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—— Abstract

The use of spatial deixis, such as here and there, depends not only on physical distance, but also on

how speakers mentally organize the relevant space. This paper examines how contextual factors
may influence and shape the use of spatial deixis in an object-selection task. The analysis is based
on verbal data from a previous human-robot interaction study, in which 12 participants referred to
objects in a shared cupboard environment. Using Norman’s distinction of socio-cognitive systems,
we interpret the observed deixis behavior as evidence for potential spatial mental models underlying
participants’ spatial deixis use. We find that speakers’ deixis use reflects a combination of absolute,
relative, mixed, temporal, and response-biased models rather than a single fixed strategy. Our
findings support the view that spatial deixis is context-sensitive, shaped by the mental organization
of the space and is variable across individuals, with implications for interpreting spatial deixis in
human-robot interaction.
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1 Introduction

Referring to physical space is highly context-dependent [10], ranging from topological rela-
tionships between objects to directional spatial relations within larger environments, such as
rooms, where other physical entities play a role in defining spatial actions. In all languages,
demonstratives play a crucial role in discourse. In English, demonstratives are classified as
“proximal” (this, these and here) and “distal” (that, those and there) [1, 12]. They are closely
related and are defined by the same deictic roots of joint attention [7, 5], which is considered
a fundamental element of social cognition. Among them, spatial deixis (here and there),
are words that depend on the spatial position of the speaker and/or listener and convey
location-specific information [16, 9].

The interpretation of spatial deixis depends less on the objective metric space and more on
how the speaker conceptualizes the communicative context [8]. Neuro-psychological studies
suggest that such spatial distinctions in demonstratives are rooted in embodied interaction
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with one’s own space, particularly in the distinction between one’s peri-personal and extra-
personal space. Peri-personal space is the region of space within a person’s reach, where they
can interact with objects in their immediate visuo-tactile surroundings by reaching, grasping
or touching [2, 3, 13, 14]. In contrast, extra-personal space is the space beyond that where
objects are only perceptually visible, but physically inaccessible. The peri-personal space is
contextually dynamic. For example, it increases if the person has a tool in their hand. In
this context, Skilton suggests that experimental and observational studies highlight these
dynamic peri-personal spaces as the “here-space” [19]. These context sensitivity and shared
attention perspectives of spatial deixis pose both linguistic and perceptual challenges for
robots to understand their human collaborators in an interaction scenario.

Caldano and Coventry [4], building on discussions of the deictic content of demonstrat-
ives [19], point out that their usage depends not only on the perceptual space, but also
factors, such as object properties, the hearer’s position and joint attention. Extending this
view, the present paper investigates the research question “how does context influence the
use of the spatial deixis ‘here’ and ‘there’ (in an object selection task)?”

2 The experimental setting

The present study builds on verbal interaction data collected in a previous Human-Robot
Interaction (HRI) experiment [15]. In this experiment, participants were instructed to direct
the robot in an imagined scenario of moving objects from a cupboard. It did not actually
involve any movement of the robot or the objects. Participants pointed to cups and bowls
placed on the cupboard while facing it from the same perspective as the robot, with both
remaining at fixed positions through-out the interaction. The study comprised of five different
scenarios where the objects were arranged in increasing density and in different configurations,
as shown in Fig 1. In each scenario, the robot asked the participant to select an object
by both pointing and referring verbally to that object. Participants were instructed to use
a verbal expression that at least contained the object class along with a spatial deixis, as
they would deem appropriate, for example, “the cup there.” These verbal instructions were
recorded for all the objects across all scenarios for 12 participants. These data form the basis
of the present analysis.
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Figure 1 The five experimental scenarios showing the arrangement of objects, adapted from [15].

The recorded data revealed variability in participants’ use of spatial deixis, both across
individuals and within the same arrangements. This variability suggests that, at least in
a multi-object selection task, the flexible nature of the peri-personal space [12] could also
be influenced by other cognitive or mental representations to the ones mentioned in the
introduction.

Our hypothesis is that within a given environment, the choice between here and there
is shaped not only by metric distance, but also by how users perceive the size, extent and
organization of the environment. In the present study, the cupboard serves as a controlled
spatial setting for examining such contextual influences (cf. [10]). Although the analysis is
grounded in this specific setting, we expect the findings to be transferable to similar spaces
and scenarios.
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3 Conceptual Framing

To account for the observed variability in deixis use, we examine the data from a socio-
cognitive perspective. This framing allows us to consider how the use of here and there
is shaped by the way individuals interpret the interaction situation. Since the boundaries
of proximal space are dynamically modulated, participants may draw on embodied spatial
perspectives [10], prior experiences, and personal beliefs to form internal mental models for
the task at hand and to resolve ambiguities [17, 18]. These mental models are inherently
unstable and may be revised by the same individual across different instances of similar
tasks.

For our analysis, we adopt Norman’s distinction [17] between four related components: the
target system (t), the conceptual model of that target system (C(t)), the user’s mental model
(M(t)) and the researcher’s conceptualization of the user’s mental model (C(M(t))) . Within
this framing, the present paper interprets the cupboard space as a structured interaction
space, and subsequently uses the participants’ observed deixis behavior to construct an
analytical account of potential user mental models for the use of spatial deixis. Therefore, in
terms of Norman’s four components, the experimental setting is as follows:

1. t: The target system is the shared cupboard space, which a participant and a robot
jointly orient towards from fixed positions with a shared perspective.

2. C(t): The conceptual model of the target system is the structured representation of the
interaction space. In the study, this consists of the bounded cupboard environment and
the spatial arrangements of the objects across the five scenarios, as shown in Fig 1. This
allows for analyzing how the use of spatial deixis relates to object placement, relative
spatial configurations and contextual variation across scenarios.

3. M(t): The participants’ mental models are assumed to be shaped by embodied reach,
object arrangement, attentional selection [6, 12] and contextual interpretation (see next
section).

4. C(M(t)): The researchers’ conceptualization of the participants’ mental models is
formulated as a hypothesis about how the cupboard space may be interpreted for deixis
use. The cupboard is represented as a 3 x 3 grid of zones. Since participants approach the
cupboard from the left, the left column (zones 1, 4, and 7) is hypothesized to correspond
more strongly to here, the right column (zones 3, 6, and 9) to there, and the middle
column (zones 2, 5, and 8) to a potentially ambiguous deixis use. In this way, C(M(t))
provides an initial analytical interpretation of how participants may mentally organize
the cupboard into proximal, distal and intermediate spatial regions during deixis use.

The next section presents potential mental models, which may underlie the use of a
person’s spatial deixis in a given context. These models are treated as components of C(M(t)),
without any claims of being exhaustive.

4 Methods and results

4.1 Procedure

Our analysis focuses on the verbal spatial deixis produced by the 12 participants for 174
valid trials (out of 180) in [15]. Participants pointed at an object in each trial while verbally
referring to it using spatial deixis (e.g., “the cup there).” For each participant, this deixis
use was examined at the level of individual objects within each scenario, and subsequently
compared across scenarios to trace changes in the use of here and there across zones and
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objects. For each object in each scenario, we noted whether it was referred to with here or
there, in which zone of the cupboard it is located (absolute position), its relative closeness
to the participant compared to other objects (relative location), and which deixis had been
used in references to the object in previous scenarios. We then looked for object-level and
scenario-level patterns across participants in order to capture inter-individual variation and
to infer possible contextual factors and mental models underlying such variation.

4.2 Analysis

The choice of spatial deixis in a given situation may be shaped by multiple interacting
factors, formed consciously or unconsciously. Some of the factors that we consider here are:
the environmental context (e.g. quantity and arrangement of objects in the cupboard),
the configuration and properties of the objects, such as relative closeness, and the
human’s embodied perspective relative to the cupboard (e.g. pointing gestures extend
participants’ peri-personal space). The object size may also influence deixis use, but since
the objects in the setup were comparable in size to fit the cupboard, it was excluded from
our present analysis.

Considering these factors, we suggest the following potential spatial mental models that
enrich C(M(t)) in the spatial understanding of deixis use:

Absolute model (AM) is characterized as being driven by the contextual environment.
In the case of the cupboard setting, the spatial layout itself provides a structured frame that
can bias deixis selection as mentioned in C(M(t)) in Section 3.

Relative model (RM) is defined in terms of the relative arrangement of objects within
a single scenario. Rather than interpreting an object solely by its absolute proximity to
the participant, it examines whether the use of here or there depends on how that object is
positioned relative to other objects in the same arrangement. In this way, RM captures how
relational spatial context within a scene may shape deixis use.

Mixed model (MM) is conceptualized as an integration, or interaction, of both absolute
and relative mental models.

Temporal model (TM) captures possible carry-over effects in deixis use for an object
across scenarios. It examines whether the deixis assigned to the same object in one arrange-
ment is influenced by how that object was interpreted in preceding arrangements. This can
be defined as an effect of mental conditioning across scenarios or an adaptability of the deixis
use across arrangements.

Response-biased model (RbM) is defined in terms of individual response bias. A
participant is considered response-biased if they consistently favor one deixis, for a majority
of the objects within a scenario and across scenarios, independent of their absolute and
relative positions. Predominant use of here might suggest proximal contextual space, within
their arm’s reach, whereas predominant use of there might suggest a more distal space.

4.3 Results

Table 1 shows the applicability of the suggested spatial mental models for each participant
(P_id) for all scenarios. Based on these observed patterns, we classify the participants into
four groups that characterize their dominant deixis use strategies.

Structured strategy. The first group shows a relatively structured use of spatial deixis
across scenarios. These participants primarily seem to follow AM, while also adapting their
responses according to the relative positions of nearby objects. This pattern is mostly
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Table 1 The table shows the mental models that fit the participants’ spatial deixis use in and
across scenarios 1 to 5. A tick indicates that the respective mental model may explain deixis use.
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observed for participants 1, 3, 7, 9, and 11. For both participants 1 and 3, the deixis assigned
to cup_ 2 (the cup in zone 2 of the cupboard) remained stable across scenarios, suggesting
also a TM effect.

Relative strategy. The second group relies more strongly on RM, where the deixis assigned
to an object depends on its relative position to neighboring objects rather than its absolute
position on the cupboard. This pattern is clearest for participant 4 but is also observed for
participants 7, 8, 11 and 12.

Hybrid strategy. The third group reflects the use of MM, combining both absolute and
relative interpretations. This pattern is particularly visible for participants 7 and 11. The
responses of participants 2 and 4 suggest sensitivity both to the relative arrangement of
objects and to the height of the cupboard. For participant 2, this pattern becomes less stable
in scenario 5, whereas participant 4 shows a more structured use even with increased object
density.

Variable strategy. The final group shows more inconsistent patterns in their use of spatial
deixis across scenarios. For participant 5, only limited local structure seems to be present
in scenarios 1 and 2, while participant 10 and 12 shows no clear regularity at all across the
scenarios.

In addition, we find the use of RbM in the more complex scenarios 4 and 5. In scenario 5,
with increased object density, participants 2, 3, 5, 8, 9, 10, 11, and 12 show a more biased
response towards either here or there, with their use less linked to absolute or relative position
of the objects.

5 Discussion

The results suggest that the use of spatial deixis in the cupboard setting cannot be explained
by a single stable principle alone. Although the initial hypothesis in C(M(t)) proposes a
broad proximal-distal organization of the cupboard as has been found in previous research [4],
the analysis of the verbal data indicates that participants do not just rely on this spatial
partition in a multi-object arrangement. Instead, their deixis use appears to reflect multiple
interacting influences, including absolute position, the relative arrangement of the objects
and, in some cases, biases over a specific deixis. The present results differ from previous
results in the literature (e.g., [4]), achieved in single-object settings. They support the
Norman-inspired framing [17] adopted in this paper, where the participants’ latent mental
model M(t) may be distinctively different from the experimenters’ conceptual model C(M(t)).

From a linguistic perspective, the variability is also consistent with the fact that here is
not a uniformly simple proximal term. As noted by Fretheim et al. [11], here may function
as a token-reflexive, anaphoric or deictic expression and its interpretation depends on the
contextual information available to the addressee. In this sense, the present analysis is
consistent with the view that the use of here and there is shaped not only by physical metric
distances, but also by how the scene is mentally and interactionally organized. The participant
groupings further support this interpretation, where participants employed different strategies
for their deixis use. Scenario 1 shows the clearest pattern, with 10 out of 12 participants
following AM. This suggests that in simpler spatial configurations, people tend to rely on
the overall structure of the environment. In contrast, Scenarios 2 to 5 show a combination
of different mental models, indicating that increased object density leads to more flexible,
context-dependent and less stable deixis use.
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The present study offers an initial socio-cognitive interpretation of the observed variability
of spatial deixis. Still, there is a need for a more systematic exploration of potential context
factors influencing spatial deixis use and data collection from more participants and in other,
more systematically selected environment settings in future research. Still, it appears that
together, these findings support the idea that the participants’ (or speakers’) mental model
M(t) is flexible and context-sensitive and that the experimenters’ (or recipients’) mental
model C(M(t)) must therefore accommodate more than one strategy for the interpretation
of spatial deixis.

This is particularly relevant for designing “artificial” recipients, such as social robots,
and for human-robot interaction, where predefined spatial zones may fail to capture the
variability in human spatial language, especially when object arrangements are dense or
ambiguous. Overall, our study supports a view of spatial deixis being shaped as a combination
of contextual and individual factors, mentally organized and variable across individuals.
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