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Preface

From Negation to Contrast and Context, the title outlines the story of my investiga-
tion timeline. I started as a psycholinguist studying negations to investigate contrastive
explanations, particularly to make them better suited for explainability (XAI) research.
However, by going beyond purely linguistic approaches and through an interdisciplinary
dive into multifarious aspects of contrast, the investigation turned out to be a more com-
prehensive theory that is not only constrained to linguistics, such as negations, but in
general tries to characterize its dynamics along non-linguistic contexts. It seems that con-
trast can better be understood as a form of context, similar to other forms of contexts.
This should by no means be taken as something special or detached from other forms
of contexts. In this thesis, I attempt to organize the idea of contrastiveness on different
levels, as we can observe in our day-to-day perception. Starting from negation as a central
linguistic device which can give rise to explicit contrast at the linguistic level, the idea was
then to look into other ways of language framing that can also be perceived as contrast,
and later, into domain-general contrasts at different non-linguistic dimensions.

The combined synthesis eventually led to a contrastiveness scale, motivated by the idea
of relational perception, understood as how Ground stands for and against Figure within
perception, drawing on influential ideas from Gestalt psychology. I argued that contrastive
contexts are not merely “there” as a static background, but are dynamically developed
and reshaped as people act, speak, and repair one another during interaction. On the
empirical side, all the aforementioned theoretical and practical notions are derived from a
series of studies conducted over the past four years to investigate contrast across multiple
levels (linguistic and non-linguistic), dimensions (spatial, eventive, and so on), and settings
(interactive and non-interactive). These studies jointly trace how contrastive structures
emerge, how they are used, and how they can be foregrounded or backgrounded.

On the application front, the thesis also lays the groundwork for modeling within a
cognitive architecture based on contrastive guidance, known as ContACT-R, which is fur-
ther developed into an interactive account, the InterACT-R framework. Here, contrast is
treated as an organized resource for scaffolding that can be tailored to the learner’s capa-
bilities and the available or emerging context. The model also seeks to connect contrastive
guidance to action performance, for instance by tracking task success and failure over time
and adapting guidance accordingly. Although concrete proof-of-concept realizations are
left open as future work, my hope throughout this development has been to utilize findings
across experiments to derive contrastive scaffolding strategies that are tailored to users’
capabilities, informed by their interaction history, and essentially grounded in cognition.
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Chapter 1

Introduction

Our perception is relational. We cannot help but see things around us in relation to other
objects or events, making the isolated perception nearly impossible. In this sense, the
meaning of an entity is constitutive of its surroundings that are also partly experiential
in nature (Barsalou, 1999; Gibson, 1979; Rohlfing et al., 2003; Varela et al., 1991; for
a review Hafri & Firestone, 2021). The idea traces back to Gestalt principles where
the mind ascribes global interpretation to an entity derived from holistic perception of
emerging features in an environment (Koffka, 1935; Wertheimer, 1923). In the literature,
such an emergence is usually tagged with different theoretical constructs like, contexts
(Dourish, 2004; Duranti & Goodwin, 1992), situations (Barwise & Perry, 1983; Rohlfing
et al., 2003), background (Talmy, 1975, 1985a), frame (Goffman, 1974; Minsky, 1975)
and settings (Barker, 1968), but also call it relations when scope just spans around few
objects or features in the vicinity (Gentner, 1983; Landau & Jackendoff, 1993). Given
the conflated meanings of these emergences, I would use contexrt as a generic term to
refer to any relational experiences hereafter. The idea that an entity deriving meaning
from its surrounding and activating experiences is intuitive and commonsense, however the
starting point of most analyses is based on isolated objects, where the objects features and
its attributes become the central part, an approach popularly known as symbolic account
(Fodor, 1975, 1983; Newell, 1990; Newell & Simon, 1976).

Whereas relational perception in an environment is an outcome of experience, since
it is often learned through our interactions (Barsalou, 1999; Gibson, 1979), attributes
are purely symbolic constructs that merely characterize the entity of interest (Harnad,
1990; Newell, 1980). Similar representational distinctions have also prevailed over the last
few decades in cognitive science, often framed as grounded vs. symbolic (Barsalou, 2008;
Fodor, 1983), concrete vs. abstract (Barsalou et al., 2018), and, more recently, modal
vs. amodal (Kaup et al., 2024). Nevertheless, given that, at a deeper level, relations are
subject to arbitrariness—where intrinsic factors such as experiential traces, simulation, and
predispositions complicate the matter (Gentner, 1983; Hofstadter, 1995)—intuitively we
are easily predisposed to start with symbolic analysis, simply because it seems easier than
a relational approach (Ockham, 1974). In such cases, the classical “divide and conquer”
strategy best suits the contextual analysis (Marr, 1982). Seen from another perspective,

the starting point of contextual analysis can also be at relational level, that is, by reasoning



on an entity’s very existence against a context rooted in experiential traces rather than on
symbolic attributes (Bar, 2004; Fischer & Zwaan, 2008; Oliva & Torralba, 2007; for recent
review Kaup et al., 2024). For example, when we encounter an object (e.g., a dustbin), our
perception can begin with relational analysis, which is more grounded in our experiences
than abstract symbolic attributes such as color, texture, or size (Pecher & Zwaan, 2005).
This duality of representations may seem obvious, in the sense that taking both natures
into account would yield a more complete picture (sometimes referred to as a hybrid view
(Kaup et al., 2025)). Yet the issue here is one of priority and order, namely whether
relational perception follows symbolic analysis or whether symbolic description dominates
across most contexts.

In this thesis, I argue that whether one form dominates over the other depends on what
the context has to offer and on what our experiences bring into contextual analysis. More
specifically, I suggest that, at one level, almost all contextual interpretation of an entity
can be derived through a particular form of relational identity, called contrast, essentially
having its origin in experiential traces (Murphy, 2002; Tversky, 1977). Here we shall ask
why contrast? Contrasts seem to be foundational for relational perception and thereby its
interpretation, especially due to its unique property of exhibiting the entity’s attributes of
concern (called figure) but also richly embodying information from its experiences (called
ground) providing a rationale for figure’s existence against specific ground.! This is not
only true for visual but also for linguistic perception (Langacker, 1987; Talmy, 1985a).
Relational perception thus begins by considering the reasons an entity is present in the
environment at all. The very existence of an entity in the environment comes with a
reason, which is often teleological in the sense that at the core it serves a relational
purpose (Austin & Vancouver, 1996; Dennett, 1987; Kelemen, 1999). Imagine a context
such as in Figure 1.1; if asked which of the contexts out of the two are best suited for
representing contrast, most answers would align with Figure 1.1b. Crucially in both the
figures, the principal entity (dustbin) acts as the figure and the rest of the scene is perceived
as background. However, the prominence of the background varies depending upon how
the figure is construed in the given context. Meaning, an entity observed against an
experientially implausible background does not only exhibit properties of the entity itself
(attributes related to the dustbin) but at the same time also makes the background more
prominent (why is the dustbin lying on the crossing?), which otherwise would not become
salient in normative situations (Biederman et al., 1982; Loftus & Mackworth, 1978). This
simple example elucidates how we take our everyday experiential traces for granted in
most contexts and might not reason for all the constituents and their attributes available
in a context, unless some form of contrastiveness is perceived, making the relational traces

prominent over attributes. One of the earliest accounts of how perception organizes object

'For literary consistency, the Figure-Ground distinction is closely related to Gestalt psychology (Rubin,
1915) and was later extended in the seminal work of Talmy (1975, 1985a). In particular, whereas Talmy
(1975, 1985a) treats the Ground largely as a physical property of space, in this thesis I define it as a
product of experience which are essentially abstract without specific geometric representation.



(a) Situation A (b) Situation B

Figure 1.1: A contrastive context. The figure compares a normative situation (a), where
a dustbin is placed on the sidewalk consistent with experience, against a con-
trastive situation (b), where the dustbin appears on the crossing. Spatial
implausibility highlights the relational prominence over the object’s intrinsic
attributes.

attributes and object relations comes from the structure-mapping framework of Gentner
(1983). It argues that relations, rather than attributes, provide the primary basis for
interpretable mappings from a base to a target domain, thereby going beyond purely
feature-based interpretations (Tversky, 1977).

Hence, although relational and attributional elements are ever-present in almost any
context, we might not bring both of them into active analysis to the same degree unless
the dynamics between them become either complementary or disruptive as in Figure 1.1a.
The choice is not deliberate but ecological, provided that in most situations our attention
is also shown to be selective (Desimone & Duncan, 1995; Driver, 2001). Thus, considering
a continuum of contrasts, most subtle contrastive perceptions might not be realized in
everyday situations, although contrastive perception is a way for holistic analysis of a con-
text by serving twofold functions: foregrounding the relational aspects and highlighting
the attributional elements simultaneously (Garner, 1974; Minsky, 1975). Whereas for at-
tributes, contrastive relations are already identified through physical properties like colours
and shapes (Itti et al., 1998; Tversky, 1977), semantically such relations can be defined on
multiple dimensions depending on where they lie on the continuum scale and how they are
brought into attention through the relational and attributional dynamics acting for and
against each other (Gentner, 1983; Goldstone, 1994; Talmy, 2000). For example, when an
entity is observed at a semantically and experientially implausible situation, it not only
reveals about the attributes of the entity but also makes the experiential and relational
components more prominent (Biederman et al., 1982; Henderson & Hollingworth, 1999).
These relations indeed cohere to semantics of the scene whose properties can be defined on
some dimensions. On this view, contrast can be defined as an explicit relational operation
between two (or more) alternatives where discourse entities or propositions are juxtaposed

as comparable members of a contextually relevant alternative set, making their differences



salient to the addressee (Repp, 2010; Tversky, 1977).

In this thesis, my aim is to first provide generic dimensions in everyday cognition (non-
exhaustive at this point) at which experiential relations act to exhibit contrastive relations
on a continuum and then attempt to explore how language might complement these con-
trastive perceptions (Gentner, 2003; Gleitman, 1990; Talmy, 1985a; Wolff & Holmes,
2011). Supplemented by experimental results, we also identify negation being a central
linguistic constituent eliciting and complementing contrastiveness (Horn, 1989; Just &
Carpenter, 1971; Kaup & Dudschig, 2020a). Provided multifarious definitions of con-
texts characterization and at the same time, very few methods to formalize its properties
(Dourish, 2004; McCarthy, 1993), in this thesis, I aim to provide a theoretical pathway to
analyze the contexts through relations and validate their perceptions on given dimensions.
The overarching goal of the project was to develop linguistic scaffolding strategies to guide
contrastive perception for learning and situational understanding (Bruner, 1978; Vygot-
sky, 1978). Motivated by this goal, I will present two representative studies at the later
part of the thesis looking along this development. Linguistic negation being the crucial
part of contrastive guidance deserves a dedicated section and deals especially with its rich
pragmatic effects reported in the literature (Kaup & Dudschig, 2020a; Wason, 1965).

1.1 Contrastive Contextualism

All contexts are contrastive, but some contexts are more contrastive than others.
— after Orwell

Contrast is ubiquitous, but its salience varies depending on how relational dynamics, build-
ing upon experiential and simulational traces, make themselves prominent over isolated
symbolic and attributional elements (Gibson, 1979; Itti et al., 1998; Minsky, 1975). At
any spatiotemporal dimension, an entity’s state of affairs is defined by its attributes and
experiential traces drawn from past sensory experiences (Barsalou, 2008). For example, we
might define Figure (1.1, a) by listing some attributes (e.g., GREEN(dustbin), car, road,
pedestrian, zebra crossing) and some relations (e.g., ON(dustbin, pedestrian), or dustbin
kept on the pedestrian crossing near the pole). Similarly, if we compare this description
with Figure (1.1, b), one might be disposed to first highlight the relational constituent
to seek a reason for the dustbin’s existence on the crossing, even before the isolated at-
tributes. Why does it happen that one context seems to highlight relations more than the
other?

While walking on the road, we might never bother about the dustbin placed on the side
of the road unless it becomes spatially (such as implausible positioning) or temporally
prominent (new introduction) with respect to our experiential background. Pragmatically,
this can translate to a state of affairs on the spatial dimension such as: “How come the
dustbin is on the crossing?” and for the temporal as: “There seems to be a new dustbin

today which was not there before”. Spatial implausibility can also preclude the temporal
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Figure 1.2: Figure depicting continuum of contrastiveness. Deviations from normative
contexts (right) to implausible contexts (left) increases relational prominence
over figural attributes.

component, such as: “The dustbin used to be on the roadside but today it is in the
middle.” When relational dynamics between figure and ground become more relevant for
the situation than the mere figure (or its attributes) itself, experiential traces give rise to
spatiotemporal contrastiveness (Garner, 1974; Talmy, 2000).

Though in normative situations, we might not see these relations becoming as promi-
nent as for experientially implausible situations, they nevertheless are an inherent part
of the context. Hence, the relational prominence between the principal entity (such as
figure) and environmental experiences (such as ground) establishes a degree of contrast
on a continuum of contrastiveness that is sensitive to how the figure and its experiential
grounding cohere at some spatiotemporal dimension (Figure 1.2). As illustrated in Figure
1.2, on one end lies the normative situation; on the other end, implausibility increases
the relational prominence over the entity itself (Loftus & Mackworth, 1978). In situa-
tions with high relational prominence, people are more likely to highlight the relations
(dustbin on crossing) than the entity or its attributes (green dustbin) (Clarke et al., 2013;
Viethen & Dale, 2008). Phenomenologically, context perception is subjective, with indi-
viduals evoking different experiences in a situation; however, at the two extremes (highly
normative or implausible), perception shall exhibit uniformity across the population. For
example, situations at the extreme left (implausibility) would often evoke the relational
component more than the extreme right (normative contexts). This is in line with a wide
range of studies suggesting that the principal entity or figure stays at the prominence and
the background exists there to support its interpretation and more often does not come
into the locus of attention (Mazza et al., 2009; Rubin, 1915). I shall here highlight the
importance of contrastiveness as anchoring the relational prominence over the figures.

In line with this research, I would present studies supporting the effect of contrastiveness
on holistic, promoting relational perception at the spatiotemporal dimension. A context
promoting a true balance for relational and figural perception, such as at the center of the
scale in Figure 1.2, might promote holistic perception. It is also true that an implausi-
ble situation might keep the relational prominence to the highest, such that they will be



specifically recalled afterwards more than many normative contexts which are abundant in
nature (Friedman, 1979). For example, while driving back home, someone might be more
likely to report that, “I saw a dustbin on the crossing” than reporting normative situations
like, “I saw a dustbin on the roadside” (unless it is really relevant). Hence, events evoking
contrasts out of implausibility, thereby foregrounding experiential and relational aspects,
are more likely to remain in attention than events which only bring figural attributes into
attention (Hunt & Worthen, 2006). Although the example above depicts an ideal case
from visually driven contrast, the phenomena can also be observed for other dimensions
where relational aspects are highlighted. Learning from self-correction while solving a
problem (let’s say while coding) is suitable for such analysis. Engaging with unsolved mis-
takes (contrasts arising from novel cases) is more likely to foster deeper learning through
experiential engagements than mindlessly working on already solved solutions repeatedly
(a situation akin to normative situations) (Marton & Booth, 1997; VanLehn, 1991). A
deeper form of learning is also based on contrast, where multiple options are tested, ver-
ified, rejected, and eventually accepted, accumulating in experiential traces that are not
achieved while working with solved problems alone.

Thus far, I have focused on situative contrasts, in which the surrounding context pro-
vides a background that supplies semantics for the entity in question. At a more fine-
grained level, however, contrastive contextualization can also operate over functions—for
instance, over the actions an environment affords (Gibson, 1979)—and over locative di-
mensions, where an entity is highlighted through its relational saliency against possible
alternative realizations in the same context (Herskovits, 1986). Similar contrastive effects
also arise for events that unfold along a continuous spatiotemporal dimension (Zacks &
Tversky, 2001). At a broader level still, contrast structures social interaction: relational
prominence is often achieved by invoking an alternative state of affairs, frequently marked
linguistically through negation (Verhagen, 2005). Crucially, the aim of the thesis is to
provide a universal continuum working for all such forms of contrasts, providing a founda-
tion for comprehensive analysis based on relational prominence affecting contrastiveness,
its perception and understanding regardless of the nature of contrast observed on any

(contrastive) dimensions.

1.2 Dimensions

Consider the images in Figure 1.3. At first glance, they depict familiar objects (e.g.,
dustbin, hammer, ball, screws, agents) along with their visible attributes (shapes and
color). However, beyond the objects and their attributes, we also see some relations
emerging. These relations perhaps become more relevant than individual objects and
their attributes in few contexts. These relations capture the between-objects properties
rather than properties each object has on its own (e.g., within-object properties). Whereas

within-object properties are symbolic, e.g., object attributes, between-object properties are
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Figure 1.3: Dimensions of relations. A visualization of the five key domains where
relational properties emerge: Situative (spatial configuration), Functional
(learned affordances), Locative (exhibiting alternate locations), Eventive
(spatio-temporal expectancies), and Social (social scripts).

experiential. Relational properties are experiential in nature, in that they are acquired
through our interaction with the environment, and are driven by concrete representations
rather than by abstract, attribute-like descriptions (Barsalou, 1999; Wu et al., 2014). This
aligns with the view that experiential representations are action-isomorphic: they preserve
the structure of what we do and perceive as we experience it, in contrast to symbolic
representations, which are typically treated as more abstract (Kaup et al., 2024).

Our experiences establish a relational ground against which the entity in concern (i.e.,
figure) is perceived. For example, a situative relation is driven by normative experiences,
such as (dustbin is in most cases found not anywhere other than roadsides) (Biederman,
1981). Similarly functional relations form a background for possible actions emerging
from experiential traces or simulation of experiences (Gibson, 1979; Glenberg, 1997). The
idea has already been dominant in the ecological framework, known as affordances, e.g.,
a nail affords to be hit by a hammer (Gibson, 1979; Norman, 1988). Once we identify the
figure, its attributes, and the ground exhibited by experiential traces, contrastiveness can
be manifested by the relational dynamics for all the provided relations, as shown in Figure
1.3. In this framework, I distinguish (i) situative dimension, which is driven by normative
expectations about the situation and where the figure belongs in general (Biederman et al.,
1982; Henderson & Hollingworth, 1999); (ii) locative dimension, where locative placement
highlights an entity against plausible alternative placements (Herskovits, 1986).2 (iii)
functional dimension, which organizes possible actions in terms of affordances (Gibson,
1979). (iv) eventive dimension, where contrast emerges from how events unfold over
continuous spatiotemporal structure (Zacks & Tversky, 2001); and (v) social dimension,
where contrast is negotiated in interaction by orienting to an alternative state of affairs in
joint action, often made explicit through linguistic resources such as negation, repair, and
other contrastive constructions (H. H. Clark & Krych, 2004; Verhagen, 2005).

These dimensions need to be considered jointly because contextual interpretation can

2To distinguish locative from situative dimension, it is important to consider the level of analysis. Whereas
situative contrast is driven by violations of experiential regularities, locative contrast is driven by spatial
alternatives (Biederman et al., 1982; Henderson & Hollingworth, 1999; Herskovits, 1986), and can
therefore be treated as a specific case.



rarely be expressed on a single relational axis, as we’ll see in chapter 3 (Contexts). In this
sense, what becomes salient in a scene is typically the outcome of how situative, functional,
locative, eventive and social constraints converge or compete in shaping Figure-Ground
organization. Supplemented by relational analysis within the framework of contrastive
contextualism, it can be demonstrated that the degree of contrast manifested along each
dimension is sensitive to the distance between Figure and Ground—a notion I refer to as
relational prominence (cf. Fig. 1.2). In the following section, I'll first attempt to iden-
tify the figure and ground at each dimension supplemented by examples, and present
few results from my past studies. Later, I will show how the contrastive and relational
prominence can be used to identify the figure and ground dynamics on the contrastive
continuum for most contextual interpretations in which figure is situated.

1.2.1 Situative Contrast

In Rohlfing et al. (2003), a situation is defined as concrete spatiotemporal ordering of
objects and agents under physically given constraints (e.g., gravity or light), that is, the
immediate configuration an agent can in principle perceive. Within this framework, situa-
tion is never interpreted in isolation, but is embedded in multiple, potentially overlapping
contexts that constrain what counts as an appropriate analysis and what kinds of actions
are licensed. Moreover, the contextual layer can be unpacked into an intercontext, the
socially shared reality that emerges from patterns of interaction, and an intracontext, the
agent-specific mapping abstracted from past situated experience. Thus an intracontextual
structure provides the experiential Ground against which a current state of affairs is con-
strued. Similarly, Gentner (1983), defines situation as systems of objects, object-attributes
and relations between objects which function as wholes at a given level of organization.

In day-to-day scenarios, we are highly attuned to perceive figure and ground together,
and hence rarely reason for figure’s existence against ground, in such cases the figure
becomes our principle percept. This tendency is well documented in the event-cognition
literature as a form of goal-biasness, where attention is preferentially drawn to the figure
or principal entity (Lakusta & Landau, 2005; Regier & Zheng, 2007). More generally,
figures in a situation induce systematic biases, such that the ground is less likely to enter
the locus of attention because the figure is prominent (Gleitman, 1990; Mazza et al.,
2009). Developmental findings further suggest that this intrinsic figure-bias emerges early,
plausibly because goal prominence serves a functional role in learning to parse continuous
actions and events (Hespos et al., 2009, 2010).

For the situative contrasts to occur, this default figure-driven perception must be dis-
rupted where we are compelled to reason about the Figure relative to the Ground, typi-
cally because the figure’s presence violates what experience has made normative. In other
words, situative contrasts emerge when we reason about the very existence of figure against
a ground which are often resultant from our experiences. For example, imagine someone

coming from a country which follows left-side driving rule and has never seen or known



right-side driving exists, when the person finds herself in a right-side driving, this would
be perceived as contrast with ground, in such cases, roads and their rules becomes more
prominent for that moment over individual vehicles. Conversely, given a situation not all
contrasts might necessarily originate from our experiences, for example, assume we do not
have any background or have known about earthen pots before, and travel somewhere
to observe someone making them by hand for the first time. We will still reason rela-
tions and actions, such as the reasoning behind the existence of the pot in that particular
situation (against ground) even though we do not have experience or seen pot making
before. Meaning, when there is no experiential ground, the relational prominence can
also be foregrounded. Conversely, for the potmaker, it is a regular thing and he or she
might not reason about figure (pot) existing against ground, leading to no more relational
prominence than figure itself.

In the dustbin example, one may now try to identify the components that are responsible
for contrastive perception. Figure is the principal entity around which our default per-
ception lies in a normative situation, such as dustbin in our current example. Defined by
their attributes, figure also absorbs the meaning from its surrounding and highlight them
differently how they find themselves against a ground. According to Talmy, “the Ground
is a reference entity, one that has a stationary setting relative to a reference frame, with
respect to which the Figure’s site, path, or orientation is characterized.” (Talmy, 1975,
p. 184). The ground is hence formed of all the entities perceived holistically against the
figure. There is a relation between figure and ground which is formed by experiential
traces. How far the relational component lies between figure and ground establishes the
degree of contrast. This can be visualized in the scale provided in Figure 1.2.

Taken this notion, almost all situative interpretation can be drawn in terms of contrast
they reflect with respect to how figure and ground relate. Few examples are provided
in figure 1.4. How far the figure and ground lie from experiential ground decides the
contrastiveness. In this figure the arrow length depicts the magnitude of contrastiveness.

Placement on the contrastiveness scale. The contrastiveness scale introduced in Fig-
ure 1.2 provides a general continuum from highly normative to increasingly implausible
Figure—Ground configurations. In the present subsection, I use this same continuum as a
reference frame and illustrate it with situative cases in Figure 1.4, where each configura-
tion can be read as occupying a different position on the scale. Situative contrast concerns
how a Figure sits against its Ground, relative to the alternative placements that the lay-
out visibly licenses. As the number and salience of credible alternatives increase, and as
the realized placement approaches (or crosses) a categorical boundary, the relation itself

becomes increasingly prominent.

Low situative contrast (small relational prominence due to routine placement). Most
situations exhibiting no or low contrasts are defined by normativity, such that they
are highly routined (Mandler, 1984; Schank & Abelson, 1977). The situative layout
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Figure 1.4: Examples of situative contrast. The central node represents the Ground (situ-
ative expectation), while the surrounding images depict Figures (realized sit-
uations) at varying distances from this ground. The length of the arrow cor-
responds to the magnitude of contrastiveness or relational prominence.

effectively offers a single, canonical location, so the relation feels “transparent” and
unremarkable. In this case, the perceiver may register the object but does not nec-
essarily dwell on the rationale for its existence in a situation, such as why the entity
stands against the specific ground. This is because the placement does not violate
experiences associated with the figure’s existence against the ground, and hence the
relational prominence is low. An example of such situations could be: a trash bin
parked by the sidewalk (a normal case) or a parcel lying near a mailbox grid, as shown
in Figure 1.4.

Mild situative contrast (mild relational prominence due to mild implausibility). In
this case, the perceived situation is acceptable yet slightly off the expected line. This
“near-miss” character makes the relation mildly salient without reading as a violation:
the viewer notices a small negotiation with the layout but still recognizes the intended
placement as plausible (Rosch, 1975). In figure 1.4, such contrasts are recognized by
situations with a distance lesser than high situative contrasts but greater than low situ-
ative contrasts, standing somewhere in the middle where the relations are not automat-
ically foregrounded but become apparent when consciously reasoned upon. Examples
of such situations are shown in figure 1.4 with medium-length arrows from the ground,
such as a planter nudged outward from the pedestrians but still leaving the pathway
clear. Similarly, a bike parked diagonally near a doorway leaving a clear passage. These
configurations surface a possible implausibility based on experiences (“pathways should
be generally clear”) but do not force an explicit implausibility (“planter can be on the

side of pedestrians”).
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High situative contrast (large relational prominence due to high implausibility). These
situations exhibit the highest contrast, where the relations are maximally foregrounded
even before the isolated attributes. In these cases, the relations dominate the percep-
tion, where the scene is more likely to be described by the relations it exhibits than
by individual entities. Highly contrastive situations stand on implausibility driven by
our experiences, where the figure’s existence against a ground is reasoned (Biederman
et al., 1982; Friedman, 1979). Examples of such highly implausible situations leading
to contrast are: a trash bin placed in the crosswalk, foregrounding “on the path”; a
bench set across the crosswalk, visibly obstructing the traverse; a bike parked across
a doorway, competing with entry/exit access. In these scenes, the layout advertises
a canonical alternative, and the realized placement pointedly opposes it, producing

strong relational prominence.

1.2.2 Functional Contrast

Though the majority of relations are spatially construed within a larger ground, functional
relations are in themselves a more specific case due to their dependence on possible actions
afforded by the entities concerned. Grounded in sensorimotor theories, the perception
of such relations has already been highlighted in ecological psychology (Chemero, 2009;
Gibson, 1979). An example of such a relation is provided in Figure 1.3.

Whereas situative contrasts foreground an entity against a broadly construed scene,
functional contrasts seem to foreground the relation between two (or more) entities by
virtue of the actions they afford together. In this sense, contrast is ubiquitous for functional
relations; that is, every tool, container, or support enters a context already indexed to a
family of practicable routines (hammer—nail, pitcher—glass, key—lock). What makes the
contrast perceptible is not the mere co-presence of objects, but the relational dynamics of
afforded actions grounded in our experiential traces. When the enacted or implied action
departs from what prior experience prepares us to expect, the functional ground (i.e., the
action schema binding the entities) becomes more prominent than the isolated perception
of the figure’s attributes, raising contrastiveness on the continuum (cf. Fig. 1.2).

Function is thus a relational primitive anchored in experiences rather than isolated
perception attached to object attributes. In line with this, previous studies have shown
that functionally interacting pairs are perceptually grouped and identified more efficiently
than the same objects arranged without a workable interaction; disrupting the interaction
impairs identification, revealing that cognition privileges the action relation over the stand-
alone object when the two come apart (Green & Hummel, 2006; Riddoch et al., 2003).
This pattern aligns with the present view that increasing functional mismatch increases
relational prominence and, hence, perceived contrast.

In functional contrast, the figure is the action-relevant entity in focus (e.g., the ham-
mer), while the ground comprises the functional relations grounded in experiences that

make a particular action possible. Crucially, these relations are manner-driven: striking
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Figure 1.5: Examples of functional contrast. The central node represents the Ground
(functional expectation or affordance schema), while the surrounding images
depict Figures (realized actions) at varying distances from this ground. The
arrow length depicts the degree of contrast from the canonical function.

vs. tapping, pouring vs. dribbling, cutting vs. scoring (Talmy, 1985a). Manner refines the
actions and therefore the degree to which the realized relation fits backgrounded expe-
rience. As manner departs from the expected routine (e.g., a saw used with a dragging
rather than cutting motion), functional prominence rises and attributes recede.

Placement on the contrastiveness scale. Functional contrast asks how well the inter-
action between figure and ground fits a practiced affordance schema (what the ground
“invites” the figure to do) (Gibson, 1979; Norman, 1988). As with situative cases, the
scale is the relational distance between the observed use and the canonical use (Tversky,
1977). This means the greater the distance, the stronger the relational prominence (here
we notice the relation more than the individual objects).

Low functional contrast (small distance with routine use). The realized action cleanly
instantiates a familiar schema with the expected roles and forces. Execution is efficient,
controllable, and aligns with prior experience, so the relation feels “transparent” and
attention stays on the task outcome rather than on how the objects are being used (R.
Cooper & Shallice, 2000). A few examples of such functional relations are: a hammer
driving a nail into wood, a key turning a lock, a mug used for pouring water into a glass,
or a knife slicing bread on a cutting board. Essentially, these relations are supported
by perceptual cues which justify the ground’s affordance without strain (Riddoch et al.,
2003).

Mild functional contrast (moderate distance with workable but non-canonical). Here,

the action accomplishes the goal with action format substitution or role stretching.
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Meaning, the affordance is partially “canonical”, grip, or contact is adequate but not
ideal, and hence the relation becomes mildly salient (Osiurak et al., 2010). Observers

9

register that the action works, but “it isn’t what this thing ideally is for.” Examples
of such relations include using a sturdy wooden block or shoe to tap a nail, opening
a paint can with a butter knife instead of a flathead screwdriver, using a phone as a
paperweight, turning a screw with a coin, or propping a door with a backpack. Here,
the ground’s affordance is partly satisfied, but alternative canonical tools remain salient

competitors (Buxbaum, 2001).

High functional contrast (large distance with schema breach). For high functional
contrast, the observed interaction conflicts with the learned affordance; i.e., contact
mechanics, material properties, or role assignments make the action ineffective or self-
defeating (Bach et al., 2009). Here, the relation itself dominates perception before the
individual features can offer an interpretation, and the scene reads as wrong or non-
canonical. Examples of action mismatches under this format include trying to drive
a nail with a sponge, a tomato, or a sheet of paper; attempting to cut bread with
a paintbrush; or stirring soup with a fork made of chocolate. In this case, observers
infer that the affordance schema is violated, not merely stretched as in mild functional
contrast (Sitnikova et al., 2003).

Functional relations are ever-present and affordance-grounded, and contrast emerges
when the afforded action diverges from experiential traces (Barsalou, 1999). The more
the realized interaction (including its manner) deviates from the backgrounded schema,
the farther the relation moves from the figure on the contrastiveness continuum, and the
more cognition privileges functional ground over entity attributes in making sense of the
actions. This logic situates functional contrast within the same unifying scale used for
situative contrast, extending the notion that contrast is a contextual phenomenon rooted

in relational prominence.

1.2.3 Locative Contrast

Just as events have a temporal background, locative contrast has a spatial background
(Jackendoff, 1983). This means that a scene offers a set of credible alternate placements
for a figure with respect to a ground, and the present placement is interpreted against
those alternates. Thus, when a figure is “on” something, it is simultaneously not under
it (Figure 1.3, Locative). For example, as shown in Figure 1.6, if a ball is placed on a
ring, most people will also interpret the location as “not” under the ring. Meaning, when
a ball is outside a box, the option of being inside is live. These oppositions (up—down,
in—out, on—under, front—behind, left-right) are not “add-ons” but part of how the scene
is holistically organized for perception (Landau & Jackendoff, 1993; Talmy, 2000). When
such alternates are available, the relational component becomes prominent and the figure’s

mere attributes recede. Conversely, when no alternate is licensed by the layout, relational
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Figure 1.6: Examples of locative contrast. The central node represents the Ground (loca-
tive expectation or available set of placements), while the surrounding images
depict Figures (realized placements) at varying distances from this ground.
The arrow length depicts the degree of spatial competition or deviation from
the canonical placement

prominence is weak; e.g., a ball on bare ground with no support or container in view
does not invite a contrast because there is nowhere else within the scene for the ball to
plausibly be. Under this view, the ground is the reference region that makes multiple
placements possible, and the figure is the movable entity whose location is at issue (Her-
skovits, 1986). Locative contrast is therefore availability—sensitive: the more clearly the
scene offers structured alternatives, the more the figure—ground relation comes forward.
For instance, geometric cues, height differences, visible openings, edges, and support sur-
faces act like “spatial affordance markers” to project where the figure could go next and
against which its current placement is read (Carlson-Radvansky, 1999). As with other
contrasts, this effect seem to be graded where subtle misalignments may only bring the
relation into view, while placements that sit on the boundary between roles (e.g., balanced
on a rim) can make the relation a principal percept (Regier, 1996).

Placement on the contrastiveness scale. Locative contrast is about how a figure’s place-
ment stands out against the set of credible alternatives the scene makes available. In all
three levels below, the “distance” in the scale is the relational distance between figure and
ground, i.e., how many live alternatives the layout licenses, and how strongly the realized

placement competes with the canonical one (Herskovits, 1986).

Low locative contrast (small distance with no alternates). In this situation, only one
plausible placement is effectively licensed by the layout, so that the relation reads
as transparent and unremarkable. Here, attention falls on the object’s attributes be-

cause the spatial relation does not provide alternates or perform any explanatory work
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(Talmy, 2000). In figure 1.3, such relations can be seen for a ball resting on bare ground
with no container or support in view, a book lying flat on an otherwise empty tabletop,

or a cup seated on a single visible counter where no other support is present.

Mild locative contrast (moderate distance with gentle spatial competition). When the
scene offers more than one reasonable placement, and the realized placement is ac-
ceptable but the alternate does not entirely compete for the figure’s location, a mildly
locative contrast emerges. Crucially, here the alternates are visible enough to enter
awareness such that they compete for the figure, making the relation mildly salient.
We can think of such contrasts as almost “canonical” placements (Carlson-Radvansky,
1999). Examples of such contrastive relations are also seen in figure 1.3, such as a
book resting near the shelf’s edge (“plainly on,” but the location “to the floor” is a
live alternate), or similarly, a cup on the table with the floor below, i.e., where other

supports are present but weak.

High locative contrast (large distance with strong spatial competition). For high locative
contrasts to emerge in a scene, an alternate or multiple salient placements should be
available. Here, the realized position either competes head-to-head with a canonical
alternative or gets its definition through an alternate possibility, just as down is always
relative to up or on is always relative to under (Singh & Rohlfing, 2025a). When the
relation itself becomes the main percept, we notice “where” before “what” (Landau
& Jackendoff, 1993). Such contrasts are ideally characterized by negations reflecting
alternates, such as saying “not up” implies “down” in a situation where both alternates
are presented as locative contrasts. In our past studies, we utilized locative contrast to
show that such contrastive situations can be verbally guided through negations (Singh
& Rohlfing, 2025a). An example of such a contrast is a ball perched on the rim rather

than inside or under it. enditemize

Following the above descriptions, two boundary conditions for the contrastive scale
should follow. First, the absence of alternates exhibits minimal contrast, so that without
any credible locus, the relation remains backgrounded and attributes associated with
the figure dominate. Second, more structured alternatives provide stronger contrast
through alternate possibilities of where the figure could have been, for instance, adding
a shelf above a table or introducing a visible edge increases relational salience by making
the other placements live options (Gibson, 1979). In all such cases, what we perceive
first is not the object in isolation but how it is spatially bound to its ground relative
to the alternates the scene makes available, and the configuration moves along the
contrastiveness scale accordingly.

1.2.4 Eventive Contrast

Events unfold on a spatiotemporal dimension. In this view, eventive contrast arises

when the present sequence of an event is interpreted against a history that the scene
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Figure 1.7: Examples of eventive contrast. The central node represents the Ground (even-
tive expectation established by history, e.g., a repeating pattern), while the
surrounding images depict Figures (realized next actions) at varying distances
from this ground. The arrow length signifies the degree of deviation from the
projected sequence

itself has already made available (Zacks & Tversky, 2001). Here, the past is not back-
grounded as mere memory, rather, it is part of the perceivable arrangement with regu-
larities, rhythms, and partial trajectories projecting the next move. When a sequence
establishes a pattern, it is tempting to think that the next occurrence should read
through that pattern. In cases where the realized action diverges, the relations emerg-
ing holistically become prominent over the attributes of the single subevent in hand. In
other words, the event history furnishes the ground against which the current subevent,
the figure, is interpreted. In this sense, the contrast should emerge as a mismatch be-
tween the expected continuation and the actual continuation of the ground events.
Without an available history (no evolving scene), or with a regular continuation (re-
peated event), eventive contrast has little to grip and will not be strongly perceived.
Concretely, consider the screws example from Figure 1.7: when the prior screws are
placed vertically in a tidy row, the upcoming screw (the figure) is prepared, and the
background rhythm licenses the expectation “vertical again” (Singh et al., 2025). A
horizontal placement now constitutes an eventive deviation such that the manner’s re-
lation (past-present) is foregrounded over the current move. Similar spatiotemporal
patterns are also observed in other situations, e.g., three boxes slid leftward one after
another where the fourth is pushed forward instead. In each case, the ground is the
unfolding regularity, such as the partial pattern that projects a near-future, and the
figure is the present action that either continues or disrupts it. Eventive contrast is
therefore also manner-sensitive; i.e., not only what action follows but how it is realized

can align with or contrast with the projected course.
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Placement on the contrastiveness scale. Eventive contrast is the temporal counter-
part to the spatial and situational cases discussed earlier. It arises when the present
subevent is read against a history that the scene itself has already made available (Za-
cks & Tversky, 2001). In this view, the unfolding pattern, i.e., partial trajectories,
spacing, rhythm, orientation—constitutes the ground, and the current subevent is the
figure. What we call “distance” on the contrastiveness scale is thus how far the current
action departs from the projection licensed by that ground (Reynolds et al., 2009).
When the projection is weak or absent, departures cannot be registered and eventive
contrast remains low. Conversely, when the projection is strong and regular, even small
deviations surface as salient relations. This framing ties eventive contrast directly to
relational prominence as defined for the other dimensions.

Low eventive contrast (no deviation from ground). At the low end of eventive con-
trast, the present action simply continues the established sequence in both what it
does and how it is realized and the figural-event ratifies the ground. For example, a
fourth screw is placed vertically with the same spacing and angle as the first three, or
a painter’s fourth stroke repeats the same top-to-bottom motion at the same tempo
(Singh et al., 2025). Such continuity keeps the relation transparent and the pattern
holds, where the projection and the realization coincide, and attention is free to settle
on outcomes (goal) rather than on the relation between move (manner) and history.

Mild eventive contrast (slight deviation from ground). A step higher, mild eventive
contrast appears when the action preserves the overarching schema but shifts the
manner variables. Here, the ground remains a reliable predictor at the level of
path or role, but the figure negotiates the details, for example, the screw is still
vertical yet slightly misaligned or spaced differently, the fourth step follows the same
path but at a slower cadence, or a slider moves leftward as expected but with a
brief hesitation or smaller amplitude (Singh et al., 2025). These contrast scales are
“near-miss” continuations. They render the relation gently salient without reading
as violations such that the projection stands, but the system now encodes how the
realization departs from the routine. Here, since the manner is the locus of difference,

contrastiveness rises only moderately.

High eventive contrast (maximum deviation from ground). At the high end, eventive
contrast is produced when the present move cancels the projected endpoint altogether
or substitutes an incompatible action, thereby collapsing the live script (Schank &
Abelson, 1977). After lifting the kettle to pour, the agent returns it untouched, or
after three hammer strikes toward driving a nail, the fourth move is to wipe the
nail with a cloth. Here, the figure does not merely deviate, rather, it withdraws
commitment to the projected goal or swaps scripts (Baldwin et al., 2001). The
ground remains vividly present (we know what should have come next), and it is

precisely this presence that renders the deviation maximally contrastive.
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For eventive contrasts, we can imagine two conditions that should be followed. First, no
history with minimal eventive contrast, such as an isolated act with no visible history
offers little relational prominence because there is no credible projection for the figure
to follow or violate. Second, the more stable the projection, the stronger the contrast
can be. Factors such as repetition, clear partial trajectories, temporal rhythm, and
evenly spaced placements strengthen the background expectation and thereby amplify
the salience of departures (Kurby & Zacks, 2008). In sum, eventive contrast scales
with the distance between the realized move and the pattern it stands against, with
low contrast for ratified continuations, mild contrast for manner shifts within the same
schema, and high contrast for cancellations or script substitutions. As other dimensions,
the graded pattern preserves the idea of the contrastiveness scale (figure 1.2).

1.2.5 Social Contrast

Social contrast arises when an ongoing state of affairs involving agents is read against
a normative background of social scripts (Schank & Abelson, 1977). In everyday inter-
action, the ground is not only spatial or temporal but normative; i.e., shared routines
about what typically happens next (queueing, greeting, turn-taking, paying sequences).
Against this ground, the present configuration of agents and actions (the figure) is in-
terpreted. When the current action coheres with the script, the relation is transparent,
and attributes (who, where, and what) dominate. Conversely, when the current action
deviates from the normative script, the relational component becomes prominent, and
contrastiveness rises (Garfinkel, 1967).

In this sense, social contrast is ubiquitous, where every social scene is already indexed
to a set of practicable routines, and we only perceive the contrast when the realized
action misaligns with those routines. Such social relations were previously defined in
terms of concepts like help, hinder, chase, give/take, lead, or follow (Hafri & Firestone,
2021; Heider & Simmel, 1944). These states of affairs are extracted rapidly and with
structured roles (e.g., Agent/Patient), so that a small deviation in who does what
to whom can reorganize the percept from “normative” to “contrastive” even before
deliberation sets in. This crucially matches the broader insight that sophisticated
relations, including social interactions, are not just inferred but are seen with role
structure and contributions. Consequently, departures from the norm make relational
prominence salient over the individuals’ attributes (Hafri & Firestone, 2021).

At this point, it is useful to specify what counts as figure and ground in social contexts
by treating particular social moves as figures against the scripted routines that sustain
expectations as ground. For example, consider a social context such as a restaurant
with a social move (e.g., the server presenting a bill now). Here, the ground can
be considered as the scripted sequence and local cues that license expectations (e.g.,

menus — order — eat — bill) against whose schema the figure is interpreted (bill
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presentation). The manner refines norm conformance; i.e., not just what action occurs
but how it is done (timing, orientation) modulates prominence. A polite interruption at
the right transition point may be weakly contrastive, whereas the same content delivered
abruptly mid-course is more contrastive because the manner clashes with the script’s
rhythm (Goffman, 1967). As in other domains, when manner and role-assignment
conflict with the expected template, the relation itself becomes foregrounded.

Placement on the contrastiveness scale. Social contrast follows the same figure—
ground logic as the other dimensions, with normative scripts providing the ground
(shared routines about “what happens next”) and the present social move functioning
as the figure (Schank & Abelson, 1977). Distance on the contrastiveness scale reflects
how far the current act departs from the script that the scene itself licenses (queueing
conventions, service rituals, turn-taking, authority handoffs). When the script is strong
and unambiguous, even small departures become visible relations, whereas when the

script is weak or absent, departures fail to register as contrast (Garfinkel, 1967).

Low social contrast (small distance). The present act continues the script both in
content and in manner such that the relation remains transparent and attributes
dominate. An example is the typical restaurant exchange where the actions proceed
in order—menus — order — eat — bill—so the handover of the bill after dessert feels
almost invisible as a relation (Schank & Abelson, 1977). Similarly, when a newcomer
joins the back of a clearly marked line, acknowledges the host when addressed, and
waits for a turn, the social ground predicts each move, and the figure merely ratifies
it. In such cases, observers register who is present and what they are doing but do

not dwell on the relation to the script because nothing in the act competes with it.

Mild social contrast (moderate distance). An act in a social context that shifts the
timing or manner yet remains compatible with the underlying script, therefore still
guiding expectations, can be considered a mild social contrast. For instance, in the
restaurant context, when a server places the bill on the table slightly early, say, soon
after the mains arrive. Here the billing step is brought forward, but its manner keeps
it within bounds. Another example showing mild social contrast can be seen in a
queue: a customer stands a little ahead of the floor marker without blocking anyone;
here, the role and order are preserved, but the local alignment is off. Although these
are near-miss continuations, the alternatives are live but weak, and the relation comes
forward gently because timing and tone negotiate with the script instead of replacing
it (Goffman, 1967).

High social contrast (large distance). The act reorders steps or swaps roles in ways
that compete with the script, making the relation itself the principal percept. A
striking case is a server presenting the bill before menus arrive such that the billing

relation is pulled far forward, and consequently, the sequence, rather than the server’s

19



or diner’s attributes, becomes what is seen. Similarly, if a passerby cuts into a queue
while meeting others’ gaze as if entitled, the visible role assignment (who yields
to whom) is inverted. In institutional settings, a visitor issuing demands without
greeting in a formal meeting, or a patron in a quiet library calling out across the
room, all these moves collides with a salient norm and reorganizes authority and
turn-taking (Milgram, 1992), and more often repairs (Schegloff et al., 1977). In such
scenes, the ground advertises a canonical alternative so clearly that the realized move
reads as a deliberate opposition to it, yielding maximal relational prominence.

As with other dimensions, no credible norm means minimal contrast. In unfamiliar or
underspecified settings, an odd act may not read as contrastive because the ground is
weak. Conversely, the stronger the scripted background, the stronger the contrast, such
as clear turn-taking cues amplify the salience of departures. Because social relations
are represented with abstract roles and are rapidly extracted, even subtle mismatches
(e.g., who initiates, who yields, timing of handoff) can raise contrast by shifting role
structure rather than object properties, aligning with the broader claim that we often
perceive how agents relate before we attend to who they are (Hafri & Firestone, 2021).
In sum, social contrast is the normative counterpart of situative, locative, and eventive
contrasts, as it is grounded in shared scripts and role structure and become perceptible
when the present move misaligns with that normative ground. It also scale with the
distance between the realized act (figure) and the scripted sequence (ground) on the

contrastiveness continuum as visualized in figure 1.2.

1.3 The multimodality of contrast

Having laid down the dimensions of contrast (situative, functional, locative, eventive,
social), one important gap remains on how language may modulate the perception of
these contrasts. Contrast being defined as nonlinguistic from the beginning, a motiva-
tion of such effects can be derived from research on language and thought (Gentner,
2003; Gleitman & Papafragou, 2005; Wolff & Holmes, 2011). Up to this point, the
analysis has been largely modality-first, where we have treated scenes, actions, and
sequences as contrastive because experiential traces provide a ground against which a
figure is interpreted. Yet everyday cognition is not unimodal. Perception is routinely
coupled with linguistic framing, verbal labels, discourse cues, and interactional rou-
tines. The question, then, is not whether contrast exists without language (it does),
but how language can reshape, amplify, or attenuate contrastive perception once the
relational aspects are in place. The current chapter is motivated by the idea whether
and how language may act as a contrastive mechanism with other forms of contrast.

Multiple hypotheses in language—thought research characterize how language may in-

fluence nonlinguistic conceptualization (Wolff & Holmes, 2011). From this perspective,
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three possibilities are at stake. First, a language-first account treats contrast as pri-
marily a linguistic construction that can subsequently guide perception. Second, an
experience-first account treats contrast as arising from action and history, with language
largely reflecting and packaging what is already available from cognition. Third, a hy-
brid account holds that language tunes the use of contrasts that are already grounded
in general cognition and experience.

According to the contemporary work on linguistic relativity (e.g., Wolff & Holmes,
2011), most evidence supports the hybrid view, i.e., language does not overwrite core
perceptual /conceptual distinctions, but language-specific processes in preparation can
reflect upon attentional patterns (“thinking for speaking”), meddle with ongoing non-
linguistic processing, spotlight entities, augment representational resources, and induce
schematic modes of analysis that persist into nonlinguistic tasks. These mechanisms
may provide a systematic investigation route by which language may alter relational
prominence and thus contrastiveness, i.e., the perceived distance between figure and
ground on the contrastiveness scale.

I lay down here the above-mentioned possibilities and then discuss how these possi-
bilities might reflect upon contrasts. The first possibility is “thinking-for-speaking”.
When preparing a description, speakers align attention with what their language rou-
tinely encodes (Slobin, 1996). For example, in past studies it was shown that speaker
of satellite-framed languages (where PATH information is encoded in additional con-
stituent), while preparing to describe the scene are more likely to attend to the path
and manner than speakers of verb-framed language (where MANNER information is
encoded in the verb) (Papafragou et al., 2008). However, the effect receded when par-
ticipants simply watched the motion events, without needing to describe the scene.
Meaning, language affects event conceptualization only when linguistic representations
are activated as a result of verbal encoding. Such a processing pathway may affect
contrastive perception. For example, language can determine which relational alter-
nate becomes salient only when a relation is verbalized, thereby moving a configuration
rightward or leftward on the scale (figure 1.2) without changing the scene itself.

The second possibility is that language may act as a “meddler” for contrastive percep-
tion (co-active influence). Verbal labels and constructions can make particular distinc-
tions hard to ignore and thereby bring relevant units under attention (Lupyan, 2012).
For example, in Singh and Rohlfing, 2025a, it was shown that using verbal labels before
or after concurrent action modulate gaze shift toward the goal of the action, potentially
suggesting a co-influence of language on action conceptualization. Crucially, when the
instructions contain negations to negate the current event in light of the previous event
in contrastive actions, the event memory was better, potentially highlighting the higher
relational prominence. Here the relation drew attention because the verbal cue (nega-
tion) brought the current and the already happened event within a unified frame of

interpretation.
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The third possibility is that language acts as a spotlight. Under certain conditions it
is valid to assume that language can act to highlight specific properties and may act
as a spotlight, making certain aspects of the world more salient than other (Vigliocco
et al., 2005). Few language specific regularities and rules developed after habitual use
of language might make particular aspect of the world more salient than others. For
example, it was found that grammatical gender learned within a language (such as
through proper nouns) affects the association formation of that particular proper noun
with common noun when the target common noun does not conform to the gender of
proper noun (Sera et al., 2002). Regarding the relational perception, in a cross cultural
study with Korean and English speaking children, it has already been shown that by 3
years English speaking but not Korean speaking show reduced sensitivity to tight and
loose fit distinction, a relational feature prominent in Korean but not in English (Choi
et al., 1999; Loewenstein & Gentner, 2005). This suggests that learned regularities
in the language might spotlight specific constituents useful for nonlinguistic encoding.
Hence, if a language in itself exhibit some contrastiveness through construction it may
have influence how the relational prominence which may be spotlighted in a given

context.

The fourth possibility is that language act as an augmenter. As an augmenter the lan-
guage may provide new resources complementing the non-linguistic processes (Frank
et al., 2008). Under this view, linguistic structure can extend nonlinguistic representa-
tions, such as it can enable exact rules, embed propositions, or create stable relational
categories through some linguistic means (Lupyan, 2005). For example, it was found
that during a nonlinguistic task requiring linguistic strategies to solve it efficiently,
participants preferred to represent the problem as linguistic task even though the task
provided an opportunity to be solved through visual simulation such as in “gear turn
task” (Schwartz & Black, 1996). Thus given a situation language can augment con-
trastiveness if it may appear befitting for perception. In other words, in a contrastive
frame, language can create additional plausible alternates (new candidate grounds or
manners) that were previously unavailable to the system, thereby increasing the space
of contrasts a scene can support.

And the fifth possibility is that language might act as an inducer (prime a particular
mode). Meaning, language can set a stage for particular mode of processing that
continues to be engaged even after language is no longer is in use (Boroditsky, 2001).
This processing path has an important consequence for contarstive perception since
it was found that relational language promoted mental simulation even when people
describe a completely different scene. In this sense, using relational words can push
perception toward schematic, relation-first processing that carries over to subsequent
nonverbal tasks. In these terms, inducer effects raise the baseline salience of relations,
making it more likely that observers will report the grounded configuration (e.g., ON,
IN, ACROSS) rather than the object’s attributes, even when no explicit description is
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required.

In conclusion, a question needed to be addressed in future is that how the linguistic
influence of nonlinguistic processes can be defined on the contrastiveness scale as dis-
tance between figure and ground? From the above synthesis it can be postulated that,
language can (a) alter which ground is selected (e.g., by spotlighting one relational as-
pect over another), (b) change the granularity of available alternates (augmenter effects,
adding categories and roles), and (c) modulate the baseline salience of relations (inducer
and spotlight), thereby shifting a display along the scale without changing the under-
lying scene. In practical terms, verbal cues can move a contrastive perception from low
to mild, from mild to high (explicitly opposing the canonical template). If contrast is a
general relational phenomenon, and if language can shift relational prominence through
“thinking for speaking”, spotlighting, meddling, augmenting, or inducing, then a sys-
tematic account of language as a contrastive mechanism along the enlisted dimension
is warranted. The next chapter develops this account, by providing examples of how
linguistic devices (e.g., negation, contrastive connectives, prepositions, aspect) most
effectively reconfigure the ground, stabilize alternates, or amplify mismatch, and how
these effects register on the contrastiveness scale across situative, functional, locative,
eventive, and social dimensions.

1.4 Roadmap and contributions

The central aim of this dissertation is to integrate empirical, methodological, and mod-
elling contributions to the study of contrastive guidance in interactional contexts. The
structure of the dissertation follows a conceptual progression: it begins with contrast
as a Figure-Ground relation (Chapter 1), develops a formal model of contrastive guid-
ance (Chapter 2), extends this account to interactional context (Chapter 3), and finally
examines scaffolding and proposes an interactive extension of the model (Chapter 4).
The publications on which the dissertation builds are mapped to the respective chapters
below. A more detailed mapping between the dissertation chapters and the underlying
publications is provided in Appendix A.

1.4.1 Publications and summary

The dissertation draws on the following publications and conference contributions. To-
gether, these works develop the concept of contrastive guidance across a sequence of
experimental studies, extend it to interactive human-robot settings, and examine its
role in situated language use. In particular, they investigate how contrastive verbal
guidance, especially negation, shapes visual attention, event memory, and repair dur-
ing real-time language processing in dynamic contexts. The contributing publications

are summarized chronologically below.
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Contrastive Verbal Guidance: A Beneficial Context for Attention To Events and
Their Memory?

Singh, A. and Rohlfing, K.J. (2025), Contrastive Verbal Guidance: A Beneficial Context
for Attention To Events and Their Memory? Cognitive Science, 49: €70096.

Summary This article examines whether negation can function as a form of contrastive
verbal guidance in action demonstration tasks. Across two eye-tracking experiments,
participants observed contrastive and noncontrastive motion events while receiving as-
sertive or negative verbal instructions either before the action or synchronously with
it. The findings show that verbal guidance modulates attention to the action goal and
that assertive—negative instructions particularly support the recall of contrastive ac-
tions. The study further reveals a trade-off between goal-directed attention and event
memory. Participants recalled actions better when their attention was less strongly
biased toward the goal. The paper therefore provides the central empirical foundation
for this dissertation by demonstrating that contrastive guidance can de-bias attention
from the most salient event component and support a more holistic representation of

dynamic events.

Contrastiveness in the Context of Action Demonstration

Singh, A., & Rohlfing, K.J. (2023). Contrastiveness in the context of action demon-
stration: an eye-tracking study on its effects on action perception and action recall.
Proceedings of the Annual Meeting of the Cognitive Science Society, 45, Sydney, Aus-
tralia.

Summary This paper investigates how visual and verbal contrast jointly shape action
perception and event recall during action demonstration. In an eye-tracking experi-
ment, participants observed motion events that were either visually contrastive, such
as Up—Down or Down—Up, or visually non-contrastive, such as Up—Up or Down—Down,
where the accompanying verbal guidance varied between assertive and negative formu-
lations. The findings show that visual contrast alone did not improve memory; rather,
recall was facilitated when a visually contrastive action was paired with contrastive
verbal guidance, especially in the assertion—negation condition. The paper contributes
to this dissertation by showing that negation can reduce processing costs and support
event memory when it is grounded in a prior positive context, thereby establishing

contrastive guidance as a multimodal mechanism for structuring event understanding.
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Coupling of Task and Partner Model

Singh, A., & Rohlfing, K.J. (2024). Coupling of Task and Partner Model: Investigating
the Intra-Individual Variability in Gaze during Human—Robot Explanatory Dialogue.
26th ACM International Conference on Multimodal Interaction (ACM ICMI 2024),
Costa Rica.

Summary This paper examines the coupling of task and partner models in human—
robot explanatory dialogue. The task model was operationalized through two action
components, path as the “where” dimension and manner as the “how” dimension, while
the partner model was operationalized through gaze-based indicators of whether the
robot was treated as a capable scaffolding partner. In an interaction with a NAO robot,
participants placed objects according to the robot’s instructions and asked clarification
questions when either path or manner information was missing. The results show that
path-related questions were asked earlier than manner-related questions, supporting the
idea that path is more prominent in action conceptualization. Moreover, participants
primarily looked at the robot’s face during information-seeking, but shifted more toward
the torso when the robot failed to provide a resolution, suggesting an exploration of
the robot’s capabilities. This contribution extends the dissertation from controlled
action perception to situated explanation by showing that task-related attention and
information-seeking are partly shaped by the evolving partner model in interaction.

Manners Matter: Action History Guides Attention and Repair Choices During
Interaction

Singh, A., Wrede, B., Richter, B., Gro}, A., & Rohlfing, K.J. (2025). Manners Matter:
Action history guides attention and repair choices during interaction. IEEE Interna-
tional Conference on Development and Learning (ICDL 2025), Prague. (Talk)

Summary This paper investigates how action history shapes attention and repair be-
haviour during human-robot interaction. In an HRI experiment, participants followed
instructions involving different action manners, such as placing objects vertically or
horizontally, while the robot occasionally omitted manner information. The study ma-
nipulated the preceding action history to create either simple situational models, in
which only one manner had been established, or rich situational models, in which com-
peting manners were available. The findings show that rich situational models led to
increased attentional engagement and more restricted repair requests that targeted the
specific missing manner information, whereas simple situational models were associated
with more open repair strategies. This contribution extends the dissertation by show-

ing that contrastive guidance is not limited to isolated verbal instructions, but emerges
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from action histories and contexts that structure attention, constrain possible interpre-

tations, and shape how participants linguistically repair uncertainty in interaction.

Embedding Psycholinguistics: An Interactive Framework for Studying Language in
Action

Singh, A., & Rohlfing, K.J. (2025). Embedding Psycholinguistics: An Interactive
Framework for Studying Language in Action. 6th Biannual Conference of the Ger-
man Society for Cognitive Science (KogWis 2025), Ruhr-University Bochum, Germany.
(Talk)

Summary This contribution presents a conceptual and methodological framework for
studying psycholinguistic processes online as they unfold in situated interaction. It
argues that language, vision, and action should not be treated as isolated modules, but
as dynamically coupled processes that mutually shape one another in real time. Using
a human-robot interaction setup with eye-tracking, the study examines conversational
repair as a window into this bidirectional language—vision—action interplay. Partici-
pants followed object-placement instructions from a humanoid robot and initiated re-
pairs when relevant action information was omitted. By manipulating simple and rich
situational models, the study shows that repair formulation and visual attention are
jointly shaped by the available action context: restricted repairs were associated with
longer dwell times, particularly in rich contexts where competing action possibilities
were visually available. This contribution positions the dissertation within an interac-
tive psycholinguistic framework, showing how controlled experimental paradigms can
be embedded in naturalistic interaction to study the real-time coupling of language,
attention, and action.

Scaffolding the Human Partner by Contrastive Guidance in an Explanatory
Human—Robot Dialogue

Grof3, A., Singh, A., Banh, N. C., Richter, B., Scharlau, I., Rohlfing, K. J., & Wrede,
B. (2023). Scaffolding the human partner by contrastive guidance in an explanatory
human-robot dialogue. Frontiers in Robotics and Al 10.

Summary This article investigates whether negation can be used as a contrastive
guidance strategy in explanatory human-robot dialogue. In a touchscreen-based task,
a virtual robot guided participants to perform object-related gestures, while instruc-
tions were presented either contrastively, by affirming the intended manner and negating
an alternative, or non-contrastively, by only affirming the intended action. The find-

ings show that contrastive instructions initially increased processing time, reflecting
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the known processing cost of negation, but also improved task performance: partici-
pants required fewer attempts and produced gestures that more closely resembled the
demonstrated target gesture. Participants also rated contrastive explanations as more
helpful than non-contrastive ones. This publication contributes to the dissertation by
showing that contrastive guidance can be used to scaffold manners in human-robot
interaction, where negation not only marks what should be avoided but also helps the
human partner select and execute the intended manner more precisely.

A methodological framework for studying online language—vision interplay in
human-robot interaction

Singh, A., & Rohlfing, K.J. (2025). A method for studying online language—vision
interplay in a human-robot interaction. Journal of Psycholinguistic Research. under

review.

Summary This manuscript develops a methodological framework for studying online
language—vision interplay in human-robot interaction. It argues that traditional vi-
sual world paradigms offer strong temporal precision for studying language-mediated
eye movements, but often remain limited by screen-based, unidirectional, and non-
interactive designs. To address this limitation, the manuscript proposes human-robot
interaction as a controlled yet interactive test bed in which comprehension, production,
action, and gaze can be studied within the same unfolding task. Using a proof-of-
concept implementation with a NAO robot, physical objects, eye-tracking, and repair
sequences, the paper shows how gaze can be analyzed in relation to referential inte-
gration, partner-directed monitoring, and pre-utterance planning. The empirical illus-
tration demonstrates that participants’ gaze shifted toward referential targets during
robot instructions, and that richer action contexts shaped both repair formulation and
pre-repair visual attention. This work contributes to the dissertation by providing the
methodological foundation for studying contrastive guidance and repair as temporally
unfolding, situated processes in which language—vision interaction can be examined
online within a dialogical setup.
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Chapter 2

Language as a contrastive mechanism

2.1 Does language foreground relations?

At this stage, it should be clear that language can structure relational perception. As
argued in the previous chapter, contrasts emerge from relations that isolated attributes
alone cannot exhibit. When a linguistic description pushes relational aspects into the
foreground by reasoning for, how a Figure stands with respect to a Ground, which
path it traces against the established history, and what event it accomplishes, the con-
trastiveness becomes available as an interpretive stance. Conversely, when descriptions
dwell on isolated attributes, the scene feels less contrastive because the relevant rela-
tions are taken for granted. This perspective turns a set of familiar questions into a
single investigation: How does language help to foreground relations? Which linguistic
constituents carry these relations in ordinary sentences? How are nonlinguistic cues
such as visual context framed by the linguistic choices that we make? Throughout this
chapter, I will try to address some of these questions. Although we have emphasized
dimensions to breakdown relational perception on distinct levels, here I will use event
as an umbrella term for the dimensions on which language can operate to guide and

regulate relational prominence.

There is no surprise that the influence of language on event cognition has a long his-
tory. For example, early studies on motion-event cognition associated with Slobin and
Talmy showed that languages routinely conceptualize two action elements—PATH and
MANNER (Slobin, 1996; Talmy, 1985a). Language was also shown to distribute action
elements across verbs and satellites in systematic ways (often called verb framing). In
satellite-framed systems such as English or German, the verb readily carries Manner
while Path is expressed in a particle or preposition, for example, in an expression like:
Sie schwamm iber den Fluss hiniber (Translated: She swam across the river), the
manner (Swim) and path (across) are expressed in distinct constituents. Conversely, in
verb-framed systems such as Spanish or French, Path is often encapsulated within the
verb, where the Manner is only added if required, for example, in an expression like:
El nifio entré a la casa (Translated: The child entered the house [running]), the path

(enter) is expressed in the verb.
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Crucially for our purpose, we see this linguistic conceptualization of motion events not
merely as a verb-framing processes, but as a core mechanism through which the syntac-
tic preferences highlight the Figure’s relation to the Ground, i.e., relational prominence.
Seen from this perspective, language frames the event in a figure-centric way where the
event path becomes the natural attentional anchor. To support this, evidence has been
presented in the literature that the path receives more attention than other event con-
stituents forming an inherent part of the goal where the path terminates (Lakusta &
Landau, 2005; Regier & Zheng, 2007). This also aligns with the general observation
that, in normative situations, the Figure is foregrounded and relational structure often
remains in the background until the description foregrounds it. Hence, when language
explicitly articulates the relation of the figure to the ground rather than just highlight-
ing the figure’s attributes, the relational prominence should be higher.

For example, consider two ordinary sentences. In one, a boundary crossing is named
through verb framing such that the path is expressed in the verb, e.g., The cyclist
entered the plaza. In the other, the verb only encapsulates the manner and the path is
additionally expressed through a satellite. In this case, only one location is described:
The cyclist rode in the plaza. Whereas the first sentence profiles a discrete change in the
Figure-Ground relation (outside — inside) and invites the reader to align the Figure
with a Ground boundary, the second maintains an activity within a region and leaves
that boundary in the background (Talmy, 2000).

The same pattern recurs with satellites. For example an expression like: The stroller
moved onto the stairs versus The stroller stopped at the stairs. The choice between onto
and at subtly regulates how contrastive the scene feels, even when the physical layout
is unchanged. Meaning, with respect to motion events, when a change in background is
tracked along with the figure’s course of path (as in “onto”), the relations become more
prominent than only when figure’s state is described (as in “at”). Similarly, aspect and
viewpoint exert a similar perceptual experience. For example, a perfective form such
as The child climbed the ladder commits to an achieved endpoint and thus sharpens the
Figure-Ground alignment at the top of the ladder, whereas The child was climbing the
ladder keeps the process in view and withholds commitment about the goal (Madden &
Zwaan, 2003). In this case, the processuality of events affects the relational prominence.
A change of state caused by resultatives and causatives is even more explicit such as in
expression: She pushed the door open builds the result state into the clause and thereby
highlights the boundary that matters for the task.

Crucially, all these events, when articulated, create a change in the state of the figure
with respect to the ground, while keeping the ground in focus to different degrees
along with the figure, which almost always remains in attention (Talmy, 1985a). One
thing to note here is that, when the change in the figure with respect to the ground is
explicit, it is perceived as foregrounding relational aspects more than when the figure’s

change through the background is not made evident. Meaning, when the change in
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Figure 2.1: Stimuli depicting the action conditions. The blue dashed line indicates the tra-
jectory of the ball relative to the objects. Panel (a) shows the Noncontrastive
(OVER-OVER), where the action is repeated. Panel (b) shows the Contrastive
(OVER-UNDER), where the second action creates a spatial contrast against
the first. Adapted from Singh and Rohlfing (2025a).

ground is made more explicit with respect to the figure’s motion (or path), then the
relational perception should be higher. Following this, we tested this assumption in our
first study where the ground change was made more explicit with respect to the figure’s
motion. If the ground change is explicit, the language marker making such relationships
prominent should help to perceive events as holistic. Although most studies in the past
tested change in event ground as sentential expressions through path satellites, as we
have noted in the above examples, we tested event conceptualization directly through
action observation visually and presented it with verbal guidance. As reported in Singh
and Rohlfing (2025a), a verbal guidance (negation) bringing the past subevent (ground)
into attention while keeping the current trajectory of the figure into focus was found
to support the recall of the whole event. Essentially, the grounds formed against the
moving figure were contrastive in nature (dimension:locative), suggesting a change in
location across two subevents, as shown in Figure 2.1. The figure, being the principal
entity, drew maximum attention, leading to attention toward the goal; however, when
negation is used to bring attention back to the previous event (ground), the perception
of action was enhanced, suggesting that when figure and ground both are brought into
attention through some verbal means in a visually contrastive context, the perception
of those actions is facilitated. Although the study showed contrastive effects along the
locative dimension, the possibility of such effects of language intervention cannot be

ruled out for contrasts at other dimensions, such as situative, functional, and so on.

2.2 Linguistic contrasts steering attention

Summarizing the first set of findings from Singh and Rohlfing (2025a), we derive three

principles useful for contrastive guidance for our framework. These findings are ex-
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Figure 2.2: Relationship between recall score and goal-attention over time. The heatmap
illustrates the probability of looks towards the goal (indicated by the color
gradient and contour lines) as a function of time (x-axis) and recall score
(y-axis). Lighter regions with white shading indicate a higher probability of
goal-looks, showing how attention to the goal during the event correlates with
later recall performance. Adapted from Singh and Rohlfing (2025a).

plicated in terms of the possibilities that language might use to structure events for
relational prominence (Singh & Rohlfing, 2025a).

Past event acting as ground: Regardless of modality, the current subevent as-
sociated with the figure is always interpreted in light of what has already happened
in the past (Zacks & Tversky, 2001). Hence, the past event can effectively work
as a ground forming experience. Our first study exploited two forms of relations
when compared from our dimensions as illustrated in Figure 1.3. Firstly, at the
locative dimension, the change in the path position was manipulated in opposite
directions to make the relations perceptually contrastive at the locative dimension
(UP vs DOWN) (Singh & Rohlfing, 2025a). Here, a plausible alternate was always
available, which made the scene contrastive (cf. section 1.2.3). On top of this, a
possibility of eventive contrast cannot be ruled out as well, such as when the current
event is different or similar to the past event, making the ground (past event) more
or less salient. At the linguistic level, verbal instructions were introduced to guide
the motion events. Given the possibilities of language influencing non-linguistic per-
ception in various ways, we identified that language meddled with ongoing event
conceptualization, such that when the later location was negated (e.g., Not Over),
it brought the ground (previous event) and figure into a single interpretative frame-
work leading to a holistic perception for the events when they are visually contrastive
(Singh & Rohlfing, 2025a).

Goal prominence: The second principle take-away from the first study was re-
garding goal prominence. A robust finding in event cognition literature in general

and motion event perception in specific is that in most dynamic scenes the goal loca-
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tion is attended to more than any other constituent in the entire event (Papafragou,
2010; Zacks & Tversky, 2001). A reason for this behavior can be provided through
evolutionary as well as cognitive perspectives. A general consensus is that the atten-
tional system is goal-driven and hence it is a cognitive general propensity that guides
our attention towards the goal in linguistic as well as non-linguistic tasks (Austin &
Vancouver, 1996). Language in this case spotlights goals which can be modulated
through specific verbal means (Singh & Rohlfing, 2025a). In the study, we suggested
two ways to achieve this: a) spotlighting the current subevent through presenting
verbal instruction before the specific subevent to spotlight that particular subevent
more than the goal; and b) using negation to direct attention toward the prior event
for locative contrasts (e.g., Now Over » NOT Over). While the former strategy de-
biases the attention from the goal, negations scaffold the current event in light of
the past and alternate possible events, which are essentially forming “grounds” and
bringing those grounds into attention and highlighting relations rather than mere
current (isolated) subaction. Since in the literature an anticipatory attention to the
goal (goal-biasness) was also found to coarse perception of mid-events (Papafragou,
2010), and in turn was detrimental for memory of the fine-grained events which hap-
pened before, there seems to be a general trade-off between attention to the goal and
memory of the previous subevents. This phenomenon was explicitly tested in Singh
and Rohlfing (2025a). Across two eye-tracking studies, it was found that when the
attention to the goal was highest, the recall for the preceding subevents was lower
(Figure 2.2) (Singh & Rohlfing, 2025a).

An important takeaway from this finding is that, given that figure attracts maximum
attention in motion events, the goal related to the path introduces a goal-biasness.
And in such cases, highlighting the previous event through contrastive verbal guid-
ance (negation) brings the ground (past events) into attention along with the figure.

Action Packaging: Spotlighting particular aspects of the event may bring atten-
tion to the aspects in action which otherwise do not remain in the focus generally,
and might be overridden by language specific properties. In this case, the figure
traced path remains in the focus rather than the manner or how the object moves
across the two subevents. Goal-debiasing, although seems to be not good for event
conceptualization, in fact aids memory for the less salient aspects within an event.
Whereas the goal-debiasing can be done through contrastive verbal guidance for visu-
ally contrastive actions, another macro-method to modulate goal-attention is verbal
temporal synchrony with the action. Specifically, higher goal-biasness is observed
when the instructions are overlapping with the action, however when verbal instruc-
tion is presented before the onset of action, the goal-biasness is mitigated (Singh
& Rohlfing, 2025a). Meaning, when the objective is to bring attention on the fine
grained aspect of the events, presenting instructions before actions was proved to be

beneficial, as shown in Figure 2.3.
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Figure 2.3: Two forms of multimodal synchrony (Singh & Rohlfing, 2025a): (A) sequential
and (B) simultaneous. In the sequential presentation (Experiment 1), attention
is directed toward the immediate action (path) as the instruction precedes
and introduces the action. In the simultaneous presentation (Experiment 2),
overlapping instruction and action are expected to shift attention directly to
the action goal due to ever-present goal bias in event.

The above patterns of findings show how linguistic constituents can act as a meddler
and spotlight to highlight relational aspects by making grounds salient for locative and
eventive contrasts (Figure 1.3). Hence language can act as a contrastive mechanism
alongside events to select or sharpen specific relations in the event representation. When
interpreted along the contrastiveness scale, instructions in specific forms may move the
contrastive perception along a contrastiveness scale whose primary axis is figure (path
to goal) and secondary axis is background, defined as previous event (for eventive)
and plausible location (for locative). Thus, our study identifies two forms of contrast
emerging at linguistic level where grounds were formed at two dimensions: eventive
(previous events) and locative (alternate possible locations afforded by the scene).

Linguistically constrained contrasts in motion events Though in our study, we have
explicitly guided motion events by aligning linguistic constituents with action demon-
strations — and hence multimodal — syntactic constructions themselves can also cause
relational prominence to emerge through different linguistic mechanisms. Although
the cognitive effects of different syntactic constructions have already been comprehen-
sively dealt with in Talmy’s seminal work (Talmy, 1975), the notion of contrast and
how it may emerge at different scales is nonetheless a novel perspective and provides a
way to formalize those perceptions for practicality at distinct linguistic conceptualiza-
tions. Here, we see that each component of the action as defined in Singh and Rohlfing
(2025a) — Figure, Path, and Manner — can work together to form different degrees of
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contrast. Each component, when handled in a specific way under syntactic construc-
tion, seems to be eliciting contrastive perception. Hence, below I attempt to show a
few examples of how the contrastive scale as shown in Figure 1.2 might reflect differ-
ent linguistic constructions framing figure and ground and simultaneously highlighting
relational prominence to manipulate contrastiveness. Crucial for this perspective are
the approaches that can be ascribed to the phenomenon to explain these effects. So
far we have considered possibilities of language acting as meddler and spotlighting; we
may observe that along with these explanations, other possibilities might play a crucial
role in defining some of the reasons behind how language might create an impression
for contrasts. In light of the experiment and the components established in the litera-
ture, such as Figure, Path-goal, and Manner, here we try to find out the way to locate
these constituents on the contrastiveness scale when they are expressed in linguistic

constructions.

Figure For figures being the locus of attention in most events, the figure’s existence
against the background can be taken as highlighting the contrast at different levels.
For example, when an obstruction is introduced between a figure and ground, the
contrastiveness is perceived to be the highest. With regard to the role of language
influencing event perception, it was already registered that the figure being the principal
entity remains in the spotlight of attention due to biases acquired through the frequent
use of figure-centric constructions in a language (Talmy, 2000). And when the usual
flow of the figure with respect to the ground is obstructed, the relational element is
foregrounded (as in example 1). In a usual case, when there is no obstruction, the flow
of the figure is lucid with maximum attention on the figure (as in example 3), where
one hardly bothers about the background. A few sets of example situations describing

differences in contrasts linguistically are provided below:

(1) High Contrast: The bench blocks the crosswalk. (obstruction)

In the above example (1), the obstruction between figure and ground gives rise to
contrastive perception. Similarly, passive situatedness gives rise to different situative
contrast. In this case, the contrast is not as high as “obstruction”; nevertheless, it
exhibits a sense of contrast through passive situatedness as can be read in example (2):

(2) Mild Contrast: The bench stands on the crosswalk. (passive situated)

When the figure stands in proximity to the ground without obstruction, low contrast

is perceived, such as in sentence (3):

(3) Low Contrast: The bench is near the crosswalk. (proximity)
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Path goal As it was suggested in Singh and Rohlfing (2023), the figure’s movement
against the ground in a specific direction leads to goal biasness where the goal is pri-
oritized within the locus of attention. This is not peculiar to motion events where the
figure is traversing toward the action end. In the past, multiple studies in adults as
well as in children verify this finding, suggesting that language and general cognition
prioritize and spotlight the event goals along which the path terminates (Lakusta &
Landau, 2005; Regier & Zheng, 2007). Crucially, the change of the figure’s position
with respect to the ground gives rise to differential perception of the contrastiveness.
For example in example (3), the movement of the stroller (figure) along the ground
(stairs) shifts the perceptual trajectory from the figure being in a different ground to a
new ground.

(4) High: The stroller has moved onto the stairs. (result achieved)

In the above example, the perceptual change of ground tied to a figure comes out more
explicit than in examples (5) and (6). In an obvious way, this change can be made
more explicit by providing the two grounds against which the figure traverses. The
language in this case seems to be spotlighting each ground one after another, such as
in the sentence, “the stroller has moved onto the stairs from the floor”. It is crucial
here to also notice that providing alternate grounds (i.e., possible locations) as defined
under locative contrasts increases the likelihood that the contrast emerges; this aligns

well with why locative contrast also relies upon implicit possible locations.
(5) Medium: The stroller was moving onto the stairs. (incomplete)

Similarly, when the figure traverses with the change state “yet to be achieved”, the
ground does not conform to a transition, hence perceived as mildly contrastive as
exemplified in example (5) (Madden & Zwaan, 2003). Furthermore, when the figure
is perceived to be within a specific ground without depicting a transition as in high
contrastiveness or depicting the change in state as “yet to be achieved”, it is perceived
as a figure lying on ground with no high relational prominence between figure and
ground as in example (6).

(6) Low: The stroller was on the stairs. (locative reading)

Manner Another way to depict the change of state is through the manner of action.
In satellite-framed languages, manners are expressed through verbs in syntactic con-
structions (Slobin, 1996). Crucially, the way manner might depict the end state can
be subtle or explicit. To take an example from a study by Kaup (1997), it was shown
that the way (manner) of end state achieved by verbs has an effect on the accessibility
of the object under consideration. For example, a verb depicting a destruction manner

(e.g., burning) elicited more contrast than a verb eliciting creation (baking). This was
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Figure 2.4: Response times for questions about missing information. The bar chart dis-
plays the mean response time (in seconds) for questions targeting the manner
of the action (orange bar) versus the path of the action (gray bar). The results
indicate that path-related questions were answered significantly faster than
manner-related questions. Adapted from Singh and Rohlfing (2024)

further supplemented by the complementary effect of contrast elicited through linguis-
tic negation, such as a negated object, although usually more difficult to access than
asserted objects, in cases where manner was tagged with destruction, the accessibility
difference was eliminated, such as in sentences like:

(7) “Elizabeth tidied up her drawers. She burned the old letters but not the
photographs.” (Example taken from Kaup (1997))

As suggested in Singh and Rohlfing (2025a), eventive and linguistic contrasts are not
working against but to complement each other; provided a context, the type of verb
specifying the way the end state of an entity is achieved shall produce an impression
of difference in contrast. The complimentary effect of linguistic negation with the type
of verb (destruction) on object accessibility, as in example (7) might suggest that the
verb manner does create a different degree of contrast leading to the processing cost
alleviation associated with negation. Suitable examples for such cases are compared in
examples (8) and (9). Whereas in example (8) the principal entity is destroyed, where
the change of state is explicitly brought forward achieved against a ground, example
(9) seems to only underspecify the end state, which will be perceived as less contrastive
than the former.

(8) The glass shattered because it fell off the table.  (manner explains result)

(9) The glass moved off the table.  (underspecified, weaker explanatory contrast)
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When we interpret these findings in parallel to our contrastive scale, the Figure, Path-
goal, and Manner together form the primary axis of contrast, such that the descriptions
that commit the Figure to a boundary crossing (likely creating an obstruction for the
figure to the ground) yield the strongest contrast, adjacency terms without suggesting
a change to the figure’s existence to the ground (e.g., to/at) exhibit mild contrast,
and mere vicinity (e.g., near) lowers it. Thus, at the Figure level, contrast depends
on how forcefully the Figure’s presence restructures the scene, such as an obstruction
(the bench blocks the crosswalk) ranks higher than passive situatedness (the bench
stands on the crosswalk), which in turn exceeds simple prozimity (the bench is near
the crosswalk). Path-goal characterizes how the figure traverses through the path and
as a result of which how the ground changes and comes into attention as a product of
relational prominence. Importantly, in this case, the course of change of state becomes
the locus of contrast modulation rather than the figure itself. Finally, the Manner acts
as a graded modulator which elevates contrast when it is atypical or extreme, when
it causally explains the change of state (as in, the glass shattered because it FELL), or
when attention is explicitly directed to the “how” of the motion. In other cases, manner

leaves the scene closer to a low-contrast with underspecified conceptualization.

In addition to motion events, which can naturally serve as test-beds for contrastiveness
due to their components (Figure, Path-goal, and Manner) eliciting dynamics that can
be perceived as contrasts (Talmy, 2000), linguistic constituents can in themselves elicit
contrast on a scale (Langacker, 1987). A selection of these linguistic contrasts and their
realizations are shown in Table 2.1.

2.3 Implicit and explicit contrasts

As we have seen, at a relational level, the degree of contrastiveness depends upon how
the different or opposing elements are conveyed in language for the provided dimension.
These constructions could concern the relational dynamics between Figure and Ground
that allow us to observe contrast on different levels. Depending upon the dimensions,
as suggested in Figure 1.3: Situative, Functional, Locative, Eventive, and Social — the
realization of contrast can be stated implicitly or explicitly. In general terms, implicit
and explicit contrasts differ primarily in how the opposing or differing elements are
communicated (Sperber & Wilson, 1986).

On the one hand, explicit contrast directly states or clearly expresses, often using overt
markers like “not” or clear negations (e.g., “This is red, not green”) to some properties
related to the figure or contrasting with experiential ground (Horn, 1989; Wason, 1965).
On the other hand, implicit contrast conveys meaning indirectly or through implication,
where the contrast is understood from context without being stated outright (e.g., using
different words for two events without explicitly negating one) (Au & Laframboise,
1990; Roseberry et al., 2009). Crucially, the main function of both contrasts is to
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Constituent Example contrast Effect on event contrast

i) Verbs enter the plaza vs. ride in the Boundary-crossing verbs assert a discrete change in

i) Verb ter the pl ide in the Bound i b t a discrete ch i
plaza the Figure—Ground relation (Talmy, 1985b).

ii) Satellites stop at the stairs vs. move onto Path markers toggle contrastiveness encodin,

i) Satellit top at the stai to Path kers toggl trasti by ding
the stair vicinity vs. boundary-crossing (Talmy, 2000).

(iii) Resultatives push the door open vs. push the Resultatives adding change of state, sharpen the
door contrast between initial and final configurations.

iv) Aspec was  climbin, e ladder vs. Perfective event foregrounds completion (con-

iv) A t limbing the ladd Perfecti t foreg d leti
climbed the ladder trastive); imperfective foregrounds ongoing process,

backgrounds endpoint (Madden & Zwaan, 2003).

(v) Info. structure rolled INTO the box vs. Focus particles, clefts (only, even, just) create con-

It was into the box that . .. trast sets over possible Grounds, foregrounding one
option against alternatives (Rooth, 1992).

(vi) Negation moved above, not through it Negation creates explicit contrast, between realized

and non-realized events (Koller, 2016) and actions
e.g., path and manner (Singh & Rohlfing, 2025a).

(vii) Comparative  drifted closer to the halt; farther Scalars grade distance along a Path toward or be-

than the balloon yond a Ground, aligning with locative contrast.

(viii) Deixis this path vs. that path Deictic anchors Figure—-Ground alignment relative

to hearer and intensifying relational salience.

(ix) Prosody Pitch accent: INTO the BOX Prosodic prominence on path or manner guides

attention to relations bringing contrast without
changing content.

Table 2.1: Linguistic mechanisms modulating relational prominence. Few examples of

how different constituents (e.g., verbs, negation, aspect) structure the Fig-
ure—Ground relation to shift perception along the contrastiveness scale.

bring attention to the alternate through either a) inhibiting the already established
link through negations in the explicit case or b) directing attention to the alternate
representation, which indirectly suggests the link was not correct and the provided link
is relevant in the situation (Nordmeyer & Frank, 2014).

For the given contrastive dimensions, implicit and explicit contrasts may work dif-
ferently depending upon the figure and its associated ground. For situative con-
text, implicit contrast may meddle with the ground by providing additional structur-
ing—crucially without negating it. Such as in the scenario of left-vs-right hand driving
from section 1.2.1, the agent might be corrected with respect to the ground by only
a single sentence without negation, as in, “It is UK” (hence agent infers that UK has
Right-Hand-Drive unlike her country). Here, two things in the situation are cleared:
firstly, the implicit contrast between two countries with respect to driving rules, and
secondly, essentially two different labels for the alternates which were in consideration,
i.e., UK and home country. Conversely, if the aim had been to explicitly contrast the
two situations, one could have used negation with respect to only one label, such as

“It is not your home country (hence inferred, unlike my country, in this country it is
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right-hand drive).” Crucially, negation here acting as a linguistic contrast provides a
contrast against the target ground itself, making the difference obvious; on the other

hand, implicit contrast creates entirely a new ground by introducing an alternate.

This can clearly be observed for functional contrasts. For example, consider a child
observing her mother preparing dough; at one moment she asks her mother, “Are you
mixing it?” And the mother replies, “I am cutting it.” The response from the mother
creates an implicit contrast between two actions, such that now the other action is also
implicitly decoded in the context (H. H. Clark, 1996). Had there been a case where
negation was used to explicitly counteract the ground (assumed action), the mother
could have responded with something like, “I am not mixing, but cutting.”

Similarly for locative contrasts, an implicit or explicit contrast can be defined in terms
of alternate locations that are probable in a context. A suitable example can be taken
from Singh and Rohlfing (2023), where the location of the ball moving in the opposite
direction was either explicitly negated with reference to the ground (past action), such
as “Not Up” for a motion that was previously “Up” but now “Down”, or implicitly
contrasted through the actual movement directed using assertives such as “Now Down”
given that previously the motion was “Up” but now it was “Down”. Crucially, when
the present location (figure) was negated against the ground (previous location), it
foregrounded the relational aspect due to the current figural event being interpreted in
light of previous event, rather than introducing a new label which would be an act of
implicitly contrasting the two opposite locations. This connects nicely to the eventive
contrasts, as shown in Figure 1.7, where if the present subevent is negated (e.g., put
this not vertically), a rich connection is created among the current (figure) and prior
event(s) (ground), foregrounding the relational aspect, as compared to when a new
label (e.g., put it horizontally) is used to implicitly contrast the present event. In an
unfolding action, if an action sequence contains a visually contrastive pair (e.g., an
“Over” move followed by an “Under” move), placing negation on the later subevent —
Now Over—Not Over — references what has just been established, inhibits the new
label, and helps encode the distinguishing prior-event structure rather than defaulting
to new events (Singh & Rohlfing, 2023, 2025a). This turns us to the question; what
explicit contrasts such as negations can do for actions and events that simple assertions

or implicit contrast cannot?

2.4 Negation

On an odd day, [ was in my basement doing laundry when I came across a statement
from my landlord for all the residents. The instruction referred to a switch located in an
obvious position where a light switch is typically found. The switch was supplemented
by a statement: “Heizungs Notschalter! Kein Lichtschalter!!!” (English: Switch for

the heater! Not for lights!!!). The exclamation marks are particularly important here,
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Figure 2.5: An example of negation being more impactful than assertions. The image
shows a handwritten note placed above a switch, reading "Heizungs Notschal-
ter! Kein Lichtschalter!l!" (Switch for the heater! Not for lights!!!). This
illustrates how negation (“Kein...”) is used to explicitly inhibit a prepotent
response (turning on what looks like a light switch) by opposing the expected
function with the actual one, often conveying stronger caution or emphasis
than a simple assertion would.

with negation seeking more caution through three exclamation marks compared to
the assertion, which has relatively one (Figure 2.5). Why would one choose such a
construction? Is it pragmatically more plausible than assertions, or does negation state
more than what an assertion can convey? Although negation is generally found to be
more difficult to process than assertions (Just & Carpenter, 1971; Kaup & Dudschig,
2020b), why do we seem to use negations so frequently in day-to-day scenarios? In this
section, we will discuss similar questions concerning negations, especially focusing on
their repercussions for pragmatic principles and what they mean for actions.

It appears that negation can be a powerful device to inhibit prepotent responses, an
element in our framework that we have been calling figure (having high goal affinity).
Crucially, this inhibition is achieved by directly targeting expectations, an element in
our framework that we’ve been we calling ground. Negation is thus an explicit contrast
device that asserts a present state of affairs by opposing it to an alternative salient
in a context (Horn, 1989). A dominant notion in psycholinguistics is that negative
statements generally take more time to process than their affirmative counterparts, a
reason being ascribed to the alternate state of affairs being activated before the actual
state is represented (Kaup & Dudschig, 2020b; Kaup et al., 2007). The notion is
primarily connected to a specific cognitive processing strategy popularly known as the
“two-step” processing mechanism. For instance, saying “not red” would first activate
features related to red and then finally the intended meaning (Kaup et al., 2007). This
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proposition is supported by early studies showing that a two-step mental simulation
takes place when someone encounters a negated sentence. For example, in a study by
Kaup et al. (2007), participants were shown a sentence, such as “There was no eagle
in the sky,” and thereafter, a picture matching a negated state of affairs (an eagle with
stretched wings) or an actual state of affairs (an eagle with folded wings). It was found
that after a short Stimulus Onset Asynchrony (SOA) of 500 ms, participants responded
faster to a picture matching the negated state of affairs than to a picture matching an
alternate state of affairs. Crucially, this pattern was reversed when sufficient time for a
response was provided, which presumably allowed participants to simulate the situation
after reading the sentence. The results suggested that participants relied predominantly
on mental simulation while processing negative sentences. Based on findings like this,
conceptual access under negation has been shown to be governed by a two—step cognitive
process: at the first step, activation is guided by the propositional structure, and at
the later step, by the situational model (for a review, (Kaup & Dudschig, 2020a)).

Other theories, however, predict that the activation of the alternate state of affairs is
sensitive to the context; for instance, when the positive counterpart is already promi-
nent before the negation is used, the two-step process might not necessarily take place
(Kaup & Dudschig, 2020b; Nordmeyer & Frank, 2014). Thus, a context licensing the
plausible use of negation might, in a few cases, be facilitative or at least promote nega-
tion usage (Wason, 1965). Nevertheless, the effect of two-step processing is observed
not only in linguistic tasks but also in nonlinguistic tasks such as actions. Past studies
have shown that negation leads to action inhibition, where the reason also being cited
as that alternate state of affairs being activated before the actual state of affairs. This
simulation has been shown to be constitutive of domain-general cognitive processes,
which directly connect to actions and embodiment accounts. Along this line, it is sug-
gested that negation also relates to the sensorimotor system, which involves general
cognitive mechanisms such as response inhibition. More specifically, in an electroen-
cephalography (EEG) study by de Vega et al. (2016), participants were asked to read
an assertive or a negative sentence while doing a NoGo task; it was found that theta
oscillation — a neural marker of response inhibition — was smaller in the negative than
in the assertive condition (de Vega et al., 2016). It is worth noting that, the studies in
favor of the two-step cognitive process usually focus on picture recognition, inhibitory
control, or sentential negation, where the accessibility of a critical concept is measured

through the recording of reaction time and accuracy.

Coming back to our example as in Figure 2.5, where the required action for the switch
is bound around negation and the goal of the conveyor would have been to either inhibit
highly routined responses (unintended switch presses) or to make people aware not only
of instantaneous response but also of future actions. In this sense, using negation might
not only connect with action on a surface level (to inhibit repetitive actions) but also

at a deeper conceptual level to modulate or possibly change the response in future.
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Crucially, a goal which is mostly targeted while scaffolding others (Wood et al., 1976).

Nevertheless, if negation connects with action at a deeper level compared to mere
assertions, it may have the potential to be used as a scaffolding mechanism, especially
for actions where the user will be aware of future actions to be performed in a given
context, known as enabling (Buschmeier et al., 2025). Aligning with this hypothesis, in
one of our studies, we tried to scaffold users’ attention in a Human-Robot explanatory
dialogue using negations for possible actions related to an object on a touchscreen (Gro83
et al., 2023). In this study, we found that although actions took more time to initiate
when guided through negations, the actions were performed more accurately compared
to when an action was guided through assertion, suggesting a controlled process during
action execution for negations. Following this, we underscore the potential of negation
as contrastive guidance especially when two actions compete with each other afforded
by common object. An explanation of this effect can also be provided within our current
framework of relational prominence (Chapter 1).

As proposed in our framework, contrast is supposed to foreground the Figure—Ground
relations over isolated attributes. Here, the ground was related to the highly salient
action which was expected and hence negated; against this action, the intended action
(figure) was scaffolded. This fits well with our definition of functional contrast, where
the expected action acting as an experiential ground (afforded action) is contrasted
against the intended action. Negation as a contrast was found to achieve exactly that,
as it selects a ground (the prior, expected, or contextually live alternative) and profiles
the figure (the current state) as not that, thereby increasing relational prominence on
the contrastiveness continuum. In this sense, negation is not merely a truth-functional
operator; rather, it is a context generator provided that it links the current event to the
prior events (Singh & Rohlfing, 2025a). As provided in the example above, a practical
use of negations thus is in a scenario where the unwanted action is supposed to be
inhibited such that it should not occur in the near future and at the same time provide
an alternate correct action. In this sense, negation can be more powerful than assertions
because it can recruit both pragmatic (back-referencing) and domain-general inhibition
mechanisms to steer attention during event apprehension. Aligning with this theory,
negation was found to contribute to two core mechanisms through a series of studies
as it was reported in Singh and Rohlfing (2025a).

Context generation via alternatives. Assuggested in Singh and Rohlfing (2025a),
when negation is used in a contrastive context (locative and eventive), it leads to
better action understanding through action recall (Figure 2.6). The study further
highlighted that contrastive instruction differs from mere assertive instruction due
to the role of negation in generating a rich contextual effect that is appropriate for
the perception of contrastive actions. In a contrastive action (Over vs Under), the
present subaction (Figure) was the opposite of the subaction which was previously

experienced (Ground). Thus, guiding the present action through negation entails re-
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Figure 2.6: Recall for contrastive and noncontrastive motion events as reported in Singh
and Rohlfing (2025a)

ferring to the Figure (present action) and Ground (previous action) simultaneously
(e.g., Now Over — NOT Quer). This as a result brought both Figure and Ground
into a single frame of attention, and hence prioritized the relational aspects rather
than mere attributes related to the present action associated with figure. As a result,
high relational prominence offered a holistic perception of the entire event and the
recall of such events was higher compared to when only the figure and its attributes
were in attention. The interpretation aligns with the premise that contrastiveness
depends on prominence established between Figure and Ground during apprehen-
sion, and this is maximum when the present subevent is interpreted along with the
event which was previously experienced (Ground) (Section 1.2.4).

Inhibition of prepotent responses. When we negate the present subaction at
issue, it implicitly suggests the alternate action, and if the alternate is already a
part of the experiential ground, it is brought into attention (Nordmeyer & Frank,
2014). Hence, negation achieves two crucial roles for contrastive events: a) brings
the alternate subevent (ground) into attention to generate a rich context and b)
inhibits the current response through sensorimotor meddling (de Vega et al., 2016).
Whereas context generation was already dealt with in the previous section, the in-
hibitory function is achieved simultaneously, which is at issue here. Supplemented
by the findings from eye-tracking in Singh and Rohlfing (2025a), it was shown that
negation, in addition to creating a rich context, also attenuates attention from the
Path-goal as measured through fixation on the event-final goal, which otherwise re-
mains in the focus of attention—a phenomenon dubbed as goal-biasness” (Lakusta
& Landau, 2005). A possible explanation for such inhibition was that negation, by
referring to the prior subevent (Ground), resets the default locus of attention from
the goal to the mid-events. This achievement is not trivial, since in most events
many non-salient elements are coarsely perceived, and negation in such cases can act

as a guidance instrument to elevate the perception of such elements. Crucially, in
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Singh and Rohlfing (2025a) the results were discussed with the potential of negation
to bring the manner of an action into attention through goal-debiasing, which forms
an integral part of the path in addition to manner in an action event. Motivated
by this finding, and testing this potential, our group implemented a follow-up study
in Human-Robot Interaction where action manners specifically were guided through
negations and found that manners were performed more accurately by the partici-
pants when guided through negations, such as don’t push, but turn! (Grofl et al.,
2023). We turn to this finding when we discuss how negation can enhance contrastive
perception at the functional dimension in the upcoming section.

Revisiting multimodality (action-instruction synchrony). The timing of instruction
in relation to the provided action is perhaps a very crucial factor when we talk about
attention on micro and macro constituents in an action '. Whereas macro aspects
generally relate to the overarching goal of an event structure, micro aspects are more
nuanced and subtle aspects. An example from Singh and Rohlfing (2025a) could be
that action final goal is related to the macro and subevents before that are micro as-
pects. In this sense, micro aspects are tentative or subgoals which occur as a part of
event structure and macro aspects are global goal and hence provide the entire event
with a specific termination. Although during the event apprehension, the give and take
between these aspects are taking place through a shift in attention, which was popu-
larly known as vertical and horizontal shifts within and between events (H. H. Clark,
1996), another way of guiding attention is through tailored instructions. One aspect of
such tailoring we investigated in Singh and Rohlfing (2025a) using instruction-action
synchrony. Motivated by the theory of Intersensory Redundancy Hypothesis (IRH)
and acoustic packaging (Bahrick & Lickliter, 2000), the study tested two ways of guid-
ing actions: a) instruction before action and b) instruction along action (Figure 2.3).
When instructions precede a subaction, they function as an ostensive cue, such that
they announce that something relevant is about to “happen” and thereby draw sus-
tained attention to the immediate subevent rather than to the action final goal (Singh
& Rohlfing, 2025a). In this sequential presentation, it was found that language tem-
porarily decouples the observer from the default goal-bias of the sensorimotor system
and keeps the fine-grained subevents (the current move of the Figure) in focus, as
shown in Figure 2.7 (Singh & Rohlfing, 2025a). We interpreted this findings so that
presenting an assertive—negative sequence before the corresponding subaction allowed
participants to link the later negated subaction back to the previously affirmed one,
building a richer context in which Figure and Ground (current and prior subevent) are
processed together (Singh & Rohlfing, 2025a). Conversely, when instructions overlap

IThe distinction between micro and macro aspect of the action relates to how the action goal and subgoals
are apprehended within an action. For instance, while perception at the micro level specifies the current
move under consideration, the macro structures are global goal and sit higher on the hierarchical event
structure.
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Figure 2.7: Effect of multimodal synchrony on goal-attention as reported in Singh & Rohlf-
ing 2025: Comparison of goal-looks over time for instructions provided before
the action (Expl) versus instructions provided along with the action (Exp2),
across both Contrastive (top panel) and Non-contrastive (bottom panel) con-
texts.

with the unfolding action, the instructions “packaged” the current action in a specific
way, such that a temporal co-occurrence of verbal and visual information yields intersen-
sory redundancy, which tends to be perceived as a single unitary event and, by default,
re-privileges the goal over the mid-event details (Bahrick & Lickliter, 2000; Bahrick
et al., 2002). We interpreted this result as: In simultaneous presentation, language
no longer primarily spotlights an upcoming subaction but rather “rides along” with
the sensorimotor routine, and the cognitive system tunes itself into its learned habit of
goal-first processing. As a result, the guidance becomes more tailored, such that over-
lapping assertive instructions best support noncontrastive actions, whereas overlapping
assertive—negative instructions selectively enhance the encoding of contrastive actions
by reducing goal looks and promoting a more holistic perception of the event structure
(Singh & Rohlfing, 2025a).

2.4.1 Negation across contrastive dimensions

Having laid down core findings from our studies, it is fruitful that we see how explicit
contrast, such as negation, extends its principles to all the contrastive dimensions that
we have enumerated in Section 1.2. Although our past studies have largely incorporated
and tested three forms of contrasts along these dimensions—Locative and Eventive
(such as in Singh and Rohlfing (2025a), Singh et al. (2025)) and Functional (such
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as in Grof et al. (2023))—other dimensions of contrast can also be effectively guided
through negations. In this section, I supplement findings for all the listed dimensions
of contrast with examples of how negation can be effectively used as verbal guidance
for enhancing contrastive perception. Here we will see that when the scene provides an
opportunity with alternates relating to contrastive principles, the contrastive properties
of negation integrate naturally with those dimensions.

Situative: As suggested in Section 1.2, situative contrastiveness in a scene depends
on the extent to which relational aspects (such as the Ground) are foregrounded
over the Figure or its attributes. Most situations in day-to-day scenarios foreground
the Figure and its attributes unless our expectations are violated against the expe-
rienced Ground, for which relations become more pronounced . When the situation
provides such an opportunity, our cognition does not fail to bring relations into the
foreground. We will see that, on the one hand, such scenarios are well described
through negations; on the other hand, this has repercussions for general cognitive
processes. Situations eliciting contrast, such as the one portrayed in Figure 1.1b,
naturally activate negation as a plausible candidate, such as:

(10) The bin is NOT at the side, but in the middle.

This construction might not be plausible for normative situations, such as the situa-
tion depicted in Figure 1.1a. Hence, negation would be used only if there is a ground
against which the actual state of affairs is contrasted. Crucially, using negation in
this case makes the ground at the side more prominent, and negation provides a
pragmatic way of achieving this prominence (Wason, 1965). By negating the fig-
ure in a particular situation, it implicitly recruits a background of experiences as
a ground against which the current situation is to be read. In other words, saying
that some state of affairs is not the case presupposes that a different, often more
normative, state of affairs is live in the background, and this experiential ground
becomes more salient once the figure is explicitly contrasted against it (Nordmeyer
& Frank, 2014). Hence, an utterance such as The bin is NOT at the side invokes a
normative placement as ground (which is an expectation) and foregrounds the odd
relation (bin in the middle), which moves the scene rightward on the contrastive scale
(normative — implausible). In the situative dimension, the “side” location is part
of a backgrounded script for where bins “belong” in everyday streetscapes, which
typically remains implicit and therefore unnoticed. Negation thus both activates
this normative alternative and marks the actual state of affairs as a deviation from
it. Hence, rather than merely reporting where the bin is, the utterance invites the
observer to consider why it is not in the routine place and what this might imply
(e.g., something is wrong with the canonical routine, someone has moved it). In
doing so, attention is shifted away from the bin’s intrinsic properties and toward the

figure—ground relation and reasoning for the figure’s existence against that particular

47



ground that now carries the contrastiveness, i.e., the misalignment between what the

situation is and what, given prior experience, it ought to be .

Functional: A concrete implementation of functional contrast comes from one of our
studies (Grof et al., 2023). In this study, we used participants’ experiences with day-
to-day objects. Based on our definition, a situative contrast would need a Ground and
Figure standing in contrast to each other. Hence, the Figure in this paradigm would
be based on how someone would typically act upon certain objects; for instance, a
button on any device would be pressed, however, there is an alternate possibility that
such a button also affords to be turned (Gibson, 1979; Norman, 1988). Recalling our
ideas from previous studies, negating the Figure against the Ground knowledge can
better support the event conceptualization for manner learning (Singh & Rohlfing,
2025a). Thus, we negated the prepotent manner and provided the alternate manner
in an instruction such as “Don’t press—turn!”. Here, the guidance explicitly con-
trasts the intended manner (Ground) with the manner driven by prior expectations
(Figure) about the object. In other words, the participant’s first impulse (to press) is
treated as the Figure, and the instruction introduces an alternative, less routine ac-
tion (to turn) as the new Ground. The study showed that negating the biased action
and immediately asserting the correct one led to more accurate action performance
(as measured on the touch screen). From the present perspective, this means that
negating a manner that mismatches the tool-goal schema inhibits a well-practiced
routine and highlights a functionally appropriate alternative (R. Cooper & Shallice,
2000). The underlying figure is the practiced affordance relation between tool and
target action (e.g., “this kind of button should be pressed”) (Gibson, 1979), and the
negation explicitly cancels this prepotent routine while providing a corrective con-
tinuation (“not pressed, but turned”). By suppressing attention on the prepotent
manner and immediately offering a compatible one, the utterance pushes the learner
to attend to a less frequent, but more appropriate, way of acting (de Vega et al.,
2016). In terms of our contrastiveness scale, the increase in functional contrastive-
ness can be visualized on the manner dimension, such that when there is a competing
manner for an object, the functional contrast emerges; in this case, using negation
to inhibit the frequent manner and bringing attention to the ground through as-
serting the correct manner leads to better action understanding. A reason for this
effect could also be ascribed to high relational prominence between the two possible
actions, where a holistic understanding of both actions is achieved in a functional
situation. Whether such guidance can also affect future task awareness is an open
question, which we are trying to understand in relation to negation’s role in action

scaffolding.

Locative: An apt utilization of negation for locative contrast is realized in Singh
and Rohlfing (2025a). According to our definition, locative contrasts are defined
by the possible locations brought forward by the context against which the figure
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can be interpreted (Herskovits, 1986). Our study fits well with this notion, where a
motion event with two subsequent path trajectories (Up or Down) was standing in
contrast to each other in terms of its location (Figure 2.1b). Crucially, these locations
were the only options that the participant could hold as their ground (expectations),
which were opposites and alternates. Hence, using ‘Not Under” as verbal instruction
negates the later ball location with respect to the previously established subevent,
so that the current move is read through the ground furnished by the past event.
As opposed to a situation where the second subevent was guided with an assertion
like ‘Now Under,” where the locative change was labelled afresh, saying “Not Over”
for the same Down movement explicitly contrasted the earlier location (ground) and
folds both positions into a single representational ground. Through the contrastive
guidance, rather than simply naming where the ball ends up (as in the assertive
case), the guidance foregrounds the relational aspects in location across subevents
(previously over, now no longer over), thereby increasing locative contrastiveness and

bringing the figure—ground relation (past vs. present path position) into focus.

Eventive: Similar to the locative case, an exemplary use of negation for eventive
contrast appears in Singh and Rohlfing (2025a), and in part within a Human-Robot
Interaction study (Singh et al., 2025). Whereas locative contrasts are spatially char-
acterized, eventive contrasts are spatiotemporally defined, where all past events act
as a Ground for the current event (Figure) which is currently attended to. In Singh
et al. (2025), a sequence of actions established a context against which the current
event was guided. These events consisted of a sequence of manners, such as placing
a screw in a specific orientation one by one. A sequence of manners established a
context against which the current manner associated with the final screw had to be
placed. As depicted in Figure 1.7, a repetitive manner established a ground, and if
the upcoming manner was opposite to what had happened in the past, a contrast
emerged. This is similar to expressing, “previously all the screws were placed verti-
cally, but this time it is NOT vertical”. Crucially, when a negation was used to guide
the present manner while simultaneously referring back to the already performed
manners, the relational prominence between the Figure (current event) and Ground
(all past events) was foregrounded. We found that negating an already established
repetitive action to guide a current action with an opposite manner reduced cogni-
tive load, as shown by lower pupil dilation compared to assertive instructions (Figure
2.8). Interestingly, the effect of negation switched when used for a non-contrastive
context, such as where the past manners were not repeating. Here, assertive instruc-
tions were more useful given the non-contrastive context. Thus, although negation is
generally reported to elicit processing load, under a specific context (here: eventive
ground), the cognitive load was lower than for assertives (Figure 2.8) . We will shed
more light on context in the next chapter. Here, our aim was to show that nega-

tion can bring Figure and Ground into a common frame of interpretation within a
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Figure 2.8: Posterior distributions for contrastive instruction on cognitive load (pupil di-
lation) in the eventive contrast. Negative distribution (middle row) indicates
participants’ lower pupil dilation (reduced cognitive load) when processing
Negation compared to Assertion after a repetitive action history.

contrastive event.

Another example of negation being used in an eventive contrast can be observed
in Singh and Rohlfing (2025a). Here, the guidance pattern followed and aligned
with the contrastive action sequences (e.g., Now Over—NOT Over), where eventive
contrasts are defined not by a static location but by how the present subevent (figure)
is interpreted against the immediate history of the event (ground) (Zacks & Tversky,
2001). In our stimuli, the ball followed two subsequent paths (e.g., Over—Under or
Under—Over), so that the first subevent provided a strong expectation and hence a
natural ground for the second. When both subevents were merely labelled assertively
(Now Over—Now Under), the sequence remained largely a case of visual contrast;
the two paths differed, but the second subevent could still be encoded as a new
subevent directed toward the goal. By contrast, using an assertive—negative pair
(Now Over—Not Over) for the same contrastive trajectories explicitly tied the later
subevent back to the earlier one. Negating the current subaction entails referring to
the prior subaction as ground; in doing so, it brings the figure and ground into a
single interpretative frame. Our eye-tracking and recall data showed that this form of
contrastive guidance reliably facilitated action understanding across two experiments.
In other words, when the present subevent is scaffolded through negation against its
own history, eventive contrastiveness increases; i.e., the sequence is perceived more
as a structured whole, thereby foregrounding relational aspects.

Social: In the social domain, an intuitive case for how negation can realize social
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contrast can be illustrated with an everyday restaurant script (Schank & Abelson,
1977). As argued in Section 1.2.5, social contrast arises when an ongoing state of
affairs involving agents is read against a normative background of shared scripts
where the script furnishes the ground (e.g., menus — order — eat — pay), and
the present social move is interpreted as the figure against this background. In
this setting, when the expected move goes against the script, the use of negation
becomes plausible (Wason, 1965). For example, when the bill arrives before the
food, an utterance like Don’t pay yet indexes a script step out of order and therefore
explicitly contrasts the current move within the normative sequence. The attempted
payment is a figure that would normally be licensed only once eating is complete;
hence, by negating this move, the speaker both inhibits the premature step and
simultaneously evokes the proper ordering as a live alternative (Nordmeyer & Frank,
2014). In this sense, the negation does more than negate a single act; it momentarily
foregrounds sequence relations (who is supposed to do what, and when) over the mere
content of the act (paying). Put differently, the contrast is not pay vs. do-not-pay in
the abstract, but “the attempted payment vs. the position it should occupy in the
script.” With regard to our scale, such a deviation pushes the configuration rightward
on the social contrast scale where the deviation from the script becomes visible as a
relation, and the normative alternate is advertised in the background. Even though
we did not report a dedicated study for social contrast here, the figure—ground logic
seems applicable as in the other dimensions where negation can be used to flag a
misaligned social move, re-align interlocutors with a shared routine, and thereby
make the underlying relational structure (roles, turn-taking, sequence) more salient
than the isolated action scripts (Garfinkel, 1967).

2.4.2 Formalization of contrastiveness scale

In earlier sections, I treated relational prominence R as an informal Figure-Ground
distance on the contrastiveness scale. Here I attempt to make this more explicit by
connecting it to a simple ACT-R style model (J. R. Anderson et al., 2004). One
could ask, why an ACT-R model? ACT-R, standing for Adaptive Control of Thought-
Rational, is a cognitive architecture which tries to model human cognitive processes
assuming a set of core mechanisms operating for specific purposes (J. R. Anderson,
1990). One of the advantages of such models is that they are interpretable, having
psychologically explained variables with a clear mapping to theory (Lebiere & Anderson,
1998). ACT-R provides us a suitable way to model our assumptions since: a) we can
define each contrastive dimension and create their chunks with relevant slots for each
dimension d as: Situative, Functional, Locative, Fventive, and Social; b) hard code
the distance function between the Figure (F) and Ground (G); and c¢) estimate the
availability of alternates to calculate the relational prominence. We now go through

each of the steps to understand how relational prominence R will be calculated.
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For any provided Contezt let’s say (C), the Figure (F) will be encoded first for a par-
ticular dimension Fy(C'), which will be compared and interpreted against the available
Ground G4(C) to get the distance (dissimilarity) between Figure and Ground A,4(C)
within that particular context. Importantly, this is in line with our theoretical definition
of contrastiveness as exemplified in Chapter 1. The dissimilarity between Figure and
Ground Ay4(C) is treated similarly as conceptualized in Figure 1.2. Here we formalize
it as:

Ag(C) = 1—sim(Fy(C), Ga(C)), (2.11)

In this equation, whereas Fy(C) encodes the current relation of the Figure as observed
in context C at dimension d, the G4(C) is retrieved from the Declarative Memory in the
model by picking up the most appropriate “normative” configuration for this context
(J. R. Anderson et al., 2004). This is done through searching for the most normative
Ground for dimension d that fits the context C, as retrieved from memory G4(C'), which
is achieved by:

Gq(C) = argmax A(t | cueq(95)), (2.12)
teTy

The above equation says that G4(C) is the best-matching template for dimension d,
given a cue derived from the current context (C). Following this, when both Fy(C') and
G4(C) are obtained, a comparison between them is done to calculate the dissimilarity
A4(C). To compare the distance, we use partial matching (sim), and after normalizing
the range [0, 1] we subtract the score from 1 (perfect matching scenario) to get the
dissimilarity (Equation 2.11) (Lebiere & Anderson, 1998). Though the similarity cal-
culation method could be extended to more advanced algorithms, at this point I keep
this area open for future investigation. With reference to the dissimilarity equation
A4(9), an intuition could be that when the value approaches 0 the distance is low and
hence fits the experiential ground (low contrastiveness: right on the scale), on the other
end as the value approaches to 1, the distance is maximum (high contrastiveness: left
on the scale), as depicted in Figure 1.2.

In addition to the dissimilarity, another factor which was highlighted by the experiment
is the awvailability of the alternate, on which case a contrastive guidance will depend.
We define it in the model in availability terms, such as:

Aq(C) € 10,1] (2.13)
0 no live alternative,
Aq(C) =

~ 1 a clear alternative is given or retrievable

Here A4(C) checks whether a clear alternate is present in the Ground (G), such as
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OVER-UNDER, alternate manners (Vertical-Horizontal) on a specific dimension pro-
vided a context. After all these values are estimated the relational prominence R in a
given context for specific dimension is Ry(C). Hence relational prominence on dimen-
sion d is high only when the realized context is far from the experiential ground A4(C)
and a credible alternative is available A4(C). I capture this relational prominence by
defining:

Ry(C) = Ay(C) Ag(C), (2.14)

Although A4(C) in itself provides a measure of contrastiveness as defined by the dis-
tance between Figure and Ground by our definition from Chapter 1 as a measure of
dissimilarity, which is fitting to the scale provided in Figure 1.2, this contrastiveness
measure in itself is not sufficient to decide for verbal guidance. Had our goal been to
only estimate the contrastiveness and locate it on the scale, the Ayz(C) alone would
have sufficed. However, our goal is to not only estimate contrastiveness but also find
contrastive contexts where negations can be used. In this case, the clear alternative
component Ay(C) was added to ensure that guidance of explicit contrast (such as
negation) remains valid (Singh & Rohlfing, 2025a). For an example, consider a context
reflecting simple locative contrast such as, ball is on the box, here even though the
“beside” is a possible location, our model would not use negation in this case since the

context neither provides a *

‘real” alternate nor deviates from ground (low distance).
Hence the location now on our contrastiveness scale would jointly be estimated by both
the components Ay(C) and A4(C) as relational prominence R. The decision rule for
negation however is a part of next section, where I try to formalize the contrastive
guidance based on provided scale. Before getting into the decision rule it is worth
noting that we are already at the stage of contrastiveness calculation in the model.
The whole model-flow is depicted in Figure 2.9. The model shows the process flow
until the contrastive computation takes place (Equation 2.14). After computation, the
Guidance module selects the decision (Negy(C)) for using negation depending on the

R4(C) value, for which the calculation is shown in Equation 2.15.

Decision rule Having laid down our contrastiveness formalizations in Equation (2.14),
a simple starting point for contrastive guidance could be to check if the relational
prominence R, given by Ry(C), is greater than any given threshold ;. In such a case,
the model would negate the Ground G4(C) (Luce, 1959). In such cases, negation is
selected whenever relational prominence R;(C) exceeds a threshold 6;. In practice,
however, such boundaries with hard rules are sharp, as given by Equation (2.15).

1 if Rq(C) = 4,
Neg,(C) = (2.15)
0 otherwise,
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Retrieval

Gd(c)

Declarative memory
(Ground/templates G4)

Ga(C)

Context C Encoding Fq(C) Contrastiveness Computation Rq(C) lect GUIdbanlce: trast
ontex selects verbal contras
F, =
u(C) computes R4(C) = Ag(C).Aq(C) implicit or explicit (negation)

Figure 2.9: Schematic ACT-R style model of contrastive guidance (Cont ACT-R). The cur-
rent context C' is encoded as dimension-specific chunks Fy(C) (Figure). Declar-
ative memory provides canonical templates G4 (Ground), which are retrieved
as G4(C) for the current context. A comparison stage computes distances
A4(C) and relational prominence values R;(C) = Ag(C)Aq(C), where A4(C)
captures the availability of alternatives. These values together feed into a
guidance policy that in a context chooses between implicit devices and explicit
contrast with negation (Negq(C)).

Hence, to capture graded behavior, I consider a probabilistic version in which the
probability of selecting negation increases monotonically with Ry(C'), such as captured
through a logistic function (Sutton & Barto, 2018):

P(Negg(S) = 1) = o + M Ra(C)), (2.16)

Here, \g and A1 are free model parameters that can be estimated from experimental
data, and the decision boundary created by the model is shown in Figure 2.10.

Nevertheless, one question that naturally arises at this point is: if the decision to use
negation is met, which constituents are to be negated and how might such a construction
with respect to Figure and Ground look like? Although we have treated the decision
criteria as a hard rule with Negation—either ‘Yes’ or ‘No’—the contrastiveness scale
is a continuum taking a continuous value from 0 to 1. Such a bounded decision can
be modeled probabilistically using a logistic rule (Luce, 1959). Hence, we see the
decision rule P(Neg,(C') = 1) as a continuous function of R;(C') bounded between 0
and 1. With respect to the instruction, this graded decision rule can be visualized as
in Figure 2.10. On the x-axis, we see the relational prominence Ry(C), and on the
y-axis, P(Negy(C) = 1), where the probability of using negation becomes higher as
the relational prominence increases. Crucially, the decision rule also incorporates the
different ways of using negation (or no negation) depending upon the value level of
contrast, such as low, mild, and high. These cases with examples are elaborated in the

following section.
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Figure 2.10: Relational prominence R4(S) as memory-based distance on the contrastive-
ness scale, and its mapping to guidance choice. At low values, the scene is
script-consistent and implicit devices suffice. As Ry(S) increases, alternatives
become live and explicit contrast with negation becomes increasingly benefi-
cial, especially for highly contrastive, alternative-rich cases.

2.5 Contrastive Guidance

Contrastive guidance, as [ use the term here, is the deliberate use of linguistic cues to
foreground relations between Figure and Ground so that an observer encodes not just
what is acting but how it stands in contrast to contextually salient alternatives (Singh
& Rohlfing, 2025a). In the previous sections, I have argued that contrastiveness is best
understood as a graded property of a scene, that is, a matter of how far the realized
Figure-Ground configuration is displaced from a canonical or expected template along
the contrastiveness continuum. As a starting point, I have also tried to capture and
formalize these graded characteristics to adjust how contrastiveness can be assessed
and how appropriate verbal guidance can be used accordingly. As described in the
previous section, language—and especially explicit devices such as negation—has the
potential to either move a scene along this contrastive continuum without changing
the underlying visual display by recruiting alternatives and changing which part of the
event structure is taken as ground, or can complement contrastive perception itself
(Kaup et al., 2007). Building on the contrastive contextualism introduced in Chap-
ter 1, I shall treat guidance as a mapping from a scene’s relational prominence to a
choice of implicit versus explicit linguistic contrasts. These choices, as we’ll see, are
an outcome of relational prominence (R), capturing the Figure-Ground distance on
the contrastiveness scale (Figure 2.10). Here, a low R value corresponds to norma-
tive, “script-consistent” configurations, and higher values correspond to non-normative

or intentionally opposed configurations. Crucially, the distinction is not either-or but
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stays on a graded continuum depending on the available experiential Ground.

The empirical synthesis in Section 2.4 showed that explicit contrast—in particular,
negation used in a plausible, contrastive context—can raise this prominence R by
(a) making alternatives available and verbally highlighting the ground (Nordmeyer &
Frank, 2014), and (b) inhibiting prepotent routine responses caused by the attributes
of the Figure (de Vega et al., 2016). In other words, contrastive guidance can be a
linguistic “control knob” that adjusts how strongly a given Figure-Ground relation
should stand relative to each other, to encode what has happened before in relation to
what is happening now. Hence, the goal of contrastive guidance is not simply to negate
an already-formed event representation, but to negate in order to allocate attention
across the event structure and within dimensions such that the comprehension of re-
lations is optimized. These relations are characterized by low, mild, and high scales,
and based on the relational score, we shall provide a way to use negation in such a way
that it complements already established representational formats. Hence, for each of
these levels (low, moderate, and high), I lay down a linguistic construction, providing
a rationale for why it would suit a particular level, with examples.

These examples are importantly inspired by past studies on action performance show-
ing that observers are naturally drawn to the final goal (prepotent figural response)
and tend to under-encode the differentiating mid-event segments when left unguided
(Lakusta & Landau, 2005; Singh & Rohlfing, 2025a). Introducing contrastive verbal
guidance, especially negative sequences for contrastive events, shifts this balance. Seen
through the present lens, these findings indicate that explicit verbal contrast increases
R for the targeted relation at different levels as provided hereunder:

From relational prominence to guidance choice We denote relational prominence
(Figure-Ground distance on the contrastiveness scale) on some specific dimension and
context by R4(C). Empirically and theoretically, the previous sections already provide
some ideas on a graded decision rule for the contexts in which contrastive guidance
should be deployed. These conditions can be understood by taking examples from each

scenario:

Low R;(C). At the low end of the scale, relational prominence is not explicitly
offered by the context but stays there to be extracted; in such cases, the use of
negation might not be a favorable choice due to the Figure anchoring perception
more than the Ground, and hence the ground seldom comes into attention due to
the lack of a clear alternate (Nordmeyer & Frank, 2014). Thus, in other words, the
scene roughly conforms to a familiar script and there is no strong pressure to oppose
it to an alternative. For example, an event described as, “a ball rolling into a box”
without any strong alternate on the locative dimension. In this case, negating the
already less activated Ground (alternate) does not make sense (such as saying the

ball is not rolling outside).
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Hence, under these conditions, the model should avoid using negation and rather
rely on implicit guidance through highlighting the change in ground, which comes
under implicit forms of negation as discussed in Section 2.3 (see also Table 2.1). In
such cases, highlighting the change in Ground through implicit linguistic contrasts,
such as lexical Path choices (enter vs. move in), resultatives, causatives, aspectual
choices, and focus marking, is often sufficient to gently nudge attention toward the
relevant relation without overtly invoking alternatives (Talmy, 2000). In this partic-
ular example, the linguistic construction profiles a particular boundary or outcome
(into the box) but leaves the competing options (if there are any) in the background.
Hence, negating in this situation would lead to an “unsolicited” raise in R and could
even introduce implausible alternatives that are not supported by the context (Wa-
son, 1965). The Low R;(C') case is shown in the extreme left part of the decision
plot (Figure 2.10).

Mild R;(C). The mild relational prominence is a case where the Figure and Ground
stand for each other without providing an explicit alternate out of many likely alter-
nates. Such cases are generally marked by the availability of the possible alternate(s)
such as a possible “Ground”; however, this alternate does not entirely compete for
the Figure’s agreement. On a locative dimension, it could be a case where a book is
kept in a slot out of multiple shelf slots where the other possible slots are live alter-
natives, and hence such relations are “almost canonical” placements. In other words,
in the mid-range, there is some friction between routine expectations and the current
relation, such as the Figure is still at a plausible place, but the configuration is less
canonical (e.g., choosing one slot over an adjacent one). Here, the scene already
furnishes a natural small set of alternatives, and the task of guidance is to make this
set explicit enough so that the observer encodes which relation matters (e.g., support
vs. containment, first vs. second slot) while preserving the flow of the demonstration.
An obvious way to guide under these situations is to negate the prepotent Ground
and provide the alternate in turn so that the alternate is also made explicit within the
frame of action. This is captured by forms such as “not A (prepotent Ground), but B
(alternate)”. Linguistically, these types of guidance acknowledge that an alternative
is live and gently steer the observer toward the intended configuration, increasing R
just enough for the contrast to become part of the event schema (Horn, 1989).

High R;(C) (implausible or intentionally contrasted). As stated in the for-
malization and also understood from examples, the high relational prominence case
emerges when two crucial requirements are met: a) a prepotent ground is already
there, i.e., a high implausibility where the Ground originating from experiences be-
comes instantaneously active—this case can be best understood in relation to the
situative contrast, such as when the bin is placed on the crossing; and b) there is
a true alternate (perhaps only one prepotent) that is competing with the current
figure’s existence (Garfinkel, 1967). As a result of this sustained conflict, the Fig-
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ure—Ground relation becomes more prominent than merely the figure’s attributes.
At this high end, alternatives are prominent and the existing Figure—Ground rela-
tion is either implausible relative to the experiential script or deliberately set up as
a contrast (e.g., a bin placed on a crosswalk). In such contexts, the visual or sit-
uative layout already provides a strong ground for comparison. Since the situative
dimension is mostly descriptive rather than instructive, we might usually observe this
ground prominence at the verbal level as, “the bin is not on the roadside (canonical
Ground)”. For explicit guidance, we must rather look at the eventive or locative
cases which are more instructive. In an event, if the alternate is already pushing
itself forward, negating only the past (for eventive) Ground is enough to bring to-
gether current and past events into attention. Studies show that when negations are
used on the later subevent for eventive contrasts, they reference the current subevent
and prior alternative simultaneously, thereby raising R at the precise boundary that
differentiates the actions (Singh & Rohlfing, 2025a). For example, experiments as re-
ported in Section 2.4 on assertive—negative guidance demonstrate that for contrastive
sequences with a clear alternative, negating the later subevent improved recall for the
differentiating subevents. In this sense, guidance is linguistically contrastive, such
that it asks the observer to see the past event (the one that just occurred) through the
lens of the current event, bringing them together in a single interpretative framework.

The levels of contrast at linguistic scales together bring guiding strategies that depend
upon how the different dimensions come forward to bring constituents in relation to
each other. Contrastive guidance hence extends the earlier claim that language can shift
perception on the contrastiveness scale and also be used to highlight contrasts when the
context provides such opportunities. The present section specifies how these devices
can be deployed in a principled way. By aligning the choice of implicit versus explicit
contrast with the current level of relational prominence R, and tuning it according
to the context, verbal guidance can systematically redistribute attention across the
event structures, supporting encoding of Figure—Ground relations without altering the
existing configuration itself. The subsequent section will take up this strategy in more
applied settings by outlining some principles for contrastive guidance based on context
and alternatives. Whereas the entire question of context is a dedicated discussion of
the next chapter, in the subsequent section I will extend some light on the question of
alternates and their use for contrastive contexts.

2.5.1 Design principles for contrastive guidance

The empirical pattern from the action studies suggests a set of simple, transferable
design principles for using negation as a contrastive tool in instruction and demon-
stration. These principles are deliberately phrased in task-agnostic terms related to

the contrastive dimensions. However, each of these principles instantiates the same
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basic idea: to raise contrastiveness on the Figure-Ground scale by negating an appro-
priate ground, inhibiting a prepotent routine, and providing the guidance within an

appropriate temporal slot (synchrony).

Negate where an alternate is live. Negation is most effective when it does not
“float in the void” but opposes the current subevent to a just-established alternative
(Wason, 1965). Crucially, the availability of a single, clear alternative is necessary
for the negation to implicitly bring the two events within the same frame of reference
(Orenes et al., 2014). Such is the case of Up vs. Down, where only two possible loca-
tions are possible during the entire event. For such locative and eventive contrasts,
guidance is naturally achieved by placing negation for the later subevent to establish
a rich context (such as, Up—not-Up), so that a concrete prior event can serve as
ground. In practical terms, this means first establishing a clear candidate pattern,
then using negation to cancel or deviate from it. This late-position negation was
precisely the configuration in which we observed the strongest boost in mid-event
encoding for contrastive actions (Singh & Rohlfing, 2025a).

Pair negation with assertion. Consider the example from our experiment where
the assertive and negative guidance come together. Such a construction is neces-
sary to establish a positive counterpart before negation can act on it (Kaup et al.,
2007). Hence, pure negation without a credible counterpart risks remaining an un-
derspecification. Aligning with this, if we had used the negated guidance at a later
subevent—e.g., No instruction — not Up—pragmatically it would still be a feasi-
ble framing since the previous path was opposite to the current one, and implicitly
the visual direction alone would establish the “Upward” event. However, the effect
might not have been as impactful as one would get in a verbal framing like “Now
Up — Not Up”. Hence, establishing a positive counterpart at the multimodal level
(verbal-visual) is important to make the contrast more explicit. From the contrast-
as-context perspective developed in Chapter 1, a well-formed use of negation should
make the relevant alternative explicit or at least strongly implied. Similarly, other
constructions, such as the form “Not A, (but) B,” do exactly this: they both inhibit
a prepotent or misguided routine (A) and supply a workable alternative (B) as new
ground. In our terms, this strengthens alternative availability and avoids leaving the
learner with a gap. Even when B is visually present, articulating it verbally along-
side the negation can help align linguistic and visual processing, a reason ascribed
to multimodal facilitation (Bahrick & Lickliter, 2000).

Matching the locus of guidance to the task. When we talk about multimodal-
ity, a crucial aspect that comes into the picture is the idea of multimodal synchrony,
which was shown to modulate perception, as discussed in Section 2.5 (Singh & Rohlf-
ing, 2025a). Hence, presenting guidance is not sufficient; it should be applied a) at
the level that is functionally relevant for the contrast in question, and b) with spe-

cific timing. Functionally relevant constituents in an action key distinction concern
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the elements of action, such as Path vs. Manner (Talmy, 2000). When the where
of an object is under focus, negating Path is the natural choice, so that it redirects
trajectories and supports goal contrasts on the locative or eventive dimension. When
the distinction concerns how an action should be carried out (e.g., hit vs. press, push
vs. twist), negating Manner is more appropriate, such that it suppresses an ill-fitting
routine and highlights the fine-grained realization that matters for functional suc-
cess. Both cases are instantiations of the same general mechanism, but they differ
in which Figure-Ground relation is being pushed rightward on the contrastiveness
scale. With respect to multimodal synchrony, the timing of the presentation can
make certain elements more salient than others, and hence it should be used at an
appropriate synchrony as suggested in Figure 2.7 (Gogate & Bahrick, 1998).

The known caveats Taking a modeling perspective has the usual double edge. On
the one hand, a model forces the theory into a more concrete and applied format; on
the other hand, it inevitably builds in rigid assumptions that may not generalize to all
cases one cares about. One such point of caution here concerns how well the current
formalization can accommodate the scenarios actually created by different users. In
terms of contrastive perception, we should ask: how well does the present account cap-
ture individual sensitivity to contrast? As already noted in Chapter 1, the extremes of
the contrastiveness scale are likely to be relatively stable across a population: highly
normative or maximally implausible situations tend to be perceived in broadly similar
ways. However, in the middle range of the scale—where many of the interesting every-
day cases live—individual variability is not a nuisance but a crucial part of the picture,
especially if the goal is to tailor verbal guidance to specific learners or users. The cur-
rent model treats relational prominence Ry(C') and the corresponding decision rule in a
relatively uniform way; in practice, thresholds and alternative availability are likely to
differ across individuals and contexts (Lovett et al., 2000). This limitation is acknowl-
edged and should be addressed in future work by allowing user-specific parameters or
experience-dependent tuning rather than a single, population-wide policy.

A second limitation of the current formalization is that it is effectively atemporal. The
model, as laid out, evaluates contrastiveness and selects implicit vs. explicit guidance,
but it does not incorporate instruction timing as a first-class variable—even though
multimodal synchrony was shown to affect attention to action constituents (cf. Sec-
tion 2.3). As we have seen, instruction—action timing changes what the instruction
does for the learner. When guidance precedes the subevent (instruction-before-action),
it functions as an ostensive marker, announcing that “something relevant is about to
happen” and shifting attention away from the goal toward the upcoming mid-event
(Singh & Rohlfing, 2025a). By contrast, when guidance overlaps with the unfolding
action (instruction-along-action), verbal and visual information are packaged into a
more unitary, goal-oriented percept (Bahrick & Lickliter, 2000). In this overlapping
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regime, negation still carves out contrast, but its role becomes more selective: overlap-
ping simple assertions best support noncontrastive sequences, whereas overlapping as-
sertive-negative patterns are particularly suited for contrastive ones (e.g., Over—Under),
where an A—not A format can keep the alternative in play even as perception is drawn
toward the goal (Singh & Rohlfing, 2025a).

Instructional designers can therefore treat synchrony as a parameter: use sequential
cues to generally spotlight subevents, and overlapping cues when the aim is to embed
an A—not A opposition into an already ongoing, goal-directed routine. At present, this
temporal dimension is only reflected in the informal “policy” for contrastive guidance,
not in the model itself. A more complete future version should integrate synchrony
into the formal account, so that the choice of when to speak becomes as systematically
modelled as the choice of what to say.

2.5.2 Discussion

As the current chapter has shown, language does not merely act as labels for already in-
dividuated objects and events; rather, it can structure relational perception and act as a
contrastive mechanism (Talmy, 2000). This is achieved by meddling, spotlighting, and
augmenting Figure and Ground, making the relation between the two prominent while
leaving others in the background (Wolff & Holmes, 2011). In this sense, contrastive-
ness is not a rare property such as experienced in explicitly contrastive sentences, but
a graded feature of everyday event apprehension that depends on how far the current
Figure-Ground configuration deviates from a canonical situation. Language, through
its lexical choices, syntactic packaging, prosody, and especially through explicit con-
trast devices such as negation, can then be used to steer this relational prominence in
systematic ways (Talmy, 2000).

The empirical study by Singh and Rohlfing (2025a) supported this idea by treating
event perception as a dynamic process where linguistic guidance can meddle with on-
going conceptualization. Motion events were a natural starting point because they
already had a Figure, a Path, and a Goal forming the primary test-bed for contrastive-
ness (Talmy, 1985b). In Singh and Rohlfing (2025a), it was shown that contrastive
verbal instructions—where negation such as “Now Over — Not Over” made the present
subevent to be interpreted in light of what had just happened—foregrounded the re-
lation between the two paths rather than the isolated path, leading to better event
memory. Furthermore, the eye-tracking and recall data converged on the idea that
goal bias, which is a very robust finding in event perception, can be attenuated when
language explicitly builds a shared representational ground that includes both past and
present subevents (Lakusta & Landau, 2005). In this way, negation helped to attenuate
attention from the event-end goal back to the mid-event structure.

Alongside these motion event studies, the work on manner learning in Human—Robot
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Interaction extended the same contrastive framework to the functional dimension (Grof
et al., 2023). Everyday objects often come with highly routinized affordances, such as
a button that is every time meant to be pressed (Gibson, 1979; Norman, 1988). In the
touchscreen paradigm, such prepotent manners functioned as an experiential Ground
against which an alternative manner could be introduced. Formulations like “do not
press, but turn” explicitly inhibited the routined response and at the same time high-
lighted a less frequent but functionally appropriate alternative. The interesting point
here is that the benefit of negation does not lie simply in negating the incorrect action,
but in binding the wrong and the right actions into a single contrastive unit so that the
learner comes to understand their relation and not just the target response. In other
words, negation did not operate as a purely truth-functional operator, but rather as
a scaffolding device that increased relational prominence on the manner dimension by
bringing an alternative within a functional dimension (Horn, 1989). Although negation
is cognitively more demanding than simple assertions, when the context is contrastive
it becomes a powerful device to generate rich contexts, where the present action is an-
chored in light of nearby alternatives (Nordmeyer & Frank, 2014; Wason, 1965). The
studies on motion events and on action manners together suggest that negation can
simultaneously fulfill two roles: it brings alternatives into attention at the represen-
tational level, and it recruits domain-general inhibitory mechanisms to suppress the
default response at the sensorimotor level (de Vega et al., 2016). When these two roles
integrate, explicit contrast becomes supportive for scaffolding.

A further step in this chapter was to make the notion of relational prominence more
concrete by developing an ACT-R model of contrastiveness (ContACT-R). Here the aim
was not to build a complete architecture of language and perception, but to show that
the informal notion of Figure-Ground distance can be captured in a way that is com-
patible with existing classical and interpretable cognitive modeling frameworks, such
as ACT-R (J. R. Anderson et al., 2004). Although at the initial stage, in the current
model, a given context is encoded as a dimension-specific Figure F,;(C'), which is then
compared with a dimension-specific Ground G4(C) retrieved from declarative memory.
The similarity between these representations, combined with a simple estimate of alter-
native availability, yields a value for relational prominence on that dimension R4(C).
This value can then inform a simple guidance that decides whether only implicit con-
trastive devices are needed or whether explicit contrast, up to and including negation,
is warranted. In this sense, the model acts as a bridge between the phenomenological
descriptions of contrastiveness from Chapter 1 and the experimental findings in this
chapter.

Being aware of the limitations of the current model—which purposefully abstracts away
from questions such as how canonical Grounds are learned in the first place, how mul-
tiple candidate Grounds compete, and how the figure is dynamically assigned when

several entities are in motion—a need to bring learning histories, developmental trajec-
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tories, and interactive scaffolding was highlighted. This also prepared the foundation
for later chapters where contrastive guidance will be embedded into a more fully de-
veloped into an interactive (InterACT-R) framework. Another limitation is that the
chapter has mostly treated context as something that can be reconstructed from an
individual observer’s memory and present perceptual input. Although I will argue that
context is both given and developed, the empirical work here has remained closer to
the static view. For instance, the Ground was either previously experienced in the
same experimental session or provided by a highly conventionalized script that most
participants were assumed to share. What is still largely missing is the kind of context
that emerges between agents as they coordinate over time and explicitly work to align
their perspectives (H. H. Clark, 1996).

These limitations call for a contrastive guidance framework that extends the domain of
interaction and scaffolding. If language can serve as a mechanism for structuring how
events are perceived in a static context, then in interaction it can be used to structure
how a joint activity is negotiated and maintained (Tomasello, 2008). In such a setting,
Grounds will not just be prior subevents or canonical templates stored in memory;
rather, they shall also be built and revised through the turns that participants take.
Relational prominence will then have to be understood not only as a property of an
inner representation but as something that is made manifest in how partners orient to
each other’s actions and in how they monitor and correct each other. The next chapter
therefore shifts the perspective from isolated scenes to interactive settings, in particular
to Human—Robot Interaction where a robot not only demonstrates actions but also
needs to respond to a human partner in real-time. The methodological proposal that
I briefly foreshadowed already, which keeps the robustness of controlled experiments
while preserving interactivity, will be the place where the contrastive ideas from this
chapter are put to a new test. The plan is to move from ContACT-R, which models
contrastive guidance in relatively static scenes, toward an Inter ACT-R model in which
grounds are dynamic and co-constructed by the learner (or explainee) and the explainer
(Rohlfing et al., 2021). In that extended framework, negation and other contrastive
devices will be treated not only as tools for action clarification but as instruments for

scaffolding, monitoring, and co-constructing a partner over time.
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Chapter 3

Context

3.1 Why Context?

One way to appreciate how important context is for situational understanding is to
think about how utterances should be properly contextualized when the recipient re-
ceives them. Consider, for instance, the simple utterance, “Your coffee, sir!”. As soon
as someone hears it, it automatically presupposes a number of silent conditions to be
met before it is felicitously interpreted. Roughly, we assume that (a) The speaker is
holding a coffee with an intention to serve it; (b) The addressee has in some sense
ordered or is entitled to that coffee and is therefore the recipient; and (c) The action
proceeds from server to receiver, i.e., a server—customer relation, perhaps involving

tables and a restaurant- or café-like environment (Searle, 1969).

Conversely, if the utterance itself is produced under precisely these conditions as de-
scribed, there might not be a need to verbalize and elaborate the conditions under which
it is taking place. In such cases, there is no need to support the utterance through mul-
tiple sentences, and the task of understanding is easier, where a mere single utterance
becomes the entire description of the situation. This is perhaps one of the central
functions of context — it allows us to avoid all sorts of descriptive complexities and still
enables us to convey a rich amount of information through minimal elaboration, such
as shown in Figure 3.1. To elucidate this idea with a simple illustration, when context
surrounding an event is rich, the event itself can be described in a compact way (Figure
3.1, lower). In contrast, when there is little or no context, the same event would warrant
a much longer description (Figure 3.1, upper). Context, in this sense, is a very rich
repertoire of things that are already in place, evolving with and supporting the event
in question (here: the act of serving coffee). It is important that the speaker and re-
cipient align on a “common ground” before the potential of context-making utterances
(compact yet meaningful) can really be exploited (H. H. Clark, 1996).

This leads to a core question that is not only what context is, but also what context
does (Dourish, 2004). From a functional viewpoint, context may not be something
that just stands in a situation, a static backdrop of facts, but rather something that

is working to make utterances more meaningful by preventing over-complexity. Once
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a common ground is established, context allows much of what is relevant to remain
implicit. Seen from another angle, context is both brought forward in an interaction
to support efficient conversation and, at the same time, is something that utterances
require and can refer to in order to be interpreted at all (Dourish, 2004). In this sense,
actions (including utterances) are “situated” within a context which, in principle, is
overwhelmingly rich (not everything that is part of the context can be mentioned) and
does not need to be accompanied by explicit verbalization, even though the utterance
would not fully make sense without it (Suchman, 1987). Something seems to be working
very smoothly in this case, such that language is able, when needed, to make selective
use of available context. In the coffee case, an utterance such as, “Your coffee, sir!”
becomes entirely meaningful by virtue of being projected back onto the surrounding
situation. The interpretation is rich because the visual and social scene act as context
for the utterance (Tanenhaus et al., 1995).

One way to push this idea further is to ask: if visual events can act as context for
language and action, can language itself sometimes act as a “ground” for subsequent
utterances, establishing a context within an unfolding event or discourse? In other
words, can utterances alone play the same contextual role for later ones that scenes
and scripts play for the first? At the most basic level, context should be able to
act to make us utter less and say more, and here lies much of its power. It goes
without saying that the tremendous amount of information available or made available
to us as a part of interaction in a given situation is not all explicitly encoded in the
utterance. Conversely, only a few facts are “selected” and become relevant for the
situation (Rohlfing et al., 2026). This is the case where the recipient already has a
“selected context” (or Ground, as we’ve been calling it) within whose presumptions the
utterance is woven by the speaker. But what about the cases where the speaker wants
to selectively make such a Ground salient and relevant for the utterance?

Consider a slight variation on the coffee example. Suppose the recipient comes to this
particular café every day for a tea, but today tea is not available. There is a common
ground between the speaker and recipient that, for this person, tea is normally the
relevant drink in this situation. Without this ground, the interaction might proceed
along the full routine of ordering: the server asking what the recipient wants, listing
options, confirming the order, and so on. The most likely or efficient way of handling
the current situation would be to list the available drinks and let the recipient choose.
However, one can imagine an even more compact construction such as, “Today, no tea,
sir, but coffee.”, which, importantly, makes the ground explicitly part of the context
through the utterance itself.

The crucial difference between the two utterances lies in what is made explicit. Whereas
the first utterance can be fully successful and informative, it simply lists the available
options and leaves the choice to the recipient. The second utterance, however, does

something extra by explicitly bringing more background and shared knowledge into
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Coarse Encoding

Verbal Encoding
(Elaborated)

Thin context requires elaborate language for understanding.

Compact Encoding

Verbal Encoding
(Compact)

Rich context allows for compact, minimalist language.

Context
(Rich, Elaborated)

Figure 3.1: Schematic relation between context and verbal encoding. In the upper panel, a
relatively sparse context (small circle) supports only a coarse verbal encoding
(larger, more elaborated box): much of what is needed for understanding must
be spelled out in language. In the lower panel, a rich context (large circle)
allows for a compact utterance (smaller box), since many presupposed condi-
tions are already provided by the situation and common ground.

play through negation. It does not just say “coffee is available”; it says “no tea”,
thereby activating and simultaneously inhibiting what the recipient would normally
expect (Kaup et al., 2007).

This is precisely what linguistic negation allows us to realize, something that cannot be
achieved by simple recursive assertions. Negation is known to recruit a rich contextual
repertoire of alternatives into consideration so that utterances become more informative
without requiring that all past information be explicitly verbalized (Horn, 1989; Kaup
& Dudschig, 2020a). By saying “no tea” rather than simply asserting “we have coffee”,
the speaker acknowledges the shared history of tea orders, marks today as an exception,
and positions coffee as the alternative that now matters. Negation, thus, functions as a
linguistic constituent that connects the present move to the ground furnished by past
interaction.

In this chapter, I will primarily focus on such a functional approach for understanding
context. Although the following sections will take up classical questions such as “What
is context?”, “What is its nature?”, and “How has it been treated in the literature?”,
I also aim to use a substantial part of the chapter to extend the notion of contrastive
contextualism, which, at one level, can be explained through linguistic negation.

First, I will introduce different notions through which the question of context can be
approached. Then, I will particularly motivate two perspectives on how context can be
defined, depending on whether we treat it as something available or as something emer-
gent (Dourish, 2004). Finally, I will discuss how context can be seen as a by-product of
interactive processes, where it is continually shaped and reshaped by what participants
do during interaction. Consequently, each of these sections will be supplemented by
empirical results (now published) that form part of the thesis, and I will bring these

results in at points where they naturally connect to the theoretical discussion.
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3.2 Approaches to studying context

In the literature, the notion of context is usually treated from two broad perspectives
(Dourish, 2004). On the one hand, context is treated as a representational problem.
Here one generally asks: how is context internally represented? Which cognitive pro-
cesses operate on those representations? And, how do these processes give rise to
behaviors observed on the linguistic and nonlinguistic levels? On the other hand, con-
text is seen as a fundamentally social and interactional phenomenon: here the emphasis
is not on what context s in advance, but on how something becomes contextually rel-
evant for a particular situation. In this sense, context is emergent and an outcome
of social interaction (Schegloff, 1992). Crucially, this distinction is not merely termi-
nological; rather, it traces back to different scientific traditions in the social sciences.
For the present discussion, I take two relevant notions into account: the positivist and
phenomenological approaches (Dourish, 2004).

As far as positivist theories are concerned, they are typically derived through rational
and empirical methods, where complex observable phenomena are reduced to measur-
able variables which are often formalized in mathematical descriptions. These obser-
vational units usually form the basis for representations that are studied empirically.
Thus, in the positivist tradition, the central goal is to gain objective knowledge and
context-independent descriptions of social or cognitive phenomena by abstracting away
from the particular situation in which they occur (Winograd & Flores, 1986). On
a broader note, the aim is often to derive statistical or computational models of the
phenomenon in question, so that the processes and representations behind it can be
objectively investigated. For investigating context, this means asking questions such
as: What are the representational structures that constitute “the context” for an action
or utterance? How are these structures stored, retrieved, and updated when cognitive
processes operate on them? Akin to this approach, a representational account of con-
text occurs with the model in the previous chapter, where the contrastiveness scale, the
relational prominence R4(C) in the ContACT-R model (Section 2.5) all presupposed
that context can be at least partly captured as structured information in memory that
is available to be consulted and manipulated through cognitive operations.

In contrast to the positivist stance, phenomenological approaches seek a qualitative
description of the phenomena in question. They resist reducing social facts to ob-
jective quantities and instead treat them as fundamentally subjective, i.e., having no
independent reality beyond what is perceived, negotiated, and enacted by participants
(Dourish, 2001). In this view, social facts are emergent properties of interaction and are
continually re-shaped in processes of interpretation. Phenomenologically, we recognize
the world as we perceive and live in it, pushing us against the idea of a fully objective
and stable external world that is merely “represented” inside the head. For contex-

tual analysis, phenomenological and interactional theories (e.g., conversation analysis,
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ethnomethodology) would argue that what we call “context” is not simply an abstract
representation attached to a situation, but is actively constituted in and through inter-
action (Goodwin, 2000). Thus, context is not something that is simply “there” before
the interaction starts; rather, it is partly produced by the very actions that are supposed
to be situated in it (Dourish, 2004).

Seen from this perspective, the abstract representations that a positivist account pos-
tulates are themselves subject to interaction; such as which aspects of a setting become
relevant, which background expectations are invoked, and which histories are treated as
live depending on how participants orient to each other and to the task (Rohlfing et al.,
2003). Following this, what counts as context for an utterance in our example “Your
coffee, sir!” is not just a pre-given list of features (a table, a cup, a waiter), but also
the ongoing activity (serving, receiving), the shared script (restaurant service), and the
way in which the partners momentarily align to that script. From a phenomenological
standpoint, context is thus dynamic and indexical, where its development is an intrinsic

part of the unfolding interaction rather than fully specified in advance.

For the present thesis, both perspectives are methodologically necessary. The notion
of contrastive contextualism developed in Chapter 1 and its formalization in Chapter 2
treat context primarily as representational, where experiential grounds, canonical tem-
plates, and relational prominence are assumed to be available as retrievable structures.
At the same time, the later chapters on scaffolding treat context as an interactional
achievement that is actively shaped through communicative moves (e.g., negation, re-
pair, and monitoring). To make this bridge more explicit and to capture the form of
context needed for the later analyses, I adopt the systematization of context in social
XAT (sXAI) recently proposed by Rohlfing et al. (2026). In this framework, context
shifts from a static conceptualization, as a set of social and material facts, to a co-
constructed context. Unlike a purely representational account, in which social and
material facts are (pre-)selected to characterize a situation, a co-constructed context is
defined as a dynamically evolving set of relevant facts and commitments that emerges
through the unfolding interaction and is continuously shaped by the partners (Rohlfing
et al., 2026). In this sense, the goal is not to privilege one perspective over the other, but
to connect (a) what is available to cognition at a given moment with, (b) how relevant
constituents within a context is adjusted and co-constructed during interaction.

3.2.1 Context is what is available

This section defines what available context means in this thesis: a structured set of
representations that can serve as Ground for interpreting a current Figure. On a rep-
resentational view, context is treated as information that is already there and can be
drawn upon to characterize a situation (Dourish, 2004; Minsky, 1975). In the terms

introduced in Chapter 2, this corresponds to the idea that a current configuration

69



(Figure) is interpreted against retrievable templates or patterns (Grounds), and that

contrastiveness depends on how the Figure matches or departs from these Grounds.

For example, the restaurant situation depicted in the beginning of this chapter also uti-
lized this mapping where an utterance like “Your coffee, sir!” can be understood as felic-
itous because participants can rely on a service script and role structure (server /recipient),
together with a locally ongoing episode (an order having been placed). From the mod-
eling perspective, in the ContACT-R account, such information is treated as Ground
content that is already active or easily retrievable, so that the utterance can be inter-

preted against it.

Although hard coding such symbolic representations reduces the complexity, defining
context as “what is available” raises two immediate limitations. First, availability is
in principle unbounded: almost anything in the vicinity of an event could be counted
as context, yet only a small subset ever matters for interpretation, yielding a selec-
tion problem (Minsky, 1975). In ContACT-R model, this was handled by cue-based
retrieval, i.e., given a current context C', the system searches for the most appropriate
Ground G4(C) on particular dimension, so that only content matching the cue becomes
relevant for interpreting the Figure. Second, the “available” view risks treating con-
text as static, as if it could be listed independently of ongoing activity. Being aware
of these limitations, in the next section, the present notion is made more feasible by
specifying the nature of what can be available as Ground, structured along the rela-
tional dimensions as introduced in Chapter 1 (situative, functional, locative, eventive,
social). In subsequent sections, I then turn to a more holistic notion of context is not
only retrieved but also developed through ongoing activity.

3.2.2 Content based

Often while addressing the question of static vs. dynamic contexts as a difference be-
tween contexts that is pre-specified available Grounds and contexts that are reshaped as
activity unfolds (Dourish, 2004; Suchman, 1987; Goodwin, 2000), we are likely to over-
look the question of what might be the nature and content of context per se. With an
initial assumption, one could argue that these representations are in themselves the very
entities that we perceive, and hence these representations are isomorphic. Although in
a recent review there has been a suggestion to reduce this ambiguity along the nature
of representation, such as modal vs. amodal (for a review see, Kaup et al., 2024), the

question of representational content remain a potential area to explore further.

A promising approach is to characterize representations in terms of relational dimen-
sions, particularly when the goal is to reduce the scope and complexity of the problem.
This leads to the next question: what kind of content does the “available context” com-
prise? As I have argued in Chapter 1, context is not an amorphous cloud of background

information but is structured along specific conceptual dimensions. Crucially, we have
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Figure 3.2: Schematic of content-based context. The diagram illustrates how context en-
closes the Figure-Ground relation. Crucially, the content of context is not
arbitrary but structured along specific dimensions (right panel: situative, func-
tional, locative, eventive, and social), which determine which Ground is avail-
able for interpreting the Figure.

already utilized these dimensions to characterize contrasts in the previous chapter: sit-
uative, functional, locative, eventive, and social. Thus, each dimension contributes to
a particular schema along which the type of content can be described. Under this as-
sumption, the Ground acts as a restricted scope for interpreting a current Figure, and
each type of content has its own profile of accessibility as shown in Figure 3.2. In order
to characterize these dimensions, I will now go through each of them to visualize them
concretely.

The Situative dimension, at the broadest level, captures the coarse “where and what”
relations of a situation; for instance, in situations like a street with bins and curbs, a
café with tables and cups, or a lab with screens and response boxes. In representa-
tional terms, this is script- and scene-knowledge about typical configurations (where
bins belong, what and where objects are canonically placed in a restaurant, or how a
participant sits in front of a monitor) (Schank & Abelson, 1977). When we say “The
bin is not by the curb”, we are drawing on situative content that encodes normative
placements and their roles in everyday routines. This content is often highly acces-
sible and built up over many encounters and experiences, therefore becoming readily

available as Ground within the context.

Unlike “contents” within the situative dimension that characterize situations as a whole,
Functional contents are more fine-grained and concern how objects are typically used
(Gibson, 1979). They typically answer which actions go with which tool and which

manners of acting are licensed or expected (Gibson, 1979). For instance, drawing on
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Figure 3.3: Experimental setup for investigating the role of eventive context in Human—
Robot Interaction (adopted from (Singh et al., 2025)). The left panel shows
a participant interacting with a robot while gaze is recorded. The right panel
depicts the workspace in which a sequence of object placements (screws) estab-
lishes an action history, or Ground (e.g., a repetitive vertical manner), against
which the target action is performed and interpreted.

findings from the study by Grof8 et al. (2023), instructions such as “Don’t press—but
turn!” presupposed a stored pairing between a knob-like object and a default action
(pressing), even if that default was in fact misleading and not the correct action. Thus,
in this case, the context holds information about affordances and action—goal schemas
driving which routines are practiced, which alternatives exist, and how they relate to
the object (Norman, 1988). In our ContACT-R model, the contents are encoded in the
form of manner relations, whose activation levels will influence which manner comes to

mind first after the object is encountered.

Locative content concerns the spatial layout of possible placements and paths. Taking
example from motion event, for the ball trajectory, this can mean knowing the possible
locations a ball can travel: Up or Down, Over or Under, or that it can end up in the box
or on the rim. In more everyday terms, it includes possibilities such as “on the chair,
under the table, beside the box,” and so on. Representationally, this content often
comes in the form of structured spatial templates or frames in which different plausible
alternatives (inside, support, placements) are available (Landau & Jackendoff, 1993).
Taking an example from Singh and Rohlfing (2025a), when we say “Not Up” or “Not
Over, but Under”, we are exploiting structured content at locative dimension with
alternates, and the negation works because an alternative location is already encoded

as part of the same ground.

Whereas locative content brings together spatial alternates into a frame, Eventive
content ties these pieces together over time. It captures histories of how an event
has unfolded so far and which subevent is most likely to occur given the ground. The
content could then have an order, a snapshot of expected continuation, and a goal
representation (Zacks & Tversky, 2001). In Singh et al. (2025), such contents are

encoded as action sequences of manners forming a context. A similar categorization
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could be imagined as rich vs. simple contexts (see next section). Here, the first few
subevents lay down an expectation that can be continued, repeated, or violated. From
a representational perspective, context here can also include a partial event encoding,
such as “locative event Up has just happened”, “vertical manner has been performed
thrice already”. Negation can then recruit this context history as Ground and interpret
the current subevent as a part of previous actions (Singh & Rohlfing, 2025a).

Finally, Social content concerns participants, roles, and scripts. In the restaurant
case, context includes who is the server, who is the recipient, where they are in the script
(menus, order, eat, pay), and importantly which moves are licensed at which point. Any
utterance would then depend on this content, and it will only make sense when there is
a shared understanding and social script (Searle, 1969). Representationally, this may
involve role labels, turn-taking expectations, and normative sequences of actions. From
a contrastive point of view, social content provides the ground on which misalignments
can be repaired (Schegloff et al., 1977).

A useful way to summarize these strands is to say that content is both typed and selec-
tive. Typed in a way that different dimensions contribute different kinds of information
(scene layouts, affordances, spatial roles, event histories, scripts). Selective, in that not
all stored content is equally accessible at a given moment. In the modelling work, this
selectivity was implemented via retrieval cues (J. R. Anderson et al., 2004). Meaning,
given a context C, only those chunks whose content matches the current cue (e.g.,
“restaurant service”, “possible path”, “manner relation”) are likely to be activated and
serve as Ground. From the perspective of contrastive guidance, this matters because
negation can only raise contrastiveness R;(C') along dimensions for which suitable con-
tent is already in play. For example, verbal guidance like “Not Up” would fail if no
vertical alternative has been established. Similarly, guidance on the functional dimen-
sion like “Don’t press — but turn” would fail if the learner has no representation of

“pressing” as a plausible action in the first place.

The content-based view of context thus gives us a more systematic representation of
what “available context” actually consists of. Without this conception, these were
taken as some arbitrary features around an event, but the contextual analysis allows
us to see it as a layered structure of situative, functional, locative, eventive, and social
information. In the following sections, I will argue that although dimensions provide
us a concrete way to characterize the content of the context, at a more abstract level
we can also define their nature based on the informational content regardless of the
dimension under which it falls. One such idea has been used in the study by Singh
et al. (2025) to test the effect of two different types of context on language and visual

processes.

Two types of available context From the content-based notion of context, it can be
argued that although the kind of content in the context will differ depending on the
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Figure 3.4: Visualization of the two types of eventive contexts used in the study (Singh
et al., 2025). The top row depicts the Simple situational model, where the
action history is uniform (all screws placed vertically), establishing a single,
unambiguous ground. The bottom row depicts Rich situational model, where
the history includes mixed manners (vertical and horizontal), thereby keeping
multiple relevant alternatives available in the context before the critical trial.

dimension in which it falls or the events that take place (situative, functional, eventive,
and so on), the amount of information provides an additional way of characterizing con-
texts (Shannon, 1948). Put simply, some contexts offer a dense, informative ground,
while others only sketch the minimum needed for an action to go through. For instance,
when all the possible entities relevant for an action are already in place, the situation
furnishes a rich repertoire of ground. In the coffee example from the beginning of the
chapter, if all the conditions are met—such as the restaurant setting, server—recipient
roles, a placed order, and a shared script—then the utterance, “Your coffee, sir!” is em-
bedded in a rich context and can be extremely compact (Levinson, 1983). By contrast,
if only some of these ingredients are present (say, there is a cup but no recognizable
service script or addressee role), the same utterance would be under-informative and
require further elaboration. In this sense, rich contexts are those in which the rele-
vant alternatives are explicitly or implicitly represented. Conversely, simple contexts
encapsulate only a subset of the entities or relations that could, in principle, matter
for the action. This distinction becomes useful when we want to talk about context
informativeness, i.e., not just what type of content a context contains, but how many
relevant options it keeps live as a part of potential Ground.

A simple example from the eventive dimension comes from the experiment in which the
informativeness distinction was first utilized (Singh et al., 2025). Recall that eventive
contrast depends on what has already happened and how this history shapes expecta-
tions for the next action, such as placing screws sequentially with the same or different
manner (vertical or horizontal) so that the ongoing pattern can serve as Ground for
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the upcoming move. In the study reported in Singh et al. (2025), two kinds of eventive

contexts were implemented by varying action histories for a sequence of objects.

In the simple situational model, all prior actions before the critical action revealed
the same manner (e.g., all vertical or all horizontal). This produced a clear, but one-
sided ground where the participant only experienced one way of placing the screws,
and thus only one manner was strongly available as a candidate continuation. In the
rich situational model, by contrast, the preceding actions were mixed such that
both manners (vertical and horizontal) were represented before the final action was
performed. Here the ground encoded not just a representation such as “this is how we
have done it so far” but also “these are the possible ways in which it could be done”,
making it richer by revealing the full space of manners before the final action takes place
(Figure 3.4). Using an eye-tracker, we measured participants’ gaze behavior online as
they faced a missing-information trial in the instruction (missing manner information)
and subsequently performed the final action after clarification.!

As we predicted in the study, participants’ gaze behavior showed that the rich contexts
(the situations depicting both possible actions) drew more attention than the simple
contexts (Figure 3.5). In other words, when all the contextual content pertinent to the
current task is explicitly present in the event history, participants are more likely to refer
to that history and treat it as a resource for resolving the current task. This fits well
with the broader idea that rich contexts are not only dense in terms of content, but they
also function as a ground for the current task. In terms of contrastive guidance, such
contexts also create plausible grounds for contrasts because they keep multiple relevant
options available for being opposed, negated, or completed. As we have pointed out
that a distinction between a rich and simple context as such provides a way to quantify
the amount of information being held on the eventive dimension, the distinction can
also become useful for other dimensions where informativeness is under investigation.
Moreover, we established that a rich history allows us to use it as an opportunity to
refer back to the contents when we need it for the task, as opposed to simple contexts
which only partly provide this support, which we term as a notion of “opportunity”
and discuss in the following section.

Context providing opportunity So far, context has been treated largely in terms of
what it contains: situative, functional, eventive, and social information that can serve
as Ground for interpreting a current Figure. A complementary way of looking at
the same structures is to ask what they afford for the agent during a task (Gibson,
1979). In this sense, context is not only a bundle of available content but also an
opportunity structure. Thinking along this, context can be seen as offering indexes to
look back to, patterns to re-inspect, and histories that can be re-consulted when the
task becomes uncertain. The choice to use context in this way is not always deliberate

'A detailed methodology can be found in Singh et al. (2025).
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Figure 3.5: Gaze dwell times on the context prior to clarification requests. The histograms
display the distribution of dwell times on the physical context for the Simple
(left, red) and Rich (right, green) situational models. Participants exhibited
significantly longer dwell times in the rich condition, indicating that when the
context held diverse information (mixed manners), participants utilized it as
an external resource, engaging in extensive "back-referencing" to resolve the
under-specified instruction (Singh et al., 2025).

but is ecological. Given limited working memory, it is more efficient to offload parts of
the task model into the environment and to rely on the situation itself as a resource,
rather than trying to maintain a fully specified internal model at all times (Draschkow
et al., 2021; Kirsh & Maglio, 1994). Such a model already exists in the literature,
mostly backed by the notion of extended cognition (A. Clark & Chalmers, 1998).

Context, in these terms, does not simply surround the action; in addition, it can be
actively exploited as an external memory and as a handle on “what has already hap-
pened here” (Hutchins, 1995). The following paragraphs summarize the relevant em-
pirical pattern reported in (Singh et al., 2025), which will then be used to motivate
a more general point about how context can function as an opportunity structure for
contrastive guidance and repair.

Empirical evidence from Singh et al. (2025).

In the study, participants interacted with a humanoid robot that instructed them to
place screw-like objects in front of them. The action’s Path (Where) and Manner
(How: vertical vs. horizontal) were manipulated. Over the course of the interaction,
these placements gradually built up a situational model on the table, crucially present
in front of the participants (Figure 3.4). As explained in the previous section, con-
text was either simple, where all preceding screws had been placed with the same
manner, or rich, where both manners had already appeared before the critical trial.
Importantly, instructions then introduced under-informativeness by omitting the man-
ner specification, so that participants had a need to refer back to the context when
linguistic information alone was not sufficient. At that point, there was a clear gap be-
tween what the robot said and what would be needed to complete the next action. In
principle, the action could be performed purely on the basis of an internal task model,
without orienting back to the context. However, in practice, participants often first

turned back to the physical context, visually scanning the existing screw configuration
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Figure 3.6: Repair types by context. Participants mostly used open repairs (e.g., “How?”)
in the Simple context. In the Rich context, where multiple alternatives were
visible, restricted repairs (e.g., “Vertical or Horizontal?”) significantly in-
creased, showing that richer contexts support more precise requests.

before initiating a clarification request. This suggested that the situational model was
treated as an opportunity to reconstruct and refine the task representation, especially
when trouble was encountered.

The exploitation of these external sources was further highlighted when contextual
information was pivotal for raising a suitable clarification request. This was shown
through the use of repairs and their effect on attention to the context. Within this set-
ting, a distinction was made between open and restricted repairs (Dingemanse et al.,
2015). Open repairs (e.g., “How should I put it?”) signal that something is wrong with-
out committing to a particular source of trouble, and hence do not require fine-grained
contextual use. Conversely, restricted repairs targeting the precise actions done in the
past (e.g., “Should I put it vertical or horizontal?”) specify a missing parameter and
therefore presuppose a more fine-grained grasp of the task structure (Schegloff et al.,
1977). Crucially, the distribution of repair requests across simple and rich contexts
supported the idea that richer contexts offer more opportunities for the fine-grained
referencing required for restricted repairs. In rich contexts, restricted repairs occurred
relatively more often, so that, when both manners had been provided, participants
were more likely to formulate their question in terms of the precise dimension that
was under-specified (Figure 3.6). Eye-movement data confirmed this pattern as well:
Before producing a restricted repair, attention to the rich context increased, with gaze
distributed over the previously established configuration and higher dwell times. Con-
versely, for open repairs, looks to the context were comparatively sparse. When only
one manner was represented, there was little need and gain from exploring the envi-

ronment, and participants were more likely to raise open request types (Figure 3.7).

In the terms developed throughout this thesis, the same pattern can be re-described
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Figure 3.7: Temporal distribution of gaze looks relative to repair onset. The plots show
looks to context areas over time for Simple (left) and Rich (right) models. The
bottom-right panel highlights that Restricted Repairs in Rich contexts are pre-
ceded by dense visual scanning (back-referencing) of the available alternatives,
whereas Open repairs (top row) show sparser attention to the context (Singh
& Rohlfing, 2025¢). The vertical blue line depicts the repair onset.

as showing that context functions as an opportunity structure for localizing where re-
pairs can target the source of misunderstanding. Rich situational models do not merely
contain more information; they keep multiple alternatives externally available as con-
trastive candidates, and thereby support restricted repairs that pinpoint the trouble
source within the given context. Simple models, by contrast, afford fewer such oppor-
tunities and therefore more often lead to open, non-specific queries. In the broader
framework of contrastive guidance, this supports the idea that rich contexts are espe-
cially facilitative Grounds: they not only provide multiple candidates for being con-
trasted or negated, but also invite agents to exploit the external representation itself

when attempting to understand and repair during interaction.

3.3 Context is what is developed

So far, we have treated context largely as something that is available, akin to an ag-
glomeration of situative, functional, locative, eventive, and social information that can
be encoded, stored, and retrieved as Ground for interpreting a current Figure. This
perspective naturally aligned with the ContACT-R style model as elaborated in Chap-
ter 2, where canonical Grounds are represented as chunks in memory and relational
prominence R;(C) is computed as a distance between the current “Figural” event and
a retrieved Ground. From a phenomenological and interactional point of view, however,
this is only half of the story. On this alternative view, as already proposed, context is
not first and foremost a container of information, but part of the interactional efforts
that participants make (Dourish, 2004). Hence, the question is less what belongs to
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context in some pre-specified sense, rather more what is made relevant as context for
a particular activity here and now. Following this, context is occasional since it is oc-
casioned by the activity, the parties involved, and the way participants orient to each
other and to the environment (Schegloff, 1992). Seen from this angle, there is no single,
static “store” of context that simply sits behind the scene waiting to be referenced.
Instead, context emerges as people act, speak, and repair each other (Goodwin, 2000).
Hence, a restaurant, for example, is not just a fixed backdrop of tables, menus, and
bills; rather, it becomes a restaurant “context” for a particular utterance when speaker
and recipient align on the canonical script and treat certain elements as relevant for
what they are doing, such as ordering, serving, or paying. The same physical setting
thus could have acted as a background for an entirely different context, such as a pri-
vate conversation, a job interview, or a quarrel, crucially depending on which activity
and frame the participants enact (Goffman, 1974).

Context, in this interactional sense, is relational not only between objects (Figure-Ground)
but also between objects and people, and between moves among participants involved.
Let us take the coffee example from the beginning of the chapter. Re-reading the same
utterance through a dynamical lens, “Your coffee, sir!” is not simply dropped into a pre-
defined context and setting; rather, it helps to conceptualize that context as a shared
frame, where the participants’ actions and object states make it a distinct context from
others (H. H. Clark, 1996). Likewise, a different utterance in the same context, such as
“Today, no tea sir, but coffee”, does more than convey the absence of tea; it highlights
the relational aspects. By explicitly invoking the recipient’s usual choice, negating it,
and offering an alternative, the speaker actively develops the common ground of what
counts as normal here, what is exceptional today, and which options are live (H. H.
Clark & Brennan, 1991). Hence, the utterance is both about the situation and part
of how that situation is made intelligible for both parties. In this sense, contrastive
constituents like negation not only make use of prior context; rather, they participate
in making a rich context by establishing contrast within a context (Dourish, 2004).

This interactional stance also shifts the way we think about relevance and opportunities,
as we discussed in the previous section. In the representational view, context is often
treated as a potentially huge set of features around an event, with a subsequent selection
problem: which of these features matter? (Sperber & Wilson, 1986). From an emergent
view, relevance is not decided once and for all by an external observer but is displayed
and negotiated in the participants’ own behavior. For instance, a repair initiation (e.g.,
“Vertical or horizontal?”) shows what part of the prior activity is now being treated
as contextually central (here: the manner dimension); similarly, a deictic pointing
gesture shows which aspect of the scene is being recruited as Ground for the next move
(Goodwin, 2003). What counts as context, then, is precisely what participants mutually
orient to as shared resources—what conversation analysis would call the locally achieved
“common ground” (H. H. Clark & Brennan, 1991; Schegloff, 1992).
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Against this background, the limitations of the current Cont ACT-R model as conceptu-
alized in Chapter 2 become clear. The Cont ACT-R account treats context as something
that can, in principle, be pre-specified. This pre-specification is already visible, such
that for a given context C' and dimension d, the model retrieves a Ground G4(C) from
memory based on similarity by computing a distance to the current Figure Fy(C), and
then applies a decision rule for using negation or implicit contrast (J. R. Anderson
et al., 2004). This is a deliberately static account and therefore does not capture the
ideas discussed above, namely, how Grounds themselves are constituted, adjusted, or
co-constructed in the course of interaction. In other words, common ground cannot
simply be written into the model in advance; rather, it is something that participants
co-construct as they frame an activity, manage breakdowns, and re-describe a situation
to resolve misunderstanding (H. H. Clark, 1996; Rohlfing et al., 2026).

Nevertheless, the current ContACT-R model was good at answering questions of the
form: given a certain Ground, how contrastive is the current Figure, and under what
conditions should we use explicit guidance (negation) rather than implicit verbal guid-
ance? It is much less suited to answer questions of the form: how does that Ground
come to be in the first place, how do participants negotiate it turn by turn, which part
of the past now counts as relevant history, and how do contrastive moves feed back into
what will be treated as context for subsequent actions? Seen from this dynamical view,
these emergent processes appears to be missing form purely representational view at
this moment (Dourish, 2001).

Crucially, the aim here is not to show that the two stances (representational and inter-
active) are incompatible. Rather, we want to understand them as highlighting different
levels of description. Whereas the representational account may give us a way to for-
malize contrastiveness by identifying characteristics of a Ground and connecting this to
measurable cognitive behavior, the phenomenological and interactional account remind
us that Grounds are not just retrieved but are also developed through activity building
up across turns, negotiated through corrections, scaffolded, and sometimes re-framed
altogether when an activity shift occurs. In the rest of this chapter, I will use the term
dynamic context for such interaction-bound aspects.

3.3.1 Context based on dynamicity

One way of bridging the “available” and “developed” perspectives is to think of contexts
in terms of their dynamicity. At one end, we find relatively static contexts, such as
physical layouts, long-standing scripts, and well-practiced affordance structures that
change slowly (however, no context is static in a pure sense, hence we might call it
“not dynamic”). On the other end, we imagine an interaction, such as a canonical
restaurant sequence, as highly dynamic (Dourish, 2004). Whereas contexts that are

not dynamic can be reasonably approximated by stored templates and fit well with
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the representational notion of “what is available”, we find it difficult to explain highly
dynamic contexts that are reshaped from move to move, where each utterance and
action not only exploits previous structure but also redefines what will count as relevant
next (Goodwin, 2000).

For example, in Singh et al. (2025), a series of repairs in a human-robot task can
gradually turn an initially vague situation (“put it there”) into a finely articulated local
practice with shared labels of paths and manners (action components). In such setups,
context is less a pre-existing frame and more a rolling history where an accumulating set
of alternatives, expectations, and commitments formed by participants is continuously
updated and negotiated (H. H. Clark, 1996). It seems that most real situations combine
these two aspects (Section 3.5, Interactional contexts). For example, they combine
static elements (material facts, institutional roles) with dynamic ones (emerging task
understandings, negotiated semantics, and partner models). Taking an example from
Singh and Rohlfing (2024), it was shown that it is possible to hold the task model as
relatively less dynamic than the partner model. In this work, it was shown that the
variability in the task model can be explained through variability in the partner model.?

In Singh and Rohlfing (2024), on the one hand, the action conceptualization in terms
of Path and Manner acted as a relatively stable situational ground rooted in the psy-
cholinguistics literature (Figure 2.4). On the other hand, each instruction-clarification
loop following a repair added to or modified what the participants now treated as dy-
namic aspects, such as the partner’s capabilities to scaffold the task (partner model)
(Singh & Rohlfing, 2024). When the partner (here: Robot) was perceived as less capa-
ble by the humans—as shown by the inability to provide answers to the asked questions
during the course of interaction—the participants showed distributed attention on the
partner and took more time to ask questions, showing an “adjustment” to the partner’s
capability (Figure 3.8, 3.11).

From the point of view of contrastive contextualism and guidance, both the static
and dynamic perspectives matter because they determine when the contrastiveness
is higher at the task level and for which partner model the explicit contrast will be
useful. As we already know, in most static contexts, contrastive guidance can rely on
long-standing ground (e.g., negating the routine action). Conversely, in more dynamic
settings, explicit contrast may instead work to create a new Ground at the task and
partner level. Either way, contrast must not just appear and react to the context, but
should also contribute to the development of context by stabilizing certain alternatives
as the ones that matter. Although an interactional context with both partner and task
models can be treated as a special case where both dynamic and static contents may be
found together, observing them in isolation and how they are treated in conventional
experiments is worth going through. For an empirical approach, answering the question
of what is not dynamic (crucially, negating it) makes more sense than defining what is

2For more detailed definitions of task and partner models, refer to Singh and Rohlfing (2024).
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Figure 3.8: Adopted from Singh & Rohlfing, 2024. Looking behavior for two different
partner models. Left plot: unsuccessful scaffolding; Right plot: successful
scaffolding. Attention on the face and torso was more distinctive where the
robot successfully provided a resolution to the repair initiated by the partici-
pant as opposed to where the response was absent. The shaded region shows
the timeline of repair onset and offset.

static, since there is rarely any static context per se (Dourish, 2004). Hence, the next
section turns to this question more directly by taking examples from experiments and
reasoning concretely about why they are “not dynamic”. Since dynamicity inherently
involves many factors, perhaps negating it provides more light on the background issue.

What is not a dynamic setting? Pragmatically, it makes more sense to address the
question of “what is not dynamic” rather than referring to all the multifarious properties
of dynamicity. One way to understand this is to examine the experimental literature
and see whether standard paradigms tick all the boxes associated with dynamicity.
Since from the beginning we have focused on studying context through the lens of
attention, we will take examples from related literature. Most standard paradigms
implicitly assume what we can call a non-dynamic context. For instance, the Visual
World Paradigm (VWP) emerged as one of the prominent methodologies to test the
influence of visual context on online language processing (Figure 3.9) (R. M. Cooper,
1974; Tanenhaus et al., 1995). This was perhaps the first time the visual context
was brought in lab for controlled investigation. Participants sit in front of a monitor,
inspect a picture or grid of objects, and listen to a pre-recorded sentence while their
eye movements are tracked.

While these paradigms have been successful in incorporating visual contexts into lab-
oratory studies, they still fall short of capturing the continuous, dynamic nature of
social interactions (Huettig et al., 2011). In such setups, a visual or situative layout is
presented to the participant, while some linguistic material is played or written, and
the task is to process this input while the surrounding scene remains unchanged. Over

the course of a trial, there are plenty of temporal dynamics captured at the cognitive
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Figure 3.9: A depiction of a Visual World Paradigm setup. Participants are seated in front
of a screen wearing an eye-tracker, while stimuli are presented in a trial-by-trial
fashion (different trials are shown on the right margin). Cognitive processes
are hence measured in a static context as the trial resets.

level—such as lexical access, syntactic parsing, predictions, and attention shifts between
objects (Allopenna et al., 1998; Altmann & Kamide, 1999)—however, the Ground it-
self does not change. Meaning, the array of objects on the screen, the spatial relations
between them, and the set of possible referents are fixed from trial onset until trial
offset. The visual context is certainly rich, but it resets on each trial once the sen-
tence ends, and the entire display disappears and is replaced by a new one. Unlike in
real-world interaction, participants do not act on the scene (and hence do not actively
participate in creating context) in a way that would change it; rather, they act merely
as passive observers (Brennan, 2004). Hence, in terms of the contrastive framework,
each trial provides a new static Ground, which is a well-defined set of situative and
functional features that can be consulted, but not modified, while the sentence (the
Figure) unfolds.

Although there is a clear advantage to such setups where static contexts make it possible
to time-lock gaze to word onsets and to derive fine-grained curves of how linguistic infor-
mation incrementally recruits visual information, they lack the dynamics between the
partners involved (Henderson & Ferreira, 2004). Moreover, from a modeling perspec-
tive, they align naturally with the representational view developed in earlier chapters
where, for each context C' and dimension d, we can imagine a Ground G4(C) that is
fully specified at trial onset, and thereby ask how relational prominence R4(C) modu-
lates cognitive processes (J. R. Anderson et al., 2004). In this sense, VWP instantiates
the “context is what is available” stance in a particularly lucid way, where the relevant
Ground is given once and the only question is how the participant’s internal processes
make use of it. However, at the same time, this static regime places a strong restriction
on what we can learn about real-world contexts. Since the setting does not provide

an opportunity to proactively shape the context, we do not see how context might be
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developed across turns, nor how language can feed back into the very structures that
will matter for subsequent actions. For contrastive contextualism, a static context can
be both a strength and a limitation, such that, on one hand, we gain tight control
over which Ground is available, but we lose insight into how Grounds are built up,
negotiated, or re-framed through actions.

What is a dynamic setting? An obvious example of a truly dynamic setting would be
a real-world interaction. Although such settings provide high ecological validity, they
typically yield mostly qualitative explanations of interactive phenomena, which are
difficult to measure in any robust sense, especially if one aims to develop a contrastive
guidance model on the basis of such findings (Rogers et al., 2011). Hence, we need
a setting that offers a systematic pathway to obtain measurable outcomes while still
preserving the dynamic character of interaction. Recall that, in dynamic settings,
context is not only something that is present at the beginning of a trial; rather, it is
something that is developed over time as the interaction unfolds. And unlike static
paradigms, participants here do not merely observe a scene but act on objects, respond
to instructions, and initiate their own moves, where each of these actions can add to,
refine, or partially overwrite the existing Ground (H. H. Clark & Brennan, 1991). Put
differently, in dynamic settings, the Ground is itself dynamic—it is updated by the very
behaviors it is supposed to contextualize.

Hence, to reconcile dynamicity with experimental control, we identified a mid-way so-
lution in one of our experiments, where we treat a Human-Robot Interaction (HRI)
setup as a promising pathway. The idea was to maintain experimental control through
precisely manipulated robot behaviors while at the same time letting participants in-
teract with the robot as they perform the task and thereby shape a dynamic context
(Vollmer et al., 2010). As implemented in Singh et al. (2025), HRI offers a way to
build a dynamic setting in the lab rather than merely approximating it. The robot
can be treated as a semi-autonomous partner whose behavior is tightly scripted at the
level of experimental design (e.g., timing, wording, and sequencing of instructions), yet
remains open enough for the participant to respond, hesitate, ask for explanations, or
even initiate new moves (Rohlfing et al., 2021). Because the robot repeats the same
underlying program for every participant, we retain a high degree of control over the
data-generating process; at the same time, because the participant is free to act on
the environment, to negotiate misunderstandings, and to engage in repairs, the context
is constantly re-shaped. Thus, the “dynamic Ground” does not remain a metaphori-
cal notion but something we can measure through controlled experiments, where it is
updated by each instruction, action, and repair sequence that enters the mutual task
space.? Crucially, this mid-way solution allows us to move beyond static screen-based

3For a comprehensive description of the methodological implementation and eye-tracking analysis em-
ployed in this setup, refer to Singh and Rohlfing (2025b).
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paradigms without falling back into purely qualitative fieldwork. Since the robot’s ut-
terances and behaviors are pre-specified, we were able to time-lock participants’ gaze,
actions, and verbal responses to well-defined events in the interaction (e.g., the onset
of a critical timeline, the omission of information, and the initiation of a repair). At
the same time, the unfolding sequence does not “reset” after each trial in the way it
does in traditional VWP experiments; rather, the same physical objects remain on the
table, but the action history accumulates and changes as the interactional processes
take over as the task unfolds. The setting is therefore dynamic both at the cognitive
level (as participants update their expectations, hypotheses, and task strategies) and
at the interactional level (as the partner model and the shared task history change over
time) (Singh & Rohlfing, 2024).

From the perspective of developing a contrastive guidance model, this can be partic-
ularly beneficial, since it allows us to study language and vision correspondence in
real-time without compromising on interactivity. A model that aims to capture how a
tutor uses contrastive relations in context requires not only static snapshots of interpre-
tation but also a record of how the relevant alternatives are brought into, maintained
within, and sometimes removed from the Ground as the interaction progresses. In such
cases, HRI-based dynamic settings can provide us with a controllable stream of events
in which alternatives can be introduced or withheld by the robot, and in which par-
ticipants’ gaze and repair behavior reveal how the contrast space is being constructed
online. By embedding these processes within an HRI framework, we can systematically
probe how contrastive cues are deployed and updated in real-time, while still maintain-
ing the replicability and statistical rigour required for formal modeling in a principled
way (Scassellati, 2002).

3.4 Interactivity forming its context

As we have treated context from two complementary angles so far: as what is available
(a structured background that can be encoded and retrieved) and as what is developed (a
dynamic product of ongoing activity), bringing them together within a methodological
framework is necessary. Both perspectives are useful on their own, but they truly
come together in what we can call an interactional context (Schegloff, 1992). Here,
context is neither purely a static representation nor merely a dynamic scene; rather,
it is jointly maintained set of resources that interlocutors draw on, orient to, and
reshape as they move through an activity (H. H. Clark, 1996). A concrete realization
of such interactional contexts—and thereby a its operationalization of the static and
dynamic processes therein—can be found in Singh and Rohlfing (2024). Here, the
core idea was to identify purely dynamic and relatively less dynamic aspects within
a controlled experiment. Since, the task model was based on robust findings in the

literature regarding the directionality of Path vs. Manner prominence (offering a relative
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Figure 3.10: The diagram maps different interactive settings based on the variability of
their Task Model (x-axis) and Partner Model (y-axis). Traditional Visual
World Paradigms (bottom-left) rely on static grounds with low dynamicity,
whereas real-world Social Interactions (top-right) involve highly dynamic, co-
constructed models. HRI studies occupy the intermediate space, offering a
methodological advantage where one dimension can be kept relatively stable
to act as a backbone, while the other is allowed to evolve dynamically.

stability to predict cognitive effects a priori), it was treated as a less dynamic aspect
of the interaction (Talmy, 2000). Cognitive processes related to the task model were
relatively not as dynamic as the processes observed at the social interactive level, such as
repairs and turns. In contrast, at the interactive level, the partner model formed during
the interaction was highly dynamic, where the roles, responsibilities, and participants’
conceptualization of the partner’s capability to scaffold the task were difficult to predict

a priori and could only be estimated as the interaction unfolded (Brennan, 2004).

Hence, the interactional context, in a true sense, incorporated both dynamic (partner
model) and relatively less dynamic (task model) components within a single setup.*
In concrete terms, context is now anchored by two components whose contents can
be characterized in terms of task and partner models, each changing in its dynamicity
(Figure 3.10). If we examine this anchoring closely, an interactional context is never just
“everything that happens to be around” but is structured by at least two requirements.
First, there must be something relatively stable that can act as a backbone for the
activity, such as a task model, a script, or a shared project that constrains what counts
as a relevant move (Sebanz et al., 2006). Second, there must be something genuinely
dynamic, such as a partner model—a sense of who is doing what and how far one can
lean on the other—that allows the same backbone to be inhabited differently across
time and across interlocutors (Tomasello, 2008).

4Although I treat the task model as static a priori, in a real sense the task model is also dynamic. This
distinction is used only to contrast it against the partner model, which is highly dynamic; hence, I use
“relatively less dynamic” to situate it against the partner model.
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Figure 3.11: The coupling of Partner and Task models. The plots illustrate how the percep-
tion of the partner (fixation on the face) influences task performance (question
onset time). From Singh and Rohlfing (2024)

In other words, interactional contexts are not only made richer by having both parts,
rather they entail both dynamic and static components. Seen from this angle, the
distinction between “dynamic” and “relatively less dynamic” is not a sharp ontological
divide but a functional one for each setup, as shown in Figure 3.10. For instance,
task-related expectations—such as that Path information is more critical than Manner
for completing a placement action—can be derived from robust findings and therefore
predicted to some degree a priori (Talmy, 1985a). They still change, but they do so
slowly and under stronger constraints. Conversely, partner-related expectations are
typically formed on the fly; for example, whether the robot (or human tutor, co-driver,
or teammate) is seen as a capable scaffolding partner depends on how they respond in
very local moments and whether they repair a misunderstanding (Epstein et al., 2017).

These expectations can shift within a few turns of talk. Thus, in an interactional
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context, the relatively less dynamic part keeps the activity recognizable as the same

task, whereas the more dynamic part keeps it negotiable and responsive to the moment.

Importantly, this layered structure is not unique to the HRI setting discussed above. In
human—human dialogical setup, for instance, the curriculum or problem set functions
as a relatively less dynamic constraint, while the teacher’s emerging sense of what the
learner currently understands and the learner’s evolving judgment of how much they can
rely on the teacher form a highly dynamic partner model (Chi et al., 2001). In everyday
joint activities such as planning a route, the physical layout of the environment and
the goal provide a relatively stable task model, whereas the ongoing negotiation about
who leads, who checks the map, and how task responsibility is distributed when things
go wrong is dynamic and often only visible in micro-moments of gaze, hesitations,
and repairs (Pickering & Garrod, 2004). In both cases, we would hesitate to call
the situation truly interactive if either side were missing, if the task kept changing
arbitrarily, or if the partner’s role was fixed and unresponsive.

The HRI setting makes these two requirements especially transparent because we can
design them separately (Singh & Rohlfing, 2024). As can be seen from Figure 3.10,
either dimension—the partner or the task model—can be kept relatively less dynamic,
such that the other can be controlled and investigated. We can, for example, hold
the task model constant by scripting the same distribution of Path and Manner infor-
mation across trials, while letting the partner model evolve as participants probe the
robot’s capabilities, sometimes encountering successful scaffolding, sometimes not. But
the conceptual point is more general: whenever interaction unfolds in time, the context
that is doing the real explanatory work is an interactional one that couples a rela-
tively stable organization of the task with a dynamic organization of the partner. The
methodological challenge, then, is to construct settings in which these two components
(task and partner models) are both present and can be analytically separated.

A relatively less dynamic backbone that can be characterized in advance (for example,
in terms of task affordances or known asymmetries such as Path over Manner), and
the dynamic layer in which partners negotiate, adjust, and sometimes contest how this
backbone is to be used here and now. Only then can we speak of an interactional
context in the stronger sense that matters for contrastive guidance and for modelling
how interlocutors orient to, and re-shape, their shared Ground over time.

Finally, the dimensions should be treated as independently but closely related; only
by looking at both layers together can we make sense of the interactive context. For
example, in Singh and Rohlfing (2024), it was found that the partner model conceptu-
alization affected the task model, in the sense that the variance in the task model was
partly explained by the variance in the partner model. In more concrete terms, when
participants perceived the robot to be less capable of providing resolution, the repair
onset was delayed (Figure 3.11) (Singh & Rohlfing, 2024).
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3.4.1 Discussion: why context matters for contrastive guidance

This chapter has asked a seemingly simple but central question: what is meant by
“context”, and how should it be treated as a basic building block for contrastive guid-
ance? The reason for raising the question at this point is methodological as well as
conceptual. Across the work brought together in this thesis, contrastive guidance re-
peatedly relies on a Figure-Ground relation: a current action (Figure) is interpreted
against a structured background (Ground) that supplies alternatives, expectations, and
constraints. Without a more explicit notion of context, the term risks remaining a ill-
defined concept, and it becomes difficult to compare the different ways in which context
is operationalized across the modelling and empirical parts of the thesis.

A first way to approach context in the literature treats it as something that is already
available, akin to structured information that can be retrieved when needed within in-
teraction (Dourish, 2004; Minsky, 1975). From this perspective, the guiding intuition
has been that context is not an ill-formed collection; rather, it has a layered structure
that can be specified across dimensions such as situative, functional, locative, eventive,
and social. These dimensions jointly furnish the Ground against which a current Figure
(or action) is interpreted. Along this line, the symbolic ACT-R account (the ContACT-
R model) from Chapter 2 fits comfortably into the picture: for a given context C' and
dimension d, a set of Ground representations G4(C') can be pre-defined and retrieved
whenever necessary to derive relational prominence R4(C'), which tracks how far the
current Figure stands from these Grounds (J. R. Anderson et al., 2004). On the em-
pirical side, the HRI experiment made it possible to operationalize context along infor-
mational dimensions—for instance, the distinction between rich and simple situational
models (Singh et al., 2025). Rich contexts contained multiple relevant alternatives as
part of the Ground, whereas simple contexts contained fewer such alternatives, and this

difference was reflected in how participants formulated repair requests.

Once this representational view is adopted, its limitations also become visible. If con-
text is simply everything that is available, it becomes overwhelmingly large, such that
almost anything in the vicinity of an event could be listed as background while most
of it never enters the interpretative scope. This raises a selection problem about which
parts of this potential context are actually relevant? Although the ContACT-R formu-
lation overcome this challenge through cue-based retrieval, it still presupposes a large
store that has to be managed (Lebiere & Anderson, 1998). Moreover, the representa-
tional view risks treating context as static, as if it were a set of features that can be
enumerated independently of what participants are actually doing (Suchman, 1987).
These shortcomings motivate the second approach in the literature, where context is
treated as something that is developed during interaction (Rohlfing et al., 2026).

Under this approach, context is co-constructed and reshaped as people act, speak,
and repair one another over time (Goodwin, 2000; Rohlfing et al., 2020). From this
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perspective, context is not merely a container of information behind the scenes; it is
actively constituted through joint activity, and what counts as context for an utterance
is whatever participants currently orient to as relevant (Schegloff, 1992). This can
empirically be shown by online repairs, deictic gestures, and shifts in gaze reflecting as
a contribution to creating a more dynamic context by displaying which part of the prior
activity has become central. An example was taken from Singh and Rohlfing (2024)
within HRI setup, where restricted requests such as “Should I place it vertically or
horizontally?” make the manner dimension of the action history relevant, whereas open
requests such as “How should I put it?” leave the trouble source under-specified, and
this difference is mirrored in participants’ gaze behaviour (Singh & Rohlfing, 2025b).
Similarly, on the social dimension, contrastive utterances such as Today, no tea, sir,
but coffee do not simply rely on a usual restaurant script, rather they reshape common
ground by marking what is normal and what is exceptional for the present relationship
(H. H. Clark, 1996; Levinson, 1983). In this sense, negation and other contrastive
devices not only exploit existing context but can also contribute to making context

more specific for a situation.

At this point, it is important to avoid an overstatement. The claim is not that a sat-
isfactory account of interactive context always requires both a representational and an
interactional approach, nor that purely qualitative work cannot investigate interactive
context on its own terms. Rather, for the goals of this thesis and in particular, for exper-
imentally tractable accounts that connect formalization with observable interactional
behaviour, it is useful to keep both perspectives in view and to make their interface ex-
plicit. This interface is captured here under the specific notion of interactional context
which is not a third type of context on top of available and developed, but the analytic
layer at which relatively stable structures (what can be treated as available Ground
content) and unfolding interaction histories (what becomes relevant through activity)
are brought into relation. In other words, interaction provides the mechanism by which
parts of what is available become selected, updated, and locally ratified as the Ground
for interpreting the next Figure.

This framing also clarifies the role of the dynamicity axis introduced in Figure 3.10.
Here the axis was not intended to reify a strict static vs dynamic dichotomy rather it
offered a way to characterize how quickly different contextual structures change on the
timescale of an interaction. Structures that are stable for the duration of an experi-
ment can be approximated as available Grounds and thus align with a representational
treatment. By contrast, partner models, emerging repair practices, and accumulating
action histories evolve as interaction unfolds and cannot be fully pre-defined. The value
of this approach was particularly highlighted for the HRI settings where it makes both
layers observable: relatively stable task structure can be controlled, while genuinely
interaction-shaped context can be tracked through gaze, action, and repair.

Evaluated against this background, the current Cont ACT-R formulation is well suited
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to questions such as how contrastive is the current Figure against a Ground? However,
it is much less suited to questions such as how a Ground comes into existence at all,
or how it changes as participants negotiate meaning. This is not a complete failure
of the model rather it is a reminder that a full account of contrastive guidance, as it
occurs in interaction, must also address the processes by which contextual relevance is
established and maintained.

Finally, this motivates the organization of the remaining chapters. The next chapters
on scaffolding take up the interactional perspective more directly by analysing how
agents establish relevance, monitor understanding, and use contrastive resources (e.g.,
negation, repair, and other targeting moves) to shape what counts as Ground in the
moment. In this way, the thesis connects the papers’ contributions into a single line of
argument. First, formalizing contrast in terms of Figure-Ground structure provides a
basis for specifying what can be available as context. Second, the interactional analyses
and the HRI paradigm provide a method for studying how such Grounds are selected,
reshaped, and co-constructed in real time.
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Chapter 4

Interaction and Scaffolding

4.1 Studying interaction

When we envision an interactive scenario, we tend to picture a dialogical setting where
the agents involved (be they natural or artificial) engage in a turn-taking protocol—or
what is often termed conversational turn-taking (Sacks et al., 1974). Hence, an “in-
teraction” is typically defined by a setting where, at minimum, a turn-taking process
is taking place. Crucially, this turn-taking is considered essential for effective coor-
dination, the development of joint understanding, and cooperative social interaction
(Levinson, 2016). Research into the processes involved in turn-taking as a central
problem in social interaction dates back to the seminal work of Sacks et al. (1974).
Since then, studying interaction has essentially meant studying the systematics of the
organization of conversational turn-taking, such as fundamental features, repairs, and
the specific time windows between turns and overlaps. These studies predominantly
aim to derive a mechanistic explanation for turn-taking phenomena, often relying on a
turn-construction component to identify points where a speaker transition is possible,
and a turn-allocation component with rules for selecting the next speaker, aiming to
minimize overlap and silence (for a recent review, see Cosper (2025)). Consequently,
the question of interaction is often boiled down to solving turn-timings and explaining
them mechanistically (Skanze, 2021). Using large volumes of conversational data to
find the point in an utterance where the turn is most likely to happen has been of

significant practical achievement, especially for real-world implications such as HRI.

However, even if large-scale, data-driven methods have addressed turn-taking in Human—
Robot Interaction (HRI) to a considerable extent, an open issue remains: interaction
with artificial agents is often experienced as phenomenologically distinct from human—
human exchange. Meaning, a focused investigation on turn allocation and turn-timing
captures an important component of interaction inter alia, but it does not exhaust the
interactional processes that sustain natural dialogue. In particular, differences in how
contributions are monitored, grounded, repaired, and adapted in situ provide plausi-
ble explanations for why an interaction can be temporally well-formed yet still appear
artificial (De Jaegher et al., 2010).
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This point can be sharpened by separating the organization of turns from the organi-
zation of a joint activity. Systems can alternate contributions with minimal gaps and
overlaps, while still providing limited evidence of partner-oriented monitoring, an idea
previous proposed as participatory sense-making (De Jaegher & Di Paolo, 2007; De
Jaegher et al., 2010). Human interaction, by contrast, is routinely organized around
maintaining mutual orientation to the task and to the partner’s evolving understanding
(Rohlfing et al., 2021). In this sense, turn-taking is better treated as an observable sur-
face structure through which deeper coordination mechanisms become visible, rather
than as a complete account of interaction.

One potential way to characterize these mechanisms is through scaffolding: tempo-
rally extended, adaptive support by a more knowledgeable partner that enables a less
knowledgeable partner to progress in a task (Wood et al., 1976). Crucially, scaffolding
presupposes that the tutor continually tracks how the partner is doing and adjusts sup-
port accordingly; this partner-oriented tracking is commonly discussed as monitoring
within accounts of grounding and coordination (Rohlfing et al., 2021). Recent work
in sXAT likewise emphasizes scaffolding and monitoring as intertwined interactional
requirements, rather than optional route to turn management (Rohlfing et al., 2026).

This shift in focus also reiterates the methodological issue developed in the previous
chapter: whether context should be treated primarily as something that is already
available to cognition, or as something that is developed through joint activity (Dourish,
2004). Because scaffolding depends both on relatively stable resources (task constraints,
canonical action patterns, established grounds) and on context that emerges online
through questions, repairs, gaze, and other coordinating moves, it helps bridge the gap
in how dynamical context can be conceptualized and modeled—as both an interpretive
resource and an interactional product.

Against this background, the aim of the current chapter is to treat scaffolding as a
central explanatory construct for interaction, and to use HRI as a methodological bridge
between controlled experimentation and interactional richness. As highlighted in the
previous chapter, HRI makes it possible to retain a controlled task, a well-defined
workspace, and targeted manipulations, while also allowing partners to coordinate over
time through action sequences, clarification requests, and responsive guidance (Rohlfing
et al., 2021; Singh & Rohlfing, 2025b). In this setting, the present thesis moves beyond
a static notion of Grounds toward an interactive account in which repair and monitoring
can be operationalized and measured. Concretely, this motivates extending the previous
ContACT-R model into an interactive framework (InterACT-R). Rather than treating
Grounds as static templates retrieved at the start of a trial, the extended model must
accommodate dynamic context as it is reshaped by the learner’s actions, shifts in what

is treated as relevant, and the explainer’s scaffolding moves over time.

The remainder of this chapter proceeds in three steps. First, it briefly characterizes how

traditional and interactionist approaches study language, and highlights the limitations
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of each if taken in isolation. Second, it uses the HRI paradigm developed in Singh and
Rohlfing (2025b) to show how experimental control and interactional processes can
be combined in a single design, with particular attention to monitoring and repair as
mechanisms that support scaffolding. Third, I sketch how ContACT-R can be upgraded
toward Inter ACT-R, such that contrastive guidance is no longer applied to a fixed scene
but is adapted to a context that is continuously shaped by the unfolding interaction.

4.1.1 The traditionalists

The first side, which we have been loosely calling the traditionalist or cognitivist theory,
starts from the idea that language processing can be treated as an internal computa-
tional problem (Fodor, 1975). On this view, the mind is a system that operates on
structured representations, and context is part of the input to that system (Pylyshyn,
1984). Context can therefore be encoded as features, stored in memory, and retrieved
when needed to support prediction, ambiguity resolution, or the updating of a situation
model (Zwaan & Radvansky, 1998). Much of mainstream psycholinguistics methodol-
ogy sits comfortably in this tradition. For instance, in classic sentence processing within
Visual World Paradigms, participants see a controlled display and hear a pre-recorded
sentence while their eye movements are tracked over time (Tanenhaus et al., 1995).
The crucial point is that the display itself is fixed during the trial where nothing about
the visual Ground changes as the sentence unfolds, except the participant’s internal
cognitive state. This fits very well with a modular or “massive modularity” picture
within cognitive science, where language, vision, and action are treated as separate
components that pass information between them but can still be studied in relative
isolation (Carruthers, 2006; Fodor, 1983). Within such paradigms, context is opera-
tionalized as static and cleanly bounded. Hence, context is “available” when the trial
starts, not something that is reshaped by what the participant does. The ContACT-
R model in Chapter 2 belongs to this family by assuming that, for a given context
C, a set of Ground representations G4(C') is present in memory and can be retrieved
by the cognitive model (J. R. Anderson, 2007). Relational prominence R4(C'), in this
sense, is defined as a function of how the current Figure matches or deviates from
these Grounds, and a decision rule then determines whether implicit cues are enough

or whether explicit contrast (for example, negation) should be used.

In doing so, the model inherits many virtues of the traditionalist stance. For example,
it forces us to be explicit about what is represented, how retrieval works, and which
parameters control the use of contrastive guidance. It also allows us to connect these
internal states to fine-grained behavioural measures such as eye movements and recall.
At the same time, this stance comes with obvious limitations. Since context is fixed
within a trial, there is no room for the participant to change it by acting on the world,

and there is no partner who might co-construct. Hence, the rich interdependencies
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between language, vision, and action in real interaction are partly lost in a one-way
mapping from input to response. Recent work by Singh and Rohlfing (2025b), arguing
for “massive interactivity” in cognitive science, explicitly calls for frameworks in which
language, vision, and action are treated as mutually shaping processes unfolding in real
time rather than as separate processes in a pipeline (Spivey, 2007). The traditionalist
stance in this work should therefore be seen as offering one important piece of the puzzle:
a way of formalizing how a single agent might behave given a particular context, but
not yet an account of how that context itself is built up and negotiated in interaction.

4.1.2 The interactionists

The second stance, what will be referred to here as interactionist, begins from almost
the opposite approach compared to traditionalists. It takes as its starting point a
longer interactionist tradition spanning ethnomethodology and conversation analysis,
in which language is treated as something that people do together in time, rather than
something that is passively processed by isolated individuals (Garfinkel, 1967; Sacks et
al., 1974; Schegloff, 1992). Within this landscape, H. H. Clark (1996) provides a useful
cognitive-pragmatic synthesis of how such coordination is achieved in joint action. On
this view, an utterance is always a move in an ongoing activity. It is addressed to a
partner, produced at a particular moment in a shared history, and it makes sense only
against the background of that history (Schegloff, 1992). Context in this sense is not
just a set of features in a visual scene or a bundle of stored representations in memory;
rather, it is what participants treat as relevant for the task at hand, and this relevance
is displayed and negotiated turn by turn (Goodwin, 2000).

Crucially, in such a framework, phenomena like repair and scaffolding are central. In-
teractive repairs, for instance, are not merely exceptions or errors to be discarded before
analysis, but are rules of interaction (Albert & de Ruiter, 2018; Schegloff et al., 1977).
Thus, conversational breakdowns are structured practices that reveal how interlocutors
conceptualize the source of trouble and how they allocate responsibility for resolving it
(Dingemanse et al., 2015). Taking an example from Singh and Rohlfing (2024), open
repairs such as “How?” or “What?” signal that something has gone wrong but leave
the locus of misunderstanding unspecified. Restricted repairs such as “Vertical or hor-
izontal?” target a specific missing source and therefore presuppose a more fine-grained
grasp of the evolving context. In this way, the form of repair already tells us something
about the task model that the speaker has constructed and about which aspects of the
shared history they are currently treating as Ground (Singh et al., 2025).

The interactive psycholinguistic framework as proposed in Singh and Rohlfing (2025b)
is motivated by this line of thinking. In that setup, unlike in static paradigms where
participants view a fixed display while listening to sentences, participants interact with a

humanoid robot that instructs them to carry out a sequence of object-directed actions
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in a shared workspace. Because the context is now dynamic, we can observe how
language, vision, and action influence each other in ways that are simply not visible
in traditional static paradigms, such as Visual World Paradigms (Tanenhaus et al.,
1995). Our setup, for example, enabled us to investigate questions that are relevant for
interactionists, such as: a) the choice of repair type modulates visual attention, and this
modulation depends on how informative the current context is, which can be measured
as the interaction unfolds; b) restricted repairs are more frequent in rich contexts and
are preceded by longer dwell times and more distributed scan paths over the action
model, suggesting that participants use the evolving scene as a resource to locate and
target the exact trouble source; and c) open repairs are more common in simple contexts
and are associated with sparser looks to the context (Singh & Rohlfing, 2025b). Here,
context is treated as something that is being developed, and language is one of the
mechanisms by which this development is made visible. Despite the challenges that
dynamic context poses for an interactionist account of language—vision processing due
to bidirectional couplings among language, vision, and action, such processes remain
tractable in experimental setups that preserve control while allowing participants to
act on the world (S. E. Anderson et al., 2011; Brennan, 2004).

As mentioned earlier, in this chapter, our aim is to not abandon the traditionalist
stance in favor of the interactionist one, instead, we take them as two sides that need
to be held together if we want a theory of contrastive guidance that is both formally
precise and ecologically grounded. The interactive HRI paradigm is an attempt in
this direction, to retain enough control and support modeling for the InterACT-R,
but it also allows context to change and lets participants display their understanding
through their actions and repairs. In the following sections, I will use this setting as
an example to sketch how language and visual processes can be studied using Human-
Robot Interactional setups. Further, I will elaborate on one of the central mechanisms of
interaction, i.e., scaffolding, and how the previous model (ContACT-R) can be extended
toward an interactive scaffolding architecture (Wood et al., 1976), in which contrastive
guidance is not computed solely for static Grounds but is adapted to, and helps shape,
a developing interactional context.

4.2 HRI as a field to study language and visual processes

One of the reasons why the field of Human-Robot Interaction (HRI) feels “interactive”
yet simultaneously representational is that it is often viewed as a promising domain
to implement interaction, while at its core, the essence of true interactivity sometimes
feels missing. There is something midway about HRI setups in sense that one cannot
affirm that it is not interactional, but at the same time, one cannot deny it is often
purely representational. This uncertainty stems from research on anthropomorphism,

where the duality of robots being inanimate yet treated as social partners, remains an

97



unresolved debate on their ontological status (Epley et al., 2007; Kahn Jr et al., 2006).

Thus, HRI offers a middle ground between traditional laboratory paradigms with static
contexts and fully naturalistic human—human interaction, where many potentially rel-
evant variables are difficult to control. A natural question at this point is that whether
this middle ground can be tested in a way that respects both the need for experimental
control and the inherently interactive nature of language? In the past, HRI has been
shown to be particularly promising field for this purpose (Sciutti et al., 2012). Here,
the experimenter can design a task in which a robot provides instructions and responds,
while a human participant acts on objects in the physical world. This setup already
brings in a key ingredient that is missing from static paradigms: dynamic context. The
workspace changes as both agents act, where a sequence of instructions and object
manipulations gradually builds up a shared situational model (Rohlfing et al., 2003).
At the same time, the robot’s behavior can be scripted or parameterized in such a
way that specific linguistic or visual stimuli are systematically manipulated. In other
words, HRI allows us to have it both ways: we can keep enough structure to ask tradi-
tional psycholinguistic questions about timing and processing, and we can embed these
questions into an interactive scenario in which context is both available and developed.

The current thesis also capitalizes upon Singh and Rohlfing (2025b) to show that it
is possible to exploit this HRI setup to ask traditional questions in an interactive
framework. For instance, participants interacted with a humanoid robot that instructed
them to place screw-like objects in front of them, varying in action Path and Manner.
Over time, this gave rise to different kinds of situational models on the table: some
with simple histories (only one manner configuration), others with rich histories (both
manner alternatives are revealed). The robot could also deliberately produce under-
informative instructions, for example, by omitting the manner. In such moments,
language, vision, and action became tightly coupled; participants could inspect the
evolving context, decide whether they understood enough to act, or initiate a repair to
ask for clarification (Dingemanse et al., 2015). All of these behaviors were informative
about how language and visual processes operate in a dynamic context.

Motivated by this approach and its potential, we see HRI not primarily as a field of
application on its own, but rather as a field for studying language and visual processes
under interactive conditions. The key idea is that the robot can serve as a controlled,
reliable partner whose contributions are held constant across participants, while the
human side is free to show the natural variability of interaction, such as different repair
strategies, different uses of gaze, and different ways of exploiting the context (Vollmer
et al., 2010). This makes it possible to frame empirical questions in a way that is
familiar from traditional psycholinguistics, but to answer them using measures that are

meaningful from an interactionist point of view.

As far as psycholinguistics and its methods are concerned, the focus on language and vi-

ston is deliberate. On one hand, repairs make visible how interlocutors reveal language
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processes online while negotiating understanding. On the other hand, gaze simultane-
ously provides a complementary trace of what is attended to and treated as relevant as
the shared context develops. Together, these modalities allow a more complete char-
acterization of interactional context than either modality in isolation, and they also
make it possible to connect the controlled structure of an experimental task with the
real-time characterization of coordination.

Hence, I first examine HRI as a methodology for studying language processes, with
particular attention to repair during a robot’s guidance. This goes beyond the empirical
claims in the individual papers by using repair not only as a dependent measure, but
as an analytic lens for how scaffolding is accomplished through sequential organization.
Second, I examine HRI as a site for studying wisual processes, focusing on gaze in
dynamic context: not only as an input channel for reactive perception (Admoni &
Scassellati, 2017), but also as a proactive resource through which participants structure
the interaction and display orientation to what is currently relevant (S. E. Anderson
et al., 2011).

4.2.1 Language processes

From the perspective of the current work, the most obvious way in which HRI gives us
access to language processes is through interactive repair (Albert & de Ruiter, 2018;
Dingemanse et al., 2015). In a Human-Robot explanatory dialog, when the robot’s
guidance is under-informative or ambiguous, participants can either take a guess, hes-
itate, or turn back to the robot to initiate a repair (Singh & Rohlfing, 2024). This is
enabled by the interactional flexibility of the setup where participants can deploy re-
pair moves as needed, rather than responding to experimenter-imposed stimuli, which
in-turn naturally reveals linguistic processes due to spontaneous adjustments that par-
ticipants bring in to keep the interaction going. As such, they also inform us about
the task and partner model (Singh & Rohlfing, 2024), which aspects of the context are
currently treated as Ground (Singh et al., 2025), and how contrastive guidance is being
requested or negotiated (Singh & Rohlfing, 2025b).

For example, in the interactive experiment above, we systematically manipulated the
informativeness of the robot’s instructions (Singh & Rohlfing, 2025b). On some trials,
the robot specified both Path and Manner, making the required action explicit. On
critical trials, however, one element was left unspecified, typically the Manner (“Put
the red object on A” without specifying How it should be placed). Here, participants
found themselves in a situation where linguistic input alone was insufficient to fully
determine the next action. Following interactionist stance, we did not treat this as
a failure of experimental design, but as an opportunity to observe how participants
use repair, and measure online language mediated visual attention (Singh & Rohlfing,
2025b).
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Firstly, two broad types of repair as known in the literature emerged. Open repairs,
such as “How should I put it?” or “How?”, elicited a problem but did not specify its
locus (Dingemanse et al., 2015). Restricted repairs, such as “Should I put it vertical
or horizontal?”; explicitly mentioned and targeted the source of trouble (Kendrick,
2015). This distinction had a natural interpretation within the contrastive framework.
Open repairs signal that the speaker senses a mismatch between their task model and
the robot’s guidance, but they have not (or do not wish to) anchor this mismatch in
a particular Figure-Ground relation. Restricted repairs, by contrast, treat a specific
dimension (here, Manner) as the relevant Ground and pose a direct contrastive question
about it. In this way, restricted repairs are requests for contrastive guidance, since
they ask the partner (robot) to provide the kind of information that contrasts with the
Ground, which we have treated as central to explicit contrast in earlier chapters.

Secondly, the distribution of these repair types across simple and rich contexts is also
informative about the use of repairs in specific contexts as they evolve. In simple
contexts, where only one manner was revealed, open repairs were more frequent.
This suggests that participants felt a general sense of under-informativeness without
necessarily treating both manners as equally live alternatives (Singh & Rohlfing, 2025b).
In rich contexts, where both the manner possibilities had already been established
in the interaction, restricted repairs occurred relatively more often. Here, participants
seemed more willing to frame the problem explicitly as a choice between two known
options. The finding fits well with the broader claim that rich contexts support more
fine-grained linguistic encoding, such that when the Ground encodes multiple relevant

alternatives, it becomes easier to articulate which relation is in question.

Beyond repairs, the HRI setting can also shed light on how people interpret contrastive
guidance in incoming instructions. For example, in Grof§ et al. (2023), when the robot
used negation (“Don’t press—turn”), participants could treat this not only as a de-
scription of how the action differs from a canonical pattern but also as a scaffolding
move that corrects a prepotent routine. The same utterance can thus serve both as
a contrastive encoding of a functional relation and as a teaching move that reshapes
the participant’s task model (Wood et al., 1976). Hence, scaffolding seems to be an
integral dimension of interaction, and such uses of language are difficult to study in
purely static paradigms because they require a history of interaction in which routines,
alternatives, and misunderstandings have had a chance to emerge.

Going further, HRI can provide a setup in which language processes can be studied
as they operate within interaction, rather than only as isolated responses to stimuli.
In this setup, repairs and responses to contrastive guidance can act as a proxy to
investigate how participants actively manage gaps in their understanding, how they
recruit contextual alternatives as Grounds, and how they react to partner’s scaffolding
moves (Rohlfing et al., 2021). These measurements are needed to investigate and

develop an interactively informed model (InterACT-R) as an extension of static models.
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4.2.2 Visual processes

If language tells us how participants talk their way through the task, eye movements
tell us how they attend their way through it. In static paradigms, gaze is typically
treated as a window onto moment-to-moment processing, where looks to objects are
taken as indices of referential activation or prediction (Tanenhaus et al., 1995). In the
HRI setting, gaze certainly plays this role as well, but it also does more. It serves as
a means of monitoring the partner, checking the outcome of actions (H. H. Clark &
Brennan, 1991), exploiting the environment as external memory (A. Clark & Chalmers,
1998), and structuring the repair process (Admoni & Scassellati, 2017).

One basic function of gaze in our HRI tasks is to keep track of the evolving situation.
As participants perform actions according to the robot’s instructions, they see and
encode the events as it develops and change. This visual record is not merely to create
a superficial pattern; rather, it embodies the history that, in earlier chapters, we have
described as part of the eventive dimension. When the robot later produces an under-
informative instruction, participants often direct their gaze back to this history before
deciding how to linguistically respond (Singh & Rohlfing, 2025b). For example, in rich
contexts, where both manners are present, this “referring back” is more pronounced;
scan paths become more distributed and dwell times on the history increase in the
time window, especially before a restricted repair. This suggests that participants are
visually inspecting the context to reconstruct what possibilities have been established so
far and to identify which element is missing now. This can be considered the cognitive

function of gaze, in addition to the communicative function.

For example, gaze also plays an important role in how participants coordinate with
the robot. Although the robot’s gaze behavior is typically scripted, participants still
monitor its face and body (Singh & Rohlfing, 2024), especially to pick up cues about
turn-taking and task progression (Emery, 2000). Hence, looks toward the robot can
signal readiness to receive the next instruction, or can accompany a repair initiation,
thereby revealing the verbal behaviour as a bid for joint attention to the problem (see
Figure 4.1). In this way, visual attention is not only about objects and layouts, rather,
it can also inform us about the social dimension of the interaction (Skantze, 2021).

A further function of gaze in a dynamic context is to offload memory and support
simulation. When participants rehearse possible actions in their mind, they often do so
by visually tracing potential paths or by briefly fixating on candidate positions (Kirsh
& Maglio, 1994). In the HRI study, we see this in moments where the robot has given
an instruction that is informationally sufficient, but the participant still spends time
looking over potential target locations before acting.

These patterns are informative because they reveal how participants are exploring the
space of options that the context affords, even when the linguistic input is complete.

This phenomena has been attributed to the working memory utilizing the external
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Figure 4.1: Temporal dynamics of social gaze during instruction (Singh & Rohlfing, 2024).
The plots display the proportion of fixations on the Robot’s Face (red) and
Task Objects (teal) over time. (A) Full Information: A routine pattern where
gaze shifts to the object to execute the task and returns to the face for con-
firmation. (B) Missing Information: When the robot’s guidance is under-
informative, participants rapidly shift their gaze back to the robot’s face (ap-
prox. 4s), visually signaling trouble and bidding for attention before the onset
of their verbal repair question (red dotted line).

resources for ecological reasons (van Ede & Nobre, 2023). Contrastive guidance can
interact with this process by highlighting some options and suppressing others, thereby
shaping the visual inspection patterns that precede action. Crucially, this aspect can
be very important for scaffolding, where the internalization of the task can be treated
as comprehension, based on which scaffolding can be more or less provided depending
on how the user relies on internal or external sources, an aspect we look at in the
upcoming section (Ballard et al., 1997).

Finally, gaze provides a way to see how static and dynamic elements of context are
being used together (section 3.3). Some aspects of the workspace are stable across
trials (the layout of positions, the identity of objects), while others accumulate through
action (which positions have been used, which manners have appeared). Eye move-
ments show how participants navigate between these layers. Early in the interaction,
looks may be more dominated by the static geometry of the scene, which later, as a
history accumulates, increasingly reflects the dynamic structure of that history (Singh
& Rohlfing, 2024). For an interactive model of contrastive guidance, this suggests that
visual processing cannot be reduced to a simple mapping from words to fixed referents.
It must be sensitive to how the Ground itself is changing and to how that changing
Ground is being used as a resource for understanding and repair.

In sum, HRI gives us access to cognitive processes that are intimately tied to interac-
tional context. Here, gaze is not only an index of comprehension, but also a tool for
exploiting external resources and signaling engagement. Together with the language-
based measures discussed above, this makes HRI a rich field for studying how contrastive
guidance may operate in dynamic, shared environments, and substantiates the devel-

opment of a scaffolding model that takes into account visual and linguistic processes.

102



4.3 Scaffolding

Up to this point, contrastive guidance has mostly been treated as a way of shaping how
an observer encodes an event, for instance by using negation and related contrastive
devices to raise relational prominence, re-balance goal bias, and make certain Figure—
Ground relations more salient (Singh & Rohlfing, 2025a). In experimental terms, this
type of guidance largely assumed a static state with one-shot guidance selection.

However, outside tightly controlled trials, guidance is rarely unidirectional. In natural
tutoring and instruction, it is better characterized as tailored support provided by
a more informed partner to a less informed partner in order to enable successful task
completion (Wood et al., 1976). This support is recursive, which unfolds across turns, is
adjusted in response to the learner’s observable behavior, and relies on the coordinated
use of context and prior knowledge as part of the guidance itself (Rohlfing et al., 2021).
In that sense, as highlighted earlier, scaffolding is not merely an “add-on” to turn-
taking, rather it exists for why certain turn sequences take the form they do when an

interaction is goal-directed.

A large part of HRI research has understandably concentrated on coordination prob-
lems such as turn allocation, timing, and smoothness. Yet these measures alone do
not specify the functional organization that makes interaction pedagogically effective.
For interactions involving explanations in particular, the central question is how a tutor
monitors the partner’s progress, detects when support is needed, and reshapes guidance
so that it improves future performance rather than merely accounting for the present
move (Buschmeier et al., 2025; Chi, 2009; Lajoie, 2005). Within the scaffolding tradi-
tion, this adaptive organization is commonly described against the background of the
learner’s changing abilities and the Zone of Proximal Development (Vygotsky, 1978).
When the learner can only act successfully with support, guidance is comparatively
explicit, and as competence develops, effective tutoring typically reduces that support
in a systematic way, often discussed under the label of fading (Collins et al., 1989;
Tawfik et al., 2018). Importantly, the present section does not introduce fading as a
novel invention, rather it is an outcome of the broader TRR 318 programme, and in
particular in the project-A05 line of work where fading has already been treated as a
guiding idea for adaptive explanation and tutoring design (Rohlfing et al., 2026). The
aim here is to operationalize that shared idea for the present thesis within contrastive
framework and to make it precise enough to support modeling decisions.

Accordingly, this scaffolding section goes beyond what the accompanying papers cover:
it proposes a compact framework that links (i) an estimate of the learner’s evolving
state (monitoring) to (ii) a policy for how much information is made explicit over time
(fading). The purpose is to clarify what it would mean, computationally, for contrastive
guidance to begin as strongly supportive and then gradually withdraw as the interaction

succeeds.
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Figure 4.2: Faded scaffolding adapted to human-robot interaction. The diagram illustrates
the application of Zone of Proximal Development (ZPD) to an HRI context.
The robot acts as the More Knowledgeable Other, providing high-level support
(scaffolding) when the learner is within the ZPD. As the learner internalizes the
task and moves toward the center (Independent Ability), the robot’s guidance
is systematically reduced ("faded") to promote autonomy.

The next section therefore elaborates faded scaffolding and sketches how it can be im-
plemented in the current work with the potential to be used in modeling. Following
that, the previous Cont ACT-R model is extended into an interactive model of scaffold-
ing (InterACT-R), in which context is dynamic, performance feeds back into the choice
of guidance, and guidance is progressively reduced as learning advances.

4.3.1 Faded scaffolding

One of the core ideas of scaffolding is to adjust to the learner’s ability and provide
tailored support (Wood et al., 1976). Whereas the question of tailored support depends
on how the linguistic instruction and its information presentation are controlled, the
learner’s ability is a very dynamic concept which is continuously changing (Vygotsky,
1978). For example, in the beginning, a learner can be perceived to be without a
clear understanding of the task, but after some time she may develop a relatively
better understanding. Here, one shall ask: how does a tutor react to such changes
and, in return, adjust their strategy to align with the trajectory of learning? When
we raise this question, it seems that we are exposed to two problems to be solved:
a) Where lies the distinction between instructive and self-driven phases? Often we
see that after some effort from both ends, learning evolves on its own; the question
then is where this boundary lies and how the dynamics evolve. And, b) how can one
characterize the relationship between learning and faded scaffolding? Here, the core
problem essentially is to find a function which relates the rate of learning to the rate

of withholding information along the learning trajectory. In this section, I will try to
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Figure 4.3: Figure 4.3: Distribution of tutor support versus learner autonomy, illustrating
the fading effect as the step in the task increases. The fading resets as the new
task is introduced.

address these questions one by one in order to find some formalization methods which
have the potential to be implemented in HRI settings.

Addressing the first problem, it has been found that an efficient tutor, in addition to
providing tailored instruction on how to present specific information, also regulates the
amount of information needed for the learner to just “catch on” to the task (VanLehn,
2011). Such a state, where the learner is left to infer or execute the rest of the steps
to solve the task, has been found to foster more learning as opposed to when the tutor
leads the learner all the way to the solution (Chi, 2009). This concept, often referred
to as the assistance dilemma, suggests that withholding information can be as crucial
as providing it (Koedinger & Aleven, 2007, p. 242). The idea is powerful and has
implications for learning, yet remains largely unutilized in current tutoring systems;
hence, it is futile without being concretely implemented from this perspective. The
idea has crucial implications for tutoring robots, for instance, which need to decide
when and how much instruction should be provided for optimal learning—perhaps
even more important than how the information is constructed (such as contrastive or
not). Imagine a scenario where a learner is performing the task efficiently and comes
to understand the whole task by themselves after certain time steps, triggering the
“catching on” phase. Essentially, the two phases, namely, scaffolding and catching on,
can be distributed along a timeline yet remain difficult to disentangle.

The question we shall ask then is: After how long within the task, and after how much
instruction, is a particular individual able to catch on to the task so as to solve it without
any subsequent help? Essentially, to test such questions, the experimental setup should
at least fulfill some requirements. Firstly, a system should allow instructions to be
implemented iteratively in steps such that, along the line, the steps are measurable
points after which the learner is able to attain the “catch up” state. Secondly, the
system must have the ability to be controlled for holding back predefined information
(deliberate omission) based on some importance structure defined in terms of task
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model (an obvious example being Path (“where”) components being more important
than Manner (“how”) components for minimal task completion (Talmy, 2000), though

the ideas should be generalizable to other tasks as well).

If an experimental setup provides these two abilities, then one can show that the dy-
namical tradeoff, and therein the attainment of learning, can be measured based on
individual capabilities and the distribution of self-driven versus supportive learning
phases. Though very general and not profiled for a specific learner, an example visu-
alization of task attainment states can be realized as provided in Figure 4.3. During
the first few steps, it can be assumed that the instructional phase lasts longer than the
“catching on” phase, and as the task unfolds with time, the distribution should shift so
that the self-driven phase lasts longer than the minimal instructional support. Whereas
if the task remains similar on some dimension, the overall behavior profile is expected to
exhibit a consistent and predictable shift; however, if a change in some task dimension
is introduced, or the task changes entirely, the profiles should reset themselves since
new instruction will be needed for enabling (Figure 4.3).

The second problem targets complementary aspect of scaffolding which concerns charac-
terizing the relationship between fading (and the amount thereof) and learning (Collins
et al., 1989). Although the solution appears to be simple due to its linear framing in
language, such as “fading should be directly proportional to the rate of learning” (i.e.,
the quicker one learns, the quicker fading should follow), the solution is not simple,
and the co-evolution of such learning and the connected scaffolding style is often con-
voluted. To start with, the problem can be decomposed into two dimensions: on one
axis, task understanding, and on the other, fading, as visualized in Figure 4.4. Now
the problem here is to find, at least as expressed in words, a function that characterizes
both dimensions, crucially, for a particular individual and for specific task.

Before moving forward with the relations on two dimensions, it makes sense to recapit-
ulate the meaning of these dimensions. Understanding is related to “task awareness,”
which captures not only the current or instantaneous performance for the task but also
ensures proper “enabling” such that the participant feels empowered and more confi-
dent for future performance (Bandura, 1977; Buschmeier et al., 2025). If one is looking
for a more concrete and measurable term, then understanding can be defined (from our
previous example and visualization in Figure 4.4) as the steps required by the learner to
cover more than some prespecified threshold, let’s say an 80% “catch up” region. This
definition fits well with enabling since we observe here, in the real sense, the learner
internalizing the task with minimum support from the tutor; when the tutor fades the
scaffolding, the learner boosts confidence through self-performance. Following this def-
inition, fading should characterize the amount of information that is held back by the
tutor; essentially, the “amount” should be decided by the relevance structure within
the instruction as it appears (for example, Path information hierarchically being more

important for the task than Manner).
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Understanding

Fading

Figure 4.4: Illustrative relations between degree of scaffolding fading and learner under-
standing.

It seems that, after taking the rate of attaining “understanding” into account and the
rate at which fading is introduced by the tutor, three possible scenarios should emerge
as visualized in Figure 4.4. The first obvious scenario one can imagine is that fading
is linear to understanding; in such a case, the amount of information decreases linearly
as understanding evolves. Two other relations one could imagine (which look more
realistic) are where the fading and rate of understanding are non-linearly related. One
other possibility that we have not yet thought about but is possible involves dynamical
systems, such as a Lorenz attractor, where small changes to the initial point lead
to entirely different output states (Lorenz, 1963). Nonetheless, the three scenarios,
together with the HRI setup and controlled parameters, provide us a very promising
pathway to test not only the above-mentioned scenarios but also to derive the function
fitting individuals by profiling their learning for an emerging task and context. The
next section builds on some of these ideas to model contrast in Cont ACT-R model.

4.3.2 An interactive model of scaffolding

Recall that in our previous Cont ACT-R model (Chapter 2), our aim was to derive a sim-
ple rule for estimating relational prominence R;(C') using two conceptually grounded
representations—namely Ground and Figure (Chapter 1), which was based on their
conceptual distance and scaled by the alternatives, if provided in the scene. Impor-
tantly, this type of model was able to capture relational prominence R;(C) in a static
context, allowing for a selection of implicit or explicit contrast as guidance. Whereas
a static context provides a favorable ground for testing our model without adding un-
necessary chaotic behaviors, in reality, the context itself has a “dynamic” component,
as we have seen in the previous chapter (Dourish, 2004). We have also established
that although processes related to language can be studied effectively in traditional
psycholinguistics experiments where the context is held static (e.g., in Visual World
Paradigms), the reality is more complex. Traditional approaches often fail to capture
what interactionist approaches are able to holistically appreciate in dynamic contexts
(Goodwin, 2000). To this end, we also highlighted that scaffolding is an integral process
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within an interaction; interaction does not imply raw turn-taking without intention, but
rather a process where partners monitor each other’s understanding and use interaction
to scaffold each other (Rohlfing et al., 2021). Meaning, scaffolding is a central part of
any interaction, not merely an outcome of turn-taking behavior, but a requirement for

meaningful coordination to exist (Wood et al., 1976).

Nevertheless, the first step to capture the dynamic context is to allow the model to
flexibly adapt as the context unfolds over time. Following the previous chapter on
the contrastive ACT-R model (ContACT-R), we add a time dimension such that the
model will now estimate the relational prominence R4(C}) at each time ¢ as the context
unfolds.! Here, d suggests each relevant dimension (situative, functional, locative,
eventive, and social), which can change during the task. The exact resolution window
of t, i.e., whether it represents each step, each task, or each instruction, is not defined
yet; however, once sufficient data is available, the estimation of ¢ should not pose
a difficulty for further modeling work. Hence, the same Ry(C) from the ContACT-R
model can be extended to the InterACT-R model as R4(Cy), but time-indexed, allowing
it to change slowly because the context and parameters adapt over time, as given in:

Ri(Cy) = Ag(Cr) Ag(Ch) (4.1)

According to this, at each time step, the tutor observes a task context C; and computes
relational prominence Ry(C}), then decides whether to produce an explicit, contrastive
guidance (e.g., negation) on dimension d or to stay more implicit. The solution seems
simple thus far; however, up to this point, I have treated scaffolding mostly at the
level of conceptual ideas rather than implementation through learning and interaction.
Whereas contrastive guidance is a way of packaging information, we now have the
notion of faded scaffolding as a way of regulating how much of that information is
actually given to the learner at different points in time (Collins et al., 1989). Hence, we
need to connect this model to learning. For learning, to start with, we can follow the
Rescorla-Wagner learning equation , which is based on updating future estimates based
on current outcomes (Rescorla & Wagner, 1972). In this system, it tracks a very simple
performance signal: Let e; € [0,1] denote an error measure at time ¢ (e, = 0 means
perfect performance, e, = 1 a complete failure). From this raw signal, we construct a
smoothed notion of performance P; at time t.

Pt = Pt—l (1 - ’}/) +y (1 — et); (42)

Here, v € (0, 1] is a smoothing parameter (or learning rate). Intuitively, P; can be read
as “how well the learner seems to be doing at this point,” with low values for sustained

In the static case, relational prominence was defined as a time-independent term R4(C), calculated as a
product of relational distance and alternative availability; here I simply assume that this has already
been computed by the model and can change over time with the task.
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failure and high values for sustained success. Formally, since P; follows a delta rule
akin to Rescorla-Wagner, the current estimate is corrected towards the most recent
outcome (1 — e;) with learning rate v (Sutton & Barto, 1998). With a high learning
rate -, a single correct outcome will have a strong impact on P;, such that the estimate
is rapidly pulled towards 1; thus, the model quickly interprets the learner as having high
understanding. In terms of the faded scaffolding policy, this leads to a fast reduction
of support after only a few successful moves, making the tutor highly reactive but also
more vulnerable to noisy performances or success by chance. Hence, the problem boils
down to effectively estimating ~ for each individual, rather than keeping it constant
across all learners. Since 7 plays the role of a learning-rate or memory parameter,
we can allow a participant-specific value ; for each participant ¢, and estimate it from
each learner’s behavior (e.g., using a Bayesian hierarchical model) (Gelman et al., 2013).
Learners with larger ; will be modeled as updating their performance estimate P} more
quickly based on recent outcomes, whereas learners with smaller ~; integrate evidence
more slowly over many attempts or trials. This fits naturally with the idea of profiling
individual learning trajectories in our HRI setting as designed in Singh and Rohlfing
(2025b). For the present purposes, we treat this smoothed performance directly as the

model’s estimate of understanding and write:

U, =P, (4.3)

Following this, U; € [0,1] corresponds to the “understanding” axis in Figure 4.4. At
this point, nothing in what follows depends on the exact definition; if a better or richer

measure of understanding becomes available, it can simply replace P;.

Formalizing the Fading and Understanding relationship. In this section, I will at-
tempt to provide a solution to the question raised in Figure 4.4. The core problem here,
as noted before, is to find an optimal function relating Understanding and Fading. As
we have already derived some use cases for how understanding U; and fading F}; might
be related across two dimensions, and since U; is now already known or estimated, we
must derive the fading F; as the next step.

Going through a simple solution, we start with a situation where scaffolding is either
provided (1) or not (0). Let us denote this Scaffolding by S;, where S; € [0,1]. Hence,
the second internal state, fading level F}, can be defined by:

F=1-5,. (4.4)

Here, fading is essentially the absence of scaffolding. Although previous sections con-
ceptualized fading as a graded process with information being held out depending upon

the hierarchical relevance of information to the task (VanLehn, 2011), here, for simplic-
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ity, we keep a binary choice of either providing or omitting the entire information. Since
the equation F; =1 — S; encodes this relation, we will be able to add more scaffolding
levels S (e.g., each information element containing a continuous range between 0 and
1) to introduce more fine-grained adjustments to F; later. Nevertheless, at this point,
Sy = 1 means full scaffolding (nothing has been faded yet) and S; = 0 means that the
tutor has withdrawn support as far as possible.

In terms of Figure 4.4, F; corresponds to the “Fading” axis: the more we move to the
right, the higher F} becomes and the less explicit help is provided. In this graph (Figure
4.4), we also have highlighted a central problem, i.e., identifying a function mapping the
fading state F} to the estimated understanding U;. This is where the different “profiles”
of faded scaffolding, as we have so far imagined, help us make the concept concrete.
In very simple terms, the model can assume a policy function g(.) characterizing the
relationship between Fading F; and Understanding U; (Murray, 1999), such that:

St = g(Uy), Fy=1—g(Uy). (4.5)

We already know that the three outcomes shown in Figure 4.4 are a result of different
choices of g(.). The function g(.) essentially yields different characteristic shapes for
three illustrative cases. Theoretically, one can derive these shapes based on our as-
sumptions, where for each case, we can see these shapes emerging when the following
requirements are fulfilled:

Linear Fading (Figure 4.4, left): Here, the Fading F; increases in direct pro-
portion to Understanding where every step gain in understanding is accompanied
by an equal amount of fading representing a constant withdrawal rate relative to
understanding.

Accelerating Fading (slow at the beginning, fast later; Figure 4.4, middle): In
this case, the tutor keeps support relatively high while the learner is still struggling,
and then fades more aggressively once understanding picks up. This aligns with
conservative tutoring strategies that prioritize error avoidance early on (J. R.
Anderson et al., 1995).

Diminishing-returns Fading (fast at the beginning, then plateau; Figure 4.4,
right): This pattern reflects a situation where the tutor takes advantage of early
improvements to reduce support quickly, and then makes only small further ad-
justments as the learner moves toward perfection. This strategy is often observed
in scenarios where the “Assistance Dilemma” presses for early withdrawal to en-
courage active learning (Koedinger & Aleven, 2007).

In practice, we cannot claim that one of these three forms is the correct one. Rather,
they provide a compact use-cases of expressing different intuitions about how fading

and understanding might co-evolve for different individuals and tasks (Rafferty et al.,
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2016). Given an HRI setup that can record performance over time and manipulate how
much information is withheld, one could try to fit such a function g(.) to actual learner
trajectories. Since the problem is now defined, one could run a real study on this and
estimate the optimal g(.) empirically.

Bringing relational prominence and understanding together Recall that the original
ContACT-R model used relational prominence R;(C') together with a fixed threshold 64
to decide whether an explicit contrast on dimension d should be produced.? One could
apply the same rule here, provided the task were not dynamic, as in the ContACT-
R model. In contrast to the scenario for the previous ContACT-R model, here the
participant is also acting on the task. Thus, in addition to relational prominence
R4(C}), we must consider task performance, given by learning P, (Eq. 4.2), or a more
generalized form of understanding U; (Eq. 4.3) (Corbett & Anderson, 1994). Hence, we
need a function that considers both relational prominence R4(C') and the understanding
parameter U, to form sufficient evidence for using contrastive guidance. Let us call this
“evidence” term FEg;, which depends on both relational prominence R4(Cy) and Uy,
evolving with time ¢ during the interaction (Ratcliff, 1978). In the interactive setting,
this decision can now be made sensitive both to the learner’s current understanding Uy
accumulated so far and to the relational prominence R4(C;). Here, we can define the

continuous Evidence term as:

Eqt = kqRq(Cy) +14(1 = Uy), (4.6)

In this equation, R;(C:) indicates how contrastive the current context (Ci) is along
dimension d. We also introduce a weight parameter x, for relational prominence, which
essentially weights the general importance of R;(Cy). A high k4 implies that even if the
prominence between Figure and Ground is low, the model will push for guidance, since
kq is high. On the other hand, when k4 is small, even a high R;(C}) doesn’t matter
much. Up to this point, the equation differs little from what we utilized in the previous
ContACT-R model, where only relational prominence mattered for the decision.

However, here we have the additional term 74(1 — Uy), which relates to performance. In
this equation, U; represents understanding by capturing the learning trajectory P; over
time ¢t (Eq. 4.3). Crucially, rather than measuring understanding as all-or-none (0, 1),
P, is a smooth estimate that changes gradually. If the learner is doing well overall (high
P,), the term n4(1 — Uy) is small, resulting in low evidence for guidance. Conversely,
if the learner is struggling over several trials (low P;), n4(1 — U;) becomes large and
steadily pushes F;; up, making guidance more necessary (VanLehn, 2011). Similar

In the previous ContACT-R model, we had first chosen a hard decision rule, where if Rq(C) > 0,
contrastive guidance was selected, or a probabilistic version in which the probability of selecting negation
increases monotonically with R4(C), captured through a logistic function.
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to kg, Mg is a weight parameter determining the importance of performance for the
evidence Fg,. If one wants to be very sensitive to even subtle changes in performance,
one can set it high; otherwise, to remain inert to small changes, the value can be kept

low.

Deriving the threshold for guidance Since we now have the evidence parameter Eg,
we need a decision rule for contrastive guidance to be triggered depending upon this
evidence. In the ContACT-R model, evidence was solely based on relational promi-
nence, and guidance was triggered as soon as this evidence exceeded a threshold value
04, which was either fixed or derived experimentally on a probabilistic scale. Here,
however, the value of 64(t) is time-dependent and should also account for how much
Fading F; has been achieved. A high Fading F} suggests that, to trigger guidance, the
evidence should be stronger compared to when Fading is low.

Let us assume that our initial threshold for guidance is 9&0). Triggering guidance initially

would be an easier task; however, later in the interaction when Fading is higher, the
same evidence should no longer trigger guidance, and the learner must significantly
“struggle more” to receive it. Hence, let us call this new threshold after Fading 04(t).
Crucially, this new threshold 64(¢) can simply be conceptualized as how much the
threshold shifts as Fading increases, given by:

04(t) = 01(10) + wqF}. (4.7)

Here, 0&0) is the base threshold in the early phase of learning, and wy > 0 specifies
how strongly the threshold on dimension d rises as scaffolding is faded. Had we used a
hard decision rule, we could have compared this 6,4(t) with evidence E4; to trigger the
guidance decision simply by:

Guide on dimension d at time ¢t if Eq; > 64(t). (4.8)

Here, instead of comparing E;; to a fixed threshold 6, we let the threshold itself
depend on the fading level wyF;. In simple terms, E;; asks: given the current context
and performance, how strong is the case for guidance? Meanwhile, 64(t) asks: given
how far we’ve faded (F}), how high is the bar for acting in this case? According to this,
as Fy (fading level) increases, 04(t) rises, so the same evidence E;,; that would have
triggered guidance early on will no longer be sufficient later during learning

In an intuitive sense, this means that in the beginning (when F; is small and 64(t) is
close to 9((10)), the system is relatively willing to use contrastive instructions whenever
prominence and low understanding jointly suggest they are needed. As understanding
increases and scaffolding fades, F; grows, 64(t) increases, and explicit contrast now

requires much stronger evidence to be triggered. The learner is pushed into a more
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self-driven “catch-up” phase, where only particularly long pauses or divergence will

lead to overt guidance.

While we have discussed a hard decision rule so far, where at time ¢, if Eg; > 64(t),
guidance is triggered, we can instead define the probability of choosing an explicit, con-
trastive guidance move on d at time t by a logistic choice rule, similar to the Cont ACT-
R model. This is based on evidence E;; and threshold 6,4(t), with the core input
(Eqt — 04(t)) to the sigmoid function:

1
1 4exp(— Egp+04(t))

Pr(contrast on d | Cy, Uy) = o( Egy — 04(t)) (4.9)
By doing this, we are essentially transforming the hard yes-no decision rule into a
graded likelihood of providing guidance. To summarize, the interactive ACT-R model
(InterACT-R) of scaffolding proposed here extends the earlier Cont ACT-R framework
in three ways.

Pr(contrast on d | Cy, Uy)
1%

0.75 1

Figure 4.5: Logistic mapping from evidence minus threshold to the probability of contrast
on dimension d.

First, it adds a time-varying estimate of understanding U; based on observed perfor-
mance. Second, it introduces a fading state (S, F}) that links this understanding to the
amount of scaffolding the tutor provides, with different functional forms corresponding
to different fading—learning profiles as in Figure 4.4. Third, it lets this fading state mod-
ulate the decision to give contrastive guidance by changing the threshold for explicit
assistance over time. Although these ideas are yet to be implemented in a real setting,
the formalization provides a concrete pathway to test the core concepts behind scaf-
folding, especially in contrastive contexts. The aim here was to make these additions
to bring the model closer to the informal picture developed in the previous subsection:
a tutor that not only knows what to provide (contrasts) but also dynamically decides

when to withdraw and let the learner “catch on” to the task by themselves.
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Figure 4.6: InterACT-R as an interactive extension of the ContACT-R model. The left-
to-right backbone (Context — Encoding — Contrastiveness) is preserved; an
interaction state Sy and task feedback loop modulate the guidance policy over
time.

Interim summary This interactive extension of Cont ACT-R remains deliberate hard-
coded, but it already changes the interpretation of the previous (rigid) model in im-
portant ways. First, it makes room for learning on both sides. The learner’s behavior
is still explained in terms of perception, retrieval, and action selection, but now the
tutor’s behavior also evolves where guidance is no longer a fixed script and it becomes
a learned policy that adapts to the learner’s performance and to the kinds of contexts
that are actually encountered (Thomaz & Breazeal, 2006).

Second, it ties scaffolding back to the core idea of contrastive contextualism. The same
relational prominence values R;(C}) that were previously used to define in ContACT-
R when negation will be appropriate in a one-shot setting now also serve as state
variables that guide the tutor’s choices in an ongoing interaction within the InterACT-R
framework. In this sense, the previous ContACT-R model (Figure 2.9) can be extended
into an InterACT-R model by including a notion of feedback loop from the learner to
the tutor as shown in Figure 4.6.

Third, it connects language and task performance in a principled manner. Performance
indicators such as e; and P; formally link the success or difficulty of actions to the
choice of linguistic strategy. Whereas repeated errors increase the estimated need for
scaffolding, successful independent actions gradually reduce the scaffolding needs. This
makes it possible, at least in principle, to simulate how a contrastive scaffolding policy
would evolve over time for learners with different initial knowledge or different patterns
of mistakes (VanLehn, 2011).

114



4.3.3 Discussion

The aim of this chapter was to bring together the idea that the previous chapters
had introduced. Here, the aim was to move from contrastive guidance as an isolated
utterance in a static context to contrastive guidance as part of an interactive scaffolding
process. Doing so required a divergence from studying the dominant idea of turn-taking
to focusing purely on scaffolding. This divergence was important because studies in
interaction often heavily focus on systematizing turn-taking processes by looking into
turn timings and places where turns are more likely to happen (Levinson, 2016; Skantze,
2021). In this process, we seldom ask why the turns exist in the first place and what
their purpose is. It turns out that mostly, turns are not for the sake of keeping the
conversation going; rather, they are an act of scaffolding the partner, where the aim is
to enable a partner for the task in hand (Buschmeier et al., 2025; Rohlfing et al., 2021).

This particular notion is also important due to its implications for how we study lan-
guage processes themselves, as highlighted in the previous chapter where studying con-
text also provided two distinct notions. Not surprisingly, these two traditions are
reflected in language research. On the one hand, there is the traditionalist or cog-
nitivist approach, where language processing is treated as an internal computational
problem with well-defined inputs (Fodor, 1983). On the other hand, there is the in-
teractionist approach, where language is seen as a joint activity in which context is
developed as people act, speak, and repair each other (Goodwin, 2000). The central
claim of this chapter has been that neither side, taken alone, is sufficient if we want
to understand how contrastive guidance can be used as scaffolding in real tasks, and
that Human—Robot Interaction (HRI) offers a useful meeting ground for bringing them
together (Singh et al., 2025).

We began the chapter by unpacking these two sides more explicitly. The traditionalist
stance formed the ground for most psycholinguistic work and the original ContACT-R
model by fixing context as a static Ground within each trial and focusing on the internal
dynamics of a single mind, providing us with control and formalization (J. R. Anderson
et al., 2004). This was a promising start, which later turned out to be incomplete on
theoretical and practical grounds. Here, we were convinced to say contextual factors
are already represented, and nothing was developing as the interaction unfolded.

Following this, the interactionist stance started from a different intuition: Context is

[13

not merely “what is available”, but also “what is being developed as part of interac-
tion” between partners (Schegloff, 1992). We also proposed HRI as a methodology
to study language and visual processes and treated conversational repairs, gaze, and
action performance as proxies to study visuo-linguistic processes online (Singh & Rohlf-
ing, 2025b). Unlike classic Visual World Paradigms, which have been an established
field to study the bidirectional relation between language and vision, and where partic-

ipants are confined to looking at static contexts (Tanenhaus et al., 1995), HRI provided
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an opportunity for participants to act, change the context, and interact with a partner
through repairs and receive scaffolding. Essentially, an interactional context developed
as a process provided both static and dynamic elements where language and visual pro-
cesses could be studied in a controlled experimental setup (Singh & Rohlfing, 2025b).

Whereas for linguistic processes one could show that the use of controlled omission
to elicit repairs (later known as the Fading strategy) can be used as a window into
real-time language-visual correspondence, on the non-linguistic side, gaze was treated
not only as an indicator of referential activation but also as a trace of how the evolving
context was proactively used as an external resource (Admoni & Scassellati, 2017).
In this way, visual and language behavior was made visible within interaction without
compromising on the task continuity by selectively targeting static and dynamic aspects

of context in real-time.

As a synthesis of the preceding strands, the final section formalizes and extends the
old static contrastive (ConACT-R) model to an interactivity- and scaffolding-capable
InterACT-R model. Although the basic ideas of the original model were retained,
such as context C; represented as a set of dimension-specific Grounds G4(C}), Figures
F4(C}), and relational prominence values Ry(Ct) that quantify how far the Figure lies
from Ground, a notion of interactional time ¢, performance measures e; and P; that
summarize how well the learner is doing, and a set of guidance strategies whose utilities
are updated as the interaction unfolds were included to make the model interactive
(VanLehn, 2011). Thus, in the extended model, contrastive guidance remains no longer
a fixed utterance, but rather a strategy that adapts to the learner’s performance and
fades scaffolding.

On this note, this interactive InterACT-R sketch is only a first attempt where many
complexities, especially concerning scaffolding, remain unaddressed. For example, the
learner’s own internal learning dynamics are treated in a highly simplified way through
performance at a specific time. The robot’s side of the interaction is also idealized
for the best-case scenario; in practice (as seen in anecdotes from my experiment), real
systems have limitations in speech recognition, timing, and embodiment that can also
shape how scaffolding is experienced (Thomaz & Breazeal, 2006). However, I do not
see these omissions as reasons to abandon the modeling effort, but as a reminder that
formal accounts of scaffolding will have to grow in tandem with richer empirical work
if they are to remain psychologically plausible.

Nevertheless, this chapter has argued that any serious theory of contrastive guidance
and scaffolding must accommodate two kinds of constraints at once. On the one hand,
constraints imposed by the cognitive processes, i.e., memory retrieval, attention, and
decision-making putting limits on how contrastive cues can be processed and used. On
the other hand, there are constraints imposed by interaction: context is co-constructed,
misunderstandings are collective events that need to be managed, and guidance has to
be timed and faded in ways that fit an ongoing activity (Rohlfing et al., 2026).
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Chapter 5
Conclusion and outlook

From Negation to Contrast and Context, the title already tells a story of how this thesis
has developed over time. I started as a psycholinguist interested in negation as a rather
local linguistic phenomenon, mostly following established questions such as why and
through what mechanisms negations are more difficult to process than their affirmative
counterparts (H. H. Clark & Chase, 1972; Kaup et al., 2006). Over the course of the
project, this narrow starting point expanded into a broader investigation of contrast as
a relational principle, and eventually into a view of contrast as one way of understanding
context itself. In this sense, the thesis can be read as a gradual movement from a single
linguistic device toward a more general account of how relations between Figure and
Ground are structured in perception, language, and interaction (Talmy, 2000).

The first step in this trajectory can be understood as conceptual. In the introduction,
I proposed contrastive contextualism as a way of capturing the intuition that our per-
ception is almost always relational and that many so-called contextual effects can be
understood as graded differences in relational prominence between a Figure and its ex-
periential Ground. Rather than treating contrast as something exclusively encountered
in either linguistic or visual processes, I was convinced to argue that contrast might
be a pervasive feature of everyday situations—which we call contexts—that becomes
visible when the Figure—Ground relation departs from what experiential traces would
prepare us to expect. This motivated me to articulate specific dimensions along which
I could imagine such contrasts emerging; although not exhaustive, I proposed situative,
functional, locative, eventive, and social dimensions. Together, these dimensions pro-
vided a first foundation for talking about contrast as a form of context, and for locating

different phenomena on a common contrastiveness scale.

Provided this conceptual foundation, I then turned to the question of how language
might interact with these relational dimensions, and whether and how linguistic ex-
pressions can act as mechanisms for structuring relational perception. I argued that
everyday linguistic devices, in particular the packaging of motion events and the use
of negation, can shape ongoing event conceptualization by spotlighting specific rela-
tional alternatives and augmenting the space of available contrasts (Verhagen, 2005).

Supplemented by empirical studies on motion events and on functional manners in Hu-
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man—Robot Interaction, I attempted to support these theories further at the end. One
finding stood out particularly: when verbal guidance brings past and present sub-events
into a single frame of interpretation—such as through contrastive instructions involving
negation—observers are more likely to encode the event as a structured whole (Singh
& Rohlfing, 2025a). This finding essentially broadened my approach to see negation
beyond sentences, framing the initial linguistic question about negation toward a more
open, general question on how negation can serve as contrastive guidance for general

cognition and learning.

With context serving as the foundation for all these developments, the next step was to
bring it within the scope of discussion. Building on past literature, context was distin-
guished between treating it as “what is available” and “what is developed” (Dourish,
2004). Unsurprisingly, I observed these two stances running in parallel through the
study of language as well, which later also formed the background for a methodologi-
cal paper on studying online language and vision processes in HRI (Singh & Rohlfing,
2025b). On the contextual distinction, there is a tradition that treats context as static
and focuses on computation. This is in contrast to an interactionist tradition that sees
context as something co-constructed within interaction (Goodwin, 2000). The present
thesis did not attempt to adjudicate between these positions definitively. Rather, the
aim was to hold them together by showing that many of the phenomena of interest,
including contrastive guidance, require both a representational perspective—where we
can talk about stored Grounds and Figures—and an interactional perspective, where

we can observe how those Grounds are reshaped through action, repair, and scaffolding.

As a result of this synthesis, modeling work became possible. Once contrastiveness
had been described in phenomenological terms and explored experimentally, the ques-
tion arose whether these ideas could be made explicit in a computational framework.
The first answer was the Cont ACT-R model (or Contrastiveness ACT-R), which treated
context as a set of dimension-specific Figures and Grounds and defined relational promi-
nence as a graded function of their distance and the availability of alternatives. This
static model was deliberately rigid, as it did not capture interactivity, but it was suffi-
cient as a starting point to show that the informal notion of Figure-Ground distance
could be implemented in a form compatible with existing cognitive architectures (J. R.
Anderson et al., 2004). In doing so, Cont ACT-R served as a bridge between the concep-
tual analysis of Chapter 1 and the experimental results on linguistic guidance, offering
a first technical handle on when explicit contrast, including negation, is warranted.
However, as the thesis progressed, the limitations of a purely static treatment of con-
text became increasingly clear. The Human-Robot Interaction studies showed that
many of the phenomena I was interested in—such as scaffolding, Fading, and Mon-
itoring—only fully reveal themselves when context is allowed to change through the
learner’s and tutor’s actions (Singh et al., 2025). This motivated an extension of the

modeling framework toward an interactive version, InterACT-R, in which contrastive
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guidance is no longer a one-shot decision but a part of interaction that adapts over time.
In this extended model, relational prominence values continue to play a central role,
but they are now indexed to interactional time, coupled to estimates of the learner’s
understanding, and linked to fading functions that regulate how much help should be
provided (Collins et al., 1989). The model remains a sketch, but it illustrates how the
basic ideas of contrastive contextualism can be carried into a setting where learning
histories, repairs, and scaffolding moves begin to matter more.

Throughout this development, the empirical studies that make up the individual pa-
pers of this thesis have been more than isolated demonstrations, providing concrete
contributions to the sections in which the abstract ideas were realized. For instance,
the study on motion cognition provided clear definitions of what counts as a “Ground”
or “Figure” and how goal-bias interacts with mid-event structure (Singh & Rohlfing,
2025a). The touchscreen and manner learning task in Human—Robot Interaction of-
fered insight into the functional dimension of contrastiveness, showing how routinized
affordances can be used as experiential grounds for scaffolded alternatives (Gro8 et al.,
2023). The HRI study on explanatory dialogue and fading scaffolding required thinking
of contrastive guidance as part of an unfolding interaction, where repairs, gaze behav-
ior, and action performance all become data for understanding how context is being
used (Singh & Rohlfing, 2024). At the same time, it is important to highlight that the
thesis is limited in several respects. For instance, the experiments supporting the ideas
have been necessarily constrained, utilizing simple tasks and limited action spaces. The
modeling leaves out many rich complexities of learning and interaction, such as how
canonical Grounds are acquired over time, how multiple candidate Grounds compete,
or how scaffolding occurs in the real world between a child and caregiver (Wood et
al., 1976). Even at the conceptual level, contrastive contextualism has been developed
mainly for a small set of dimensions and mostly in visually grounded tasks, leaving
open how far the same framework can be extended to richer multimodal and social
settings. These limitations do not undermine the central claims, but they do delimit
the scope of the present thesis and point toward where further development is needed.

5.1 Limitations

Any attempt to bring together conceptual analysis, experiments, and modelling within
a single framework is bound to remain incomplete, and this thesis is no exception.
Hence, the first limitation can already be identified as being too focused; the thesis
started from contrastive contextualism and moved through negation to contrastive ver-
bal guidance. Although this focus has helped me to develop a coherent line of argument,
akin to a story, it has also led to important aspects of context and interaction remaining
unaddressed. For instance, contrastive contextualism has been worked out mainly for

a subset of dimensions that could be tested only in well-controlled tasks, treating the
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social dimension minimally due to a lack of results. In addition, the thesis has mostly
operated within dyadic settings in which meta-communicative aspects such as power
relations and roles are treated relatively sparsely, leaving more complex configurations
for future work (Bourdieu, 1991; Foucault, 1980).

Methodologically and empirically, the studies that support the thesis were deliberately
chosen to reflect contrast on specific dimensions, such as motion events and action man-
ner manipulation; nevertheless, they rely on highly controlled scenarios which are yet
to be verified on other specified dimensions. For instance, the motion events primarily
depict locative contrast, and a more generalized notion of this concept is yet to be
investigated. Similarly, the action performance in the Human—Robot Interaction study
implemented constrained workspaces, limited sets of objects, and fixed instructional
scripts, which compromised ecological validity to some extent (Jung & Hinds, 2016).
Real-world interactions are inherently messy and multimodal, often defying the clean
variables of laboratory settings.

The modelling work, both in ContACT-R and its Inter ACT-R extension, also highlights
substantial limitations at this stage. The first limitation can be recognized at the rep-
resentational level, where the Ground concept was treated as already given, abstracted
away from how it is learned in the first place, which made the entity less dynamic
(McClelland, 2009). In the interactive extension, this limitation was partly addressed;
however, the partner and task models were still reduced to a few observable measures.
This was also partly due to the model’s inability to implement rich multi-modal signals,

which are an integral part of any real-world social interaction (Kendon, 2004).

Finally, the Human—Robot Interaction scenarios used to support the theoretical and
empirical concepts are still based on systems that are not fully adaptable. Although the
robot in the experiment was responsive and capable of providing contrastive guidance,
many aspects of the interaction were pre-scripted, leading to systematic artifacts rather
than natural interaction (Riek, 2012). Hence, the scaffolding and fading patterns being
analyzed are inferred from behavior rather than being generated by an implemented
version of InterACT-R running online. While this is appropriate for a first exploration
of the space, it means that the thesis has yet to investigate how a real system could
learn and adapt a contrastive scaffolding policy on its own. All these limitations should
be seen as potential aspects for improvement, as they indicate where the current thesis
draws its boundary and where further development is required.

5.2 Future directions

The limitations just outlined do not only mark what is missing; rather, they also help to
shape the research direction where the thesis should extend in the future. Importantly,

to develop a unified theory of contrastive guidance and its practical implications, it is
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crucial to keep the three strands together in the future: conceptual robustness of the
contrastiveness scale, empirical studies to evaluate those concepts, and refining models

based on empirical outcomes.

A first avenue concerns broadening the empirical base of contrastive contextualism. The
motion event and action demonstration paradigms can be enriched toward longer and
more complex activities, where multiple subevents unfold over extended time (Sebanz
et al., 2006). Tasks that involve planning, negotiation of roles, or coordination under
uncertainty would make it possible to investigate how contrastive guidance operates
when there is no single obvious Ground but a whole field of potential alternatives. Ex-
tending the studies to more naturalistic settings, including everyday interaction with
complex tasks and collaborative problem solving, would test whether the patterns ob-
served in controlled laboratory contexts generalize when scripts are less rigid. It will
also be important to include more diverse participant groups, for instance, children,
older adults, and speakers of different languages, in order to see how developmental
histories and linguistic systems shape which Grounds become salient and how negation
and other contrastive devices are used (Choi & Bowerman, 2006; Tomasello, 2008).

A second avenue concerns deepening the interactive perspective on context and scaf-
folding. The Human—Robot Interaction scenarios developed in this thesis have already
opened a space in which context can be both controlled and developed, but this idea
can still be taken further. The method for studying online language—vision interplay
in HRI can be used as the basis for genuinely adaptive interactions, where the robot
does not only deliver fixed contrastive instructions but adjusts its scaffolding and fading
in response to the learner’s online behavior (Thomaz & Breazeal, 2006). Evaluating
InterACT-R in such a setting would allow us to ask more precise questions about how
different scaffolding strategies affect understanding and how fading relates to the emer-
gence of autonomy. Beyond HRI, similar questions could be asked in human—human
settings by combining conversation analytic techniques with eye tracking and detailed
investigation of repairs (Bangerter & Clark, 2004; Goodwin, 2000).

The current version of ContACT-R and InterACT-R treat Grounds and Figures as
given and do not include mechanisms for learning or updating them. Future work could
integrate learning components that allow the architecture to acquire canonical Grounds
from experience and to adjust similarity structures as new situations are encountered.
This might involve combining ACT-R style declarative memory with Bayesian inference,
so that the model can discover which contrasts are useful in a given task and how
much explicitness is needed for a particular learner (Taatgen & Lee, 2013). Another
potential area to explore further would be to integrate generative AI models like LLMs
with the classical cognitive architecture such as Inter ACT-R, especially to learn Ground

representations, an approach known as neuro-symbolic Al (Romero et al., 2024).

Moreover, on the interactive side, the partner model could be enriched to include not

only estimates of task understanding but also qualitative measures, like satisfaction and
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trust in the system (Muir & Moray, 1999). Implementing these ideas in robots with
robust speech recognition through LLMs would make it possible to test how reliable
the proposed concepts are and how they interact with the constraints of the model.

A fourth avenue points toward applications beyond the immediate experimental set-
tings. The notion of contrastive scaffolding suggested in this thesis is closely related to
practices in education and tutoring, where instructors routinely rely on contrasts, coun-
terexamples, and negations (Aleven & Koedinger, 2006). The conceptual and modeling
tools developed here could inform the design of educational technologies, from robotic
tutors to intelligent tutoring systems, that make principled use of contrastive guidance
and fading. Similarly, conversational agents and dialogical systems in everyday devices
might benefit from moving away from a purely information-theoretic approach to inter-
actions that explicitly help users to see relevant contrasts. In such applications, ques-
tions of transparency, trust, and user experience will become central, which in turn call
for collaborations with emerging fields such as Explainable Al (XAI) (Gunning, 2017).

Across all these directions, the aim is not to abandon the core ideas of the thesis, but
to put them under test in richer environments. Contrastive contextualism posits that
context can be understood in terms of Figures and Grounds and that language can
act as a mechanism for structuring their relations. The modeling work shows that this
intuition can be made explicit, at least in simplified settings. The next step is to see
how far these ideas can be extended, especially for complex social interactions, into
systems that learn and adapt over time, and into applications where scaffolding is an
integral part. In that way, the ideas presented in the thesis here can serve as a meeting
point rather than an endpoint for a broader investigation of contrast, context, and
scaffolding.
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Appendix A
Relation to publications

A summary of how individual publications have contributed to the development of the
present work. The ordering reflects the sequence in which their core ideas appear in
the chapters.

Publications as they appear in the work:

— Singh, A. and Rohlfing, K.J. (2025), Contrastive Verbal Guidance: A Benefi-
cial Context for Attention To Events and Their Memory? Cognitive Science, 49:
e70096.

This journal article forms the empirical backbone of Chapter 2, where language is
tested for its contrastive effects. Across two eye-tracking experiments on motion
events, the study shows a complementary effect of visual and verbal contrast on
action memory. It also demonstrates an inverse relation between attention to the
goal and memory for mid-events, which can be mitigated by negation. Two meth-
ods of verbal-instruction synchrony are also introduced for the first time, showing
how they modulate goal-attention. The systematic use of contrast along the loca-
tive dimension is developed in this paper, specifically where negation such as “not
up” can bring the alternative path into focus. These findings are reinterpreted
within the broader contrastive contextualism framework in Chapter 1 and are
used to derive the design principles for contrastive guidance in Chapter 2. The
study also motivates the initial notion of Figure-Ground relations and thereby

relational prominence.

— Singh, A., & Rohlfing, K.J. (2023). Contrastiveness in the context of action
demonstration: an eye-tracking study on its effects on action perception and ac-
tion recall. Proceedings of the Annual Meeting of the Cognitive Science Society,

45, Sydney, Australia.

This conference paper reports an earlier phase of the motion-event work. Here, the
focus was on assessing how negation can inhibit goal-bias in perception, thereby
improving recall for the less salient parts of the event. The study shows that

contrastive verbal guidance, especially when realized with an assertion—negation
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combination, can direct attention toward the past sub-event and treat it as a

Ground for interpreting the current action.

Singh, A., & Rohlfing, K.J. (2024). Coupling of Task and Partner Model: Investi-
gating the Intra-Individual Variability in Gaze during Human—Robot Explanatory
Dialogue. 26th ACM International Conference on Multimodal Interaction (ACM
ICMI 2024), Costa Rica.

This paper provides one of the central HRI studies upon which Chapter 3 and
Chapter 4 build. It introduces the distinction between a relatively stable task
model and a dynamic partner model within a controlled Human—Robot Interac-
tion setup. Empirically, the study exploits the well-known asymmetry between
Path and Manner: Path information is retrieved more quickly and forms a robust
backbone for the task model, whereas Manner information is more variable and
tightly coupled to the evolving interaction with the robot. By tracking gaze and
repairs, the paper shows how these two layers together form what I call an inter-
actional context in the current work, which is used in Chapter 3 to motivate the
distinction between static and dynamic aspects of context.

Singh, A., Wrede, B., Richter, B., GroB, A., & Rohlfing, K.J. (2025). Man-
ners Matter: Action history guides attention and repair choices during interac-
tion. IEEE International Conference on Development and Learning (ICDL 2025),
Prague. (Talk)

This publication elaborates on the idea that interactive contexts can be exper-
imentally built through action histories and repairs. Within an HRI setup, the
study manipulates whether the situational model on the table is simple or rich and
examines how this history constrains both gaze and repair choices. In the thesis,
these findings appear in Chapter 3, where history is treated as a resource that can
be actively exploited. The paper also serves as a foundation and initial proof of
concept for the claim that language—vision coupling in an online interaction can
be studied in a controlled Human—Robot Interaction setup.

Singh, A., & Rohlfing, K.J. (2025). Embedding Psycholinguistics: An Interactive
Framework for Studying Language in Action. 6th Biannual Conference of the
German Society for Cognitive Science (KogWis 2025), Ruhr-University Bochum,
Germany.

This conceptual and methodological paper proposes an interactive framework for
studying language in action by embedding psycholinguistic questions into HRI
scenarios. It argues that robots can serve as controlled yet responsive partners,
thereby preserving experimental robustness while allowing context to be dynami-
cally developed. In the thesis, this framework underlies Chapter 4, where HRI is
explicitly treated as a middle ground between static visual-world paradigms and

fully naturalistic human—human interaction.
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— Grof}, A., Singh, A., Banh, N. C., Richter, B., Scharlau, I., Rohlfing, K. J., &
Wrede, B. (2023). Scaffolding the human partner by contrastive guidance in an
explanatory human-robot dialogue. Frontiers in Robotics and Al 10.

This article demonstrates how negation and contrastive verbal guidance can scaf-
fold the manner component of an action in an explanatory human-robot dialogue.
By using instructions such as “do not push, but turn”, the study shows that con-
trastive guidance can operate not only at the level of locative relations but also
at the functional and manner levels. In the thesis, this publication is used in
Chapter 1 to motivate the functional dimension of contrast and to illustrate how
contrastive contextualism extends beyond purely spatial relations.

— Singh, A., & Rohlfing, K.J. (2025). A method for studying online language—vision
interplay in a human—-robot interaction. Journal of Psycholinguistic Research and
Applied Psycholinguistics (under submission).

This paper develops the methodological core for studying online language—vision
processes in an interactive Human—Robot setting. It goes beyond classical visual
world paradigms by replacing static displays with an unfolding task in which a
robot provides explanations. The method specifies how gaze, language, and action
performance can be studied in parallel, and how these streams can be aligned to
capture online correspondences between linguistic guidance and visual attention.
In the current work, this appears in Chapter 3 and Chapter 4, supporting the
transition from treating context as static to treating it as something that is con-
tinuously developed in interaction. The proposed HRI scenario also provides a
future test bed for evaluating the Inter ACT-R model, in particular for examining
how scaffolding and fading are achieved over time.

Related peer-reviewed publications not explicitly cited in the thesis:

— Singh, A., & Rohlfing, K.J. (2022). Does contrastive attention guidance facilitate
action recall? An eye-tracking study. In: Ferstl, E., Konieczny, L., von Stiilpnagel,
R., Beck, J., and Zacharski, L. (Eds.). Proceedings of the Biannual Conference
of the German Society for Cognitive Science (KogWis 2022), Albert-Ludwigs-
Universitat Freiburg, Freiburg, Germany. Sep. 5th—7th 2022.

— Singh, A., & Rohlfing, K.J. (2022). Negation processing in action: How action
path is interpreted in a negated context? In: Frau, F., Bischetti, L., Pompei, C.,
Scalingi, B., Domaneschi, F., & Bambini, V. (Eds.), Book of Abstracts - XPRAG
2022.
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Abstract

Research suggests that presenting an action via multimodal stimulation (verbal and visual) enhances
its perception. To highlight this, in most studies, assertive instructions are generally presented before
the occurrence of the visual subevent(s). However, verbal instructions need not always be assertive;
they can also include negation to contrast the present event with a prior one, thereby facilitating
processing—a phenomenon known as contextual facilitation. In our study, we investigated whether
using negation to guide an action sequence facilitates action perception, particularly when two consec-
utive subactions contrast with each other. Stimuli from previous studies on action demonstration were
used to create (non)contrastive actions, that is, a ball following noncontrastive and identical (Over—
Over or Under—-Under) versus contrastive and opposite paths (Over—Under or Under—Over) before
terminating at a goal location. In Experiment 1, either an assertive or a negative instruction was pro-
vided as verbal guidance before onset of each path. Analyzing data from 35 participants, we found
that, whereas assertive instructions facilitate overall action recall, negating the later path for contrastive
actions is equally facilitative. Given that action goal is the most salient aspect in event memory due
to goal-path bias in attention, a second experiment was conducted to test the effect of multimodal
synchrony on goal attention and action memory. Experiment 2 revealed that when instructions over-
lap with actions, they become more tailored—assertive instructions effectively guide noncontrastive
actions, while assertive—negative instruction particularly guides contrastive actions. Both studies sug-
gest that increased attention to the goal leads to coarser perception of midevents, with action-instruction
synchrony modulating goal bias in real-time event apprehension to serve distinct purposes for
action conceptualization. Whereas presenting instructions before subactions attenuates goal attention,
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overlapping instructions increase goal attention and reveal the selective roles of assertive and negative
instructions in guiding contrastive and noncontrastive actions.

Keywords: Event cognition; Contrastive guidance; Attention; Negation; Eye tracking

1. Introduction

Negation is ubiquitous in all the languages which enables us to talk about nonexistence,
express rejection, denial, and impose prohibition (Choi, 1988; Horn, 2001). For example, an
utterance “It will not rain today” let us express our belief that a particular event (namely:
rain) will not occur. Given sufficient context, a listener might also be convinced to make
an inference that it had been raining for the past few days but not today. In this way, nega-
tion allows speakers to convey something which counters listener’s expectation (Choi, 1988;
Drozd, 1995; Dale & Duran, 2011; Glenberg, Robertson, Jansen, & Johnson-Glenberg, 1999;
Liidtke & Kaup, 2006; Orenes, Beltran, & Santamaria, 2014; Stern, 1931; Wason, 1965).
Thus, the use of negation seems to be highly context-dependent (Albu, Tsaregorodtseva, &
Kaup, 2021; Kaup & Dudschig, 2020), where one aims to contrast the present with the past
event(s) (Glenberg et al., 1999; Horn, 2001). Although negation is among the most frequently
used constructs in a language, it is often associated with difficulty in processing, false mem-
ory, and slower retrieval of concepts within its scope compared to affirmative counterparts
(Kaup, Liidtke, & Zwaan, 2006; Kaup, Zwaan, & Liidtke, 2007; Mayo, Schul, & Rosen-
thal, 2014). In context of action performance, negation has been shown to cause inhibition
at cognitive and neural level (Beltrdan, Liu, & de Vega, 2021; de Vega et al., 2016). While
studies have reported processing difficulty for sentential negations (Carpenter & Just, 1975;
Clark & Chase, 1972), in the event cognition literature, negation remains an underexplored
domain (Dudschig, Kaup, Liu, & Schwab, 2021), yet it could reveal promising consequences
for action processing (e.g., GroB et al., 2023). In event processing research, it is known that
the previous subevent acts as a context for the upcoming subevent, and in its entirety, event
memory is more robust when the subevents are connected at some spatio-temporal dimen-
sion (Zacks et al., 2001; Zacks & Swallow, 2007; Zacks, Swallow, Vettel, & McAvoy, 2006).
The limited capacity of our attentional system highlights such importance of the coherence,
that is, improved learning when modalities are unified across multiple levels—at verbal and
visual (Bahrick, Lickliter, & Flom, 2004; Brand & Tapscott, 2007). It has also been found
that participants often use negation to contrast and refer back to some previous subevent(s),
such that something occurred previously but not this time (e.g., Tian, Ferguson, & Breheny,
2016). For such events, a verbal guidance which refers back to the previous subevent, while
contrasting it with the present subevent, is more likely to facilitate a deeper connection at mul-
timodal level. Linguistic negation is one such means which derives the meaning of an entity
under its scope by referring to some alternate state of affair (Kaup et al., 2007; Talmy, 1975,
1985), thereby creating a rich pragmatic effect (Tian & Breheny, 2016). This unique feature
highlights negation as a context-generating constituent that bridges the present and the previ-
ous subevents (Zacks et al., 2006). For example, in a recent study, participants were shown
a negative sentence either with or without a context contrasting an expected situation—for
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instance, contrary to expectation, John did not iron his shirt (Albu et al., 2021). In a probe
recognition task, it was found that participants responded faster to a sentence when the expec-
tation was contrasted with actual state of affair. Here, the later subevent “did not iron” might
have been interpreted in light of the prior subevent “did iron,” which acted as a context, and
thus eased its processing. It has also been shown that participants are more likely to negate
a stimuli depicting an absence of a feature when surrounding stimuli already possess that
particular feature (Nordmeyer & Frank, 2023; Wason, 1965). This suggests a situated use
of negation, where an event in hand can be defined by the absence of a prior event or one
occurring in close vicinity, especially when they are temporally or spatially bound. Based
on these findings, it has been suggested that context can mitigate processing cost associated
with negations (Liidtke & Kaup, 2006). Nevertheless, the effect of contextual facilitation on
negation has been studied mostly for linguistic tasks and has rarely been examined in the
context of actions, which inherently incorporate temporality, that is, events that unfold con-
tinuously over time (Huff, Papenmeier, & Zacks, 2012; Zacks et al., 2001). The majority of
studies in this area focus on how access of a concept is eased, when the surrounding context is
static, or provided before a sentence. When both sentence processing and action performance
are brought together, a close interplay between linguistic processes and event conceptualiza-
tion is observed (Altmann & Kamide, 2004). Crucial to this interplay, one perspective argues
that language influences even the very early event perception, guiding attention through its
innate semantic structures, which becomes a part of procedural knowledge through language
use (Levelt, 1993). Conversely, another view suggests that early attentional processes are
guided by domain-general mechanisms, wherein event conceptualization at the perceptual
stage remains unaffected by the syntacto-semantic structure of language and is only influ-
enced at later stages (Griffin & Bock, 2000). Despite this temporal distinction, both perspec-
tives agree that language directs attention to event structures acting as a spotlight (Wolff &
Holmes, 2011). To capture these concurrent processes, online methods like eye tracking have
been employed. For instance, studies particularly in motion event show that eye movements
are consistently drawn more toward the event goal (path) than other event components, such as
manner, regardless of whether linguistic or nonlinguistic processes are involved (Papafragou,
2010; Zacks & Swallow, 2007). From a developmental perspective, several lines of evidence
indicate that infants can register predictability structure within human activity in relation to
actors’ goals, as opposed to just specific surface motion patterns actors adopt to pursue those
goals (Kosie & Baldwin, 2021; Olofson & Baldwin, 2011; Woodward, 1998). They can also
organize their processing of goal-directed activity around that predictability structure by, for
example, directing gaze to an actor’s predicted goal object in advance to the actor’s actual
contact with that object (Ambrosini et al., 2013; Kanakogi & Itakura, 2011; Monroy, Ger-
son, & Hunnius, 2017). A common explanation for such behavior is that observing an action
inherently engages the observer’s own motor system, allowing them to simulate the action and
anticipate the agent’s goal (Gredebick & Falck-Ytter, 2015; Rizzolatti & Craighero, 2004).
From a social interactional perspective, prevailing debates on how actions are learned have
focused on whether, and to what extent, sensorimotor processes involved in goal anticipa-
tion are influenced by top-down linguistic and semantic structures (Griffin & Bock, 2000;
Papafragou, Hulbert, & Trueswell, 2008; Wolff & Holmes, 2011). This issue was approached
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Fig. 1. Two forms of multimodal synchrony: (a) sequential and (b) simultaneous. In the sequential presentation
(Experiment 1), attention is directed toward the immediate action (path) as the instruction precedes and introduces
the action. In the simultaneous presentation (Experiment 2), overlapping instruction and action are expected to
shift attention directly to the action goal due to ever-present goal bias in event perception.

by investigating processes related to language-mediated sensorimotor behavior, specifically
testing whether language can operate on sensorimotor processes to influence event and action
apprehension (Holmes & Wolff, 2010; Wolff & Holmes, 2011). The mechanisms through
which language (verbal behavior) may meddle with actions can also be sensitive to how the
modalities are aligned (Brand & Tapscott, 2007; Bahrick et al., 2004 ). In situations where lan-
guage is an ostensive cue and acts as a spotlight, directing attention to the immediate subac-
tion may mitigate the goal bias arising from inherent sensorimotor processes. A sensitivity to
ostensive cues alerts learners that there is an opportunity to learn, and accordingly, important
aspects are communicated (Csibra & Gergely, 2009). This is a well-documented phenomenon;
for example, Nomikou and Rohlfing (2011) found that mothers used verbal instructions prior
to a particular subaction to introduce and highlight it, thereby making those subactions salient
in relation to the action goal (see also, Sciutti, Lohan, Gredebéck, Koch, & Rohlfing, 2016).
In an alternate view, early learning has also been shown to be shaped by co-occurrence of
visual and verbal information, such as, through modality overlapping (Bahrick & Lickliter,
2000, 2002). When modalities overlap, language creates sensorimotor redundancy that facil-
itates the detection of amodal properties of the stimulus (Bahrick et al., 2004). The two ways
of multimodal correspondence between language and action may allude to different forms of
instruction-action synchrony. Whereas presenting instructions prior to a subaction may sub-
serve the learning of fine-grained aspects of an action by spotlighting elements that might
otherwise go unnoticed, overlapping modalities may instead lay the foundation for action
structuring through goal-directed component. Hence, considering the possible ways in which
language may structure action perception, we conducted two eye tracking experiments to
test two forms of instruction-action synchrony: presenting instructions either before or con-
currently with actions (Fig. 1). The primary objective of this study was to ground negation
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in an action performance task to determine whether negation, as a form of contrast, pro-
vides plausible context for action understanding. Subsequently, we aim to examine whether,
and to what extent, action contexts are sensitive to synchrony of the modalities involved,
in light of the ever-present goal bias in event memory. These findings can have implica-
tions for effective verbal guidance in many instructional settings, such as learning or working
together.

1.1. Grounding negation in action performance

Although previous studies have provided limited focus on the interplay between negation
and action, they are nonetheless informative about the underlying cognitive mechanisms that
our investigation can capitalize upon. Recent studies have found that negation leads to action
inhibition (Beltran et al., 2021; de Vega et al., 2016), for which the effect could go back to
alternate state of affair being activated before the actual state of affair (Kaup et al., 2006;
Kaup et al., 2007). This proposition is made in early studies showing that a two-step mental
simulation takes place as someone encounters a negated sentence. For example, in a study
by Kaup et al. (2007), participants were shown a sentence, such as “There was no eagle in
the sky,” and thereafter, a picture matching a negated state of affair (an eagle with stretched
wings) or an actual state of affair (an eagle with folded wings). It was found that after a short
Stimulus Onset Asychrony (SOA) of 500 ms, participants responded faster to a picture match-
ing the negated state of affair than to a picture matching an alternate state of affair. Crucially,
this pattern was reversed when a sufficient time for response was provided, which presumably
allowed participants to simulate the situation after reading the sentence. The results suggested
that participants relied predominantly on mental simulation while processing the negative sen-
tences. Based on findings like this, the conceptual access under negation has been shown to
be governed by a two-step cognitive process, where at the first step, the activation is guided
by the propositional structure, and at the later, by the situational model (Kaup et al., 2006;
Kaup et al., 2007). This simulation has been shown to be constitutive of the domain general
cognitive processes (Mayo et al., 2014), which directly connects to actions and embodiment
accounts (Barsalou, 1999; Glenberg & Gallese, 2012). For the sake of completeness, it should
be noted that other studies, however, proposed rather a single step account (e.g., Liidtke &
Kaup, 2006; Tian et al., 2016). It is suggested that negation also relates to sensorimotor sys-
tem, which involves general cognitive mechanism, such as response inhibition (de Vega et al.,
2016). More specifically, in an electroencephalography (EEG) study by de Vega et al. (2016),
participants were asked to read an assertive or a negative sentence while doing a NoGo task;
it was found that theta oscillation—a neural marker of response inhibition—was smaller in
the negative than the assertive condition. Notably, the studies in favor of two-step cognitive
process usually focus on picture recognition, inhibitory control, or sentential negation, where
the accessibility of a critical concept is measured through recording of the reaction time and
accuracy. Accordingly, a shorter latency then corresponds to easier access to the concept
under consideration, and the effect of context, especially in an action performance task, is
yet to be explored. If negation processing links to a domain-general processing mechanism,
which relies on simulation and the contextual factors, then measuring these effects directly
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for action performance, such as in an action recall task, provides a promising area of investi-
gation.

1.2. Action and attention to the goal

We argue that negation, although mostly studied as a linguistic means, also connects deeply
to actions (Bartoli et al., 2013; Tomasino, Weiss, & Fink, 2010; Tettamanti et al., 2008).
For example, negation is found to be crucial in action learning during developmental stage
(Bloom, 1993; Horn, 2001). It is a fundamental feature to elicit response inhibition verbally
in children, for example, saying “No!” for an action not only inhibits the current response, but
also acts as a scaffolding means, where correct response thereafter can implicitly or explicitly
be conveyed (Bloom, 1970; Drozd, 1995). Diverting learners’ attention from a specific entity
using negations and guiding it to the relevant aspects of the task is directly bound to the
task goal. This method is frequently used by the caregivers toward a developing child in an
interaction, be it for language acquisition (Bloom, 1970; Choi, 1988; Drozd, 1995; Hummer,
Wimmer, & Antes, 1993; Tagliani, Vender, & Melloni, 2022) or action learning (Bloom, 1993;
Woodward & Sommerville, 2000).

But what makes actions a special case for negations? It is now well known that human
behaviors, including actions, are goal-directed (Zacks et al., 2001). This goal is maintained
at a higher level of availability and is foregrounded from other constituents in an action
(Ikegami, 1979; Talmy, 1985; Zacks et al., 2001). For example, infants have been shown
to structure their actions in relation to goals (Kosie & Baldwin, 2021), and studies with adults
report a better memory for goals than for other components—such as source—in a motion
event (Ikegami, 1979; Papafragou, 2010; Talmy, 1975). In one study, participants were shown
an animate object moving from a source to a goal location, after which a change in goal or
source was probed. It was found that participants were more likely to report a change in the
goal than the source location, suggesting that source is not encoded to the same extent as goal
in a motion event (Papafragou, 2010). Additionally, in a motion event, there are two funda-
mental components identified: path and manner (Slobin, 1996; Talmy, 1975). In this context,
the path characterizes “Where” component in a motion, while the manner specifies “How”
the action should be performed. The path has also been associated with goal of a motion
event, toward which the path terminates at the end (Talmy, 1985, 2000). Implementing this
idea within an interactive framework, a related study using human-robot dialogue found that
when either path or manner information was missing, path information was sought more
quickly than manner information to complete the task at hand, suggesting that bias effect
can be also elicited by the path component in actions (Singh & Rohlfing, 2024). The priori-
tization of goal in event cognition, while utmost beneficial for task in hand, may potentially
undermine the attention on fine-grained intermediary subevent(s) within a continuous action.
For instance, a multitude of studies (also in infancy research) have consistently demonstrated
a coarse perception of manner than path (Bunger, Skordos, Trueswell, & Papafragou, 2021;
Hespos, Grossman, and Saylor, 2010; Papafragou et al., 2008). And the manner in which
an action is performed is not captured to the same level as the path or trajectory (Hespos,
Saylor, and Grossman, 2009; Skordos et al., 2020). Thus, to optimally learn from action
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demonstrations, it is crucial that the path and manner receive a comparable degree of atten-
tion. In such a situation, highlighting the manner in an action, and simultaneously reducing
the attention from goal using a verbal means (or perhaps negation), might be beneficial for
a better action conceptualization. In this respect, from a very recent study on attention, we
can draw potential for negation in facilitating a more even distribution of weights across stim-
uli (Banh, Tiinnermann, Rohlfing, & Scharlau, 2024). However, in this study, the context of
negation was not systematically varied and was applied solely to static stimuli within the spa-
tial domain, without visual contrasts. Unlike static events, a continuous unfolding action that
elicits a temporally bound contrast between two subevents may offer a more suitable context
for examining the effects of negation. Whereas negation has the potential to meddle with sen-
sorimotor processes through its unique property of inhibitory processes (de Vega et al., 2016;
Kaup & Dudschig, 2020), language itself has a broader propensity to affect early sensori-
motor processes by spotlighting specific aspects—those that might otherwise go unattended
due to a developmentally learned routines of goal prominence (Sciutti et al., 2016; Wolff &
Holmes, 2011). Most of this learning takes place during early childhood through multimodal
synchrony (Bahrick & Lickliter, 2000; Bahrick et al., 2004). Essentially, the tight temporal
co-occurrence of verbal and action routines plays a key role in decoding the “semantics” of
the action, guiding it through goal interpretation (Bahrick et al., 2004). Verbal instructions that
are not strictly overlapping with actions but are instead introduced beforehand may meddle
with this learned behavior, potentially reorienting or sustain attention to elements that would
typically go unnoticed in continuous actions. Hence, synchronizing instructions in such a way
that language acts as a spotlight—not for the most salient aspect, but on coarser, intermedi-
ate aspects of the action—may hold potential for inducing subtle but meaningful effects in
instructional settings (Fig. 1).

2. Current study

The present study primarily aimed to assess the effect of context induced by negation on
the perception of contrastive and noncontrastive actions. For this, we used simple action mod-
els in which a contrast is achieved on two action paths following each other. The participants
had to recall these constellations. To elicit a contrast, the task would need to satisfy following
requirements: (A) The contrast must occur at least at one of the components of action, namely,
the path or manner, and (B) the present action component should be opposite to the prior
action component on some spatio-temporal dimension. Given these requirements, the stimuli
were adopted from a previous study on action learning in infants (Hespos et al., 2009; Hespos
et al., 2010), where the path direction was manipulated. We selected these stimuli because
they consisted of a spatial framework at the most salient dimension of path manipulation
in vertical direction (e.g., Over and Under), which is salient than horizontal (Front—-Back or
Left—Right) due to ever present effect of gravity (Clark, Carpenter, & Just, 1973). In addition,
we combined verbal guidance in assertive and negative forms to guide these paths. Overall,
we expected to observe an inverse relationship between attention to the goal and action recall
since this aligned with our prediction that there exists a general trade-off between attention
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to the goal and memory of the midevent constituents (e.g., manner) in the action demonstra-
tion (see Section 1.2). Our primary hypothesis relates to testing an action context that permits
the use of negation. A plausible context is defined when the negation denies the expected
subevent or indicates the absence of a previous subevent, such that something previously hap-
pened but not this time. We reasoned that such contexts would facilitate a rich connection
between the prior and the current subevents at two levels (verbal and visual). For example, in
a contrastive action, when the later path is opposite of the previous path (Over—Under), using
negative guidance for the later path (e.g., NOT Over) not only de-biases from the expectation
but also refers to the previous path (Over). This “back referencing” allows a connection at the
verbal level as compared to the simple assertive guidance (Now Over—Now Under), which
only facilitates connection at the visual level and misses the opportunity to utilize the previ-
ous context. Thus, we predicted a better memory and attenuation of attention from the goal
for the contrastive action in the presence of an assertive—negative instruction. We also pre-
dicted an overall higher recall for an action when it is guided through assertions as compared
to when no guidance is provided (a baseline condition), because a multimodal presentation of
an action has been shown to facilitate its perception (Bahrick & Lickliter, 2000, 2002; Brand
& Tapscott, 2007). This is especially the case when an action comprises of repetitive paths or
subactions without contrasting each other (noncontrastive). Hence, for noncontrastive actions,
we expected higher recall and goal attenuation under assertive guidance, as negation would
be implausible in the absence of visual contrast—making simple assertive guidance the most
facilitative. Accordingly, we also predicted lower action recall and higher attention to the
goal when a negation is used to guide a noncontrastive action, for example, a guidance like
[Now Over—-NOT Under] used for two upward motions. Overall, we tested all possible com-
binations of assertive and negative guidances on contrastive and noncontrastive actions, each
comprising two paths following each other.

Previous studies have also emphasized the sensitivity of verbal-action temporal synchrony
on learning and attention (Bahrick & Lickliter, 2000, 2002; Bahrick et al., 2004; Brand & Tap-
scott, 2007). Building on this, we tested our hypothesis across two experiments: instructions
presented before the action (Experiment 1) and instructions presented simultaneously with
the action (Experiment 2). The two forms of temporal synchrony were found to influence
attention to the modalities in distinct ways. A sequential verbal-visual presentation has been
frequently employed when the goal is to introduce and spotlight a particular subaction, as
observed in infant-mother interactions (Nomikou & Rohlfing, 2011). Furthermore, it is sug-
gested that unimodal stimulation promotes prolonged and sustained attention to the modality
in question, making its properties more salient, as only one of the two modalities is present
at any given time (Bahrick et al., 2004). Thus, for sequential presentation, we predicted that
when instructions precede actions, sustained attention on the immediate event would delay the
attention on the goal (as in Fig. 1a). In contrast, when instruction and action overlap (Fig. 1b),
the modalities are perceived as unitary due to a well-established phenomenon of intersensory
redundancy for which our cognition is developmentally shaped (Bahrick & Lickliter, 2000,
2002; Bahrick et al., 2004). In such cases, the default behavior of our perceptual system is to
prioritize the action goal—unless, ostensive attention is directed toward the upcoming action,
as in sequential presentation (Fig. 1a). Therefore, in this condition, we predicted that the
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attention would gravitate directly toward the action goal, which serves as the default locus of
attention (Lakusta & Landau, 2012; Zacks et al., 2001).

3. Experiment 1: Instruction before the action

3.1. Method

3.1.1. Participants

The sample size for the study was determined by the previous eye tracking studies on the
event understanding (Bunger, Skordos, Trueswell, & Papafragou, 2016; Papafragou et al.,
2008). Additionally, a post-hoc power analysis was conducted on pilot study data.! Our goal
was to achieve 0.95 power (95%) to detect a medium effect size of 0.25, with a standard alpha
error probability of 0.05, which suggested a sample size of 30. Thirty-five university students
(mean age = 23.90, SD = 2.97) who were native or fluent German speakers took part in the
experiment. An informed consent was obtained prior to the data collection in accordance to
the university ethical board. All the participants were recruited through classroom advertise-
ment and were compensated either a course credit or remuneration for their participation.
Data from three participants (N = 3) were excluded from the analysis, due to the track-loss
or failing to properly follow the experiment instruction. Thus, the final sample size for this
experiment was 32.

3.1.2. Stimuli

The study replicated four videos from Hespos et al. (2009); Hespos et al. (2010), depicting
a ball moved from a source toward the goal. During this entire video, the ball showed two
prominent changes in the path direction at the source and at the goal locations. These changes
were characterized by an upward or a downward motion. A video in which the direction of
the later path (at goal) contrasted the previous path (at source), we treated it as a contrastive
action, for example, an upward path followed by a downward path or vice versa (Fig. 2b,d).
Conversely, a video in which the direction of the later path (at goal) was a repetition of the
previous path (at source), we treated it as noncontrastive action, for example, two upward or
two downward paths in a sequence (Fig. 2a,c). Two types of contrastive and noncontrastive
actions were created to represent the two levels of complexity. This was done to preserve some
variability in the experimental items. Crucially, across these items, the nature of the action—
contrastive versus noncontrastive—remained consistent, specifically involving changes in the
path direction at the source and goal locations. A verbal instruction was used to guide the
directions. These instructions were recorded by a female speaker in an intonation which is
used while demonstrating an action. The guidance was provided in an assertive or a nega-
tive form, for instance, a guidance for the upward path direction in assertive condition was
“Nach Oben!” [“Toward Over!” in English] or in negative condition “Nicht Unten!” [“Not
Under!” in English]. Similarly, a downward path direction in assertive condition was “Nach
Unten!” [“Toward Under!” in English] or in negative “Nicht Oben!”[“Not Over!” in English].
Crucially, the “Nach” and the “Nicht” correspond to a path preposition and negation particle,
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I (Nach Unten);

Fig. 2. Stimuli depicting the action conditions. Blue line shows the path of the ball with instruction in assertive
condition.

respectively. In a motion event, the path preposition like foward (Nach) refers to an execution
of an action in the direction of a reference object (Talmy, 2000). Hence, we used this prepo-
sition to highlight the direction of the path in assertive condition and to make the conditions
comparable in number of words. As a result, the instruction conditions for two consecutive
segments in an action were: assertive—assertive, negative—negative, assertive—negative, and
negative—assertive. A video without a verbal instruction was used as the baseline. A total of
20 trials were created by combining four videos and five instruction conditions including the
baseline where the instruction was absent.

3.1.3. Procedure

The experiment was designed on the 1920 X 1080 pixels monitor equipped with Tobii-Pro
120 Hz eye tracker. The size of the video was 1080 x 720 pixels. Participants were seated on a
swivel chair approximately 60 cm from the screen. The objects used in the video were placed
behind the participants on a small stage for the recall of the actions. A video camera was
installed behind the stage to record the action performance. The participants were introduced
to the experiment and the setup. They were told that they will watch 20 videos one by one
in a sequence. In these videos, a ball will be moved by a person on a similar stage which is
placed behind. Each video will have a verbal instruction. The task is to carefully watch the
video, remember the actions shown, and then perform it on the stage. The experiment started
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with a fixation followed by the first video then a probe text at the end. The probe asked the
participants to turn back and perform the action shown in the video. Participants then turned
back while seated, performed the action on the stage, and then returned back to the initial
position to proceed with the next trial. During this entire trial, participants did not require
to stand up from the chair. The videos were randomized and self-paced where participants
were given unlimited time to perform the task. The next trial was initiated by pressing the
space bar on the keyboard. The position of chair was marked on the ground to maintain
a fixed distance between the eye tracker and the participant. Prior to the main experiment,
participants were given 10 practice trials to familiarize themselves with the experimental
setup. In the practice session, the objects and its path direction were different from the main
experiment to avoid any carry-over effect. After the practice session, the main experiment
began. The entire experiment lasted for approximately 30 min in which the eye gaze and
video data were recorded.

3.1.4. Analysis
For the recall coding, the videos of action demonstration and performance were exported
from the eye tracker and video recorder, respectively. For the fixation metrics, the data was

extracted from the Tobii-Pro Lab software after preprocessing. All the analyses were done in
R version 4.4.0 (R Core Team, 2022) and R studio v12.1.402 (Posit team, 2024).

3.1.4.1. Preprocessing of eye movement data: A polygon Area of Interest (AOI) was cre-
ated for the goal object (here: Green Ring). This was based on the previous studies suggest-
ing that the goal receives maximum attention than any other entity within an action (Bunger,
Trueswell, & Papafragou, 2012; Bunger et al., 2016, 2021; Papafragou et al., 2008). To avoid
any coincidence of moving ball with the goal, the goal-AOI was only active from the begin-
ning of the trial until the ball reached the goal. This was consistent with the previous method
used in event cognition to investigate the attention to the goal (Papafragou et al., 2008). Fix-
ations were classified using Tobii-Pro-IV inbuilt filter. For a time-dependent analysis, each
trial was divided into 200 ms time bins following the previous research showing that saccades
approximately take 200 ms to launch (Saslow, 1967). To determine the fixation proportion in
each time bin, the number of fixations falling in an AOI was divided by the total number of
fixations in that bin. Participants with more than 25% track loss across all trials and trials with
more than 50% track loss were excluded from the analysis.

3.1.4.2. Preprocessing of recall videos: 'To determine the proportion of correct recall for
each participant, we compared the video presented on the eye tracker with the video recorded
by the camera. Each video was segmented into subactions based on the changes in the path
trajectory. These subactions were identified by counting the inflection points in the path direc-
tion, that is, the number of times the ball changes its direction in an entire video. This seg-
mentation resulted in a total of six subactions for actions (a) and (b) (Fig. 2a,b), and eight
subactions for actions (c) and (d) (Fig. 2c,d). A correct recall of the subaction was identified
when the participants correctly followed the specified path direction: over or under. Con-
versely, if a participant performed a substitutive subaction, an entirely different subaction,
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or omitted the subaction, it was classified as incorrect. Each subaction was scored 1 for cor-
rect recall and O for incorrect recall. Based on the transcription, we calculated the types of
errors and its percentage distribution and found that omission errors occurred most frequently
(51.82%), followed by substitution errors (24.82%), and other errors (23.36%). Overall, the
coding of participants’ subactions yielded 640 data points, among which 137 were classified
as errors, resulting in an overall accuracy of 78.59%. The total number of correct subactions
were added for each video. The proportion of correct recall was calculated by normalizing
the correct subactions by total subactions. For the analysis, a logistic regression model was
fitted using a generalized linear mixed effects model (glmer) in R (Barr, 2008). To ensure
the reliability of the coding, two student assistants coded the data for which the inter-rater
reliability test was conducted (Kendall’s W = 0.78).

4. Results

4.1. Eye movements

We analyzed the time-dependent changes to the fixation on the goal object to investigate
the attention to the goal. The raw data followed a nonlinear curve, hence we used the Gen-
eralized Additive Model (GAM) to model the fixations. GAM has been shown to capture
the nonlinearity by penalizing the overfitting and has previously been used to model data in
visual world paradigms (Porretta, Kyroldinen, Van Rij, & Jarvikivi, 2018; Porretta, Tucker,
& Jarvikivi, 2016; Wieling, 2018). To evaluate the assumption of nonlinearity, we initially
fitted the data using both linear and nonlinear models by incorporating a smoothed (nonlin-
ear) term. An Akaike Information Criterion (AIC) test revealed that the nonlinear model had
a lower AIC score compared to the linear model (AIC difference = —8962.10), supporting
the justification for nonlinearity. For our analysis, we fitted a separate GAM model for each
action type. The fixations were transformed into empirical-logit to treat it as a continuous
response variable (Barr, 2008). The model included parametric terms for instructions, which
were treatment contrast-coded with the no-instruction condition as the baseline, along with
its factor-smooth interaction with the time bin. A log-likelihood model comparison was done
between a reduced and a full model to estimate the best fitting model following Barr, Levy,
Scheepers, and Tily (2013). The Chi-Square test on the Maximum Likelihood (ML) scores
indicated that model with smooth term was significantly better than the null model for both
contrastive () 2(8.00) = 251.31, p < .001) and noncontrastive actions (x%(8.00) = 579.66, p
< .001). The model summary is provided in Table 1, and the estimated effects at the proba-
bility scale are visualized in Fig. 3.

(A) Contrastive action: Compared to the baseline (no instruction), the parametric term
(time-independent) revealed a significant main effect of instruction. The estimates indicated
that fixation on the goal significantly decreased from the baseline as soon as instructions were
provided across all instruction conditions: negative—negative (8 = —.06, p < .001), assertive—
negative (8 =-.05, p < .001), negative—assertive (8 =—.04, p < .001), and assertive—assertive
(B = -.02, p < .001) instructions. Crucially, the time-dependent smooth terms revealed
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Table 1
Experiment 1: Estimates of looks toward the goal for contrastive and noncontrastive actions

Contrastive action

Parametric coefficients Estimate SE )4
Intercept —3.71 .003 < .001
Assertive—Assertive —.02 .004 < .001
Assertive—Negative —.05 .004 < .001
Negative—Assertive —.04 .004 < .001
Negative—Negative —.06 .004 < .001
Smooth terms edf F p
s(bin):No-instruction 8.94 358.93 < .001
s(bin):Assertive—Assertive 8.88 221.33 < .001
s(bin): Assertive—Negative 8.72 226.08 < .001
s(bin):Negative—Assertive 8.84 204.24 < .001
s(bin):Negative—Negative 8.91 215.81 < .001
Noncontrastive action

Parametric coefficients Estimate SE p
Intercept -3.79 .002 < .001
Assertive—Assertive .003 .004 42
Assertive—Negative .001 .004 .89
Negative—Assertive .012 .004 .002
Negative—Negative .02 .004 < .001
Smooth terms edf F p
s(bin):No-instruction 8.95 146.01 < .001
s(bin):Assertive—Assertive 8.93 123.92 < .001
s(bin): Assertive—Negative 8.96 191.34 < .001
s(bin):Negative—Assertive 8.95 181.13 < .001
s(bin):Negative—Negative 8.94 174.47 < .001

Abbreviation: Intercept, no-instruction condition.

distinct temporal trends across all the instruction conditions. The assertive—negative condi-
tion exhibited the lowest effective degrees of freedom (edf = 8.72, p < .001), indicating a
smoother trajectory over time compared to the other conditions (Fig. 3, top). To examine this
time-dependent reduction in goal-looks, we conducted GAM difference smooth comparisons
for all the instruction conditions against the baseline (no instruction). As revealed in the visu-
alization, fixation on the goal in the assertive—negative condition significantly decreased in
the later time period relative to the baseline.?

(B) Noncontrastive action: For the parametric term (time-independent), a significant differ-
ence in goal-looks from the baseline (no-instruction) was observed when a negative instruc-
tion was provided first, with the higher fixation from the baseline for the negative—negative
instruction (8 = .02, p< .001) and then negative—assertive (8 = .012, p = .002). Regarding
the time-dependent changes, all the instruction conditions were significantly different from
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Fig. 3. Experiment 1: Estimated goal looks in contrastive (top plot) and noncontrastive action (bottom plot) con-
ditions.

reference, with the lowest edf score for the curve of assertive—assertive condition (edf = 8.93,
p< .001) (Fig. 3, bottom). To test for the time-related changes to the goal for each instruction
condition from the baseline, we conducted a difference smooth comparison test. For the later
time period, we observed a decrease in the goal-looks for assertive—assertive condition.

4.2. Recall

Our aim was to analyze the proportion of correctly performed actions in response to dif-
ferent instructions. A generalized linear mixed effects model was fitted for each action type
using glmer function in R with a binomial family (Bates, Méachler, Bolker, & Walker, 2015).
The model included the factor instructions, coded using treatment-contrast ensuring that the
intercept represented no-instruction condition (baseline) against which all instruction condi-
tions were compared. Additionally, the model incorporated a full-random effect structure for
the items and the subjects to account for potential variation arising due to complexity of items
and individual differences. The random effects were added stepwise in the model following
log-likelihood test to determine whether their inclusion significantly improved the model fit.
The model revealed a between subjects (SD = 0.42) and items variance (SD = 0.16).*

A post-hoc individual pairwise comparison was conducted using the emmeans package to
assess the main effect of instruction for each of the actions (Lenth, 2017). The model sum-
mary is provided in Table 2, and the results are visualized in Fig. 4. The model revealed
that assertive—assertive instruction significantly improved recall for both kinds of actions as
compared to the no-instruction (baseline) condition, suggesting that when actions are com-
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Table 2
Experiment 1: Parameter estimates for the recall for contrastive and noncontrastive actions for levels of verbal
instructions

Noncontrastive action Estimate SE 95% CI )4
Intercept 1.41 29 [.83, 1.98] < .001
Assertive—Assertive 49 18 [.14, .84] .01
Assertive—Negative —.17 .16 [—.49, .15] .29
Negative—Assertive .07 17 [—.26, .40] .67
Negative—Negative —.08 .16 [—.40, .24] .61
Contrastive action Estimate SE 95% CI p
Intercept 1.28 .38 [.54, 2.02] < .001
Assertive—Assertive 78 .18 [.43,1.14] < .001
Assertive—Negative .64 .18 [.29, .98] < .001
Negative—Assertive 42 17 [.09, .75] .01
Negative—Negative .07 .16 [—.25, .39] .68

Abbreviations: CI, confidence interval; Intercept, no-instruction condition.
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Fig. 4. Experiment 1: Proportion of correct recall for contrastive and noncontrastive actions. Instruction conditions
are plotted against x-axis.

bined with assertive instruction, remembering the sequence is enhanced as shown by the
positive estimates for noncontrastive (8 = .49, 95% CI [.14, .84], p = .01) and contrastive
(B = .78, 95% CI [.43, 1.14], p < .001) actions. Crucially, the recall for the contrastive
action also improved significantly from the baseline in the presence of the assertive—negative
(contrastive) instruction (8 = .64, 95% CI [.29, .98], p < .001). A similar pattern was also
observed for the negative—assertive condition, another form of contrast, which also showed
a positive effect on recall for contrastive actions (8 = .42, 95% CI [.09, .75], p = .01).
In summary, whereas participants showed an overall better recall for both types of action
in the presence of assertive instructions, the assertive—negative and negative—assertive (con-
trastive instructions) specifically facilitated recall for the contrastive actions. Following this
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result, we tested whether assertive—negative was more effective than only assertive instruc-
tions specifically for contrastive actions by doing a pairwise comparison test. The test revealed
no significant difference, which indicates that the recall of a contrastive action under the
assertive—negative (contrastive) was as good under the assertive—assertive instruction. For
noncontrastive actions, only assertive instructions significantly improved action recall, sug-
gesting that participants were more likely to score better on memory task when accompa-
nied by only assertive (noncontrastive) instructions and that using negation for such actions
was perhaps implausible. In contrast, for contrastive actions, recall was enhanced when
paired with either assertive—negative (contrastive) or assertive—assertive (noncontrastive)
instruction.

S. Discussion: Experiment 1

In our first experiment, we investigated the effect of verbal guidance on the attention to the
goal and action recall. The verbal guidance consisted of verbal instructions, for which we used
requests containing negation versus assertion, and combined them with the action demonstra-
tion for the first time. In this setup, the instructions were presented before the actions, and the
offset of the instruction marked the beginning of an action (Fig. 1a). Our primary focus was
on understanding how the time-dependent changes in the attention toward the goal shaped
the action memory. The findings suggest that verbal instructions play a pivotal role in mod-
ulating the attention on the action goal. This is shown by a notable reduction in attention
to the goal when participants received an assertive—negative instruction before a contrastive
action.

In a contrastive action, the positive and its negative counterpart mapped onto a single
semantics, which might have potentially brought the two paths following each other into a
unified frame. In our experiment, the latter path was the alternate of the prior path, thus, the
use of negation had two roles to play at the goal final object: inhibit the current subaction and
highlight the absence of the prior subaction. The process of inhibition and reference to the
previous subaction together might have contributed to the reduction in the goal-looks at the
later time. Although guiding a contrastive action with a negation first (e.g., NOT Under—-Now
Under) also reduced the attention to the goal to some extent (see Fig. 3, top), this attenuation
1s higher when the negation is used for the later subaction (Now Over-NOT Over). This high-
lights the benefits of a prior context (assertive) before the negation can be used (Albu et al.,
2021; Kaup et al., 2006; Wason, 1965).

For the noncontrastive action, reduction in the attention to the goal was noticeable for the
assertive guidance at later time interval. In this case, the presence of an assertive guidance
during the later subaction served to reiterate the preceding subaction.

Importantly, the modulation of attention from the goal affected the action memory. For con-
trastive context, we found that the memory was significantly enhanced when a negation was
used at the later subaction (e.g., Now Over—-NOT Over). This phenomenon can be attributed
to the contextual processing of negation (Wason, 1965), wherein negation appears to be more
informative by integrating prior and current subevents within a unified conceptual framework.
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Crucially, according to the two-steps processing account, it has been suggested that when the
positive counterpart is already under consideration, the activation of the alternate does not
necessarily occur upon encountering negation (Kaup et al., 2007; Kaup & Dudschig, 2020).
This alleviates processing costs and facilitates negation processing. Presenting the assertive
instruction at the earlier subaction and negating the same action later—particularly in a con-
text where the negated current subaction was previously affirmed—may have resulted in a
single-step processing.

Additionally, we observed that assertive instructions enhanced the memory for both types
of actions in general, which aligns with the previous findings that a multimodal presenta-
tion of an action enhances its perception (Brand & Tapscott, 2007; Hirsh-Pasek & Golinkoff,
1996; Rohlfing, Fritsch, Wrede, & Jungmann, 2006; Sciutti et al., 2016; Wrede, Schilling-
mann, & Rohlfing, 2013). Importantly, this perception has also been shown to be sensitive of
how the modalities concerned are aligned (Bahrick & Lickliter, 2000, 2002; Bahrick et al.,
2004). Although for a contrastive action, we observed a more reduction in the attention to
the goal and better action memory in the presence of an assertive—negative instruction, this
condition did not differ from the simple assertive instruction. One possible explanation is that
not all participants might have benefited equally from negation, and individual differences in
processing negation could have weakened the overall effect, especially given that negation is
generally more cognitively demanding than its affirmative counterpart (Clark & Chase, 1972;
Kaup & Dudschig, 2020).

The way in which verbal instructions can meddle with the action demonstration can be
complex (Wolff & Holmes, 2011). Whereas in the first experiment, we explored the possibility
that verbal instructions presented before actions could spotlight the upcoming action, another
possibility is to offer language simultaneously to better match it with the ongoing actions.
Since action perception is shown to be sensitive to the alignment of the modalities, whether
sequential (Nomikou & Rohlfing, 2011; Sciutti et al., 2016), or simultaneous (Bahrick &
Lickliter, 2000, 2002), we addressed the role of multimodal synchrony in a follow-up exper-
iment. Particularly, in the second experiment, we aimed to investigate what consequence a
different form of instruction-action synchrony has on the ever-present goal bias and action
perception, such as when the instruction overlaps with the action.

6. Experiment 2: Instruction along with the action

In our follow-up experiment, we extended the approach of first experiment by introduc-
ing the verbal instruction along with actions, such that the instructions overlapped with the
actions (Fig. 1b). In a study with infants, it was found that the timing of verbal instruction
plays a crucial role in highlighting the subactions. For example, mothers introduced the verbal
instruction before a subaction to direct attention and highlight it more than other components
(Nomikou & Rohlfing, 2011; Sciutti et al., 2016). Conversely, studies also suggest that verbal
instructions overlapping with actions mark distinct boundaries of an action, thus, facilitate
the segmentation—a phenomenon known as “acoustic packaging” (Brand & Tapscott, 2007;
Hirsh-Pasek & Golinkoff, 1996; Rohlfing et al., 2006; Wrede et al., 2013). It has been argued
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that acoustic packaging essentially organizes a perception of meaningful units of actions by
chunking them into subactions (Brand & Tapscott, 2007; Rohlfing et al., 2006; Schilling-
mann, Wrede, & Rohlfing, 2009; Wrede et al., 2013). Furthermore, presenting instructions
overlapping with the subaction leads to a unitary perception of the modalities due to intersen-
sory redundancy, a principal for which our cognition is developmentally shaped and generally
offers an advantage for early learning (Bahrick & Lickliter, 2000, 2002; Bahrick et al., 2004).
For such unitary patterns, the default behavior of our perceptual system is to prioritize the
action goal, a tendency that also appears to be socially learned for most events due to sen-
sorimotor processes (Lakusta & Landau, 2012; Wolff & Holmes, 2011). Thus, due to the
instruction-action overlap in Experiment 2, we expected to observe greater attention to the
action goal compared to Experiment 1.

7. Method

7.1. Participants

Forty-two university students (mean age = 24.45, SD = 3.2) participated in the experiment.
All the participants were native or fluent German speakers. An informed consent was obtained
from all the participants prior to data collection following the university ethical guidelines.
Data from five participant were excluded from the analysis due to the track-loss for more than
50% of the trial or for failing to properly follow the instruction. Thus, the final sample size
for the experiment was 37, which was comparable to the first experiment.

7.2. Stimuli

The stimuli were the same as those used in the first experiment, except that the verbal
instructions now overlapped with the actions.

7.3. Procedure

Participants followed the same procedure and were briefed about the experiment in the
same way as in the first experiment. Similarly, all the experiment sessions started with
10 practice trials, where participants familiarize themselves with the experiment setup and
the objects.

7.4. Data processing

For all our analyses, we followed the procedure similar to our first experiment. This
included using the same statistical models and coding schema to retain the uniformity across
two experiments.

7.4.1. Eye movements preprocessing
Similar to the first experiment, we created a polygon AOI around the goal object. To retain
the consistency of the AOI, we imported the AOI presets from our first experiment.
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7.4.2. Preprocessing of recall videos

The recall videos from video cameras were compared with the videos shown on the eye
tracker screen and coded in binary, 1 for correct and O for incorrect recall. The coding was
performed by two student assistants providing the inter-rater reliability (Kendall’s W = 0.84).
Following this, we calculated the total error percentage and its distribution across error types.
The coding yielded a total of 720 data points, with 130 classified as errors, resulting in an
accuracy rate of 81.94%. Among the error types, omission errors were the most frequent
(53.08%), followed by other errors (26.92%) and substitution errors (20%).°

8. Results

8.1. Eye movements

Following the analysis from our first experiment, we used GAM to fit the fixation data since
the fixation pattern followed a nonlinear trend. The response variable was empirical-logit
transformed prior to fitting the model following Barr (2008). We were specifically interested
in examining the temporal pattern of attention directed toward the goal throughout the trial.
A separate GAM model was fitted for each action type by incorporating the instruction as the
parametric component and its factor smooth interaction by time. The predictor variables were
treatment contrast-coded such that the model intercept represented the baseline condition (no-
instruction). To select the best-fitting model, a log-likelihood model comparison was done
between a reduced and full model following Barr et al. (2013). The Chi-Square test on the
Maximum Likelihood (ML) scores indicated that model with instruction-time interaction was
significantly better than the null model without interaction term, for contrastive (x2(8.00)
= 751.35, p < .001) and noncontrastive action (x2(8.00) = 648.48, p < .001). The model
summary is provided in Table 3, and the estimated effects are visualized in Fig. 5, respectively.

(A) Contrastive action: Similar to the first experiment, when instruction conditions were
compared to the baseline (no-instruction), the parametric terms (time-independent) revealed a
significant effect for the instructions, such that attention to the goal significantly decreased for
assertive—negative condition (8 = —.037, p < .001). Crucially, the assertive—negative instruc-
tion was contrastive, replicating our previous results from the first experiment. Moreover, the
effects observed were more pronounced than in the previous experiment (Fig. 5, top). In con-
trast, other instruction conditions, such as assertive—assertive and negative—negative, led to a
significant increase in goal-looks from the baseline, as shown by the positive estimates for
assertive—assertive (8 = .016, p < .001) and negative—negative (8 = .019, p < .001) instruc-
tion conditions.

Following this, we examined the time-dependent terms and found that all smooth terms
were significantly different from the reference level, indicating distinct temporal trends
across conditions. Notably, as in the first experiment, the assertive—negative condition showed
the lowest effective degrees of freedom (edf = 8.76, p < .001), with its effect emerg-
ing earlier than in Experiment 1. To further investigate this, we additionally conducted a
GAM difference smooth comparison for each instruction condition against the baseline (no-
instruction). Consistent with the first experiment, the difference plot revealed that assertive—
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Table 3
Experiment 2: Estimates of looks toward the goal for contrastive and noncontrastive actions

Contrastive action

Parametric coefficients Estimate SE )4
Intercept -3.75 .003 <.001
Assertive—Assertive .016 .004 < .001
Assertive—Negative —.037 .004 < .001
Negative—Assertive —.006 .004 18
Negative—Negative .019 .004 < .001
Smooth terms edf F p
s(bin):No-instruction 8.98 364.68 < .001
s(bin): Assertive—Assertive 8.97 475.49 < .001
s(bin): Assertive—Negative 8.76 215.45 < .001
s(bin):Negative—Assertive 8.95 280.78 < .001
s(bin):Negative—Negative 8.96 364.45 < .001
Noncontrastive action

Parametric coefficients Estimate SE p
Intercept —3.74 0.003 < .001
Assertive—Assertive —.013 .004 < .001
Assertive—Negative .003 .004 46
Negative—Assertive —.034 .004 < .001
Negative—Negative —.024 .004 < .001
Smooth terms edf F p
s(bin):No-instruction 8.96 204.13 < .001
s(bin):Assertive—Assertive 8.95 172.11 < .001
s(bin): Assertive—Negative 8.91 77.72 < .001
s(bin):Negative—Assertive 8.86 95.91 < .001
s(bin):Negative—Negative 8.95 151.08 < .001

Abbreviation: Intercept, no-instruction condition.

negative condition led to a reduction in goal-looks, followed by the assertive—assertive
condition.®

(B) Noncontrastive action: For the parametric (time-independent) component, there was a
significant difference in the goal-looks between baseline (no-instruction) and other instruc-
tion conditions, such that fixation to goal significantly decreased for all the instruction con-
ditions except when assertive—negative instruction was provided (8 = .003, p = .46). For
the time-dependent smooth terms, we observed significant different temporal pattern for all
the instruction conditions as compared to the reference level. Although we did not find a
lower edf score for the assertive—assertive instruction, as was observed in Experiment 1,
a GAM difference smooth comparison revealed that fixation on the goal decreased signif-
icantly in both the assertive—assertive and assertive—negative conditions compared to the
baseline.
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Fig. 5. Experiment 2: Estimated goal-looks for noncontrastive action (top plot) and contrastive action (bottom
plot).

Overall, our finding for the contrastive action replicated our results from the first experi-
ment. We found reduced attention to the goal, compared to the baseline, when a contrastive
action was paired with an assertive—negative (contrastive) instruction, as shown by the smooth
difference comparisons. For the noncontrastive actions, in Experiment 2, we observed a
decrease in goal-looks for both assertive—assertive and assertive—negative conditions com-
pared to the baseline (no-instruction). While the effect for the assertive—assertive condition
replicated the findings from the first experiment, the decrease in attention to the goal in the
assertive—negative condition in the second experiment was unexpected and might reflect the
benefit of using an assertion at the first subevent for noncontrastive actions. Notably, the
peaks in the goal-looks occurred earlier in this experiment than in the first experiment, and
the effect was more pronounced. While the influence of multimodal overlapping on attention
was already visible here, turning back to our hypothesis on instruction-action temporal syn-
chrony, we analyzed early and late goal-look behaviors separately by statistically comparing
the two experiments (see Section 9.3).

8.2. Recall

For the analysis of the recall data, we used our earlier generalized linear mixed model tofit
the complete dataset across both experiments, and conducted a log-likelihood test between the
full and reduced models (Barr et al., 2013). When compared across experiments, we did not
observe a significant increase in the score for the second experiment (instruction along with
the action), suggesting that the recall remains invariant to the instruction-action synchrony.
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Table 4
Experiment 2: Parameter estimates for the recall for contrastive and noncontrastive actions for levels of verbal
instructions

Noncontrastive action Estimate SE 95% CI )4
Intercept 1.33 15 [1.03, 1.63] < .001
Assertive—Assertive .63 .16 [.32, .95] < .001
Assertive—Negative —.15 14 [—.43, .14] 31
Negative—Assertive 33 15 [.03, .62] .03
Negative—Negative .00 15 [—.29, .29] 1.00
Contrastive action Estimate SE 95% CI p
Intercept 1.64 .20 [1.24,2.04] < .001
Assertive—Assertive .36 .20 [—.03,.76] .07
Assertive—Negative .55 17 [.22, .89] < .001
Negative—Assertive —.16 .19 [—.52, .20] .39
Negative—Negative —.17 A5 [—.47, .13] 28

Abbreviations: CI, confidence interval; Intercept, no-instruction condition.

’Action E] Contrastive [®| Noncontrastive

Experiment-2

Proportion Recall

No-instruction i tion Asserti i ion-A tion

Fig. 6. Experiment 2: Proportion of correct recall for contrastive and noncontrastive actions. Instruction conditions
are plotted against x-axis.

Following this, we tested the main effect of instruction on action recall focusing specifically
on Experiment 2. The model included the main predictors by treatment-coding, such that
the intercept represented the no-instruction (baseline) condition. To account for the variances
arising due to the items or the subjects, both were treated as the random factors. Adding the
by-item adjustment to the intercept, however, did not significantly improve the model. A post-
hoc multiple comparison was conducted using the emmeans package to obtain the estimates
for the factors of interest after the model fitting. The model summary is provided in Table 4,
and the estimates are visualized in Fig. 6.

Beginning with the effect of assertive instruction when compared against baseline, we
found that an assertive—assertive instruction led to a significant increase in recall only for the
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noncontrastive action (8 = .63, 95% CI [.32, .95], p < .001) but not for the contrastive action
(B = .36,95% CI [-.03, .76], p = .07). This pattern was different from the first experiment
(where the instruction preceded the action), in which assertive instruction facilitated memory
for both types of actions. Conversely, in Experiment 2, we observed that an assertive—assertive
(noncontrastive) instruction particularly facilitating recall for the noncontrastive action (see
Table 4). For the contrastive instruction, we observed that assertive—negative instruction
significantly improved the recall for the contrastive action, as indicated by a positive estimate
(B = .55, CI [.22, .89], p < .001). This result was consistent with the findings from the first
experiment, where assertive—negative (contrastive) instructions were shown to be beneficial
only for contrastive but not for noncontrastive action. Following this, we tested whether a
different form of verbal contrast (negative—assertive) significantly increased the memory
for contrastive action as observed in the first experiment. Contrary to the first experiment,
in the second experiment, a negative—assertive instruction did not facilitate memory for
the contrastive actions. To test whether assertive—negative was significantly better than only
assertive instructions for contrastive action, a post-hoc pairwise comparison was applied using
emmeans package (Lenth, 2017). The comparison revealed no significant difference between
the assertive—assertive and assertive—negative conditions, suggesting that although recall for
contrastive actions was higher under assertive—negative instructions, the improvement was not
statistically significant compared to assertive-only guidance. In summary, when compared to
the first experiment, two findings are particularly notable: (a) a verbal contrast in the form of
assertive—negative played a crucial role in particularly guiding the contrastive actions, and (b)
assertive—assertive instructions selectively enhanced memory for the noncontrastive action—
a finding which diverged from the first experiment, where assertive—assertive facilitated
memory for both types of actions, irrespective of whether it was contrastive or noncontrastive.

8.3. Effect of instruction—action synchrony on attention to the goal

To evaluate the effect of instruction synchrony on the attention to the goal, we analyzed the
data across two experiments. Our predictions were derived from two rationales: Whereas in
Experiment 1, we explored the possibility that presenting the instruction as a spotlight before
the subaction might interfere with early sensorimotor processes, in Experiment 2, we expected
that the overlapping presentation of the modalities would lead to a unitary perception—
thereby naturally directing attention toward the action goal as a result of automatized sen-
sorimotor routines (Bahrick & Lickliter, 2000; Bahrick et al., 2004; Zacks & Swallow, 2007).
Accordingly, we predicted that attention to the action goal would be higher in Experiment 2
compared to Experiment 1.

For the analysis, we only included the trials, where verbal instructions were provided by
excluding the baseline (no-instruction) trials, since the effect of synchrony would only be
present when there is an instruction. The data was fitted on the previous GAM model by
including experiment number as the main predictor. To observe a temporal difference in
attention to the goal across two forms of synchrony, a time-dependent test of significance
was done using mgcv package in R (Wood, 2011). The overall difference in the attention
toward the goal across two experiments is shown in Fig. 7, and the estimates of comparisons
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Fig. 7. Effect of forms of synchrony on goal-looks over time for contrastive and noncontrastive actions. The error-

band represents 95% CI.
Table 5

Comparison between first and second experiment for the effect of synchrony on attention to the goal

Contrastive action

Parametric coefficients Estimate SE )4
Intercept —3.76 .01 < .001
Instruction along action .02 .002 < .001
Smooth terms edf F p
s(bin):Instruction before action 8.95 811.40 < .001
s(bin):Instruction along action 8.99 1246.30 < .001
Noncontrastive action

Parametric coefficients Estimate SE p
Intercept —-3.79 .001 < .001
Instruction along action .03 .002 < .001
Smooth terms edf F p
s(bin):Instruction before action 8.97 435.30 < .001
s(bin):Instruction along action 8.98 438.10 < .001

are shown in Table 5. The parametric terms suggested that when instruction overlapped with
the action (instruction along action), it resulted in significantly higher looks to the goal, as
shown by positive estimates for both contrastive (8 = .02, p < .001) and noncontrastive
actions (8 = .03, p < .001). Conversely, presenting instructions before the action reduced
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Table 6

Parameter estimates for the recall score and fixation

Terms Estimate SE 95% CI p
Intercept —4.87 23 [—5.32, 4.42] < .001
c_mean_recall -.26 .04 [—.32, —.17] < .001

attention to the goal (Fig. 7). We also observed that the effect of synchrony on looks to the
goal emerged earlier for the noncontrastive than contrastive actions. Given the limited studies
investigating oculomotor behavior in contrastive motion events, we refrained from making
a concrete prediction on this aspect. However, previous research has suggested that path
complexity influences eye movements, such that complex paths are associated with greater
cognitive load, leading to more frequent regressions and increased fixation durations (Kosch,
Hassib, Wozniak, Buschek, & Alt, 2018). Based on this, we suggest that the earlier fixation
on the goal in the noncontrastive condition might be due to the relative simplicity of the
unidirectional paths, compared to the bidirectional nature of contrastive paths. That said, it
remains unclear whether changes in direction were actually perceived as complex within the
flow of continuous motion events, a question that remains open for future investigation.

8.4. Does attention to the goal influence action recall?

Whereas the multimodal synchrony affected the attention to the goal, we conducted an
analysis to investigate whether it relates to the action memory. Specifically, we examined
the relationship between the attention to the goal and action memory. The aim was to test
whether the recall scores negatively predict the overall looks toward the goal. This will inform
us that whether high attention to the goal leads to a coarse perception of intermediate events,
ultimately shaping the overall memory of the action. Thus, the data from two experiments was
modeled together by treating the recall score as the predictor and fixation on the action goal as
an outcome variable. To preserve the time dimension, we followed a method previously used
to analyze visual-world data (Porretta et al., 2018; Porretta et al., 2016; Wieling, 2018). The
recall score was mean-centered for better convergence. To account for variability in looking
patterns between subjects and items, a random intercept adjustment to the subject and item
was added to the model. This decision was based on a “goodness of fit” test comparing models
with and without random adjustments. The random effects structure captures differences such
as whether certain participants are early or late in looking at the goal, and whether specific
items influence distinct looking patterns. We expected that the recall score would negatively
predict the fixation on the goal if there exists an inverse relation between the action memory
and the attention to the goal. The model comparison was done using log-likelihood method,
which indicated that including the recall score in the model led to a significant better fit
(x*(8.00) = 1244.67, p < .001).

The predictions are shown in Table 6, and the results are visualized in Fig. 8. There was
a significant negative effect of score such that the recall score negatively predicted the looks
toward the goal (8 = —.26, 95% CI [-.32, —.17], p < .001). To put it in other words, par-
ticipants’ recall was better when they managed to “de-bias” themselves from the goal. The
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Fig. 8. Plot for the attention to the goal and action recall. Y-axis shows the recall score and x-axis shows the time
from beginning of the trial. The numbers indicate the probability of looks toward the goal with white shading an
increase in the goal-looks.

effect predominantly occurred approximately between 5000 and 9000 ms window peaking at
approximately 7500 ms. This was also the peak time for the looks toward the goal across two
experiments as observed for different forms of modalities alignment (Fig. 7). Additionally,
the model revealed a variation between subjects (SD = 1.40) and items (SD = 0.31). 7

9. Discussion: Experiment 2

The aim of the second experiment was to address other possibilities of language interplay-
ing with the actions. In the first experiment, the instruction was presented before the action,
in the second experiment, we presented the instruction along with the action to “package”
it by overlapping the modalities (Brand & Tapscott, 2007; Hirsh-Pasek & Golinkoff, 1996;
Schillingmann et al., 2009). We introduced the overlapping to validate our findings for the
goal attention and action memory across two forms of instruction—action synchrony. With
overlapping modalities, we observed that the verbal contrast (assertive—negative) led to a more
pronounced reduction in the attention to the goal for the contrastive action. The co-occurrence
of the instruction and action has been proposed to enhance one’s ability to see the sequence of
actions as unitary, a phenomenon rooted in developmental processes and considered relevant
for action learning (Bahrick et al., 2004; Brand & Tapscott, 2007). It is also worth noting
that interpreting negations has always been difficult than assertions (Carpenter & Just, 1975;
Clark & Chase, 1972), also in the context of actions (de Vega et al., 2016; Tettamanti et al.,
2008). Hence, overlapping the negation with an action might have made the path of an action
easier to interpret as opposed to when negation is presented before the action. Thus, the ver-
bal guidance comprising negation is more sensitive to the multimodal overlap as compared
to an assertive guidance. This was particularly observable for the recall. In the second exper-
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iment, we observed a recall pattern similar to that of the first experiment, with two notable
differences: (a) Whereas in the first experiment, assertive instructions facilitated recall for
both contrastive and noncontrastive actions, in the second experiment, assertive instructions
selectively enhanced memory for noncontrastive actions, and similarly, (b) whereas recall for
contrastive actions in the first experiment was facilitated by both forms of verbal contrast
(assertive—negative or negative—assertive), in the second experiment, only assertive—negative
instruction significantly improved recall for contrastive actions. Thus, compared to Experi-
ment 1, in Experiment 2, when the instruction overlapped with the action, the role of verbal
instruction became more tailored to the specific type of action it guided.

10. General discussion

To enhance the demonstration of actions, verbal instructions are used. They can contain
assertive or negative information. Whereas many studies reveal the effect of assertion versus
negation processing, an embededdness of this processing in the context of an action demon-
stration is lacking but could be insightful for the setting of joint work and learning.

For our study, we linked together research from action demonstration with linguistic
research on negation to offer effective verbal guidance. We conducted two eye tracking exper-
iments where the verbal instructions were presented either before the action (Experiment 1)
or along with the action (Experiment 2). This was done to foster two forms of synchrony
between instruction and action, in line with the theory of “acoustic packaging”(Brand &
Tapscott, 2007, p. 323) and intersensory redundancy (Bahrick et al., 2004). Crucially, the
instructions were a sequence of assertion and negation, combined with action presentation
that was either contrastive or noncontrastive. To remind the reader, with a contrastive action,
we refer to two subactions that contrast with each other (e.g., OVER-UNDER), while with
noncontrastive action, we refer to two recurrent subactions (e.g., OVER-OVER).

Our findings shed light on how the timing and the nature of instruction influence the atten-
tion and action memory. We observed that contrastive instructions (assertive—negative) atten-
uated the attention from the goal for contrastive actions. This pattern was visible in both forms
of instruction—action synchrony, regardless of whether the instructions were presented before
or along with the action.

When comparing across the experiments, we found that overlapping the modalities led
to an increased attention on the goal, compared to when the instructions were presented
right before the action (Fig. 7). This was in line with our predictions regarding instruction—
action synchrony (Fig. 1), which was grounded in the Intersensory Redundancy Hypothesis
(IRH) (Bahrick & Lickliter, 2000, 2002; Bahrick et al., 2004). According to IRH, the co-
occurrence of modalities leads to a reduced selective attention on any one modality, resulting
in a unitary perception (Bahrick et al., 2004). This unitary perception plays an ecological
role in early learning by supporting the integration of multimodal properties, which lays the
foundation for perceptual processing in adulthood. Since these properties are foundational
and sometimes considered to be a part of sensorimotor routines (Zacks et al., 2001), the
default behavior of our perceptual system is to prioritize action goal in such situations, unless

ASUDITT suowwo)) dAnear) ajqeorjdde oYy £q pauroaoS are sa[onIE Y SN JO SINI 10J AIeIqr durjuQ £J[IA\ UO (SUONIPUODI-PUL-SULIA)/ WO KA[IM" ATeIqI[our[uo//:sdny) suonipuo)) pue suLa ], 9y 38 "[970¢/10/60] U0 Areiqry autjuQ L3[IM ‘9600, $S09/1 [ 11°01/10p/wod Kajim’ K1eiqrourjuo//:sdny woiy papeojumo( ‘8 ‘Sz0T ‘60L91SST



28 of 34 A. Singh, K. J. Rohlfing / Cognitive Science 49 (2025)

attention 1is ostensively directed toward a specific subaction, through language spotlighting
(Wolff & Holmes, 2011). This was the case when instructions were presented before the
action. In this context, the instructions rather served to ostensively introduce and highlight
a particular subaction to which it was intended to guide. Thus, presenting instruction before
the subaction might ensure sustained attention to that particular subaction due to selective
attention on each modality at a given time (here: verbal or visual). Given that there has
been a trade-off between goal-attention and the intermediary components (Ikegami, 1979;
Papafragou, 2010; Zacks & Swallow, 2007), the overlapping condition in Experiment 2 may
have resulted in reduced selective attention to either modality, manifesting as an inherent
tendency, such as increased looks toward the action goal. Thus, the action—instruction syn-
chrony involves a delicate balance between facilitating attention to the goal and subactions,
which might serve different purposes for communication. To highlight an immediate sub-
action, providing an instruction before the action can enhance sustained attention on that
particular subaction. Conversely, if the purpose is to ensure more attention on the goal than
the mid-events, presenting instructions along with the action can be more beneficial. This is
the case for children, who certainly need to discern the relevance of the action for a specific
goal, and thus, it is not surprising that action—verbal instruction synchrony was found to be
high with younger children (Nomikou & Rohlfing, 2011). For event cognition research, it
is important to emphasize that experiments investigating online attention to the goal during
event conceptualization should carefully take the timing of instruction in consideration. This
is particularly crucial, as attention to the goal appears to be sensitive to instruction—action
synchrony.

Our study further highlights that the contrastive instruction differs from mere assertive
instruction due to the role of negation in generating a rich contextual effect that is appropriate
for a contrastive action. In a contrastive action, the later subaction was the opposite of the
prior subaction. Thus, negating the later subaction entails referring to the previous subaction.
This unfolding context at verbal and visual level might have led to an easier interpretation
of the whole action. The interpretation aligns with the premise that contrastiveness relies
on connecting later subevent with the preceding ones (Talmy, 1985, 1975, 2000), and when
the modalities temporally overlap, this connection is more profound (Brand & Tapscott,
2007; Gogate, Bahrick, & Watson, 2000; Hirsh-Pasek & Golinkoff, 1996; Rohlfing et al.,
2006). Furthermore, this also connects with findings in the literature showing that people
often use negation to prevent the repetition of a past action and to inhibit a prepotent or
biased response (e.g., Beltrdan et al., 2021; de Vega et al., 2016). Our results correspond
with this, suggesting that contrastive instructions may serve a similar inhibitory function
by modulating attention and facilitating memory for contrastive actions. For example, in a
teaching scenario, instructors often use negation to achieve these dual objectives—preventing
repetitive actions and inhibiting bias responses—due to negation’s ability to influence
domain-general inhibitory mechanisms. As an extension, an effective approach for guiding
an action should employ a forward referencing strategy in addition to a negation. In this
approach, one not only inhibits the response bias by referring back and contrasting with
past action(s), but also states what needs to be done in place, as in the example, “Do not
move it right, but left!” A recent study has utilized this approach to show that contrasting
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two opposing manners in an action fosters learning of a targeted manner (Gro8 et al., 2023).
In this context, negation can serve as a powerful linguistic tool for guiding such behaviors
by inhibiting expected responses and contrasting them with the past action(s). Crucially,
contrastive guidance strategy has the potential to attenuate the attention directed toward the
goal that arises from repeated expectations. It would also be intriguing to explore the broader
implications of such guidance in real-world scenarios, investigating whether these effects
extend beyond actions and impact memory retention over time. This exploration could have
significant implications for learning or understanding actions, particularly in terms of how
individuals process and retain attenuated information, such as the manner of an action, in
addition to the salient properties, such as path (Papafragou et al., 2008; Papafragou, 2010). In
this regard, our findings revealed that attenuated attention from the goal led to a more holistic
understanding of an action. This finding suggests a fundamental trade-off between attention
to the goal and event memory: when attention is biased toward the goal, other preceding
subevents might be encoded less robustly. This resonates with the previous findings, such as
the source—goal asymmetry in event memory (Lakusta & Landau, 2012; Papafragou, 2010),
encoding of the path and the manner (Papafragou, 2010; Skordos et al., 2020), and prior-
itization of the goal over the means (Bird, Brindley, Leighton, & Heyes, 2007). Our study
also highlights the potential use of “acoustic packaging” in such scenarios. By packaging
the intermediate subactions and highlighting the fine-grained aspects, acoustic packaging
may mitigate the detrimental effects of the potential biases on event memory. Our study was
limited by examining the attention particularly on the goal and we did not directly measure
the attention on the subactions. Future studies should fill this gap by simultaneously assessing
the attention on the subaction(s) and the action goal to observe the real-time attentional trade-
off between these two constituents in an action, particularly for two forms of multimodal
synchrony.

In conclusion, our study demonstrated the robustness of assertive instructions in enhancing
the action recall and highlighted the potential of negation to guide contrastive actions. It
further suggests a delicate balance between the goal attention and event memory underlying
the action perception. In our study, participants’ recall was better when they managed to
“de-bias” themselves from the goal. Future studies should delve into the question of whether
and how visual and verbal contrasts together shape our memory and everyday perception,
particularly when used in an interactional context Supporting Information.
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Manners Matter: Action history guides attention and repair choices
during interaction

Amit Singh', Britta Wrede®?>, Birte Richter?>3, André GroB??3, Katharina J. Rohlfing’

Abstract—This study investigated how action histories —
unfolding sequences of actions with objects — provide a context
for both attentional allocation and linguistic repair strategies.
Building on theories of enactive cognition [34] and sensorimotor
contingency theory [40], we experimentally manipulated action
sequences (action history) to create either simple or rich
“situational models,” and investigated how these models interact
with attention and reflect in linguistic processes during human—
robot interaction. Participants (V = 30) engaged in a controlled
object placement task with a humanoid robot, where the action
(manner) information was either provided or omitted. The
omission elicited repair behaviors in participants that were in
focus of our investigation. For rich models (competing action
possibilities) participants demonstrated: a) increased attentional
reorientation, reflecting active engagement with the situational
model b) preference for restricted repairs, targeting the specific
source of trouble in action selection. Conversely, a simple
situational model led to more generalized attention patterns
and open repair strategies, suggesting weaker constraints on
internal processing. These findings highlight how situational
structures emerge externally to scaffold internal cognitive pro-
cesses, with action histories serving as a crucial context for the
interface between perception, action, and language. We discuss
how to implement such a tight loop in the assistance of a system.

Index Terms— Attention, Action, Repairs, Task model, HRI,
Eyemovements

I. INTRODUCTION

At any given moment in interaction, human behavior is
dynamically shaped by interplay between external infor-
mation presented in the environment, let’s say: a situation
model [28], [39], [41], [47], [49], and internal simulations
of historical context, generated through experience, let’s
say: a task model [1], [12], [29]. Externally, a situation
model represents the immediate perceptual and contextual
information available [27], [39], [41]. Internally, behavior is
influenced by a task model, a simulated history of actions
and goals, often mediated through language [17], [35], [58].
These external and internal states are brought together—a
moment that was described as “situatedness” [42, pp. 132].
The function is to simultaneously interpret the aspects of the
world and prescribe possible actions that can be chosen to
achieve the goal [11]. In a more radical stance, this enactive
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notion has been dubbed as “seeing as a way of acting”,
[40, pp. 939], where cognitive processes do not merely serve
to passively create a “world model” around us, but instead
proactively ascribe what actions are possible within a given
situation [18]. Thus, sensory processes are always, and to a
considerable degree, influenced by conceptualized possible
actions [11], [18], [52]. Consistent with this idea, several
studies have shown that action preparation leads to a shift of
attention toward object-related information [9], be it object’s
feature or it’s function. Notably, object function has been
particularly shown to offer a faster recognition than object
features [9], suggesting that action-relatedness may serve as
a key constraint guiding attention in real-world interactions.
This notion is further supported by sensorimotor contingency
theory [40], for example, when we look at an object, our
brain processes visual information not just based on what
we see (features), but also based on how we act upon it
(possible actions), where the latter is often precursor of
sensory processes guiding performance [44]. Following upon
this, extensive research has explored both the perspectives:
feature [51] and action based attention [20] also known as
“action plans” [19, pp. 144]. Whereas considerable attention
has been given to these two perspectives, limited focus
has been placed on understanding how action history might
act as a context for attention and language, particularly in
situations where past actions are characterized by manners
that influence how a subsequent action should be performed.
This gap is particularly notable, as an object-bound-manner
conceptualizes how we should interact with an object, shap-
ing the internal task model [9], [20], in contrast to features
that pertain to external constraints and object semantics [51].
Thus, an object-bound-manner can also have propensity for
guiding attention, albeit at sensory level or in often cases
might precede it. When it comes to foraging for information,
on one hand, the richness of information that surrounds us
at any given moment presents overwhelming and boundless
possibilities for action; on the other hand, our cognition seem
to have evolved to operate parsimoniously — by optimizing
attention [27], [47] and employing language in the most
efficient way possible [33]. When faced with uncertainty,
our cognition dynamically shifts both outward and inward,
relying on external situational cues available in the moment
and drawing on internal experiences [31], [56]. Take, for
example, a conversation where misunderstanding arises. Our
cognition dynamically works to resolve it by exploiting the
immediate context and utilizing the past experiences, collab-
oratively engaging with the conversational partner to reach a
solution. Crucially, in this case, the partner is communicated
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of problem source, through linguistic (e.g., repair initiation)
or non-linguistic means [13].

These processes serving each other manifest at both atten-
tion — where individuals selectively reorient for information
[22] — and linguistic level, where choices such as a par-
ticular repair strategies are preferred over other in case of
misunderstanding [15]. Whereas theories suggest how the
external environment can function as an external memory
in interaction [56, pp. 628], there is little explanation for
how action history guides internal attention, particularly
when it encapsulates object-bound manners. A promising
framework for turning ‘inside’, whereby modeling attention
in such a scenario is proposed by Theory of Visual Attention
(TVA) [3], which not only accounts for historical influences
but also considers the processing resources available at a
given moment in interaction, known as capacity. It has been
shown that specific linguistic constructions, such as negations
decrease capacity in dual-task paradigm [7]. However, it was
shown that negation changed the distribution of attention as
opposed to an affirmation in such a way, that both objects in a
scene received the same amount of visual attention. This idea
has been implemented in a computational model to account
for available cognitive resources online in interaction and
provide a pathway to account for the reduction of capacity
[23]. More specifically, this approach uses a generalized
concept of capacity that is based on the observed decrease of
visual capacity after encountering a negation. Using a scoring
scheme based on a range of monitoring factors (interaction
history, task understanding) linguistic scaffolding means,
such as negations, are determined linearly. In this case, if a
negation has been used by the robot in the prior interaction
history, it is assumed that the capacity of the listener is
reduced, hence appropriate scaffolding means are selected.
More recently, this model has been evaluated in a user study
showing that, although processing cost following a negation
is increased (as measured by reaction time), task performance
can significantly be improved when such linguistic scaffold-
ing strategies are applied appropriately [24]. Whereas in the
above-mentioned model, cognitive capacity is influenced by
instruction (negation) participants receive from the system,
information held in the memory during a task such as
action history might also influence the capacity and overall
resources left during interaction. Specifically, the way objects
can be acted upon — including their possible affordances —
can shape both cognitive capacity and resources available
during an interaction, which may, in turn, be reflected in
linguistic behavior. To bring the aforementioned ideas in
a unified framework, we needed, a) a formal approach to
ground actions in these theories, b) a real-world interaction
study to further investigate it. An advantage of such situated
and context aware models are their utility for learning and
understanding, which addresses the fundamental question of
how attention prioritizes information by negotiating between
history and information readily offered by the environment.
Such models might also play a crucial role in developing
user-centered individual guidance which can assist users and
promote their learning or action performance. Hereby, we

take advantage of the user’s behavior: Their repair encod-
ing strategies, serving as a gateway to the task model—
a snapshot of an explainee’s current understanding of the
task, and what possible action (s)he is currently focusing
and thinking about. This assumption not only incorporates
simulated history but also appreciates the immediate contex-
tual information available externally. Given the complexity
of this issue, we start by outlining the key elements of a
situation emerging from actions.

A. Situational models

Whereas from the computational science, situation consists
of facts that are physically (or socially) given [43], from the
human science, a situation is always a construction binding
what is present with experience to make sense of it [4]. This
is also the reason for why the terms situation and context
“are often used synonymously” [42, 133]. A situation can
be defined as “spatiotemporal ordering of objects and agents
alongside physically given constraints or characteristics like
gravitational force or light intensity” [42, 133] and it has
the potential to activate specific behaviors [5]. For example,
the availability of a hook makes actions of hanging on it
possible. While this example seems simple, identifying all
parameters that sum up to a situation in an objective manner
is not trivial. For humans, relevant parameters are created
in the moment of acting within the situation by considering
external circumstances and internal interpretation of them,
retrieved with the aid of memory. A situation also provides
opportunity to an agent within it to refer back to the physical
(or social) facts readily available, often and even though
when it is held internally in the memory [16], [27]. For
instance, it has been found that participants, although hold
a “task model” in working memory after turning away from
the environment where the object is still placed, refer and
reorient themselves back even in low complexity tasks such
as object-copying [2], [16]. In an obvious case, participants
reorientation occurs frequently when some misunderstanding
occurs, or insufficient information provided [45], which is
also shown to be a function of task complexity and relative
distance between source and goal locations [2], [16]. It
seems that an internal task model operates on the basis of a
context consisting of already performed actions. Recent study
shows that when participants perform sequential actions
instructed by a robot, in cases where insufficient information
is provided, participants first attend to the task and try to
solve it based on the current task model and history. This
suggests that the primary locus of attention is always the
information readily available in front [45]. If this is not
sufficient, language can solicit the missed information. In
this study, a simplistic action model was used and consisted
of the elements path and manner. Whereas path refers to the
location of an object where it should be placed, the manner
refers to the way how the objects should be placed.

B. Repairs: a window to the task model?

As suggested in the previous section, communication
serves as a means of disambiguation, requiring participants to
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retain some task model. Although the task model is directly
inaccessible, one way to investigate it is by analyzing the
linguistic processes that emerge precisely when the task
model is needed. Consider a scenario, where a child is trying
to solve a puzzle and a concerned piece has to be fit by
rotating it. The child will initially rely on her current task
model, shaped by past experiences and action for a given
situation. If she struggles to decide for the current action
independently, a question word might follow to the caregiver.
She might ask an open-ended question: ‘How?’. However,
given the situational constraints, if the child has consistently
used a specific manner up to that point, her task model might
be more restricted toward assuming the re-use of this manner,
leading to a linguistic construction like ‘should I join it that
way?’. This shift reflects how linguistic repairs target the
source of misunderstanding in different ways—either through
open-ended requests or more restricted request, precisely
targeting the specific manner in action repertoire [15]. Thus,
repairs may provide a window to the task model emerging
from the history in an interaction, thereby serving a func-
tional purpose [15]. Motivated by a longstanding literature,
here, we use repairs at two dimensions to formalize our task
model: open and restricted. Whereas open repair types are
said to leave open the source of problem and requires a
general hold on the history, restricted type point to specific
aspect of the trouble source of the previous actions, and thus
subsumes the fine-grained availability of the possible actions
in the action repertoire [14, 107].

II. CURRENT STUDY

To ground actions in the provided theories, we followed
our previous setup involving real-world interactions between
humans and a robot [45]. The interactive nature of this
setup not only allowed for the emergence of repair pro-
cesses but also provided a systematic way to manipulate
the situation model by varying action components: path and
manner. Human participants, acting as explainees, could
ask the robot questions. Previous research has shown that
this setup is effective in scenarios where participant-driven
manner manipulation is required [26], [53]. Unlike display-
based experiments, this setup allows the use of real objects
as explananda, enabling participants to physically interact
by following the robot’s guidance. Since the task simply
involves sequentially placing objects in one of two possible
manners, the accumulation of these actions over time forms
a situation model shaped by action history. A key distinction
between the two example situation models lies in their action
history: In one case, only one action manner is present in the
working memory before the final action takes place (Fig. 1,
top), while in the other, two manners are already part of the
action repertoire (Fig. 1, bottom). The final action, therefore,
builds upon an experience with either only a single manner
(simple situational model) or a combination of two (rich
situational model), influencing what task model emerges.

2
__ Critical Trial

Simple situational model

Rich situational model

Fig. 1. An example of two different situational models made up of a
sequence of actions: simple (Top) and rich (Bottom). Time points labeled
T, (T+1), and (T+2) correspond to the action history, before the critical trial
is presented.

A. Predictions

Our prediction relates to first assessing attention operating
for two situational models (rich and simple, as described
above), and then examining how the internal task model
is reflected in the linguistic processes, such as repairs.
Crucially, we were interested in the time before the
repair utterance, since this is the time where linguistic
encoding takes place [32], [36]. When under-information
is encountered in the task, responses may emerge at both
the attentional and linguistic levels. These responses could
involve both an attempt to resolve the task by relying on
the established task model, shaped by the emerging context
(situational models), and turning to the explainer to reveal
the task model through linguistic means, such as repair
requests (as discussed in section I-B). These two processes
— context-driven problem-solving and linguistically-driven
clarification — should be reflected in both attention patterns
and linguistic behavior. Based on these assumptions, we
formulated specific expectations for how attention and
linguistic responses might vary across situational models.

Situational models drawing attention: When there is
under-information associated with the final action (i.e.,
the robot omits the information about action manner),
an obvious strategy is to decide for the possible action
by exploiting the given situation and simulated history.
According to the sensorimotor contingency theory, such
simulations should also be reflected in the eye movements
and at the sensory level [40]. A rich situational model
not only provides an opportunity to externally refer to the
physical facts when encountered with underinformativeness,
but also serves for an internal task model where all the
possible manners are available [47]. Thus, we expected a
rich situational model to engage more attention than simple
situational model, and hence promoting more external
reliance.

Repairs reflecting task model: Importantly, the internal
simulation of actions toward a goal (task model) should be
reflected at the linguistic level. It is suggested that a restricted
request presumes more fine-grained understanding of the
possible actions due to its requirement for precisely targeting
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the source of trouble [13]. To do so, all aspects of the action
must be present in the task model—something more likely to
happen in rich situational models where all possible actions
are available. Consequently, we expect restricted repairs of
the kind “Should I place it vertically or horizontally?” to oc-
cur more frequently in rich situational models than in simple
situational models. Based on a parsimonious account, which
suggests that open requests are less cognitively demanding
[14], we expected to observe open requests (e.g., “How?”)
more frequently than restricted requests overall.

[1I. METHOD

We employed same methodology as in our previous exper-
iment investigating gaze behavior in human-robot explana-
tory dialogue [45]. The methods are approved by Review
Board of the university, and informed consent was obtained
from all participants prior to their involvement. The study
was preregistered on Open Science Framework (OSF) before
data collection commenced !, where the analysis codes are
publicly available, and the data will be made accessible upon
request.

A. Setup

As depicted in Figure 2, participants were seated facing the
NAO [21] robot while wearing Pupil Core [30] eye-tracking
glasses from Pupil Labs, which operated at a sampling
rate of 120 Hz. A 5-point calibration procedure was done,
achieving an accuracy of 0.60° and a precision of 0.02°.
The experimental environment was carefully controlled for
consistent illumination and noise isolation. A transparent
glass container, placed on a table in front of the participant,
held the objects used in the task. Alphabet stickers were
arranged in a row to serve as the designated destination path
for the objects. Two stationary cameras, positioned on either
side of the setup, recorded the experimental proceedings.
To minimize potential biases in interaction between robot
and participant, an experimenter zone was established behind
the participant, concealed by a divider. This arrangement
ensured that experimenter remained out of view, allowing
for an uninterrupted interaction exclusively between robot
and participant. The experiment commenced with calibration
of the eye-tracking system, followed by an introduction to
the task.

Fig. 2. Figure depicting the experimental setup

'Project link: osf.io/6xc7u

B. Farticipants

Thirty-three university students (mean age = 22.30, SD
= 2.63) were recruited through classroom advertisements
and flyer distribution. All participants demonstrated native
or fluent proficiency in German, ensuring comprehension of
instructions during interaction. Data from three participants
were excluded from analysis due to track-loss issues in the
eye-tracking sample points, resulting in a final sample size
of thirty participants.

C. Stimuli

The stimuli consisted of four screw-shaped objects, each in
a distinct color: green, red, yellow, and blue (Fig. 3). Each
object could be placed in a specific manner: vertically or
horizontally (termed: “hochkant” or “quer” in German, re-
spectively) and on a destined but random location (indicated
by letters) at time T, T+1, T+2 together forming a context
before the critical trial is presented (Fig. 1). To maintain
task complexity, manner options were limited to only two
affordances (vertical or horizontal). The combination of
manners and different locations (indicated by letters) was
randomly generated for each trial. This provided us with two
conditions: In condition with a simple situational model, all
manners were the same (either all vertical or all horizontal; in
condition with a rich situational model, two manners were
represented (Fig. 1). Participants were engaged with these
two conditions, before the final full-information or critical
trail — with omitted manner — was randomly introduced.
The randomization ensured not only occasional omission of
manners prompting participants to initiate repairs, but also
provided diverse array forming two situational models.

D. Procedure

The robot was programmed with semi-autonomous
capabilities, allowing the experimenter to take control in
cases where the robot failed to respond or the conversation
broke down. The robot began by introducing itself and
reiterating the task instructions. After confirming the
participant’s readiness, the robot commenced the first trial.
Following each instruction, the robot briefly gazed at the
task area and then at the participant, seeking confirmation:
“Hast du das erledigt?” (“Have you done it?” in English).
Upon receiving affirmation, the robot proceeded to the next
object. A trial concluded once all four objects were placed
according to the specified manner on a location. The robot
then instructed participants to return the objects to their
original positions and turn away to solve a simple arithmetic
task (e.g., addition or subtraction). This step was designed
to offload working memory and maintain participant
engagement, preventing passive task-following. After
completing the arithmetic task, participants turned back to
the robot and performed a recall task, replicating the object
placements as instructed during the trial. Once confirmed,
the robot advanced to the next trial. The experiment
consisted of four blocks. Each block included five trials,
with each trial involving four object placements, resulting
in a total of 20 moves per block. Moves were randomized
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within each block where information regarding the path or
manner was intentionally omitted in four randomly selected
moves (missing information trials), while the remaining
16 moves provided complete information (full information
trials). Higher full-information trial and occasional missing
information trial was introduced to minimize exhaustion and
prompt participants to seek clarification only when needed.
The entire experimental session lasted approximately 45
minutes, during which eye-gaze data and video recordings
were continuously collected.

Instruction to the participants: Before the experiment
started, each participant was instructed to follow the robot’s
guidance for placing each object and was encouraged to
ask questions if they felt that the provided information
was insufficient. Participants were instructed to repeat their
commands, in case they feel the robot was unable to process
their input. Since the missing information pertained only
to the path or the manner of placement, we anticipated
that participants would frame their questions along these
dimensions (e.g., “Where should I place it?” or “How
should I position it?”). However, participants were also
given the freedom to request repetitions of instructions
whenever they deemed it necessary. Each trial involved a
specific instruction for placing an object in a designated
manner and along a specific path. An example instruction
template is provided as follows:

Place the green object [Manner] on [Path].
Lege bitte das griine Objekt [Hochkant or Quer] auf [A].

E. Analysis

Our analysis was predominantly focused on the processes
involved during the critical trial, where the manner infor-
mation was missing. We specifically focused on the manner
than the path component, since it has been shown previously
that manner learning might require more scaffolding that the
path [26]. Figure 4 provides an overview on the repairs and
their type. Rectangular areas of interest were drawn around
each location surrounding the object in which fixations were
computed within a time window of 80 to 350 ms, using a
maximum dispersion set default at a value of 1.5 degrees.
To classify the request types in open and restricted types,
we followed the method described in [14]. The request

210
Dwell time (ms)

230 250

Posterior predictive estimates of dwell times for the two situational models. Blue horizontal lines depict the 95% CI.

TABLE 1
POSTERIOR ESTIMATES FOR SITUATIONAL MODELS

Term Estimate | Est. Error | 1-95% CI | u-95% CI
Intercept 212.07 1.74 208.69 215.47
Context 49.47 3.51 42.55 56.31
TABLE 11
PARAMETER ESTIMATES FOR REQUEST TYPES
Term Estimate | Std. Error | z-value | p-value
Intercept -1.92 0.74 -2.60 0.009
Context:Rich 1.94 0.50 3.85 | <0.001

types where either of the manners were mentioned were
classified as restricted, and general requests without manner
were classified as open type. We considered the time from
end of critical trial till the onset of the repair, providing
us the precise window of linguistic encoding. These time-
windows along with the repair types were annotated by 2
student assistants in ELAN software [55], who were unaware
about the predictions of the study (refer, II-A). For the
first set of analysis investigating the effect of situational
models on attention, we used a Bayesian approach. In this
analysis, we estimated the effects of situational models on
attention by incorporating prior distributions and updating
them with the observed data to derive posterior estimates.
For the subsequent analysis examining the effects of question
types, we utilized a Generalized Linear Mixed Effects Model
(GLMER) [8], which allowed us to account for both fixed
and random effects in the data. All analyses were conducted
in R [38].

IV. RESULTS

Situational models drawing attention: We tested our
first prediction regarding two situational models affecting
attention. A Bayesian model was fitted on gaussian
likelihood and mildly informative priors for intercept and
slope 2. The model was coded in brms: Bayesian Regression
modeling using Stan [6] a front-end for the probabilistic
programming language Stan [48]. We modeled dwell time

2Prior specifications: a ~ Normal(200, 50), 3 ~ Normal(0, 100),
o ~ Normal™* (50, 10).
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Fig. 4. Repair types across two situational models

as a function of the situational models with two levels
(simple vs. rich). The independent variable (situational
model) was contrast-coded using a sum-to-zero coding
scheme, where +0.5 was assigned to rich and -0.5 to
simple, ensuring that the levels are centered around zero.
The posterior estimates are shown in Table I and the
density is visualized in the Figure 3. It was found that a
rich situational model was drawing more attention than
simple situational model when participants were faced with
underinformativeness. This was particularly shown by the
slope coefficient for dwell times across both models (5 =
49.47, SD=3.51, CI[42.55, 56.31]). A bayes factor analysis
further confirmed a very strong evidence in favor of the
effect of situations (BF = 7414), which supported our first
prediction regarding situational models modulating attention.

Repairs reflecting task model: Here, we tested our second
prediction whether the task model emerged from rich and
simple situations also guided the selection of repairs. We
modeled the repair types as a function of situation (rich vs.
simple). Since the request types were categorical variables,
we transformed it to numerical (restricted = 1, open =
0) and modeled it with binomial assumption. Here, the
intercept parameter revealed the log-odds of the restricted
request and slope parameter the difference between situations
(rich vs. simple). We fitted a glmer model by accounting
for individual subject variability by including by-subject
adjustment to the intercept as random factor. The model
parameters are provided in the Table II. We first analyzed the
overall distribution of request types for both the situational
models (see Fig. 4). We found a significant main effect of
repair type, such that overall restricted requests were lower
than open ones (5 = -1.92, SE=0.74, p<.01). This suggests
that participants were more likely to use open requests that
did not target any specific manner, regardless of situation
models. Furthermore, there was a significant interaction
between repair type and situational model (8=1.94, SE=0.50,
p<.001), suggesting that participants were more likely to use
restricted request in presence of rich situational model than
simple situational model.

V. DISCUSSION

In present study, we investigated how sequences of actions
manifest situational models that guide attention and influence
linguistic processes during human-robot interaction. The
emergence of situational models — rich, which encapsulate
two possible action manners, and simple pertaining to only
one action manner before the final action is performed —
provides a unique history and context for the task model.
Whereas we conceptualized the situational model as an entity
readily formed and available ‘externally,” the task model is
a product of mental processes, revealed through linguistic
means. We motivated our investigation from theory of en-
active cognition [34] and sensorimotor contingency [40] and
found that attention is driven by an internal action simulation
contingent upon the external situational model, particularly
when this model offers a rich affordance. This was evident
by a higher dwell time for rich situational model than simple
situational model (Fig. 1). Although the idea that situational
models function as a deictic mechanism for memory is not
new and has been demonstrated in multiple studies [31], [56],
particularly in tasks relying on working memory [16] or in
interactions without a specific task [2], we propose that these
models may also emerge from sequences of actions building
upon each other, allowing them to be referenced when
uncertainty arises in the task. Previous studies have suggested
that this reference serves an ecological purpose by offloading
and delegating internal task demands to external sources,
given the limited capacity of our working memory [1]. Our
study highlights that this delegation might also depends upon
nature and richness of the situational constraints serving our
enactive abilities. Unlike previous studies, which focused
on ‘what’ and ‘where’ features to characterize the external
model, appreciating the enactive notion, we demonstrate
that actions (and their manners) related to how might also
be an integral part of its nature. The findings also reveal
that the type of linguistic repair chosen by participants is
influenced by the situational model (Fig. 4). This influence
might reflect the participant’s task conceptualization (task
model), as language production — unlike comprehension
— relies on a controlled process that requires conscious
cognitive operations [32], [36]. More specifically, we found
that a rich situation enabled the participants to use restricted
repairs to highlight the precise trouble source, which requires
a fine-grained understanding of possible actions. Research
on turn-taking supports that restricted requests may require
more cognitive resources than open request due to their
ability to target the ‘local’ trouble source of the previous
turn—a behavior that we observed and justified by the
parsimonious account (i.e., less cognitive load) with open
requests overall higher than restricted requests (Fig. 4).
Remarkably, restricted requests occurred more frequently for
rich situational model. This suggests that although restricted
requests are cognitively demanding, a rich situational model
may provide a context for their efficient use, particularly
when all possible manners were available in the action
repertoire. Following this, a rich situational model may free
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up cognitive resources, making it more plausible to process
cognitively demanding (but helpful) linguistic constructions
for scaffolding, such as negations [10]. This plausibility has
already been demonstrated in a previous study in pragmatics
[54]. Wason [54] suggests that processing cost associated
with negation can be mitigated, when all competing features
are presented in the context. Here, we proposed it as a rich
situational model and extend its utility for actions. Hence, a
rich situational model might provide an advantageous context
for implementing and testing assumptions for the interactive
models employing negation, where the capacity is posing a
challenge. For example, in a model such as the SHIFT [23],
the participant’s current and next capacity in two different
situations can be estimated based on the linguistic behavior
to select the appropriate linguistic strategy, such as negations
or assertions. Similarly, in a reinforcement learning approach
as proposed in SHIFT model [23], linguistic behavior could
be used as a reinforcement signal indicating whether a prior
strategy has increased or decreased the attentional capacity.
More specifically, a participant asking an open question in
a rich situation indicates low capacity whereas a restricted
question in a rich situation would indicate a high capacity.
For a computational model, these results provide deep in-
sights that can be drawn from cues that are easily derivable
from the verbal behavior of the participant. Whereas existing
approaches such as proposed in [23] only provide a prior
estimate of the capacity based on the use of scaffolding
means such as negation that are difficult to process, the
analysis of repairs in specific situations can shed light on
the granularity of the internal simulation and its components.
For example, an open repair in a rich situation may indicate,
(a) low capacity and/or (b) only partial processing of the
rich situation containing two manners. This, in turn, provides
insights as to what scaffolding strategies to apply to better
assist the human in performing actions. More research is
required to determine which scaffolding strategies are ben-
eficial in this situation. While our study provides insights
into interplay between situational models and emerging task
models, on which attention and language behaviors are
based, there are limitations that we aim to address in future
research. First, our task was relatively simple, involving only
two manners. Future studies could explore more complex
tasks with multiple manners to investigate its generalization,
particularly given that manners are fundamental aspect of
actions as acknowledged in psycholinguistic research [46],
[50]. Second, although our predictions were motivated by
studies on human-human interaction, the validity is yet to
be tested with human interlocutors. In conclusion, our study
demonstrates that action history (experience with action
sequences) provides a situational and task model, guiding
attention and linguistic repair strategies during human-robot
interaction. We integrated insights from cognitive science,
psycholinguistics, and human-robot interaction to show how
external situational and internal task models may interact to
shape human behavior and inform the design of adaptive
systems that can then assist humans in performing actions.
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Abstract

In a successful dialogue in general and a successful explanation in
specific, partners need to account for both, the task model (what
is relevant for the task) and the partner model (what one can con-
tribute). The phenomenon of coupling between task and the partner
model becomes especially interesting in the context of Human—
Robot Interaction where humans have to deal with unknown ca-
pabilities of the robot, which can momentarily be perceived when
the robot is unable to contribute to the task. Following research on
the path over manner prominence in an action [31-33], a robot ex-
plained actions to a human by emphasizing two aspects — the path
("where" component) and the manner ("how" component). On criti-
cal trials, the robot occasionally omitted one of these components
where participants sought missing information for the path or the
manner. Participants’ information-seeking and gaze behaviour were
analysed. Analysis confirms the initial predictions for, a) task model
(path over manner prominence), i.e., earlier information-seeking for
path-missing than manner-missing trials, and b) partner model, i.e.,
while information-seeking is predominantly tied to the attention
on the robot’s face, when robot fails to provide resolution, attention
shifts more often towards its torso — a behavior likely to indicate
an exploration of the robot’s capabilities. An individual-level anal-
ysis further confirms that the intra-individual variation in the task
model is partly influenced by the perceived capability of the robot.
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1 Introduction

Explanation is a process as well as an outcome, which does not
conform to a one-size-fits-all approach [30]. In this process, the
involved partners dispose of distinct expectations about their part-
ner (explainer) and the task [9, 18, 25]. Whereas the expectation
about the partner relates to the questions of who is making what
kind of contribution (partner model), the expectation about the task
concerns which aspect of the task is relevant to achieve the task
goal (task model) [37]. Although the coupling of the two models
was postulated for effective tutorial interactions [37], little is known
about how it can be achieved in other forms of dialogue, e.g., in
Human-Robot Interaction. The coupling of such models becomes
particularly significant in a human-robot explanatory dialogue,
since in this context, humans as explainees not only question their
partner’s capabilities more often but also attempt to continuously
determine whether and to what extent the robot can contribute to
the task. For this purpose, humans usually test the robot with mul-
tiple probes on which basis they finally establish a partner model,
i.e., what kind of capabilities they can rely on in an interaction[27].
Following this, the task model can be co-constructed during the
course of interaction, tailored for both the parties based on their
current state on understanding [25]. For example, studies in the
past suggested that humans adapt to the robot’s cues that are in-
terpretative of what the robot is capable of [8]. In this sense, the
dialogue "provides subtle clues to the robot’s functionality and thus
to adequate partner modeling" [8, p. 35]. Other studies have shown
that humans are able to align with the robot’s actions depending
on their partner model of the robot [36]. However, previous studies
did not model the individual differences to study how the coupling
of these models can be achieved. For an individual, the task concep-
tualization could rely on the partner model, such that participants
can structure or adapt their linguistic behavior about the task based
on the perceived capability of the robot [35]. In this context, the
perceived capability at a specific moment in the interaction can
influence how the utterances about the source of misunderstand-
ing are structured [25]. Whereas most studies consider one of the
aspects, the challenge lies in systematically define and relate the
task and the partner models. Hence, here our aim was to first lay
down the definitions of these models in scope of our study and
subsequently investigate the relationship between them.
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1.0.1  Task model. We define a task model requiring information
on two dimensions to perform the given action — Path and Manner.
Here, the path characterizes the “where” component in an action,
whereas the manner specifies “how” the action is to be performed.
This task model is grounded on an established finding in psycholin-
guistics research [29, 31], where each action was performed with
attention to the path and manner. The explainer (robot) provided
the information on how and where the given object has to be placed
through a verbal guidance (section 2.4). In numerous studies, it has
been found that in an action event while path remains in the fore-
ground of attention the manner component tends to be attenuated,
resulting in a more robust memory for the path compared to the
manner [31-33]. This phenomenon is consistently observed across
studies in adults as well as developmental studies in infants [14, 22].
Thus, we expected to observe the effect of path vs manner promi-
nence in the information-seeking behaviour of the participants,
consequently informing us about the task conceptualization. This
approach first allows us to establish our initial predictions for the
task model, and then systematically investigate how the partner
model influences it during an interaction.

1.0.2  Partner model. We view the partner model as a dynamic pro-
cess, evolving as the interaction progresses. In our study, the robot
predominantly serves as the explainer, given that it possesses more
information about the task than the explainee. Consequently, we
assume that its capability is continually assessed by the participants
(explainee) throughout the interaction, and it may be perceived as
less capable when it fails to provide resolution occasionally. There-
fore, the explainee develops an expectation or "need" for the robot to
effectively scaffold the task. The partner model thus represents the
explainee’s perception of the explainer’s (robot) capability to act as
a scaffolding agent. Crucially, this initial perception of the explainer
can change throughout the interaction based on the explainer’s
demonstrated ability to provide —or fail to provide — adequate expla-
nations when requested. Hence, the partner model predominantly
draws inspiration from the concept of scaffolding, which is charac-
terized as a supportive and dynamic form of assistance provided
by a more knowledgeable partner, tailored to the learner’s abili-
ties [37]. In HRI, this emphasizes that the explainer (robot) must
be perceived as a partner possessing sufficient characteristics of
a scaffolding agent before the explainee can rely on this support.
In situations where the conversation breaks down due to a lack
of sufficient information or misunderstanding, to keep the loop
going, the explainee should be able to offload the task demands
to the explainer (robot) by assigning the missing-information in
the task. This assignment could manifest in rather various ways,
such at looking at the robot’s face when in doubt or before raising
requests [2, 7, 34], which is considered as a proactive function of
gaze during information-seeking in conversation [17, 24].

1.1 Present Study

The setting was created by incorporating the abovementioned two
models. In each trial, the robot asked the participant referring to
an object to place in a specific manner (vertically or horizontally)
on a destined location (path; on letters). To elicit questions from
the participant, the robot occasionally omitted either the path or
manner information. Our predictions were based on population
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as well as individual level variations for both the task and partner
models, which we specify hereunder.

1.2 Predictions

1.2.1  Task Model: Building upon the findings in psycholinguistics
that the path remains salient than manner in an action [21, 29, 31],
we predicted that the absence of path information would elicit
quicker information-seeking behaviour from participants compared
to the instances where the manner information is missing. Cru-
cially, this prediction serves as a validation of our task model. The
prediction is also supported by the previously proposed notion that
the asymmetrical conceptualization of the path and manner arises
from the intrinsic goal-directed nature of cognition, with a primary
emphasis on the path [21, 32, 33].

1.2.2  Partner Model: Perceiving a partner as a legitimate scaffold-
ing agent would entail focusing more on the partner’s face than
other parts of the body especially while information-seeking phase.
Crucially, this prediction would be supplemented by comparing
the gaze behavior in the condition where the robot successfully
provides a resolution (successful scaffolding), compared to a con-
dition where the robot fails to provide a resolution (unsuccessful
scaffolding), prompting the explainee to re-ask the question or pro-
ceed without support. We further predicted that an unsuccessful
scaffolding would lead to an exploration of the partner capabilities
where the attention shifts from the robot’s face to the other parts
of the body. Moreover, evidence from human-human conversation
suggests that not looking into the face while information-seeking
is often interpreted as a sign of avoidance and lack of interest in
conversation [11, 16], such as in the case of unsuccessful scaffolding.
Thus, at the population level, we predicted that while the overall
looks to face would be higher than other parts of the body during
information-seeking phase, this facial engagement would decrease
when the robot shows a lack of capability to scaffold the task.

1.2.3  Relationship between the task and partner model. At the in-
dividual level, we hypothesized that participants showing more
exploratory behaviour while information-seeking — a behavior
that is likely to reflect an exploration of partner’s capabilities fol-
lowing unsuccessful scaffolding — would exhibit more delay in
information-seeking. Here our aim is to find out whether the source
of the variability in the task model (delay in information-seeking)
is partly determined by the uncertainty about the partner’s role
and its potential scaffolding capabilities.

2 Method

The methods in this study are approved by the Review Board of the
university and the informed consent from all the participants were
obtained. The study was preregistered on Open Science Framework
(OSF) before data acquisition, and the associated analysis code is
available online and the data would be available on request.

2.1 Participants

Thirty-three university students (mean age = 22.30, SD = 2.63) were
recruited via classroom advertisements and flyer distribution. All
participants demonstrated native to fluent proficiency in German.
Data from 3 participants could not be analysed due to track-loss
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Figure 1: Setup and example stimulus: manners (vertical and
horizontal) and paths (A N P I R); Three screws needed to be
vertical, while the screw on R needed to be horizontal.

of eye-tracking sample points, hence the final sample size remains
thirty participants.

2.2 Stimuli

The stimuli consisted of four objects in the shape of screw of dif-
ferent colours, Green, Red, Yellow, Blue (Fig. 1). Each object can
be placed in two possible manners (we will refer to it as a "How"-
component) vertically or horizontally (referred to as “hochkant"
or “quer” in German). For complexity consideration, we limited the
options to these two manner-affordances. Additionally, for each
of the four objects, there were five potential positions marked on
the table by unique alphabets where the object could be placed.
These positions served as the path (we will refer to it as a "Where"-
component). The combination of manners (vertical or horizontal)
and paths (identified by unique alphabets) was generated randomly
for each trial, resulting in a diverse array of configurations, of-
fering distinct patterns concerning both manner and paths and
maintaining variability in the task at the same time.

2.3 Procedure

As illustrated in the Figure 1, participants were seated in front of
the NAO robot while wearing Pupil Labs glasses for eye-tracking
(120 Hz), with a 5-point calibration yielding an accuracy of 0.60°
and precision of 0.02°. The room was controlled for illumination
and noise isolation. The objects were placed in front of the partici-
pant in a transparent glass container on a table. Alphabets stickers
were pasted in a row to act as destination path of the object. Two
stationary cameras were placed on the sides to capture the experi-
mental setup. To ensure an unbiased interaction between the robot
and the participant, an experimenter zone was established behind
the participant, concealed by a divider. This setup ensured that
the experimenter remained out of sight, facilitating uninterrupted
interaction solely between the robot and the participant. The exper-
iment started by calibrating the eyetracking and then introducing
the participant to the task.

2.4 Task Instructions

Each participant was instructed to follow the robot for guidance on
each placement of the object and were told to ask questions when
they feel that the information for the task is insufficient. Since the
missing information was only regarding the path or the manner, we
expected the participants to ask questions along those dimensions
(e.g., where, how, and so on). However, participants were given
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the liberty to request a repetition whenever they feel it necessary,
enhancing the flexibility of the interaction. After introducing the
participants to the experiment, the experimenter retreated to the
experimenter zone and initiated the experiment script. The robot
was programmed with semiautonomous capabilities, where the con-
trol can be taken over by the experimenter in case the robot fails or
conversation breaks down. On instances when the robot was unable
to hear or respond, participants repeated the commands. The robot
first introduced itself and then reiterated the task instructions again.
After asking for the participant’s readiness, the robot commences
with the first trial. Each trial began with a specific instruction for
placing an object in a designated manner and on a specific path.
The instruction template was structured as follows:

Place the green Object [Manner] on [Path]
Lege bitte das griine Objekt [Hochkant or Quer] auf [A]

Following each instruction, the robot gazed briefly to the task
and then to the participant and sought confirmation: “Hast du
das erledigt?” (“Have you done it? in English). Upon receiving affir-
mation, the robot progressed to the next object. The trial concluded
when all four objects were placed on the designated path with spe-
cific manner. Subsequently, the robot asked participants to put back
the objects and then turn back to solve a simple addition or sub-
traction task. This was done to offload the working memory and to
keep participants engaged in the task rather than just passively fol-
lowing it. After solving the task, participants turned back towards
the robot, and completed a recall task where they placed back the
objects as instructed during the trial. Upon confirmation, the robot
proceeded to the next trial. The experiment had four blocks, two for
path and two for manner critical trials. Thus, a block included total
five trials, and each trial had 4 moves corresponding to 4 objects,
resulting in a total of 20 moves in a block generated randomly. In
each block, information regarding the path or manner was inten-
tionally omitted (missing information trials) randomly on 4 moves
and rest of the moves (16) were of full information (full information
trials). This was done to prompt questions from the participants
for the missing information occasionally. The entire experimental
session lasted approximately 45 minutes, during which eye-gaze
and video data were continuously recorded.

3 Data Analysis

Eyetracking data was exported using the Pupil Player software. The
videos were initially coded using ELAN [1] and later exported for
further analysis. Since we were only interested in the behaviour for
the time window from instruction onset till the moment of asking
the question, we focus our analysis on this time window. All prepro-
cessing and analysis were conducted using an R script [23], which
is openly accessible in an online repository for reproducibility.

3.1 Preprocessing gaze data

Since we were interested in the looks to the face, torso, and the ob-
jects, three rectangular area of interests, referred to as surfaces, were
defined around the robot’s face, torso and the objects respectively.
Fixations were computed using a time range from 80 to 350 ms with
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Figure 2: Gaze on robot’s face and objects; (A) full information trial and, (B) missing path or manner information trial (right).
The green-shaded region shows the instruction duration. Verticle red-line in B depicts the average question onset time

a maximum dispersion set at the default value of 1.5 degrees. To cal-
culate the fixation proportion on a surface within a specified time
range, the entire time window was divided at a 50 ms resolution.
The number of fixations falling within a surface was then divided
by the total number of fixations within that time bin. The delay
in the information-seeking was calculated for the time window
after the instruction offset by the robot for each trial. Our aim was
to model the time-dependent changes in the gaze for the full and
missing information trials. The full-information trial spanned from
start of the instruction till the confirmation was provided by the
participant. And the missing information trial spanned from start
of the instruction till the offset of the participants’ question. We
modeled these behaviours on a continuous time scale using 2nd
order Growth Curve Analysis (GCA), a methodology previously
applied in analyzing time-dependent changes [19].

3.2 Preprocessing ELAN data

The video data was manual coded on ELAN by three student assis-
tants independently, who were unaware of the hypothesis of the
study. The codings included the annotations of robot instructions,
participant-posed questions and successful vs unsuccessful scaffold-
ing. A successful scaffolding was considered when the participant
sought information and the robot responded successfully (No-error
trials), otherwise an unsuccessful scaffolding when the robot did
not respond to the request (error trials).

Error Trials (Response Absent)

4 Results
4.1 Attention on the objects and the face

For the full-information condition (Fig. 2. A), we observed an in-
crease of attention to the objects as soon as the instruction was pre-
sented (vertical line at 0). This continued throughout the instruction
period (green shaded region), where a transient decrease in fixation
on the face was observed, showing the participants’ anticipatory
fixation to the objects upon encountering the instruction. Crucially,
the attention to objects remained till the end of instruction, after
which there was a shift towards the face, as a result of providing
confirmation for the completed task (around 10 sec). For the miss-
ing information trial (Fig. 2. B), there was an increase in attention
towards the objects as soon as the instruction was encountered
(vertical line at 0). However, at the end of the instruction, and after
realizing that the information was insufficient, participants quickly
redirected their gaze back to the robot’s face, likely to seek infor-
mation for the missing aspect in the task. This information-seeking
is shown by a transient increase in gaze on robot’s face starting
just after the offset of instruction which suggests that information-
seeking is tightly coupled with looking at the partner, and in this
case specifically on the face. This increase in looks to the face was
followed by an information-seeking (red vertical line). Importantly,
the delay in the onset of this information-seeking was depended
upon the type of information missing in the task, i.e., the path or the
manner (task-model). According to our first prediction we expected
this delay to be higher for the manner than the path, which we
analysed subsequently.

No-Error Trials (Response Present)
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Figure 3: Fixation on face and torso for critical trials where robot did or did not respond to the question. Left plot; unsuccessful
scaffolding, Right plot; successful scaffolding. The shaded region shows the mean duration of question onset and offset.
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4.2 Information-seeking delay for path and
manner

Following our prediction about the task model, we compared the
time of question onset for the path and manner critical trials. Here, a
delayed onset was observed for manner-related questions compared
to path-related questions (Fig. 4), supporting our initial prediction
regarding path prominence in event conceptualization. This pre-
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Figure 4: Difference in path vs manner question time. Condi-
tions are on x-axis and response time on y-axis

diction was confirmed by fitting a hierarchical linear mixed effects
model using Ime4 package in R [5]. We incorporated a full model
with varying intercepts and slopes for each participant to account
for main and random effect structure. The predictors were sum
contrast coded, with manner coded as +0.5 and path as -0.5, such
that the intercept represented the overall mean delay, and the slopes
indicated deviations around this mean for each condition. Model
predictions are depicted in Fig. 4. Confirming our predictions for
the task model, we found a significant delay for the manner than
the path related questions (f = 0.44, S.E. = 0.2, p=0.03).

4.3 Task and partner model

Our population-level partner model suggested that participants
redirect their attention towards the partner’s face from the object
when they intend to ask question.(Fig. 2). Following our partner
model predictions, whether the participants’ perception about the
robot’s scaffolding capability (successful vs unsuccessful scaffold-
ing) guided the gaze behaviour towards the robot, we analyzed
the gaze in two conditions — where robot successfully provided
the resolution (Response present) or did not provide the resolution
(Response absent) (Fig. 3). Crucially, we looked into the fixation
on the robot’s face and the torso during the information-seeking
phase. For the unsuccessful scaffolding, we observed an exploratory
gaze behaviour where a higher gaze switches from robot’s face to
the torso and vice-versa was observed (Fig. 3, Response absent or
error trial). Importantly, when robot successfully scaffolded the task
(Response present), the attention was predominantly was on the
face throughout the entire information-seeking phase (Fig. 3, Re-
sponse present or No-error trial). Further to investigate whether the
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scafolding capability contributes to the task conceptualization and
thus influence the task model (information-seeking), we modeled
the attention allocation on face vs torso as a function of question on-
set delay. The aim was to look whether the response delay predicted
the individual gaze preferences on the face over the torso. For this,
we focused our analysis in the information-seeking time window,
since this specific window allowed us to examine the proactive role
of gaze, when one seeks information particularly about the task. A
linear mixed effect model was fitted for logit transformed propor-
tion of looks at the face and torso following [3]. The model included
sum-contrast coded Area of Interest (AOI: Face vs Torso) and the
question onset delay as a continuous predictor by mean scaling. Our
goal was to fit a maximal model by accounting for random effects
at the subject level variation with slope correlations[4]'. Hence,
the intercept represented the grand mean of gaze towards the face
and torso for mean question onset delay, and deviation around this
mean as the effect size of looks toward the face as compared to the
torso for the population and the individual subjects. Importantly,
we were interested in the random effects (correlation parameter)
between the gaze and delay effect sizes for each subject. A full and
reduced model comparison was done using log-likelihood test by
removing only the correlation parameter from the model [4]. The
model predictions for the subjects are depicted in Figure 5. Adding

Correlation between looks on face and question onset time

R=-0.42,p=0.02

Fixation on face

Question onset time

[ Fixation on Face over Torso Question onset fime

-4 0 4 -1 0 1

Figure 5: (A) Correlation, looks on face over torso and ques-
tion time, (B) model prediction for participants

!model: Imer(meanLook <- 1+AOI*CentMeanDelay + (1+AOI+CentMeanDelay|Subj))
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the correlation random structure between gaze and delay slope
parameters significantly improved the model fit (y? = 997.86, Df =
1, p<0.001), suggesting that the correlational parameter effectively
captured the variation between onset delay and the gaze on face
over torso. Further, there was a significant interaction between AOI
and question onset time (f = -0.14, SE = 0.0, p<0.001), such that the
delay also negatively predicted the gaze on the face over the torso.
Meaning, subjects showing more preference for the robot’s face
than the torso were quicker in asking questions (R=-0.42, p=0.02),
as depicted in Figure 5. In comparison to our population-level part-
ner model, where the majority of participants attended to the face
while asking question, on the contrary individuals who exhibited a
higher tendency to look at the torso over the face specifically during
information-seeking phase, experienced more delay in information-
seeking for critical trials. To highlight again, more preference to the
torso was observed for the condition where robot was perceived
less capable of scaffolding the task (Fig. 3)

5 Discussion

The study builds upon a task model, that requires a differentiation
between path and manner of an action. Further, the partner model
consists of the expectation that the partner can scaffold the partici-
pant to perform those actions. Apart from establishing the validity
of these models at the group level, our focus was predominantly
to account for the intra-individual variability of the task and the
partner model in HRI. Based on our initial assumptions about the
task model, we observed that participants were generally quicker
in information-seeking for the path compared to the manner. This
aligns with a robust finding in psycholinguistics [6, 20-22], which
we tested in the context of HRL

Our investigation into the partner model, with a focus on atten-
tional dynamics, confirmed our initial assumption. At the popula-
tion level, participants tended to look more at the robot’s face during
two distinct time segments: a) while receiving the instructions and
b) while information-seeking (asking questions). Crucially, while
receiving the instructions, we also observed a transient decline in
looks at the face which potentially shows the anticipatory attention
to the objects as the task instruction is unveiled. Conversely, when
participants asked questions (for missing information), their gaze
was predominantly directed towards the robot’s face—a behavior in-
dicative of perceiving the robot as a scaffolding partner. It is worth
to mention that despite the fact that area of interest for the body
covered the most part of the visual field of view, the participants’
gaze on the face was predominantly higher which might reflect
that the robot was ascribed as a scaffolding partner over and above
just a point of verbal reference. In this case, one could have sought
information by keeping attention on the objects, which might be
conceived as a question to oneself than to the partner, given the
proactive role of gaze in day-to-day social encounters [11, 15].

Moreover, we observed a delay in manner than path related
questions. This underlines our inherent task model, supporting
the idea that manner carries more vulnerability necessitating con-
scious cognitive opearations, as opposed to the relatively automatic
processing of path relying on less cognitive resources [21]. As a def-
inition, a conscious cognitive operation on a representation would
require more scaffolding than a representation which is already in
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attention (e.g., path). One of the methods suggested in previous
studies to mitigate this effect is contrastive scaffolding of the path
and manner [13, 28], which has been shown to improve attention
to both components. Provided that in our experiment the path and
manner instructions were presented randomly, and the delay was
observed for linguistic encoding, than performing an action per se,
the likely explanation of the manner related cost could be due to
linguistic processes governing the retrieval of these two aspects.

Nevertheless, scaffolding the manner might need more inter-
vention of the scaffolding partner than the path. In this regard,
the intra-individual findings from the study highlight the aforeme-
tioned aspects, quicker information-seeking when the preference
to the robot’s face is higher than the torso. This might suggest that
the delay in linguistic processing was partly influenced by whether
the robot was conceptualized as a partner possessing sufficient
scaffolding capability or not. Especially, when the robot did not
successfully scaffold the task, the gaze was more exploratory where
the attention shifted more often to the torso and other body parts,
indicating an exploration.

Here, we focused on a specific aspect of the partner model - per-
ceived scaffolding capability — and found that participants’ delayed
response is partly influenced by their perception of the partner’s
scaffolding capability (as assessed by the gaze). We should critically
note that in future, our assessment needs to be supported by results
from either an online measure assessing the dynamical change in
perception of partner’s role or an offline survey. Our findings bear
significance not only in the realm of human-robot interaction but
also extend to human-human interactional contexts, i.e., perceiv-
ing a partner capable of scaffolding might allow the explainee to
flexibly ascribe more responsibility for the task to their partner.
This is grounded on the understanding that joint actions involve
close collaboration and a shared distribution of the task load among
participants [10]. For example, the amount of information an ex-
plainee shares about the source of a misunderstanding can offer
insights into her commitment to a joint goal. Furthermore, when
an explainee use varied constructions in their verbal behaviour, it
can also establish the partner model as more capable to scaffold the
task as opposed to when they use repetitive requests, since day-to-
day language use is hardly deterministic and relies on variability
[12]. In future, we aim to capture more qualitative aspects of this
perceptual dimension and investigate its meaning for the facial
engagement. Other functional aspects of these measures should
also not be neglected, which might entirely allude to a different
cognitive function in an explanation, such as, monitoring, which
has been proposed to play a different role in explanation processes
[26]. Including a more holistic scale in such cases additionally re-
quires considering the meta aspects from multimodal interaction
(e.g., backchanneling and signs of ignoring the partner) and might
offer us a deeper insight about explanation processes in HRI.

6 Conclusion

This study suggests a potential pathway to systematize task and
partner models from an interdisciplinary perspective by investigat-
ing human Gaze behaviors in HRI Future research should delve
into the proactive role of the partner model in shaping task model,
particularly when they are embedded in an interactional context.
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Abstract

The study investigates two different ways of guiding the
addressee of an explanation - an explainee, through action
demonstration: contrastive and non-contrastive. Their effect
was tested on attention to specific action elements (goal) as
well as on event memory. In an eye-tracking experiment, par-
ticipants were shown different motion videos that were either
contrastive or non-contrastive with respect to the segments of
movement presentation. Given that everyday action demon-
stration is often multimodal, the stimuli were created with re-
spect to their visual and verbal presentation. For visual pre-
sentation, a video combined two movements in a contrastive
(e.g., Up-motion following a Down-motion) or non-contrastive
way (e.g., two Up-motions following each other). For verbal
presentation, each video was combined with a sequence of in-
struction descriptions in the form of negative (i.e., contrastive)
or assertive (i.e., non-contrastive) guidance. It was found that
a) attention to the event goal increased for this condition in the
later time window, and b) participants’ recall of the event was
facilitated when a visually contrastive motion was combined
with a verbal contrast.

Keywords: Attention; negation; contrastive guidance; eye-
movements; action understanding; event representation

Introduction

In a given context, the conceptual structuring of an event de-
pends upon what has already been provided in the past (Zacks
& Swallow, 2007). While the upcoming sub-event within an
event can be predicted through its history, the consolidation
of the entire event at the end partly depends upon how the
event segments relate to each other. One of the naturally oc-
curring phenomena during communication in visual and ver-
bal domains is the contrast between the constructions. This is
realised when an expressed constituent of an event is charac-
terised against the opposite of the same event. And if the two
continuous sub-events are temporally bound by a status of
occurrence and non-occurrence of a single instance, the prior
event might act as the context, in light of which the later event
would be interpreted. Interestingly, this property of event pro-
cessing exists both in visual and verbal modalities. In the vi-
sual modality, the contrast can be realised using gestures of
upward and downward motion, as if one is the opposite of the
other (Hespos, Saylor, & Grossman, 2010). In verbal modal-
ity, negation can be used to create and infer, for example, the
factual case against the non-factual (Kaup, Zwaan, & Liidtke,
2007). This ubiquitous property within communication might
not only allude to the nature of general cognition but also the
context generating function of such elements.

In this study, we assumed that in natural settings, action
demonstration involves both visual and verbal modalities,
which can provide complementary information to facilitate
event processing and memory. Although such multimodal
communication is common in everyday life, there has been
little research on how the combination of visual and verbal
contrasts affects online event processing and memory. There-
fore, our study aimed to fill this gap by testing the effects of
multimodal contrasts on context creation and event memory.
We based our rationale on previous work by Rolf, Hanheide,
and Rohlfing (2009), who highlighted the importance of com-
bining visual and verbal modalities to enhance the effective-
ness of action demonstration.

To investigate it in the context of action observation, it is
important to create stimuli in such a way that they simulate
a task where two segments are overtly expressing the con-
trast. For this, we followed Hespos et al. (2010), creating per-
ceivable transition between events for children by including
rapid movements and goal knowledge. For the movements,
we used spatial direction as one of the very salient properties
where one could visually and verbally simulate the opposites
easily. With respect to goal knowledge, it has been shown
that the 14-months-old already segment action flow into sub-
actions by looking proactively at the goal of each sub-task
(Baldwin, Baird, Saylor, & Clark, 2001).

Linguistic negation has a similar property of generating a
rich pragmatic effect by conceptually simulating a pair of rep-
resentations, one of which the factual and the other alternate
(Kaup, Liidtke, & Zwaan, 2006; Kaup et al., 2007; Tian, Fer-
guson, & Breheny, 2016), such that when the latter is oppo-
site of the former, both constructions make the same state-
ment in an assertive—negative construction, for example, in
Direction: Up-Down can have a counterpart of Up—Not Up.
While at the surface level, both constructions seem to con-
vey the same message, they can have a different repercussion
for the attentional system since the later brings both factual
and alternate in the focus of attention as shown by the previ-
ous studies (Kaup et al., 2006, 2007). Needless to say, this
effect might be more prominent in a context of action demon-
stration where it is more plausible to negate an expression
(Wason, 1965; Albu, Tsaregorodtseva, & Kaup, 2021), for
example, when negation is used to convey a non-occurrence
after an already occurred case, as opposed to a case where
negation is used out of the context which generally has been
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reported to elicit a negation processing cost (Clark & Chase,
1972; Carpenter & Just, 1975). Our study also built upon the
findings in explanation literature, suggesting that contrastive
explanations promote fine grained understanding and reduce
cognitive load which might be a result of a rich context cre-
ated by a conceptually contrastive information (Lipton, 1990;
Miller, 2021).

Given that the language instructions during action demon-
stration have been shown to structure the action sequences,
thereby influencing the action perception and learning
(Rohlfing, Fritsch, Wrede, & Jungmann, 2006; Wrede,
Schillingmann, & Rohlfing, 2013; Sciutti, Lohan, Koch, Gre-
debick, & Rohlfing, 2016), our aim was to test the effect of
contrastive guidance on the event memory in an action recall
task.

Present Study

In present study, we used motion sequences of two kinds,
a) visually contrastive, in which the occurrence of an event
(ball moving up) was followed by non-occurrence of the same
event (ball moving down) and b) visually non-contrastive,
in which the same event occurred twice (ball moving twice
Up or twice Down). The paths of these motion events were
then paired with verbal descriptions of four types. a) asser-
tion—assertion b) assertion—negation c) negation-assertion d)
negation—negation.

Predictions

For the visually contrastive motion, a contextual effect would
be expected when the occurrence and non-occurrence of an
event is instructed by a sequence of assertion and negation,
indicating that something previously happened but not this
time, for example, a visually Up—Down motion can be in-
structed using [Now Up! — Not Up!]. A simple assertive in-
struction for the same motion will not create a similar contex-
tual effect e.g., [Now Up! — Now Down!]. Crucially, for the
contextual processing of negation, the negation needs an as-
sertion in first instance so that it could be interpreted in terms
of the prior event. Hence, in this condition, we would ex-
pect a better event memory for assertive—negative instruction
condition.

For visually non-contrastive motion, we predict that a use
of negation either at initial or later position will be detrimental
for the recall, for example, in a visually non-contrastive mo-
tion, Up—Up, the verbal instruction [Now Up! — Not Down!]
or [Not Down! — Now Up!] would lead to a to a process-
ing cost because here the negation is not interpreted in terms
of the already happened event. In this condition, we would
expect a better memory for simple assertive instructions i.e.,
assertion—assertion.

For the visual attention, studies in the event processing
have suggested that the event goal receives the maximum at-
tention among other constituents of the event (Zacks & Swal-
low, 2007). Hence, we consider the time dependent fixa-
tion pattern to the goal object of our primary interest. Eye-
movements in a scene is highly constrained by the task de-

mands where a high processing cost at the cognitive level
leads to a lower fixation (Liu, Li, Yeh, & Chien, 2022). Since
the negation is primarily reported to evoke a processing cost
(Clark & Chase, 1972), we aim to test its effect on the event
goal which maximally remains in the target of attention. We
predict that when the processing cost for a particular visual
and verbal combination is low, then the attention to the goal
will be higher. Considering this, in our setup, a combina-
tion of visually contrastive motion and assertion—negation in-
struction will lead to a higher fixation on goal due to con-
textual facilitation than other verbal conditions. For visually
non-contrastive motion, we expect a higher fixation on goal
in assertive—assertive condition. For other verbal conditions
we do not have predictions.

Method

The methods reported in this study are approved by the Re-
view Board of the associated university and the informed con-
sent from all the participants were obtained prior to data col-
lection.

Participants

Participants were 35 university students (Mean age = 23.90,
SD = 2.97) years, recruited through advertisement in the
classrooms and flyer distribution. All participants had native
to fluent German proficiency and received 10 Euro for partic-
ipation in the study. Data from 3 participants were discarded
due to track-loss (N = 2) and failing to properly follow the
experiment instructions (N = 1).

The sample size was based on previous eye-tracking
studies on event understanding (Papafragou, Hulbert, &
Trueswell, 2008; Bunger, Skordos, Trueswell, & Papafragou,
2016).

Stimuli

The stimuli were drawn from Hespos, Saylor, and Grossman
(2009) and consisted of two pairs (N = 4) of short videos in
which a ball was moved by a female actor with respect to the
three landmark objects i.e., origin, midpoint and a final goal.
For each video, the path of the ball was defined in terms of
the sequence of directions it followed in two subsequent mo-
tions. The motion was classified as, a) contrastive, if — after
reaching the midpoint — the ball moved in the opposite direc-
tion, i.e., Up—Down or Down-Up (Figure 1 (a) and (c)) and
b) non-contrastive if the ball followed the same direction after
reaching the midpoint i.e., Up—Up or Down-Down (Figure 1
(b) and (d)).

The path of the video was combined with verbal instruc-
tions indicating the direction of the motion either in assertive
or negative condition. The verbal instructions were always
congruent to the direction of the motion, for example an up-
ward motion could either be instructed by an Assertion [To-
wards Up!] or a Negation [Not Down!], and likewise a down-
ward by an Assertion [Towards Down!] or a Negation [Not
Up!l.
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(©)

(b)

(d)

Figure 1: Stimulus videos depicting the path conditions; (a) contrastive [Up-Down], (b) non-contrastive [Up-Up], (c) con-
trastive [Down-Up], (d) non-contrastive [Down-Down]. Black lines show the movement path of the ball with instruction in

assertion-assertion condition

The female researcher recorded verbal instructions us-
ing a tone of voice that is typically used when guiding
someone through a series of movements. To add the
verbal contrast on contrastive and non-contrastive motion
types, the combination of verbal guidance were synchro-
nised as, assertion-assertion, negation-negation, assertion-
negation and negation-assertion where a video without in-
struction (no voice) was treated as a baseline condition. A
total of twenty trials were created by combining 4 videos to 5
types of instruction conditions.

Procedure

The study was designed on Tobii-Pro software with 120 Hz
remote eye-tracker installed on the 1920 (width) pixels X
1080 (height) pixels monitor. The size of the stimulus was
1080 (width) pixels and 720 (height) pixels. Participants were
seated on a rotatable chair approximately 60 cm from the
screen. The physical objects used in the video were placed
behind the participants on a small stage. A video camera
was installed behind the stage to record the action perfor-
mance. The experiment started with a fixation screen fol-
lowed by the first video then a probe message screen at the
end. The probe screen asked the participants to perform the
action shown in the video. Participants then turned back from
the screen, performed the action on the small stage being
seated on the same chair and then returned back to the ini-
tial position and proceeded to the next trial by pressing the
space bar on eye-tracker keyboard. The presentation of the
videos was randomised and the videos were presented in self-
paced manner where participants were given unlimited time
to perform the task and then come back to the initial position

and continue to the next trial. The position of the chair was
marked on the ground to keep the distance consistent between
the eye-tracking screen and the participant. Prior to the main
experiment, participants were given 10 practice trials to fa-
miliarise themselves with the experiment setup. The objects
and its directions used in the practice session were different
from the main experiment to avoid the carry-over effect. Af-
ter the practice session the main experiment began. All trials
were presented in random order without time restriction for
the performance task. The entire experiment lasted approx-
imately 30 minutes and the eye-gaze and videos data were
recorded throughout the experiment.

Analysis

For the recall coding, videos of the action demonstration and
performance were exported together from the eye-tracker and
video recorder respectively. For the fixation metrics a sepa-
rate data-set was exported from the Tobii-Pro Lab software.

Preprocessing of eye movement data

A circular area of interest (AOI) was created for goal object.
Previous studies in event understanding have suggested that
the goal receives greater attention than any other entity within
the action (Hespos et al., 2009), which is also conceptualised
as the path of the motion (Bunger, Trueswell, & Papafragou,
2012; Bunger et al., 2016; Bunger, Skordos, Trueswell, &
Papafragou, 2021; Papafragou et al., 2008), where the action
final object is represented as the motion path. Following this
literature, the path AOI was defined by the area surrounding
the goal object (here: green ring). In order to ensure that
the moving object and path AOIs do not coincide, the AOIs
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were only active from the beginning of the trial till the time
the moving object reached the goal. Fixations were filtered
using the Tobii-Pro-IV inbuilt algorithm. For each video the
total trial duration was divided into 200 ms bins following
the previous research suggesting that it takes around 200 ms
to launch a saccade (Saslow, 1967). To calculate the fixation
proportion at each time bin, the number of fixations falling
in an AOI within a bin was counted and divided by the to-
tal number of fixations falling into that bin using a R script
(R Core Team, 2022). Participants with more than 25% of
trackloss across all the trials and trials with more than 50%
trackloss were excluded from the analysis.

Pre-processing of recall videos

For recall, we compared the video data from the recorder with
the video exported from eye-tracker. Each video was seg-
mented into sub-actions based on the change in the path of
the motion, which was ascertained by counting the inflection
points in a path. The correct sub-action was scored 1 and
incorrect as 0. The total correct sub-actions were summed
at the end and then normalised over the total possible score
to estimate the proportion. To ensure the reliability of the
recall coding, the coding process involved two student as-
sistants who independently coded the data. This approach
was taken to establish inter-rater reliability between the two
coders (Kendall’s coefficient of concordance, W = 0.78).

Results
Eye movements

We were interested to test the time dependent changes to
the fixation towards the goal for each combination of visual-
verbal trials. The eye-tracking data was analysed using
Growth Curve Analysis method, GCA (Mirman, Dixon, &
Magnuson, 2008; Mirman, 2014). To get our dependent vari-
able, we followed the prior work in motion event (Papafragou
et al., 2008) and used the log transformed odd ratio fixation
proportion on the goal AOIs for each 200 ms time bin and
observed the preference to the goal across time. To capture
the variability in the eye-movement, a 2nd Order GCA linear
mixed effects model was fitted because the raw data roughly
followed a U-shaped curve. The sum coding was done to treat
- no voice - condition as the baseline against which other in-
struction conditions were compared. The model fitting proce-
dure followed a maximal approach (Barr, Levy, Scheepers, &
Tily, 2013) and included random intercept and slope adjust-
ments to the subjects since a more complex model was unable
to converge. All the analysis was done using Ime4 package
(Bates, Michler, Bolker, & Walker, 2015).

Aiming to capture the change of attention towards the goal
object in overall course of the trial, we examined the inter-
action of verbal instructions with polynomial time terms, i.e,
linear and quadratic. If there is a significant effect of time
on attention towards the path, as indicated by an increase or
decrease in fixation, we expect to observe an interaction be-
tween that particular time term and the verbal condition. On

the other hand, the absence of such an interaction would sug-
gest that fixation remained stable with respect to a baseline..

Proportion of Goal fixations

I
5

1 1 21
Time bins (200ms)

Figure 2: Proportion of Goal fixation for Contrastive motion

Table 1: Parameter estimates for the contrastive motion. The

fixed effects interaction of instruction condition with linear
and quadratic time terms

Fixed Effect Estimate S.E. ¢ p
(Intercept) -3.63 0.05 -76.55 0.00
Linear 0.20 0.03 6.98 0.00
Quadratic -0.90 0.03 -31.99 0.00
Assertion-Assertion  -0.05 0.05 -0.87 0.39
Negation-Negation ~ -0.08 005 -158 0.12
Assertion-Negation  -0.06 0.05 -1.12 027
Negation-Assertion  -0.07 005 -125 021
Linear
Assertion-Assertion  -0.16 0.04 -398 0.00
Negation-Negation -0.15 0.04 -3.65 0.00
Assertion-Negation 0.02 0.04 046 0.64
Negation-Assertion  -0.34 0.04 -8.18 0.00
Quadratic
Assertion-Assertion  0.31 0.04 7.82 0.00
Negation-Negation ~ 0.23 0.04 5.81 0.00
Assertion-Negation ~ 0.32 0.04 7.97 0.00
Negation-Assertion (.22 0.04 549 0.00

For contrastive visual context (Figure 2), there was no main
effect of verbal condition, suggesting that the overall time-
independent looks towards the goal did not differ significantly
across verbal conditions. To visualise the time dependent
change, we analysed the interaction of linear and quadratic
time terms with verbal conditions. There was a significant
decrease in attention towards the goal when an instruction is
provided alongside action (Table 1), which suggested that re-
gardless of the characteristics of the verbal instruction i.e.,
negative or assertive, the attention towards the goal decreased
with time when an action is accompanied by a verbal instruc-
tion. This is consistent with our prediction that the processing
load leads to a decrease in attention towards the goal. Impor-

2619



tantly, we found that this difference was not present in the
assertion-negation condition (§ = 0.02, SE = 0.04, t = 0.46) at
the linear time term. This indicates that, for all verbal condi-
tions, attention towards the goal object consistently decreased
throughout the trial. However, in the assertion-negation con-
dition, attention initially decreased but then increased at later
times, and this pattern was not significantly different from
the baseline (no-voice) at the linear time term. This finding
might be interpreted as a reduced cost of negation processing
following a positive context, which was comparable to the
baseline (no voice) condition.

Proportion of Goal fixations

39

4.1
1 1 21 3
Time bins (200ms)

Figure 3: Proportion of Goal fixation for non-contrastive
motion

Table 2: Parameter estimates for the non-contrastive motion

Fixed Effect Estimate S.E. ¢ p
(Intercept) -3.78 0.03 -108.23 0.00
Linear -0.16 0.03 -6.10 0.00
Quadratic -0.51 0.02 -20.68 0.00
Assertion-Assertion  0.01 0.04 0.19 0.85
Negation-Negation 0.03 0.04 0.78 0.43
Assertion-Negation 0.02 0.04 0.56 0.57
Negation-Assertion 0.04 0.04 0.92 0.36
Linear
Assertion-Assertion  0.13 0.04 3.37 0.00
Negation-Negation -0.15 0.04 -4.01 0.00
Assertion-Negation 0.00 0.04 -0.04 0.97
Negation-Assertion 0.17 0.04 4.63 0.00
Quadratic
Assertion-Assertion  0.06 0.04 1.77 0.08
Negation-Negation -0.19 0.04 -5.40 0.00
Assertion-Negation -0.10 0.04 -2.98 0.00
Negation-Assertion 0.14 0.04 392 0.00

For the non-contrastive visual context, we did not observe
a main effect of instruction (Figure 3), indicating that there
was no significant difference in the time-independent fixation
towards the goal when compared to the baseline condition.
However, we did observe a significant interaction between

the quadratic time term and all three verbal conditions, ex-
cept for the assertion-assertion condition (Table 2). This in-
dicates that providing an assertive-assertive instruction along
with the non-contrastive action resulted in a similar fixation
pattern towards the goal object as in the baseline (no-voice)
condition. This is in contrast to the other verbal conditions
where negation was used as an instruction, suggesting that
there may be a processing cost associated with negation in
a non-contrastive context. Additionally, we observed a simi-
lar pattern for the linear time term, with the exception of the
assertion-negation instruction, suggesting that the processing
cost of negation may be mitigated when it is preceded by an
assertion.

Recall

Recall data was analysed using logistic regression model
since the data followed a binary 0 or 1. The number of suc-
cesses were calculated by summing all the correct responses,
and the failure by subtracting the successes from the total
score for each trial. The model was fitted using glmer func-
tion in R with binomial family, treating the fixed effects of
instruction, path type and their interaction, and subjects as a
random effect with varying intercept since a complex model
with varying slope failed to converge. The instruction condi-
tion was sum coded to treat no voice condition as the baseline
against which other conditions were compared. Similarly for
the path type non-contrastive path was treated as the baseline.
Results are provided below for path and instruction combina-
tions (Figure 4).

Path Condition ES Non-Contrastive

raleiialsnls

Contrastive

Y

Correct recall

o

No Voice Assertion-Assertion Negation-Negation Negation-Assertion Assertion-Negation

Figure 4: Proportion of correct recall for contrastive and non-
contrastive path conditions for instruction conditions plotted
against x-axis

The model showed no main effect for the instruction sug-
gesting that participants’ recall did not differ significantly for
different verbal conditions (Table 3). There was no main ef-
fect of path condition as well suggesting that participants did
not differ in their overall recall score across contrastive and
non-contrastive paths. However, there was an interaction be-
tween path and verbal condition such that participants per-
formed significantly better on contrastive path in presence
of assertion—negation instruction (f = 0.54, SE = 0.23, t =
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2.35, p < 0.01). A pairwise comparison within contrastive
condition (Table 4) suggested a significant increase in recall
for both assertion—negation and assertion—assertion condi-
tion; when compared with no verbal condition (baseline), this
increase in performance was higher for assertion—negation
condition (B = 0.47, SE = 0.16, t = 2.83, p < 0.00) than as-
sertion—assertion condition (§ = 0.37, SE = 0.16, t = 2.23,
p < 0.00), however this difference was not significant.

Table 3: Parameter estimates of the fixed effects with instruc-
tion and path conditions as the predictor and recall as the out-
come variable. Significant values are boldfaced

Fixed Effect Estimate S.E. ¢ P
(Intercept) 0.83 0.14 597 0.00
Assertion-Assertion 0.23 0.16 143 0.15
Negation-Negation 0.24 0.16 1.51 0.13
Negation-Assertion 0.02 0.15 0.16 0.88
Assertion-Negation -0.06 0.15 -0.39 0.70
Path: Contrastive 0.12 0.15 0.79 043
Assertion-Assertion  0.14 023 0.62 0.53
Negation-Negation ~ -0.38 0.22 -1.68 0.09
Negation-Assertion  0.01 022 0.06 0.95
Assertion-Negation  0.54 023 235 0.01

Table 4: Pairwise comparison for contrastive path with no
verbal as baseline. Significant values are boldfaced

Fixed Effect Estimate S.E. ¢ )4

(Intercept) 0.96 0.14 6.70 0.00
Assertion-Assertion  0.37 0.16 223 0.02
Negation-Negation ~ -0.13 0.15 -0.86 0.38
Negation-Assertion  0.03 0.15 024 0.81
Assertion-Negation ~ 0.47 0.16 2.83 0.00

For non-contrastive motion a similar pairwise comparison
between instruction types treating no voice as the baseline
showed no significant increase in performance for any in-
struction types (Table 5).

Table 5: Pairwise comparison for non-contrastive path with
no verbal as baseline

Fixed Effect Estimate S.E. ¢ )4

(Intercept) 0.83 0.13 6.04 0.00
Assertion-Assertion  0.22 0.15 142 0.15
Negation-Negation ~ 0.23 0.15 150 0.13
Negation-Assertion  0.02 0.15 0.15 0.87
Assertion-Negation  -0.05 0.15 -0.38 0.69

Discussion

This study aimed to explore the effect of contrastiveness in
both visual and verbal modalities on action processing and
event memory in comparison to a non-contrastive presenta-
tion. Our findings suggest that visual contrast alone does not
enhance event memory. However, when a visually contrastive
action is accompanied by a contrastive verbal guidance in the
form of assertive-negative descriptions, it leads to better re-
call of the event. This implies that contrastive verbal cues can
facilitate event memory in such cases. This finding is impor-
tant for explanations that are usually multimodal.

We also tested whether there persists a distinct visual at-
tention for event goal in this condition and found that the dis-
tribution of attention over the goal object decreases with time
when the verbal instruction is provided alongside action — an
effect similar to Sciutti et al. (2016), who found that the ver-
bal instructions reduced predictive shifts towards the goal of
action. The evidence also supports the findings of Papafragou
et al. (2008), where it was reported that linguistic processing
reduced the fixation towards the path (goal object) in relation
to the manner. However, the current study remains limited
with respect to the findings about the manner of the motion,
where the manner could be conceptualised as the way the ob-
ject traverses the entire trajectory. In this context, the move-
ments of the hands can be categorised as the iconic gestures,
indicating the relative position, which is specifically shown
beneficial for communication (Holler & Beattie, 2003).

With regard to linguistic negation, the current study sug-
gested that negation carries a processing cost, but its impact
can be mitigated in a contrastive context where the prior in-
formation has been given. Our findings support the contex-
tual effect reported by Albu et al. (2021) and expand it to
the action demonstration scenario. Specifically, when a nega-
tive instruction follow an assertive instruction in a contrastive
context, such as in [Now Up! - Not Up!], the negation can
be interpreted in the light of the preceding event, leading to
a more coherent sequence of events and improving recall. In
cases where a later event is not related to a prior event, the use
of negation does not improve recall. This is particularly evi-
dent in non-contrastive contexts where negation is processed
without any contextual information. In contrast, assertive in-
structions seem to have a positive impact on event recall in
such situations, likely due to the repetition of prior events.

Conclusions

This study sheds new light on a fundamental aspect of visual
and verbal cognition - contrast. Our findings suggest that
the combination of assertion and negation creates a rich
contextual effect that can potentially reduce processing
costs and enhance event memory for contrastive events.
The findings highlight the importance of contrastive verbal
guidance in facilitating learning of contrastive actions and
offer possibilities for future research in event representation
and action understanding.
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Abstract

This article presents a methodological framework for studying online language—vision
processes in an interactive HRI setup. In such a setting, language-mediated eye move-
ments can be examined as dialogue unfolds between a human and a robot. Tradition-
ally, real-time linguistic processes have been studied using visual world paradigms
(VWP), in which either comprehension or production tasks are implemented on
screens under tightly controlled conditions (Tanenhaus et al., [1995). Going beyond
these traditional and largely unidirectional approaches, we use a humanoid robot to
bring comprehension and production into a single interactive framework while retain-
ing experimental structure. Using one proof-of-concept empirical example, we outline
the methodological potential of HRI setups for investigating online language—vision
interplay in dialogue. More specifically, we show how a traditional VWP design can
be embedded within an interactive HRI task where the participant not only engages
with a partner but at the same time acts on the physical stimuli. When such tasks
are grounded in robust psycholinguistic assumptions and empirical predictions, they
can serve as a controlled interactive test-bed for examining whether established find-
ings from real-time language processes extend to richer task contexts. We illustrate
this approach with one example involving action structure (path vs. manner) and
repair format (open vs. restricted) to argue that HRI can offer a useful method-
ological middle ground for studying online language—vision processes in a setting
that is more interactive than traditional screen-based paradigms while remaining

experimentally structured.
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Introduction

For decades, psycholinguistics has grappled with a recurring tension between precise
experimental control and the study of language in richer contexts (MacWhinney, |2000;
Tanenhaus & Trueswell, [2006; Yule, [1996; Zwaan, |2016)). This tension has given rise to
two influential orientations along theoretical and methodological lines within psycholin-
guistics, namely “language-as-product” and “language-as-action” as dubbed by Clark
(1992). Whereas the language-as-product orientation has examined language process-
ing under tightly controlled conditions to investigate time-locked, real-time processes
of comprehension or production, without goal-directed behavior (Altmann & Kamide,
1999; Chomsky, [1965; Jackendoff, 2002; Levelt, [1989; Tanenhaus et al., |[1995), the
language-as-action orientation has investigated language using offline methods under
interactive setups with goal-directed and joint activity, where meaning is negotiated
through social interaction in rich contexts (Clark, [1992| [1996; De Jaegher et al., 2010;
Goodwin, 2000; Pickering & Garrod, |2004; Tomasello, 2003)). In the past, there have
been multiple attempts to bring these two orientations together for their complemen-
tary strengths, but they have not been able to capture typical assumptions of both
action and product paradigms. For instance, an early attempt by Spivey et al. (2002)
brought Visual World Paradigms (henceforth VWP) closer to an interactive approach.
It preserved important aspects of a language-as-action situation, but did not fully re-
alize interactivity. While Spivey et al. (2002) were able to extend the context from
screens to real-world settings with participants having a clear behavioral goal, they
nevertheless acknowledged that more work was needed to bring the two orientations
together in VWP experiments. Subsequently, following works from Brown-Schmidt and
Tanenhaus (2008) and Tanenhaus and Brown-Schmidt (2008) moved a step further to
measure time-locked responses in unscripted conversation.

Whereas these early setups were able to capture essential aspects of action
paradigms, such as spoken language as a medium of communication, a well-defined con-
text, and a task with clear behavioral goals, they nevertheless did not fully implement
interactivity, for two likely reasons, 1) scripted instructions as in Spivey et al. (2002),

or 2) unscripted conversation, though within a partly restricted setup, e.g., curtain in-



between participants to preserve a substantial degree of control as in Brown-Schmidt
and Tanenhaus (2008) and Tanenhaus and Brown-Schmidt (2008). While it is agreed
that for a controlled yet interactive VWP setup appropriate trials and baselines have to
emerge from the conversational interaction itself (which, ideally, should be mostly un-
scripted), the partner is nevertheless hidden to systematically separate partner-driven
effects from language-driven eye movements. Introducing a human partner into the
setup certainly involves a trade-off, as it comes at the cost of measurement precision
for time-locked, language-driven eye movements, given that human partners intro-
duce additional attentional shifts inherent to rich discourse and non-verbal behavior.
Whereas introducing confederates to generate verbal instructions in the experiments
is often cited as a way for control and reduce random variations, they nevertheless
eliminate the natural collaborative process (Kuhlen & Brennan, 2013).

In this paper, we introduce a humanoid robot as a partner to mitigate sources of
randomness on the partner’s side and to standardize partner behavior across differ-
ent interactions. By doing so, the present article does not aim to resolve the broader
theoretical differences between action paradigms and product approaches to studying
human interaction. Rather, it opens up a new possibility to validate the already es-
tablished rich theories in VWP on online language-vision interaction in HRI, while at
the same time treating this new domain as its own field. It proposes a methodological
middle ground in which language-as-action aspects are preserved through a bidirec-
tional human-robot setup, while classical VWP methods are brought in to investigate
language—vision interaction with the temporal precision traditionally associated with
language-as-product paradigms in a more structured setting.

Since the inception of visual world paradigms (VWP) about 30 years ago (Tanenhaus
et al., |1995)), there is little doubt that eye-tracking has proven valuable for examining
multifarious patterns of language—vision correspondence (Altmann & Kamide, [1999;
Huettig et al., 2011; Tanenhaus & Trueswell, |2006)). Historically, one of the main mo-
tivations to study online language processes was to demonstrate that language and
vision are interactive, challenging the prevailing notion of modularity, and that visual
context can influence speech processing and vice-versa (Anderson et al., |2011). In a

controlled environment with visual stimuli, researchers were able to investigate when



and how referential expressions, e.g., Pick up the Lamp activate phonologically similar
competitors over time (Allopenna et al., |1998)). For example, a target word like Lamp
may initially co-activate onset competitors like Ladder within first 200 ms, followed by
a rhyme competitor, such as Camp, and subsequently by a semantically related item
like Table. At the syntactic level, studies investigated how listeners handle temporary
ambiguities in sentence processing (e.g., garden path sentences) and whether visual
context facilitates such disambiguation (Spivey et al., 2002). Central to this kind of
investigation was the aim to capture how linguistic ambiguity is resolved when visual
context is made available (Spivey, [2007)).

The question of referential resolution in language-as-product research is not funda-
mentally different from that in language-as-action settings; the main difference lies in
the context in which it is investigated, namely communication tasks organized around
joint goals (Brown-Schmidt & Tanenhaus, 2008; Clark & Wilkes-Gibbs, 1986; Spivey
et al., 2002). Part of this difference in perspective lies in how the notion of “inter-
action” has been developed across the field of social cognition and classical cognitive
science. Whereas in cognitive science there has been a call for a “paradigm drift” away
from modularity (recent call, Spivey, 2023), social cognition emphasized distributed
cognition and participatory aspects of social interaction at a broader level (recent call,
Dingemanse et al., |2023)). Rather than treating these approaches as methodologically
different, it is more useful to view them as complementary, emphasizing different con-
texts for language investigation at both individual and interactional levels. For exam-
ple, although traditional VWP experiments in psycholinguistics inform us about how
listeners process referential expressions in real-time, they often do not inform us about
interactive and communicative role of gaze in the presence of a partner (Goffman, [1959;
Kingstone, 2020)).

This methodological specificity further raises a broader question: how do the gaze
patterns observed during real-time comprehension or production in tightly controlled
psycholinguistic experiments generalize to the situations where comprehension and
production is happening simultaneously in presence of an interaction partner? In fact,
developmental literature already suggests that infants behave differently when a part-

ner is present with whom they can create actions (Reddy et al., [2013]). Recent work



also shows that partner-specific information, common and privileged ground can shape
visual attention in real-time during language comprehension and production (Galati &
Brennan, 2021; Wei et al., [2024). In contrast to an individual mind where the eyes do
not signal information, but they solely serve to take information in, the presence of a
partner requires the listener to not only passively gather information but also manage
communicative signals by being aware of the partner and adjusting the looking behav-
ior that reflects both comprehension and coordination (Kingstone, [2020; Richardson et
al.;2007)). In such settings, looking toward the partner can function as a cue that is rel-
evant for coordination, while looking toward referential stimuli may reflect information
acquisition mirroring the processes to those studied in VWP.

We see human-robot interaction (HRI) as a possibility for bringing the online ex-
perimental rigor of VWP to a very specific case of interaction, where human language
processes are shaped moment by moment as they interact with a robot. Our pro-
posal aims not only to advance research on online methodologies, but also to lay the
groundwork for testing, validating and extending existing findings in an HRI setting.
Although numerous studies have used HRI to investigate language processing, most
have focused on outcome measures, such as interaction quality, anthropomorphism,
personality traits and learning outcomes rather than the fine-grained analysis of real-
time linguistic processes. To our knowledge, there have been very few experiments that
have used robots to investigate online language processes in truly interactive settings.
Moreover, those studies which have attempted to investigate language processes in an
HRI setup, have examined either comprehension (e.g., Staudte & Crocker, 2009)), or
production processes in isolation (e.g., Stratou et al., 2021), and have not brought two
processes within a unified framework.

Our call is also informed by the contemporary rapid advancements of artificial in-
telligence and large language models, which now offer myriad opportunities to tailor
dialog models and create a situation where critical trials and baselines emerge as a
process of interaction rather than scripted instructions. In this article, starting from
a trial based experiment, we provide one proof-of-concept where a VWP experiment
can be brought into HRI design to show that a real-time investigation of linguistic

processes can be studied without abandoning interactive task structure.



The remainder of this paper is organized into four main sections followed by future
directions. The first section contextualizes interactivity in psycholinguistic research.
The second section explores how HRI can contribute to this domain by providing a more
interactive yet structured setting for studying online language processes. The third
section presents referential ambiguity resolution as a central methodological paradigm,
one that has historically driven psycholinguistic inquiry and remains central in social
interaction. The fourth section extends the scope of linguistic processing to action,
illustrating how language—action coupling helps to achieve interactivity in an HRI-

based setup through examples from our recent studies.

Toward interactivity in psycholinguistic research

In a recent article, Maselli et al. (2023]) expressed optimism about the feasibility of
conducting ecologically valid studies, particularly in light of recent technological ad-
vancements and emphasized that future research should harness these developments
within more innovative experimental designs. Although the concept of interactivity in
language study is by no means new, the way the multidisciplinary field of psycholin-
guistics has emerged and stood apart from these fields is related to an approach that
has remained coherent in both method and theory (Levelt, 2013)). Many studies in these
related disciplines have relied on corpus analysis of existing texts and newspapers or on
naturalistic data collected from phone conversations with strangers and video record-
ings “in the wild” (MacWhinney, [2000). Through such data, researchers have uncovered
different patterns in communication, such as word frequency distribution (Piantadosi,
2014)), lexical regularities (Dale & Spivey, 2006) and turn-taking timings (Stivers et
al., [2009). However, these naturally occurring settings often present limitations for the
types of phenomena that interest cognitive scientists, particularly those who were typ-
ically interested in linguistic processes taking place under constrained temporal and
spatial conditions. For example, in controlled interaction where participants collaborate
on a joint object assembly task, the phenomena of lexical alignment can be meaning-
fully investigated by tracking how participants’ use of terminology changes over time

(Isaacs & Clark, [1987). In parallel with corpus-based and naturalistic approaches, in



a quest to investigate language in psychological terms, studies increasingly focused on
uncovering the underlying cognitive processes by imposing strong temporal constraints.
Tasks such as priming and lexical decision were employed to examine, for example, the
time it takes to retrieve words from memory (D. E. Meyer & Schvaneveldt, (1971} Neely,
1977). The effect of context on the lexical accessibility was also tested, typically for
a predefined set of sentential and lexical contexts, which revealed that context plays
a critical role in modulating how and when words are accessed during comprehension
(Stanovich & West, |1983). The story remained dominant until the visual context was
also shown to concurrently affect multiple linguistic levels, including lexical, syntactic,
and later even semantics and pragmatics processing (Knoeferle et al., 2005; Spivey,
2007; Spivey et al.,[2002). These advances in studying temporal dynamics of language
processing were made possible by technological advancements, most notably by the
development of eye-trackers, where the VWP, in particular, would establish itself as a
standard method in psycholinguistics to study online language comprehension (Huettig
et al., 2011; Spivey, |2007; Tanenhaus et al., |1995). This technological shift marked a
major stride forward by allowing the researchers to move beyond investigating language
“in the wild”, toward investigating linguistic processes in semi-naturalistic and ecolog-
ically richer situations within an experimentally controlled environment by bringing
the visual contexts into the lab. Hence, in retrospect, the convergence of technological
advancements and innovative experimental design can be seen as a key driving force
behind the rapid progress in psycholinguistics (Maselli et al., [2023; Ryskin & Spivey,
2023)). By preserving visual context within structured tasks, VWP-based experiments
offered a compromise between ecological validity and methodological rigor, though not
without certain limitations (McMurray, [2023; Ryskin & Spivey, 2023). Here, ecologi-
cal validity is treated as a matter of degree rather than a binary property. Whereas
paradigms such as the VWP have been successful in incorporating visual contexts into
the laboratory studies, they still fall short of capturing the continuous, dynamic nature
of social interactions. For instance, unlike lab-based VWP experiments, everyday com-
munication does not unfold in discrete trial-by-trial segments; rather, it is continuous
(Spivey, [2007; Tanenhaus et al.,|1995), and requires us to account for macro-processes

at the social-interactional level together with cognitive processes within individuals



(Clark, [1996; Fusaroli et al., 2014; Rohlfing et al., [2003). In an interaction, visual
context is not disjoint and resets at the beginning of each trial but it is essentially
ever present and evolves as the interaction progresses. This limitation of VWP has
recently been acknowledged by its proponents, and, being aware of such limitations,
they call for more innovative methods through which real-world contextual effects can
be studied in interactive settings (McMurray, 2023; Ryskin & Spivey, [2023). Although
the methodological gap addressed in this paper is narrower than the general chal-
lenge of ecological validity, we aim to bring the methodological rigor of VWP into
Human-Robot Interaction (HRI) research and thereby propose a framework for study-
ing and testing predictions about online language processes in a relatively controlled
yet interactive HRI setup. The immediate issue is that many established paradigms
capture fine-grained, time-locked linguistic processes well, but offer only limited oppor-
tunities to examine how those processes change when comprehension, production and
action unfold within the same joint task. In response, we leverage recent advancements
in HRI in the hope that the field of psycholinguistics stays ready and can move further

as the developments follow in upcoming years.

How HRI can contribute to study online linguistic phenomena

A core motivation to observe eye movements during continuously unfolding speech
stems from the fact that many meaningful processes related to language occur below
the level of conscious awareness (Mishra et al.,|2013)). Participants are typically unaware
of their gaze patterns as they process spoken language in real-time (Tanenhaus et al.,
1995). For example, in a task designed to measure lexical activation patterns across
phonological cohorts, participants who hear a word cap may briefly look at a picture of
candle (a phonological cohort), more often than on unrelated images. Critically, when
they were asked to report whether they also looked at candle briefly, most participants
were unaware of such fixations and reported not looking at the distractors by any means
(Tanenhaus et al., |1995). This kind of automatic processing has been consistently
observed not only for competitors at lexical (Allopenna et al., [1998]), but also at the

semantic (Yee & Sedivy, 2006) and syntactic levels (Spivey et al., 2002), making eye-



tracking a robust tool for capturing cognitive processes unfolding beyond conscious
control. This allows one to investigate processes within a setup without disrupting
the dynamically updating task goal, as opposed to response times that interfere with
participants’ cognitive states and impose restrictions on the dynamic goal by pushing
participants to act as quickly as they can. At the same time, in interactive settings gaze
is not only informative about ongoing linguistic processes, but can also function as a
communicative resource for coordination between partners, making traditional outcome
measures such as response times less natural and less meaningful in such settings. In
a review article, Degutyte and Astell (2021) summarize studies addressing questions
such as whether speakers maintain or avert gaze toward their partner during turn
initiation or completion, how attention is divided between partner and task, how gaze
is distributed across gestures, and how referential communication unfolds under semi-
controlled conditions (Degutyte & Astell, 2021, for a review). Whereas these studies
have successfully integrated the novelty of the eye-tracker with phenomena such as
turn-taking, with some exceptions, they focus more on communicative aspects than on
fine-grained temporal dynamics of linguistic processes. It appears that whenever online
language-mediated eye movements are studied, one often has to return either to screen-
based paradigms, as in traditional VWP studies, or to introduce an opaque divider
between participants in order to preserve a certain degree of interactivity and control
(e.g., Brown-Schmidt & Tanenhaus, 2008). In rare cases, where such experiments are
implemented in real-world settings, the replication proves difficult—an issue that is
also reflected in ongoing challenges of methodological transparency and comparability
in eye-movement studies of interaction (Degutyte & Astell, 2021). Taken together, the
methodological challenge is that interactive paradigms rarely preserve the temporal
precision needed to study online language-mediated eye movements while also retaining
an actual interaction partner and an ongoing task.

Rapidly evolving fields such as human-robot interaction in combination with emerg-
ing technologies might contribute to implementation of experimental setups that would
have been infeasible a few decades ago. One of the key advantages of HRI setups is that
they allow the inclusion of an interaction partner and, at the same time, a controlled

investigation of the “shared” and “individual” aspects without compromising real-time



processual measures. Since a robot’s behavior can be controlled precisely across trials
and study participants, it enables researchers to introduce interaction while retaining
a degree of experimental control. Crucially, the motivation for using a robot should be
methodological rather than purely ecological, since compared with a human confeder-
ate, a robot allows more standardized delivery of instructions, more repeatable trial
structure, and stable manipulations. Whereas the idea of employing robots for experi-
ments has been longstanding, and the HRI field has been developing with its own goals,
primarily aimed at making robots more responsive, adaptable, and socially effective
for humans, it also holds untapped potential for contributing to our understanding
of language processing (Bateman et al., |2003)). This potential goes far beyond simply
observing how people behave in front of robots or how they perceive them; rather, it
opens a path toward systematically investigating the temporal dynamics of linguistic
processing.

Yet, like many fields that remain relatively inert to interdisciplinary integration, HRI
is no exception. For example, the long-term goal of HRI has generally been framed as
facilitating more natural interactions between humans and robots, ideally approximat-
ing human—human communication (Admoni & Scassellati, 2017; Goodrich & Schultz,
2008)). Although such an approach is highly beneficial for the development of more so-
phisticated robots, the potential of such systems to reveal a fine-grained understanding
of language processes remains underutilized. For example, most HRI studies continue
to focus on how participants respond to robots under different conditions, aiming to
tailor and optimize it based on factors such as anthropomorphism (Murali & Riek,
2023), likability (Brawer & Scheutz, [2018)), trust (Charalambous et al., [2023), errors
(Salem et al., |2015) and how participants would “like” the robot to behave in turn
(Niculescu et al., [2019). These notions dominate the HRI field in abundance, but psy-
cholinguistic notions, particularly online language processing are rarely studied. In the
context of eye movements, HRI research tends to examine how robot gaze influences
participants’ attention or mutual gaze behaviors (Admoni & Scassellati, [2017; Staudte
& Crocker, [2009). In developmental robotics, the emphasis is often on finding out the
best way to teach the robot (Vollmer et al.,[2016). In contrast, investigating online lan-

guage processes has received comparatively less attention in HRI, where broader goals
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such as natural interaction, trust, and adaptation have often taken priority (Goodrich
& Schultz, 2008)). As a result, the field appears increasingly shaped by the interests of
psychology and computer science, with a focus on a classical stimulus-response (SR)
approach (von Salm-Hoogstraeten & Miisseler, [2021), and if this trend continues, the
field may increasingly prioritize observable outcomes over the investigation of online
language processes (Gardner, [1985). One further challenge in an interactive paradigm
with robots is the risk of frequent conversational breakdowns. However, rather than
viewing these breakdowns as methodological obstacles, we argue that they can serve
as an opportunity to study online language processes (Dogan et al.,2022). In the next
section, drawing on work on the origins of such breakdowns in social interaction (Al-
bert & de Ruiter, 2018), we outline the utility of such breakdowns for the realization

of interactive setups.

The ubiquitous breakdowns in HRI and how to capitalize on them

Ambiguities are inherent in all technological systems, whether they concern how a sys-
tem functions at the operational level or arise while interacting with it (Arend et al.,
2024)). In conversational systems such as social robots, breakdowns in conversation are
a major source of ambiguity (e.g., Kontogiorgos et al., [2021). In such situations, it
has been shown that learners seek help from their partners (e.g., Shah et al., [2020;
Singh et al., |2025). These breakdowns may originate at the systemic level, for instance
when the robot fails to process spoken input due to limitations in automatic speech
recognition, or at the interactional level, when the human interlocutor fails to compre-
hend the system’s output and must actively engage to resolve the misunderstanding
(Dogan et al.,|2022; Singh & Rohlfing, [2024). For our purposes, let us set the systemic
ambiguity aside and instead focus on interactional ambiguities, which are central to
our setup. Interactional ambiguities are not peculiar to human-robot interaction, but
are also central to investigations of human—human communication. In conversational
analysis, they are widely studied under the term “repairs” (Schegloff et al., (1977, p.
361). Repairs refer to side sequences within a conversation that are initiated when a

source of misunderstanding is identified in a prior turn and is subsequently resolved
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through negotiation. One such form is other-initiated repair, in which the listener iden-
tifies a problem source in the speaker’s utterance and initiates repair by highlighting
the source of trouble, thereby prompting the speaker to readjust or elaborate on a
specific aspect of the utterance (Dingemanse & Enfield, [2015)). Viewed from another
angle, this process is closely related to referential ambiguity, where the referent itself
becomes the unit highlighted by the listener as unclear or underspecified in the given
context. For example, when a speaker says, “Can you pass me the slip?” and the lis-
tener responds “The clip?”, the listener identifies the ambiguity in the utterance and
points to the likely trouble source, presumably referring to the objects available in the
shared visual context. If two competing referents are visually present, such as Slip and
Clip, the repair initiation may take the form of an alternative offer, such as “Clip or
Slip?”. Conversely, if no referential cues are available, the listener may instead initiate
a more general request such as “Huh?” or “What?”, or may simply look puzzled, thereby
signaling misunderstanding.

Thus, referential ambiguities can be realized in different linguistic forms, each of
which carries the problem source back to the partner in a way that is partly shaped
by the shared context. Other-initiated repairs are not exceptions, but foundational to
social interaction, and have been found to occur approximately once every 1.4 minutes
as engagement builds up (Dingemanse & Enfield, |2015). Gregoromichelaki et al. (2022]
p. 163) suggest that repairs can be understood as forms of “divergence” in conversation,
that is, moments where effort is required to sustain the flow of interaction, and thus they
offer an opportunity to study language without giving up interactivity. In this respect,
repairs are not merely failures, but can be treated as a useful resource to investigate
online language processes. In social interaction, individuals use repair moments not
only to reveal the source of trouble, but also to display their conceptualization of
the joint action by directly or indirectly highlighting the referents under consideration
(Albert & de Ruiter, 2018).

We propose that, when combined with eye-tracking, repair sequences become a pow-
erful methodological tool for probing ongoing linguistic processes indirectly without
interfering with the dynamic goal. Repair sequences make the trouble source linguis-

tically explicit, while eye-tracking provides a continuous and time-sensitive measure
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of how attention is redistributed around that source without interrupting the ongo-
ing task. Because this setup remains grounded in interaction, where visual context
is continuously available and dynamically changing, it provides a promising setting
for studying online language processing by inducing systematic “divergence” within
the emerging interaction. For methodological purposes, repairs are especially useful
because they create locally identifiable moments of divergence. Unlike broader conver-
sational phenomena, repair initiations are relatively well-defined in form, closely tied to
an immediately preceding trouble source, and often accompanied by rapid visual reori-
entation. This makes them particularly suitable for time-locked analysis in interactive
tasks.

An obvious extension of this paradigm is to allow participants to act on the provided
visual context, rather than merely observing it passively, as in traditional on-screen
tasks (Huettig & Tanenhaus, 2025). This shift makes the task pragmatically situated,
with actions and goals at its center. In the following sections, we highlight the relevance
of such implementations and illustrate their potential with a few study examples from

our own setup.

Relevance of actions in psycholinguistic experiments

There has recently been a debate over the nature of the task in VWP and whether,
while listening to instructions, participants should simply watch the stimuli (look-and-
listen) or manipulate and act on them (Huettig & Tanenhaus, [2025). Whereas both
versions of VWP tasks have their own merits, social interactions in particular require
engagement from both participants, where speakers and listeners must possess some
degree of autonomy and actively shape tasks together rather than maintain a purely
unidirectional flow (Clark & Krych, [2004; De Jaegher et al., 2010). According to De
Jaegher et al. (2010]), as soon as partners interact, engagement emerges, begins to “take
over,” and acquires a momentum of its own. Interaction also entails comprehension and
production at a multimodal level, intertwined and unfolding together in the service of
shared cognition (Pickering & Garrod, [2004)). Visual world paradigms typically employ

either comprehension or production alone, thereby missing the opportunity to engage
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participants in an interactive task (Tanenhaus et al., [1995). As a result, they rarely
examine these two mechanisms simultaneously in a single setting and instead assign
rigid roles from the very beginning (speaker or listener) in order to preserve control.
This challenge is amplified not only by speaker and listener roles in dynamic turn-
taking (De Ruiter et al., |2006; Levinson & Torreira, [2015]), but also by the noisy data
generated by eye movements in dynamic contexts (Degutyte & Astell, [2021). In VWP
studies, the dynamic nature of context is typically curbed by introducing systematic
changes either to the visual domain (when vision acts as a context for language) or
to the linguistic domain (when language acts as a context for vision), thereby treating
these tasks as separate from one another. For example, when the aim is to study
predictive processes in language, the linguistic stimuli (sentences) are manipulated in
order to observe their effect on a fixed visual context, whereas when the aim is to
study how visual context constrains language processing, the visual context itself is
manipulated (Anderson et al., |2011). The aim of isolating one of these mechanisms
has therefore led to two design types, each suited to a specific question of interest to
the experimenter. However, the two designs, whether language is treated as context for
vision or vision as context for language, can in one sense be treated alike, since visual
context is always present and actual behavior is largely driven by afforded actions
(Gibson,|1979). Thus, from a design perspective, actions are methodologically necessary
if comprehension and production are to unfold within the same dynamic context. Such
a setup should preserve visuolinguistic continuity, conversational bidirectionality, and
actions grounded in context.

The limitation stemming from the lack of interactivity has also been acknowledged
recently in VWP, particularly in relation to passive stimulus observation (McMurray,
2023; Ryskin & Spivey, [2023)). It is generally agreed that production inherently entails
the sensorimotor system (Pulvermiiller et al., |2005]), and if production and comprehen-
sion are to come together in a joint task, that task must also include action perfor-
mance. Crucially, these actions must be interpretable in psycholinguistic terms, such
that their connection to linguistic processes is clear rather than arbitrary. For such
a setup to be informative for psycholinguistics, the task should satisfy at least three

conditions: (1) actions must be interpretable in linguistic terms, (2) the interaction
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must allow participants to alternate between comprehension and production, and (3)
the design must include moments in which visual context can systematically constrain
how trouble sources are expressed.

We therefore argue that a continuous and interactive setup should provide partici-
pants with an opportunity to act on the visual context and thereby shape the inter-
action themselves, while at the same time allowing linguistic processes to be probed
indirectly without interrupting continuity. Most visual world experiments manipulate
the visual context by changing it from trial to trial, but probing the linguistic con-
text requires a method through which the relevant constituents are made prominent
via some indirect intervention. Once actions are integrated into the task, the next
challenge is how to make the relevant linguistic dimensions visible without interrupt-
ing the continuity of the interaction. To probe the linguistic context, some disruption
in the system is needed such that “divergence” from the joint goal takes place (Gre-
goromichelaki et al., 2022). When divergences occur, a reorientation toward emergent
joint goals becomes necessary. In this sense, divergences trigger “solution probing” pro-
cesses within the shared space of action opportunities (affordances). For example, once
engagement starts to “take over” and acquires momentum, introducing disruption into
the system is more likely to encourage participants to recalibrate their actions through
verbal and nonverbal means, because engagements are often robust against external
disruptions (De Jaegher et al., 2010)).

Investigating these phenomena therefore requires a holistic approach, one that stud-
ies interaction “as a whole” by examining behavior at multiple linguistic levels together
with the processes unfolding within individuals (Fischer, 2010). When comprehension
and production are brought together in an action task, we must also be able to specify
the functions that eye movements may serve under dynamic speaker—listener roles on
the basis of previous literature. The following subsection introduces the main analytic
gaze functions used in the present framework, summarized in Table [1] and situated

within the task structure in Figure
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Functions of eye movements during interaction

Drawing on broader findings in the literature, we now define the possible functions that
eye movements may reflect in the present framework (Allopenna et al.,|1998; Degutyte
& Astell, |2021; Tanenhaus et al., [1995). Table [I| summarizes these distinctions at the
analytic level, whereas Figure [1] situates them within the unfolding structure of the
task. The figure is not intended as a process model in a strong sense, but rather as
a schematic overview of how different gaze functions may become relevant as utter-
ances unfold in a shared visual workspace. Subsequently, we examine the plausibility
of these functions by drawing on a few examples from our own implementation in an
interactive HRI setup. Crucially, these labels should be understood as analytic and
operational distinctions rather than as discrete classes of eye movements. They are
used here to organize possible functions of gaze within the task and to generate predic-
tions about when gaze may serve referential integration, partner-directed monitoring,
or pre-utterance planning.

Two core functions of eye movements are identified during speaking and listening,
grounded in past research on language-mediated eye movements. First, vision and
language remain in continuous correspondence, dynamically acting as context for each
other, a process that has long been central to research on language-mediated eye move-
ments (Anderson et al., 2011; Spivey, |2007). This ongoing coordination is what allows
language and vision to operate as a unit throughout interaction. Broader theoreti-
cal debates, such as whether language shapes perception or vice versa, can also be
located within this continuum (Wolff & Holmes, 2011). Second, beyond these core pro-
cesses, there are parallel functions serving participatory (monitoring) and task-related
aspects (pre-utterance planning). These functions are sensitive to the dynamic situa-
tion in which a participant finds themselves at a given moment of interaction, such
as speaker or listener. Crucially, unlike traditional unidirectional paradigms such as
VWP, we do not assume fixed situations (e.g., listener); instead, we allow the situation
to emerge dynamically as the interaction builds up. This dynamicity is also reflected
in unfolding task rather than organized around fixed participant roles as depicted in
Figure [1l A simple interaction episode helps illustrate how these functions may arise

in the present setting. As the robot begins an instruction such as Place the red o0b-
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Figure 1.: Overview of gaze functions during interactive task performance. Gaze serves dif-
ferent functions as utterances unfold in a shared visual workspace. Referential integration,
partner-directed monitoring, and pre-utterance planning are labeled as analytic distinctions.

ject..., the participant’s gaze may shift from the robot to the relevant object, reflecting
referential integration of speech with the visual scene. If the instruction then becomes
underspecified, for example by omitting the relevant action dimension, gaze may re-
turn to the robot as a cue of coordination difficulty (partner-directed monitoring),
and before producing a repair, the participant may simulate action-relevant aspects in
the workspace to formulate the trouble source more concretely. In this sense, the gaze
functions summarized in Table [I] are not treated as isolated, but analytic distinctions
that become useful at different points in the interactive sequence.

Studies investigating online processes suggest that when a participant acts as a
listener, gaze can serve at least two observable functions. First, it may support the
processing of the referent as it becomes visually available, which we refer to as the
referential function (Altmann & Kamide, Hanna & Brennan, 2007). Second, it
may communicate whether the unfolding instruction is being understood, misunder-
stood, or requires coordination, which we refer to as the intentional function (Clark
& Krych, Kingstone, . In the present framework, the referential function is
most closely associated with the listener’s integration of utterance and scene, whereas
the intentional function concerns partner-directed monitoring and coordination. A sub-
stantial body of evidence shows that listeners typically shift their gaze toward a referent

within approximately 200-400 milliseconds after its onset (Allopenna et al., [1998).
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Table 1.: Overview of gaze functions discussed in the present framework. The labels summarize
analytic distinctions used to organize possible functions of gaze during interaction.

Text-level Task-level Typical role in Illustrative
distinction interpretation the interaction timing
Referential Referential Typically associated Listener looks
integration of with the listener toward the
utterance and visual during instruction referential target
scene following, when shortly after
gaze shifts toward referent onset
the relevant object
as linguistic input
unfolds
Intentional Partner-directed When gaze Listener returns
monitoring functions to signal gaze to partner
understanding, when instruction is
misunderstanding or underspecified
alignment
Simulation Pre-utterance Typically associated Simulation of

planning

with the speaker
before repair
initiation or

action-relevant
objects in the
pre-repair window

verbalization

On the speaker’s side, eye movements not only exploit visual context for the speaker’s
own purposes, but can also contribute to grounding the partner in the shared referen-
tial space. Among other modalities, this is often reflected in looks to relevant referents
before they are mentioned (Griffin, 2001; A. S. Meyer et al., [1998). In the present
framework, such gaze is treated as potentially partner-directed when it serves coordi-
nation, but as simulation when it supports the speaker’s own planning. The distinction
matters because production is not only supported by outward signaling, but before a
referent or action can be verbalized, some degree of internal conceptualization must
also occur.

We therefore treat simulation as a function supporting pre-utterance planning and
action-related conceptualization (Griffin & Bock, |2000; Pulvermiiller et al.,|2005). Un-
like intentionality, which is directed toward the partner (Clark & Krych, [2004; Hanna
& Brennan, 2007)), simulation is inward-facing and supports the speaker’s own plan-
ning needs. Empirical findings suggest that speakers begin fixating on referents ap-

proximately 800-1000 milliseconds before naming them (Flom et al., 2007; Griffin,
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Figure 2.: Experimental setup (left) and example stimuli used in the task (right). Participants
interacted with a humanoid robot while wearing an eye-tracker monitoring real-time gaze.
The right panel shows the stimuli used in the task, which were to be placed in sequence as
instructed by the robot, with a specific manner (vertically or horizontally) and on a designated
path (letters).

A. S. Meyer et al., . In the present task, this window becomes particu-
larly important because the participant must often formulate a repair in relation to
an underspecified action. In such moments, gaze may sample action-relevant aspects
of the workspace not only to maintain coordination with the partner, but also to sup-
port the speaker’s own conceptualization of the missing action dimension. At the same
time, these functions are not cleanly separable in every case. Referential and inten-
tional functions may overlap on the listener’s side, just as intentional and simulation
functions may overlap on the speaker’s side. This is one reason why the present article
treats them as analytic distinctions rather than as fully discrete categories. Still, the
distinctions are useful because they allow us to generate concrete predictions about
where participants look, when they look there, and how such looks relate to the un-
folding task. In particular, they allow us to link the preceding discussion of action and
divergence to the empirical analyses that follow.

Having now outlined how eye movements may serve referential, intentional, and
simulation functions within an interactive task, we turn to the question of how these
functions can be examined in a concrete HRI implementation. In the following sections,
we first introduce the task structure of our setup and then illustrate, through referential
and pre-repair analyses, how these gaze functions become visible during comprehension

and production in an ongoing interaction.
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Figure 3.: An example of two situational models made up of a sequence of actions: simple
(top) and rich (bottom). Time points labeled T, (T+1), and (T+2) correspond to the action
history before the critical trial is presented.

Putting it all together: Studying online language processes in HRI

Figure [2] illustrates our experimental setup adapted from Singh and Rohlfing,
In this setup, a participant wearing a remote eye-tracker (Pupil Labs), interacts with
a humanoid robot (NAO) positioned across a table containing physical stimuli. The
robot is programmed in a semi-autonomous manner, allowing a flexible interaction
by providing resolution to the repairs related to some action dimensions. The critical
omissions were predesigned in the robot’s instructions, whereas the participant’s repair
initiations and gaze behavior were analyzed as the primary human-dependent measures.
Before describing the stimuli and the rationale behind their selection, we first outline
the interaction timeline which is central to maintaining interactivity. As discussed
earlier, we leverage repair sequences to serve two primary goals in the interaction: a)
to bring divergences in the interaction as it builds up, and b) to investigate shared
processes by probing indirectly into emerging linguistic behavior for preserving the

continuity in ongoing interaction. The full timeline of the interaction flow is illustrated

in Figure

Tllustrative implementation: task, measures, and analysis

The empirical illustration presented below draws on our recent interactive implemen-
tation in which participants followed robot’s instructions while manipulating physical
objects in a shared workspace. The task was designed so that the robot’s utterances

could establish a referential target and, at critical moments, omit action-relevant in-
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formation, thereby creating opportunities for repair. In this way, the setup preserved
a continuous joint task while also allowing specific moments of divergence to be in-
troduced in a controlled and repeatable manner. The key design aspect concerned the
manipulation of the preceding action context, which allowed us to compare situations
in which more versus fewer action possibilities were visually available before repairs
were initiated. For the purposes of the present methodological illustration, we focus
on two classes of measures. First, we examine the linguistic form of repair initiation,
distinguishing between open and restricted repairs as an indicator of how precisely
the trouble source was formulated. Second, we examine eye movements in time-locked
windows surrounding instruction onset and repair onset, with particular attention to
scanpath distribution across action-relevant areas of interest and to dwell times before
repair initiation. Figures [3| and 4] are schematic summaries of the task structure and
analytic timeline. Figure |3| shows that rich action context contained all relevant action
possibilities before the final critical action, whereas a simple context contained only
one action type.

Figures 5| and [6| report empirical patterns from the present implementation. Figure
shows aggregate referential gaze dynamics time-locked to instruction onset, whereas
Figure [6] shows empirical scanpath and model-based dwell-time patterns in the pre-
repair window. Together, these measures allow us to show what kinds of psycholin-
guistic questions such an HRI paradigm can address and how visual context, repair
behavior, and online attention can be related within a single interactive task. The
implementation involved 35 participants and 20 critical trials, and gaze was analyzed
over predefined areas of interest corresponding to the robot, target objects, and action-

relevant locations.

Interaction timeline and design

As the interaction begins, the referential function acts as establishing a shared space,
reflected in the integration of language and vision, especially when participants are on
listener’s side following instruction. A time-locked window of interest for such referen-
tial function is illustrated in the first timeline of Figure [4] .

As discussed in the previous section, a “divergence” from the joint goal should take
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Figure 4.: Timeline of the interaction illustrating key phases. The boxes mark the Time of

Interest (TOI), the critical window for analyzing participants’ gaze behaviour during referen-
tial, intentional and simulation-related processes.

place to trigger a “solution probing” process. An advantage of such processes is that
it does not disrupt the ongoing interaction but becomes a part of it, hence it pre-
serves continuity and provides opportunity to indirectly probe into unfolding linguistic
processes at the same time. Critically, when a “solution probing” mechanism concerns
linguistic utterance for actions, it calls for simulation (Dingemanse & Enfield, [2015)).
Since a true “divergence” from interaction can take place only after engagement has
already acquired its momentum, we identify this timeline at subsequent stage. After
the engagement has taken its form, a critical moment is systematically designed to
contain missing or ambiguous information tied to action goals. It brings a disruption
in the shared space, where the participants are expected to work together to come to
a solution. Since participant and the agent are holding some scale of autonomy for the
task, we expect the participant to take a lead for highlighting the source of divergence
in mutual understanding from the task goal. The time of interest for these processes
should be before the verbalization, specifically within the 800-1000 ms before repair
onset, as supported by previous studies (Griffin & Bock, 2000; A. S. Meyer et al.,[1998)).
During repair initiation simulation ensures that the speaker brings into focus the pre-
cise source of trouble in the task (in this case, the possible actions) that are needed
to be communicated (Dingemanse & Enfield, |2015). It has been proposed that differ-
ent types of repair encoding have distinct consequences for attentional allocation (De
Ruiter et al., 2006; Dingemanse & Enfield, 2015; Schegloff et al., [1977). For instance,

as compared to open repair types (e.g., ‘How?’ or ‘Where?’), restricted repair types
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(e.g., "Did you mean A or B?") precisely targets the specific trouble source within the
ambiguity by demanding more focused attention on the simulated actions (Dingemanse
& Enfield, 2015). Although the source of trouble and thereby its verbalization can be
uncontrolled, a prudent design where the action elements have a predictable outcome
in psycholinguistics can bring some control in the setting. Research in psycholinguistics
suggests that any generic action can be decomposed into path and manner components,
a distinction that traces back to the verb-framing typology and the linguistic encoding
of motion events (Talmy, 1975, [2000). For instance, in a sentence such as Put the red
object vertically on the letter I, the term wertically expresses the manner of movement,
whereas on the letter I encodes the path or goal of the action. Prior work also sug-
gests a goal-biasness in event cognition where the path information tends to be more
salient than manner, particularly in motion-event cognition (Lakusta & Landau, [2012;
Skordos et al., [2020). Hence, capitalizing on linguistically verifiable action elements
and how repairs can target them, we structured our experimental design around these
ideas to integrate actions. The stimuli thus included four screw shaped objects which
could be placed in specific manner (vertically or horizontally) on a designated path as
instructed by the robot in a trial. To elicit divergences, the robot occasionally omitted
critical information pertaining to either path or manner. It should be noted that al-
though our implementation was restricted to actions involving vertical and horizontal
orientations, the underlying paradigm is by no means limited to these. Rather, the
framework can be readily extended to encompass a broader range of actions, provided
that their constituent elements can be clearly defined and that linguistic predictions
can be formulated to explain their effects. Building upon these foundations, we begin
by offering initial insights into how the three functions, referential, intentional, and
simulation may be manifested in eye movement patterns when participants act as a

speaker and listener during the interactive HRI setting.

Hllustrative study: research questions and analytic focus

The empirical illustration below addresses two related questions. First, whether the
setup can recover the time-locked referential gaze shifts during robot’s instructions.

Second, whether richer action context affects both repair form and pre-repair visual
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behavior. To address these questions, we examined repair type and gaze behavior in
the time windows surrounding instruction onset and repair initiation. Accordingly, we
formulated three predictions regarding gaze functions in a provided action context.
Prediction 1: During robot instructions, gaze should shift from the robot toward the
referential target within the expected referential window as depicted in the interaction
timeline (Fig. [4).

Prediction 2: Restricted repairs should occur more often in rich than in simple action
contexts.

Prediction 3: In the 1000 ms preceding repair onset, rich action contexts should
elicit more sustained visual attention on the action-relevant AOIs, especially when

participants produce restricted repairs.

Referential

As the interaction unfolds, the robot provides an instruction specifying where and how
an object is to be placed. The instructions adhered to a structured template in which
the color of the referent was mentioned first, followed by the manner and then the
path component (e.g., Place the red object vertically on letter I'). To examine whether
the setup recovers the referential dynamics, we analyzed aggregate gaze time-locked
to the onset of the referential expression in the robot’s instruction. Figure [5] shows
the resulting referential gaze pattern. The plot summarizes gaze aggregated across
trials and participants over predefined areas of interest corresponding to the robot and
the objects in the shared workspace. Following referent onset, gaze shifted away from
the robot and toward the relevant objects within the expected 200-400 ms window,
consistent with classic VWP findings.

This aggregate result shows that the setup can recover online referential processing
patterns of the kind traditionally examined in VWP research, while embedding them
in an interactive task context. More broadly, time-locked looks in response to the onset
of critical words can be extended to multiple linguistic units under investigation, in-
cluding verbs, nouns, and adverbs. In comparison with traditional offline methods, the
advantage of eye-tracking is fully realized when temporal dynamics are analyzed rather

than a single point estimate (Spivey, 2007)). Crucially, the present setting retains a de-
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gree of control comparable to VWP designs while also allowing the continuous timeline

of listeners’ referential processes to be visualized as actions unfold in interaction.

Fixation on Robot vs Objects
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Figure 5.: Aggregate referential gaze dynamics time-locked to instruction onset. The plot
shows the empirical distribution of looks to the speaker and task-relevant objects following
onset of the referential expression. The vertical blue line marks instruction onset. Gaze shifts
toward the referential target emerge within the first 200-400 ms.

Intentional

This section is not presented as a separate empirical test, but as an operational
account of how partner-directed gaze cues can be interpreted within the present
framework. Although intentionality is a continuous unfolding “macro-phenomena”
occurring throughout the task, which serves the core function of bringing joint
attention and common grounding within an interaction (Tomasello et al., [2005),
it is perhaps one of the most challenging aspects to study using eye movements,
particularly in an interactive linguistic task (Holler & Levinson, [2019). Following
a functionalist approach, we identified that the intentionality in eye movements
is operating all the way from referential processes to maintaining the interaction,
running in parallel with linguistic processes (Fig. . Whereas listener’s gaze provides
cues to the speaker about instruction being (mis)understood, these cues are elicited
concurrently as the referent is being processed (Clark & Krych, 2004). Similarly,
speaker’s eye movements play a crucial role in establishing common ground for the
listener before the relevant referent is uttered (Tomasello et al., 2005). These roles are
evident in the speaker’s gaze toward the referent prior to its verbalization (Griffin &
Bock, 2000)), yet also serving the simulation purposes. Thus, we distinguish intentional
functions as serving the partner, i.e., allocentric and referential or simulation functions

as serving the self, i.e., egocentric. On one hand, listeners’ gaze toward the referent
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while receiving instructions might reflect referential process for conceptualization, on
the other hand, a prolonged or perplexed gaze may serve as an indirect intentional
cue to the speaker, signaling trouble in comprehension (Singh & Rohlfing, [2024).
Similarly, speakers’ gaze toward the referent may indicate simulation processes before
verbalization. Yet, a sustained fixation on the referent could also function as an
indirect cue, implicitly inviting the listener to align their attention with the same
referential space in anticipation of the upcoming utterance. In contrast, a direct gaze
toward the interlocutor can function as a relatively overt cue relevant to coordination.
Thus, intentional gaze cues may serve the partner either overtly (through direct eye
contact) or more subtly (through indirect fixation on task-relevant referents). While
both forms of intentional cues are likely present throughout the interaction, our
current analysis accounts only for direct gaze to the partner as a reliable proxy for
intentional cues. In the present framework, looks back to the speaker during repair
initiation or task confirmation can be interpreted as direct cues of intentionality

communicated through eye movements.

Simulation

An interactive scenario should accommodate both comprehension and production
within a unified framework if it is to inform psycholinguistic questions that most uni-
directional paradigms cannot easily address. Whereas comprehension research has pri-
marily examined the online integration of speech and visual information, production
research has focused more on the encoding of referents and their linguistic realization.
Importantly, the conceptualization of an entity to be communicated is shaped by the
affordances of the referent in the world (Gibson, [1979). A noun such as screw, for in-
stance, may activate object features, but its meaning may also be framed by how it
has been acted upon in the unfolding task. In typical VWP studies, where participants
do not manipulate objects themselves, such action-related conceptualization may re-
main implicit and unaccounted. To move beyond this limitation, our setup required
participants to act on the objects directly, thereby allowing simulation to unfold in a
more grounded manner. Here, we treat simulation as the process by which participants

conceptualize actions that are relevant in a given context (Griffin & Bock, [2000; Pulver-

26



miller et al., [2005). When task-relevant information is omitted, repair initiations can
reveal aspects of that simulated action, while also reflecting the participants’ commit-
ment to restoring a joint solution. Such processes can be studied systematically only
when the relevant action elements are interpretable in psycholinguistic terms rather
than being arbitrary. Although action conceptualization itself remains covert, indirect
access to its structure can be obtained through repair encoding and the way repairs
target the source of trouble (Dingemanse & Enfield, 2015). In this sense, the shared
information gap between partners becomes visible during moments of divergence, such
that the ensuing “solution probing” process may reflect both the linguistic formulation
of the trouble source and the visual context in which it is embedded. If linguistic encod-
ing is indeed shaped by the simulation of actions, then its effects should be observable
both in repair format and in eye movements, and crucially, these effects should depend
on the visual context available to the participants. To capture processes within this
timeline, we focused on the 800-1000 ms window before repair onset, following previous
work on pre-utterance gaze in production (Griffin & Bock, [2000) and as illustrated in
Figure

To examine this, we compared two visual contexts: Rich and Simple (Figure [3)).
A rich action context contained all relevant action possibilities before the final criti-
cal action, whereas a simple context contained only one action type. Two dependent
measures were analyzed. First, we examined whether repair format differed between
simple and rich action contexts. Second, we examined gaze behavior in the 1000 ms
preceding repair onset, focusing on scanpath distribution across AOlIs and dwell time
on action-relevant objects. On this basis, we predicted that simulation would be more
prominent when all relevant action possibilities were visually available before the diver-
gence occurred. Critical trials with missing information were embedded within these
action sequences, thereby prompting “solution probing” after the interaction had al-
ready gained momentum. First, the result suggested that restricted repairs occurred
more often in the rich action context, while open repairs occurred more often in the
simple context (8 = 1.94, SE = 0.50, p <.001). This pattern suggests that the available
visual context shaped how precisely participants formulated the trouble source. Sec-

ond, gaze in the pre-repair window differed by context and repair type. In the 1000 ms
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before repair onset, scanpaths were more distributed across the visual context when
restricted repair was used in the rich situation than in the simple situation (Figure @
left). The same contrast was reflected in the dwell-time analysis (Figure[6] right), indi-
cating that participants sampled the action-relevant context differently depending on
both the available action history and the form of repair they produced (Table . More
specifically, time-related changes in scanpaths were more distributed across the visual
context when restricted repair was produced in the rich situation than in the simple
situation, suggesting stronger simulation when the environment afforded a broader set
of action possibilities. The pattern was reversed for open repairs: in that case, the rich
situation did not yield stronger simulation than the simple situation. This suggests
that simulation depended not only on the availability of visual context, but also on
how the source of trouble was conceptualized for the partner.

Together, these patterns suggest that structured differences in action history shaped
both linguistic choice and visual attention during the pre-repair window. When an in-
formative action model was visually available, participants were more likely to attend
to it before producing a restricted repair; conversely, the presence of richer action mod-
els was associated with more frequent restricted repair initiations. Methodologically,
this finding supports the plausibility of our design for testing how visual context influ-
ences language processing, and how language in turn reflects visually available action
structure, while preserving the temporality of the interaction. More broadly, the setup
shows that HRI can provide a controlled interactive test-bed in which real-time “so-
lution probing” makes it possible to relate action history, repair behavior, and gaze
dynamics within a single ongoing task.

Table 2.: Posterior summaries for fixation duration models in simple and rich contexts. In-

tercepts reflect the reference repair condition. Restr-repair indicates the effect of restricted
relative to open repair within each context.

Context Parameter Estimate Est. Error 1-95% CI u-95% CI

Simple Intercept 225.44 3.00 219.44 231.34
Restr-repair -160.85 6.18 -173.01 -148.57
Rich Intercept 179.27 8.39 162.60 195.61
Restr-repair 217.04 16.60 184.07 249.61
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Figure 6.: Empirical visualization of the simulation function of eye movements. The left panel
shows gaze scanpaths across situational contexts and repair types in the 1000 ms preceding
repair initiation. The right panel shows model-based dwell times for the same conditions,
estimated with a Bayesian model (Table 2). The vertical blue line marks repair onset.

Summary and future direction

In this methodological article, we have emphasized the necessity of investigating online
language processes through a more interactive lens and have outlined the key factors
that have historically constrained the field from fully embracing such approaches. We
argue that addressing this gap requires a multidisciplinary perspective that brings to-
gether insights from psycholinguistics, human-robot interaction, and cognitive science.
Central to the challenge is the integration of two fundamental mechanisms, compre-
hension and production, within a unified framework that allows for the parallel investi-
gation of their associated online processes. This convergence has long been recognized
as a critical condition for achieving genuine interactivity, yet its implementation has
often come at the cost of experimental control. Consequently, while a rich body of work
has focused extensively on comprehension, particularly through studies of referential
processes in language—vision integration, considerably fewer investigations have sought
to examine comprehension and production simultaneously within a single, dynamic
setup. As a result, to appreciate experimental control, the field has historically favored
unidirectional, trial-based paradigms that treat linguistic events as isolated and un-
related, an approach that, while powerful in its precision, falls short of capturing the
bidirectional nature of real world language use. We suggested that, whereas one way to
move from unidirectionality to bidirectionality is to incorporate production alongside

comprehension, another way is to introduce actions into the setting, such that partic-
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ipants are not only passively listening or producing utterances but also acting upon
objects simultaneously. One effective means of achieving this in a reliable manner is to
draw inspiration from real world conversational breakdowns. Repairs, being universal
constituents of nearly all conversations, serve the unique function of maintaining the
continuity of interaction without disrupting its dynamic flow. We further suggest that
integrating all the aforementioned concepts within a human-robot interactive setup
can offer a middle ground for investigating online language processes without sacrific-
ing the methodological rigor of psycholinguistics or compromising interactivity. More
specifically, the present framework was built around three methodological conditions
that we consider necessary if such a setup is to remain informative for psycholinguis-
tics. First, the actions embedded in the task must be interpretable in linguistic terms
rather than being arbitrary. Second, the interaction must allow participants to alter-
nate between comprehension and production within the same ongoing task. Third, the
design must include moments in which visual context can systematically constrain how
trouble sources are expressed. Taken together, these conditions make such a setup both
more interactive and methodologically useful for studying online language processes.
While the rationale for employing a humanoid robot to study language may ini-
tially seem questionable, it becomes compelling when considered from the perspective
of experimental control, allowing for the systematic design of instructions and trials,
and thereby offering a powerful tool for introducing targeted manipulations. In light
of recent technological developments in Al and robotics, it is an opportune time to
integrate these methods into psycholinguistics, particularly to study online language
processes rather than merely behavior and personality, as past technological advances
have consistently enabled the introduction of innovative methods for examining lin-
guistic processes. The proof-of-concept implementation provided two initial indications
that this methodological rationale is workable in practice. First, the setup recovered
referential gaze shifts during robot-delivered instructions, showing that time-locked
language—vision dynamics of the kind typically studied in VWP can still be observed
in an interactive HRI setting. Second, richer action context was associated with more
restricted repair initiations and with different patterns of visual sampling in the pre-

repair window, suggesting that visually available action structure can shape both lin-
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guistic formulation and gaze behavior during ongoing interaction.

We also offer a note of caution when employing such settings: researchers must
remain informed by disciplinary findings. Specifically, testable variables should be
grounded in robust psycholinguistic evidence, such as the constructs we adopted from
motion cognition (e.g., path and manner) or from the psycholinguistics literature on
repairs to illustrate our examples. Guided by these theoretical frameworks, we subse-
quently identified the roles associated with eye movements observed during particular
timelines in interaction, namely, referential, intentional, and simulation. We derived
these processes from the literature to illustrate how they may manifest within our
setting, presenting use-case examples that outline a pathway for investigating specific
movements in interaction. The goal here was to avoid unwarranted hypothesis genera-
tion and instead ground research firmly in sound conceptual foundations. Crucially, we
maintained flexibility in these processes without assigning fixed interactional roles in
advance, allowing such roles to emerge dynamically as the interaction unfolded. Ideally,
we should be able to discern these roles through the functions of eye movements we
have identified, rather than relying solely on the explicit analysis of speech production
or comprehension. Nevertheless, the eye movement functions identified as operating
in parallel have the potential to be investigated in further studies. An extension of
such definitions has already been provided in the context of action learning. Although
there is a tight temporal overlap between functions, such as between referential and
intentional, and between simulation and intentional, identifying cues that selectively
reflect one of these within their complex interplay may offer more specific indicators of
action conceptualization and simulation, which in turn may serve as indirect proxies for
the engagement of sensorimotor processes. In this sense, action learning mechanisms
must be driven by a stronger engagement of the simulation component, and this can
be tested through eye movements only when such mechanisms are disentangled from
other overlapping functions. We also acknowledge the limitations of our methodology,
emphasizing that although the proposed approach has been tested in a specific context
by basing our predictions on psycholinguistic literature and eye movement functions
observed during interactions, the validity of these functions and the generalizability

of the setting must be further evaluated. This includes testing them against other
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well-established online linguistic phenomena previously observed, such as real-time se-
mantic integration, referential disambiguation for verbs, and sentence processing. The
present article should therefore be read as a methodological proposal with an illus-
trative empirical implementation. It does not claim that the setup fully resolves the
tradeoff between experimental control and natural interaction, nor that the proposed
gaze functions can be inferred directly from eye movements alone. Rather, it shows how
interactive HRI tasks can be designed so that established psycholinguistic predictions
become testable in a more socially situated setting. Nevertheless, we hope this setting
offers a valuable test-bed for implementing robust findings from psycholinguistics and

for exploring their utility within social interactional contexts.

Data availability
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