not force the user to stare at one place for a long
time).

(R4)The system should flexibly adapt to the user’s interests (which are recognized
from gaze).

Table 1 lists a possible gaze-guided narrative which evolves dynamically based
on the user’s gaze. The system provides information by audio, thus fostering a high
degree of visual immersion contrary to displays (R1). Problems in visual search
are detected and additional help is provided when necessary (R2, c, g). The system
follows a pre-defined storyline (R3, a, b, d, f), but inserts extra information based
on the user’s interest (R4, e). The user is free to explore the panorama during long
explanations (R3, a, d, e), contributing to high immersion (R1).

The following section illustrates how the ‘Wilhelm Tell’ scenario can be modeled
with gaze-guided narrative mediation trees, a formal modeling approach for gaze-
guided narratives.

4 Gaze-guided narrative mediation trees

In this section we introduce gaze-guided narrative mediation trees, which are trees of
partial story plans for scenes, which are mediated by gaze-guided interaction. They
are an adaptation of the narrative mediation tree formalization [27] developed for
interactive stories in virtual settings, such as games, but where the user actions that
drive the narrative are gaze-guided and story elements are associated with narrative
regions within a visual scene. A gaze-guided narrative system can either intervene
with a user action by re-directing the user’s attention to enforce a particular linear
sequence of story elements, or it can accommodate the user’s action by branching the

Fig. 4 Story-related areas of interest for the Tell scenario (view from the Fronalpstock mountain
looking towards Lake Lucerne). © Photo: Josef Schalch (http://mountainstamp.com/).
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Alice is hiking in the Swiss alps. She has reached a vantage point fromwhere she can enjoy
a view on Lake Lucerne (see Fig. 4). Her mobile phone vibrates and shows a notification
that a gaze-guided narrative titled ‘Wilhelm Tell’s struggle for freedom’ is available for
her current position. She puts on her eye tracking-enabled goggles, plugs in the earphones
and puts the phone back in her pocket.

System Alice
a Welcome to the story of Wilhelm Tell ... [introduction] Alice freely explores the

panorama while listen-
ing.

b The Tell story is tightly connected to the myth about the
foundation of Switzerland which is supposed to have taken
place at Rütliwiese, a small piece of grassland on the oppo-
site side of the lake.

Alice looks at wrong
place.

c Let me help you find Rütliwiese... [more detailed descrip-
tion]

Alice searches and finds
Rütliwiese.

d Yes, you found it. ... [starts story about Rütliwiese] Alice listens and starts
exploring the opposite
hill.

e [interrupts story]. By the way, there is a beautiful hiking
trail along the hill you are currently looking at. It starts at
Rütliwiese. ... [continues story]

Alice further explores the
hill and Rütliwiese.

f Now, let’s start with the story of Tell. The story is about a
conflict with Gessler, and it starts in Altdorf, a village at the
left shore of the lake.

Alice searches.

g Actually, you have looked at Altdorf in the very beginning.
Do you remember?

Alice looks at Altdorf

h ...

Table 1 Example for a gaze-guided narrative: the system guides the user and adapts its storytelling
to her gaze.

story. A gaze-guided narrative mediation tree provides a way of generating multiple
story lines for a scene based on user interaction.

Definition 1 A narrative region, r , is a contiguous area in the scene with which
narrative content is associated.

For scenes from a known, fixed vantage point these can be defined as two-
dimensional polygons within the scene. In other cases, regions within a scene can
be derived from three-dimensional models of the physical environment surrounding
the user (e.g., building models or topographical viewshed data). A narrative region
is geometrically-defined and thus has no inherent semantics. However, when the
regions are derived from features in geospatial data, the original features might have
additional attributes, such as semantic types.

Definition 2 A content node is a tuple < c, R >, where c is an atomic unit of
narrative content, such as a paragraph of audio text, and R is a set of narrative
regions for which the content is relevant.

In many cases R will be a singleton set, however we leave open the possibility of
content being related to more than one narrative region.
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Definition 3 A node transition is a tuple < n1, α, n2 >, where n1, n2 are content
nodes and α is a directed gaze-guided action performed by the user (e.g., moving
from one narrative region to the next).

Definition 4 A partially-ordered plan is an ordered collection of node transitions
that comprise a single (i.e., directed) spatial narrative for a given scene. It is defined
as a tuple < T,O >, where T is a set of node transitions, and O is a set of ordering
constraints ti < tj , where ti, tj ∈ T . The gaze-guided narrativemediation tree (defined
below) has as an element, P, a set of partially-ordered plans.

Definition 5 A story branch connects two partially ordered plans within the me-
diation tree, and is triggered by a user action that represents a user choice, such as
looking to a new part of the scene. It is a tuple, < p1,C, δ, p2 >, where p1, p2 ∈ P, δ
is the user-directed gaze-based action, and C is a set of criteria that must be met for
the branch to be made.

The criteria can be based on heuristics or classifiers utilizing different gaze-
metrics that have been shown to be indicative for certain cognitive states, such as
intent [4], interest [19], boredom [15], or internal thought [13]. For instance, if the
story is currently related to the narrative region r1, but the user looks a different
narrative region r2, the story branch may only be made if the following criterion is
met: coefficientK indicates focal attention [19]. The criteria might also be informed
by an additional user model, enabling personalized heuristics. In addition, the criteria
C(b) for a given branch b may be informed by the history of transitions executed up
to that point in the narrative.

Definition 6 A gaze-guided narrative mediation tree represents the universe of
narrative interactions that can be told for a scene. It is a tuple < P,D,∆, B >, where
P is a set of partially-ordered plans, B is a set of story branches, D is a set of
user-directed gaze-based actions, and ∆ is a library of gaze-guided actions, where
D ⊆ ∆.

A gaze-guided narrative system can use a mediation tree to maintain state and
interactively generate stories based on user interaction. Gaze-guided narrative medi-
ation trees enable formalization of traditional (i.e., non-computationally delivered)
narratives that have already been written for outdoor spaces. Spatial narratives at
existing touristic sites employ a variety of narrative strategies for guiding people
through stories in space, including narratives at single points or places, narratives
arranged in sequential paths (chronological or non-chronological) such as numbered
tours, and narratives that consist of more complex spatial and temporal sequences
that might be non-linear and open-ended [2]. In this model a narrative at a single
point is represented by a content node. A sequential, linear narrative is represented
by a partially-ordered plan. And spatial narratives with more complex sequences and
multiple story lines are represented by a full mediation tree.

Figure 5 shows the path taken through a gaze-guided narrative mediation tree by
the user in the example in Table 1. The user freely exploring the panorama is the
first transition, t1. Since there is no opportunity for the user to change the story at
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this point, this free exploration is not interpreted as a user-directed action. However,
after n2 when the user looks at the wrong place it is a user-directed action, δ1, that
causes a branch to a new partially-ordered plan. Searching and finding Rütliwiese
is another transition, t2, because it is directed by the system. When the user starts
exploring the hill, δ2, another story branch occurs. Other possible paths through the
tree are also sketched in Figure 5, represented by the dashed lines.
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Fig. 5 This figure illustrates the gaze-guided meditation tree for the Wilhelm Tell example shown
in Table 1, where each green-circled letter corresponds to a step shown in that table. The path
taken by the user is highlighted by solid arrows in the tree, and alternative paths are indicated by
dashed lines. The squares indicate content nodes that link narrative content and a region within the
scene, and each oval indicates a partially-ordered plan. The blue arrows indicate node transitions
that are directed by the system within a single partially-ordered plan. The orange arrows indicate
story branches triggered by user actions, which changes the state to a new partially-ordered plan.

5 Conclusion and Outlook

The type of interaction we propose in this paper is neither fully explicit nor implicit,
and we envision a strategy that encompasses multiple techniques to reach our goal.
Gaze-guided narratives are a form of interactive narrative storytelling where the
storytelling process can be modeled as a trajectory through a state space [25]. The
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gaze actions of the user dictate the ordering of the story and in some cases its
outcome, but at the same time it is important to maintain coherency in the narrative
[26]. Story graphs as well as partially-ordered scripts provide formal models to
enforce dependencies in the narrative, and we have built on these to create a formal
model for gaze-guided narratives.

Different to informal and less structured ways of specifying a narrative, such as
drawing a graph on a whiteboard, our formalism enables automated reasoning and
model checking, and can be applied to large narratives. However, in order to keep the
modeling effort acceptable and feasible for non-computer scientists (e.g., historians
or other domain experts), we envision thatmodeling of gaze-guided narratives should
be supported by user-friendly tools.

Modeling user preferences based on gaze behavior in outdoor settings remains
another open problem. We anticipate that bespoke user conceptual models will
be necessary to create individuated gaze-guided narratives for different types of
environments. Another key challenge is how to interpret gaze behavior as an indicator
of user intent to make a shift in the story graph. We see these requisite components
leading to a full program of future experimental research.
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