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Abstract
Consistent alignment of multi-modal experimental data—such as verbal utterances in elicitation tasks, (static) visual
stimuli, and gaze data—presents a challenge in linguistic research. These elicitations often encode information about
the visual perception strategies or cognitive processing of the scene. Thus, it is helpful to transform them into a
structured, visually grounded format which captures the visual nature of the data, ideally able to be aligned with the
corresponding gaze data. To achieve this, the present paper conceptually proposes the annotation framework for
verbal elicitation paths as a data type and presents the first release of the associated newly developed CoordiMap
annotation tool. The tool enables structured mapping of verbal elicitation data from experimental studies onto the
corresponding visual stimuli. Independent of specific paradigms, the tool supports the annotation of verbal utterances
in a linearized form based on coordinates directly marked on the image of the stimulus. The format is conceptually
inspired by eye-tracking data formats, in which gaze behavior is represented as temporally linearized paths overlaid
on the stimulus. The paper motivates the development of the tool and its annotation methodology by theoretical
and experimental considerations regarding the relationship between visual perception and language produc-
tion. As this a work in progress, the functionality of the annotation tool is demonstrated through an exemplary use case.
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1. Introduction forming the elicitation path—a graphical represen-
tation of linear language production anchored to
The collection and analysis of linguistic elicitation  the visual stimulus.

data in multi-modal experiments poses a challenge The aim is to render verbal data in a form that is vi-
for researchers, particularly in terms of consistently  suyally interpretable and analyzable, and that can be
I|nk|ng diverse data modalities—such as verbal ut- direcﬂy Compared to other moda”ﬁes_especia”y
terances, visual stimuli, and gaze data. Thisis  eye-tracking data. Just as eye-tracking opera-
especially relevant in experiments using static im-  tionalizes visual perception as temporally sequen-
ages as stimulus material, for example in scene tja| paths over the stimulus, language similarly lin-
or spatial description tasks, where there is aneed  earizes cognitive processes. The tool therefore sim-
for scientific tools that enable precise anchoring of  ylates fixations, fixation durations, and saccades
linguistic expressions to the respective stimulus. through the position, repetition, and connection of
A typical use case involves linguistic elicitation  annotated points, offering a novel approach to an-
experiments in which participants describe images  alyzing linguistic and visual data within a shared

containing specific visual cues or spatial configu-  coordinate framework.
rations. These verbal data often include |mpI|C|t The app”cation was intentiona”y imp|emented
cues about the participant’s visual perception or  as a framework-agnostic tool, allowing flexible
cognitive processing of the scene (Griffin and Bock,  integration into a wide range of theoretical and
2000)—for example, by means of the sequence of  methodological research contexts and paradigms.
the description or the choice of specific referential  Users can determine which linguistic units to an-
anchors (Klein, 2015). To systematically analyze = notate—from simple coreference expressions to
such data, it is helpful to transform them into @  complex information-structural constructions. The
StrUCtUred, Visua”y grOUnded format. The tool intro- exported data (|abe|, X’ andY Coordinates) in.csv
duced here was developed with this goal in mind: it format allow for straightforward post-processing
enables the annotation of linguistic elicitation paths  and integration into the analysis of related datasets.
directly on the stimulus image. Userscanuploadan  This tool thus provides a specialized and user-
image, mark relevant points according to the cho-  friendly platform that supports the anchoring of
sen linguistic paradigm by clicking on them, and  verbal elicitation paths on visual stimuli within
assign a label to each point. These points are then g unified workflow—whether for the analysis of
connected in the chronological order of annotation,  elicitation-only experiments or for combination with
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eye-tracking data based on shared stimulus ma-
terials. To promote open-access resources, Co-
ordiMap will be made available under a CC BY 4.0
license’.

2. Previous work

In empirical language research—especially within
multi-modal experimental setups—a key challenge
lies in linking different modalities such as language
with visual attention, similarly to pragmatic metrics
like gesture (Licking et al., 2015; Pfeiffer et al.,
2006) or semantic metrics such as spatial descrip-
tion in spatial cognition research (Delucchi Danhier,
2019). This is particularly true for experiments em-
ploying static visual stimuli designed to elicit verbal
responses, which require methods for precisely
mapping verbal data onto the corresponding per-
ceived regions of an image.

A well-established method for capturing visual
perception is eye-tracking, which records eye move-
ments and yields a linearized representation of the
perceptual trajectory across a stimulus. This form
of data—consisting of sequences of fixations, sac-
cades, and fixation durations—captures a tempo-
rally ordered perception path (Blake, 2013), which
conceptionally aligns with linguistic production data
that themselves constitute a linear representation of
multidimensional cognitive processes (Ferreira and
Henderson, 1998; Delucchi Danhier, 2019). Not
only in spatial cognition but in all forms of language
production, there is a need to abstract multidimen-
sional information into a sequential format—a pro-
cess likewise inherent to the temporally ordered
nature of linguistic signals in human language (Fer-
reira and Henderson, 1998).

The planning and structuring of language
production—known as conceptualization (Levelt,
1989)—is influenced, among other factors, by the
experimental task or "Quaestio” (Delucchi Danhier,
2019). This process involves, for instance, the
selection and linearization of information as well
as the contextually appropriate choice of granular-
ity in arranging that information (von Stutterheim
and Carroll, 2007). Assuming that such factors
are reflected not only in the composition of verbal
elicitation but also in the associated gaze behavior,
classic studies such as Tanenhaus et al. (1995)
and Griffin and Bock (2000)—which integrated vi-
sual and linguistic data based on shared stim-
uli—have already demonstrated the conceptual and
methodological viability of combining eye-tracking
with linguistic elicitation. However, the encoding
of combined data in such studies has varied, of-
ten mapping verbal data as temporal markers onto
gaze paths rather than treating both as indepen-
dent, structurally comparable trajectories (Griffin

1https ://osf.io/8kedc/overview.
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and Bock, 2000)—an approach that highlights the
potential added value of path-based comparison
proposed in this paper. This becomes particularly
relevant in the case where the experiments—eye-
tracking and elicitation—are performed by two sep-
arate groups of participants and thus not produce
temporally matching gaze and elicitation data.

Related approaches such as ‘Meaning Maps’
(Henderson and Hayes, 2017, 2018) further estab-
lish visual annotation types that map image stimuli
based on their semantic relevance. These map-
pings not only provide insights into task-driven vi-
sual salience but also serve as annotation formats
for modeling attention in experimental contexts.
Such methods motivate the joint investigation of
gaze and language behavior in relation to shared
visual stimuli—and underscore the need for an an-
notation tool that facilitates this type of multi-modal
analysis.

2.1. Motivation for the Elicitation Path as

a Data Type

Within such experimental designs, there is a need
to transform verbal elicitation data into a visually
grounded and formally structured data type. Verbal
descriptions of image content—such as in spatial
or scene descriptions—often follow implicit cogni-
tive paths that can be traced back to the stimu-
lus itself. Explicitly modeling these sequences as
elicitation paths allows not only for the visualiza-
tion of linguistic production processes but also cre-
ates a basis for direct comparison with eye-tracking
data: both modalities sequentially represent per-
ceptual and constructive processes anchored on
the same stimulus. This format is particularly well-
suited for experimental tasks that investigate the
relationship between perception and linguistic struc-
ture—for instance, with respect to reference strate-
gies, information structure, or spatial description
patterns (Delucchi Danhier, 2019; Griffin and Bock,
2000). In contrast to individual markers that denote
isolated referential points, the elicitation path en-
ables the annotation of more complex structures
that can be visualized as paths across the im-
age—potentially aligning closely with the concep-
tual structure of gaze paths.

2.2. Motivation for the Annotation Tool

Existing annotation tools such as Labellmg (Tzu-
talin, 2015) or the VGG Image Annotator (VIA)
(Dutta and Zisserman, 2019) offer robust functional-
ity for visual image annotation (e.g., through bound-
ing boxes), but they are not designed for the anno-
tation of linguistic elicitation paths. However, spe-
cialized approaches like the '"Meaning Map’ by Hen-
derson and Hayes (2017), and their contribution
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to linguistic research, highlight the need for task-
specific tools that support linguistic annotation of
visual stimuli—thereby expanding the methodologi-
cal repertoire of empirical linguistics. In this context
the CoordiMap tool was developed: a framework-
agnostic, user-friendly annotation tool that makes
verbal elicitation paths visually accessible on static
stimuli and transforms anchors into concrete loca-
tions on the image for analysis and evaluation of
the path. Users can upload a stimulus image, de-
fine relevant anchor points through simple clicks,
and have these points automatically connected into
paths. Each path represents a verbal utterance or
cognitive sequence of linguistic production, based
on the user’s underlying theoretical model and can
be exported as structured .csv files containing
labels and X/Y-coordinates. The resulting data for-
mat is explicitly implemented to support compara-
bility with eye-tracking data, as both are spatially
grounded on the coordinate level and conceptually
simulate fixations and saccades. This enables, for
example, the investigation of whether the sequence
of verbal descriptions of a scene corresponds to its
visual perception—a line of inquiry particularly rele-
vant for combined eye-tracking and elicitation stud-
ies like Griffin and Bock (2000). Importantly, the
tool allows for flexible integration into a wide range
of theoretical annotation frameworks—from simple
coreference annotations and semantic descriptions
of space (Kababgi et al., 2024; Sitter et al., 2025) to
more complex information-structural annotations in
the context of spatial cognition (Delucchi Danhier,
2015, 2019; Delucchi Danhier et al., 2025).

3. Functionality of CoordiMap

CoordiMap is a lightweight, locally run tool that is
straight-forward to use and does not require an ex-
tensive amount of training. It was implemented in
Python (Van Rossum and Drake, 2009) and comes
with a README file for set-up. The tool incorporates
the libraries tkinter (Lundh, 1999), pillow (Clark,
2015), numpy (Harris et al., 2020), and matplotlib
(Hunter, 2007). To showcase the functionality of the
new tool, the individual functions are demonstrated
in a simple exemplary annotation. For demonstra-
tion purposes assume the simple annotation task
of the annotation of entities represented as plain
nominal mentions. A very simple exemplary elicita-
tion regarding the example image might look like
this:

(1)

‘There is a tree. A bird is sitting next to a
branch.’

This elicitation thus contains the three nominal
mentions of tree, bird, and branch, which will have
to be annotated in this example. The following
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paragraphs will demonstrate the workflow for this
annotation.

The Graphical User Interface (GUI). To run the
software, the script has to be executed within the
current working directory. It will then launch a GUI,
where all further tasks can be carried out. Alter-
natively, it can be launched via the accompanying
.exe file. The tool will be used by means of the but-
tons on the left side (see left side of Figure 1) and
mouse clicks on the image, which can be uploaded
from the user’s file architecture. When a file is se-
lected, the tool will upload it into the canvas-space
in the GUI (see right side of Figure 1).

Figure 1: Exemplary annotation of the elicitation
path. Reuse functionality (red) and renaming func-
tionality (blue).

Annotation. To start annotation, the user can
click the position on the image that is supposed to
be annotated and thus anchor the linguistic unit to
the respective position on the stimulus. The image
on the canvas will then display a dot at the selected
position. Every subsequent anchor is then con-
nected to the previous one with a line creating a
verbal path across the image (see Figure 1). This
format is designed to mirror the format of fixations
and saccades forming a view path in the data of
eye-tracking experiments. To simulate prolonged
fixation times typically found in eye-tracking data,
the tool is able to detect multiple consecutive anno-
tations of the same position and increase the size of
the dot at this position. It will differentiate between
consecutive anchors and non-consecutive anchors
separated by other anchors. All individual anchors
are listed in the ’point’-drop-down menu for further
use. The labels are displayed next to the points on
the canvas, if the user hovers the cursor over the
respective point (see 'bird’-anchor in Figure 1).

Polygon Mode and Regions. In case larger enti-
ties or collective descriptions, which span extended
areas of the image, need to be annotated, the tool
offers a polygon mode, to create regions of adapt-
able sizes according to the chosen paradigm. In



the demonstration example this could apply for the
mention of ‘tree’ or ‘branch’, as those span larger
chunks of the image compared to ‘bird. Those
regions enable the calculation of the entities cen-
troid—the coordinate at the center of the region—to
represent the region in the form of a single an-
chor. To annotate regions, the mode needs to be
changed from path mode to polygon mode by tog-
gling the ‘Switch to Polygon Mode’-button. Once
the mode has been changed, a region of variable
size can be created by outlining the respective part
of the image with clicks. The tool will automatically
calculate the centroid and use it as a representative
position for the region.

Figure 2: Exemplary annotation of the Polygon
Mode Interface (dotted orange outline) and the Poly-
gon Naming Interface.

Selecting and Reusing Regions and Points. To
ensure a consistent annotation across participants
on the same stimulus image, points and regions
may be reused once annotated. This guarantees
exact coordinate positions when the same unit has
to be annotated. To reuse a point or a region it
can simply be selected in the respective drop-down
menu (see Figure 1) and used by clicking ‘Use
selected point/region’.

Renaming Regions and Points. To rename a
point or a region for further use, the point or re-
gion has to be selected in the respective drop-
down menu. Then the user can click ‘Rename
point/region’, which will open an interface, where
a new label can be entered. The new label will
replace all instances of the previous name of the
label; even in the export file. This functionality will
also update the hover-labels already displayed on
the canvas (see Figure 1).

Export Coordinates of the Path. To export a
finished path, a filename has to be entered into
the according export interface. The export func-
tion only accepts . csv file-format. A .csv-file is
then exported into the current working directory
containing the annotated coordinates aligned to
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the stimulus in pixels as well as the label. Table 1
shows the output for the demonstration example of
tree, bird and branch. The left column contains all
x-coordinates of the annotations, the right column
contains all the y-coordinates. After exporting the
annotations, the user can either clear the current
path or the entire set-up.

Label X-Coordinate  Y-Coordinate
Tree 615 554
Bird 532 372
Branch 831 639

Table 1: Exemplary output of the export function in
pixels.

4. Discussion

The presented tool constitutes a first version of a
specialized annotation platform for elicitation data,
aimed at precisely mapping verbal elicitation paths
onto corresponding visual stimuli. Its conceptual
foundation is based on the assumption that both
gaze behavior and verbal description can be under-
stood as linearizing processes of cognitive percep-
tion (Delucchi Danhier, 2019; Ferreira and Hender-
son, 1998). By visually anchoring linguistic units
to a shared stimulus, the tool enables the identi-
fication of structural parallels between language
production and perception—patrticularly in experi-
mental setups that combine eye-tracking with ver-
bal elicitation (Griffin and Bock, 2000). The tool
represents an important first step toward not only
conceptually but also practically linking two well-
established data modalities in empirical language
research: visually anchored speech and visual per-
ception. In the long term, the framework and tool
may prove useful not only in experimental linguistic
contexts but also in interdisciplinary fields such as
cognitive science or human-computer interaction,
where the integration of multimodal data plays an
increasingly central role.

In particular, the approach may prove relevant
for the development and training of multimodal
LLMs. The framework introduced here could sup-
port the manual data annotation processes that
typically precede computational modeling, espe-
cially in contexts where aligned visual-linguistic
data are required. By explicitly encoding the re-
lationship between verbal production and visual
reference points, the tool contributes to the cre-
ation of structured datasets that may facilitate the
learning of grounded language representations. At
the same time, it should be noted that the toy ex-
ample utilized to demonstrate the functionality of
the tool represents a deliberately simple application
scenario, serving to illustrate the core mechanics



of the reasoning behind the scheme and the an-
notation process. It does, however, not exhaust
the methodological potential of the approach. With
the development of more complex and task-specific
annotation guidelines the elicitation data could be
encoded even more fully. For instance, future ex-
tensions of the framework could incorporate the
temporal dimension of speech into the annotation
process by integrating temporal information such
as onset times, durations, or pauses. The elicita-
tion paths as a data type could thus be enriched
to reflect not only the sequential order of linguis-
tic units but also their temporal unfolding. This
would allow for an even closer comparison with
eye-tracking data, in which the temporal dimension
plays a fundamental role, thereby further aligning
the two data types. Furthermore, the annotation
framework could be expanded to explicitly incor-
porate the linguistic instructions of the elicitation
task, since task design (the Quaestio) has a sub-
stantial impact on both linguistic production and
perceptual strategies, as mentioned previously and
thereby providing additional explanatory power for
observed patterns in the data.

More generally, the annotation process itself
could be supported by (semi-)automatic prepro-
cessing of the elicitation data. For example, syn-
tactic parsing, morphological tagging, or automatic
coreference resolution could guide annotation de-
cisions depending on the chosen theoretical frame-
work. Such integrations would not only increase an-
notation efficiency but also form a interdisciplinary
bridge between psycholinguistic research and NLP.
Regarding these considerations, the current imple-
mentation should be understood as a foundational
step. lts primary contribution lies in the proposi-
tion of an extensible framework that can be further
adapted to complex research questions across dis-
ciplines.

5. Conclusion

The framework and tool introduced here conceptu-
ally address a methodological gap in experimental
linguistics by visually anchoring verbal elicitation
data and transforming it into a format that parallels
the structure of eye-tracking data. The tool was
developed with the goal of providing a lightweight,
framework-agnostic, and locally executable instru-
ment that can be used across a variety of experi-
mental settings—especially for analyzing the rela-
tionship between visual perception and language
production. In a follow-up step of this ongoing
project, both the framework of verbal elicitation
paths and the CoordiMap tool will be tested and
evaluated empirically in a pilot annotation study
comparing gaze data with elicitation paths. Future
versions of the tool are intended to expand on the

39

current functionality and adapt to the empirical de-
mands of linguistic and cognitive research.

6. Limitations

Despite the potential of the application, the current
version has several limitations:

No Automatic Alignment Functionality with Eye-
-tracking Data At present, the annotated elicita-
tion paths are exported using pixel-based fixed-
resolution coordinates, which are not automatically
aligned with typical metrics of eye-tracking data
(e.g., normalized stimulus regions, fixation dura-
tions, Areas of Interest, or the specific layout of
the respective eye-tracking system). To enable di-
rect comparability, manual post-processing—such
as coordinate transformation—is currently required.
Future versions may include automated coordinate
alignment features to further facilitate the integra-
tion of verbal and visual paths. Additional function-
ality could include automatic linking of annotated
points to pre-parsed linguistic features depending
on the chosen paradigm—for example, syntactic or
morphological information annotated in advance for
each anchor point. Other annotation types, such as
coreference, could also be added to mark different
realizations of referential expressions.

No Empirical Evaluation with Annotated Elicita-
tion Data As thisis aworkin progress, the current
version of CoordiMap primarily serves to introduce
the annotation concept and showcase its technical
feasibility. A systematic application to real-world
data—such as a pilot annotation study comparing
elicitation and eye-tracking data—has still to be con-
ducted. In such a future pilot study it is especially
important to analyze inter-annotator consistency
and conduct a usability evaluation. Only such em-
pirical use cases will allow for a comprehensive
evaluation of the tool’'s added methodological value
for experimental linguistic research.

Theoretical Dependence of Annotation Inter-
pretability Because the tool is designed to be
framework-agnostic, the interpretability and infor-
mativeness of the annotated paths largely depend
on the chosen theoretical model. The quality and
granularity of the annotations may vary according
to the underlying linguistic framework (e.g., corefer-
ence, information structure, semantics) and must
be supported by clearly defined annotation guide-
lines.
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