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Abstract

This paper presents a methodology combining multimodal se-
mantic analysis with an eye-tracking experimental protocol to
investigate the cognitive effort involved in understanding the
communication of future scenarios. We conduct a pilot study
examining how visual fixation patterns vary during evaluation
of valence and counterfactuality in fictional ad pieces describ-
ing futuristic scenarios, using a portable eye tracker. Par-
ticipants’ eye movements are recorded while evaluating the
stimuli and describing them to a conversation partner. Gaze
patterns are analyzed alongside semantic representations of
the stimuli and participants’ descriptions, constructed from a
frame semantic annotation of both linguistic and visual modal-
ities. Preliminary results show that far-future and pessimistic
scenarios are associated with longer fixations and more erratic
saccades, supporting the hypothesis that fractures in the base
spaces underlying interpretation of future scenarios increase
cognitive load for comprehenders.

Keywords: future cognition; linguistic cognition; multimodal-
ity; eye tracking; FrameNet annotation.

Introduction

Speculative Futures and Quantitative Futurism (Webb, 2016;
Hoffman, 2022; McGonigal, 2022) offer future scenarios that
help people and organizations plan toward long-term goals.
These fields devise methodologies for scenario forecasting
and propose interventions—games, immersive experiences,
fictional ad pieces—to foster future-oriented thinking. Such
methodologies usually aim at both building comprehensive
future scenarios and communicating them effectively.
Human cognition relies on a range of processes to con-
struct, interpret, and communicate counterfactual and imag-
ined scenarios. This paper presents a methodology aimed at
investigating factors that impact the cognitive effort required
to understand multimodal communication of futuristic sce-
narios. We focus on evaluating how violations of semantic
frames used as foundational structures for analogical projec-
tions influence cognitive effort. To this end, we conduct se-
mantic annotation of fictional ad pieces such as the one in
Figure 1 and evaluate cognitive effort required to interpret
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PRIVEE MYSTIQUE

Hide in plain sight while still getting noticed.

‘Smooths wrinkles
Reduces eye puffiness
Instantiy blocks surveillance cameras

‘Special pigments confuse algorithms.
Flawless coverage o feel your best.
Flawed data fo confuse Al.

Figure 1: Fictional ad from the 2022 Future Today Institute
Tech Trends Report.

the future scenarios conveyed by such ad pieces using an eye-
tracking protocol.

Fauconnier (1997) proposes mental spaces as representa-
tions of human on-the-fly cognition. In mental spaces theory,
as humans access semiotic clues—whether linguistic, visual,
or of any other type—they organize schemata for modeling
and elaborating on the situation they need to make sense of.
The author emphasizes the power of base spaces—the start-
ing points of any mental space network—and the dependence
of mental space networks on base frames. Fillmore (1982), in
turn, argues that human cognition relies on frames for mean-
ing making. In Frame Semantics, frames are defined as sys-
tems of shared and interrelated concepts that structure our ex-
perience of the world. Frames permit alternative perspectives
(Fillmore, 1985) and can be organized into a network-like
database (Baker, Fillmore, & Lowe, 1998; Baker, Fillmore,
& Cronin, 2003). In this sense, a notion such as that of risk
can be modeled in terms of a scene where there is an asset
that can suffer—or not—some harm, depending on how safe
itis in a given situation. This scene can be further ellaborated
from the perspective of the asset, which can be at risk, or the
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situation, which can be risky. As pointed out by Fillmore and
Atkins (1992), those different perspectives are evoked by the
noun risk and by the adjective risky, respectively.

Torrent and Turner (2023) find that, even as mental space
networks evolve, extend, and reform during counterfactual
thinking, the base spaces and frames structuring them gener-
ally persist. The mental operations and communicative con-
structions on which they depend favor the persistence of the
base. The base is especially important for imagining and un-
derstanding unreal worlds, such as counterfactual, future, or
fictional scenarios.

In this research, we propose a methodol-
ogy—FutureVision—to gauge the extent to which vio-
lations of the base spaces used for futuristic projections
correlate with an increase in the cognitive effort required
to explain scenarios presented in the form of fictitious
advertising pieces. The methodology builds upon the
theoretical-methodological foundations of Cognitive Lin-
guistics (Fillmore, 1982, 1985; Fauconnier, 1997; Fauconnier
& Turner, 2002), multimodal frame-semantic annotation
(Belcavello, Viridiano, Diniz da Costa, Matos, & Torrent,
2020; Belcavello, Viridiano, Matos, & Torrent, 2022),
and eye-tracking techniques (Duchowski, 2017; Conklin,
Pellicer-Sanchez, & Carrol, 2018). We analyze and discuss
data from a pilot experiment using the methodology.

Persistence of The Base in Future Cognition

Analogical and projective processes (Fauconnier & Turner,
2002) anchor future scenarios in experiences culturally
shared by interlocutors involved in a communicative process.
Torrent and Turner (2023) demonstrate specific patterns of
basic structure persistence during scenario forecasting.

Consider the fictional ad piece from the 2022 Future Today
Institute Tech Trends Report (FTI, 2022) in Figure 1. It tells
a story of the future. Its story teller has a future in mind-
Future A—and wants the story the audience constructs—Future
B—to be maximally similar. To make that happen, the story-
teller must guide the audience to activate certain background
knowledge. The storyteller establishes a scene of blended
joint attention (Turner, 2015): the storyteller and the audience
are jointly attending, not to the here and now of the conversa-
tion, but rather to a there and then in the future.

The storyteller prompts the audience to build mental spaces
needed to comprehend the ad. These mental spaces are trig-
gered by linguistic and visual elements and are structured by
frames. In this case, the frame is Body_decoration. Frame
elements map to elements in the ad. The DECORATION is
the Privée Mystique, the DECORATED_INDIVIDUAL is the
model, and her pixelated face is the BODY_LOCATION.!

But of course, the cosmetic foundation offered by the ad
does not yet exist; it is a future product. The ad was pub-
lished in the 2022 FTI Report as an example of a near-future

IWe use Courier font to indicate a frame. Complete
descriptions of frames cited in this paper can be found at
http://webtool.frame.net.br/report/frame

optimistic scenario, and this communicative context prompts
the audience to create a mental space for 50 years from now,
when the product is bought by people represented by the
model.

The audience is invited to build other mental spaces. Some
might be in the past, for the history of the evolution of make-
up, given its uses through time—in ceremonial events or in
theatrical performances in lieu of masks. One might be for
now. Others might be 50 years from now. One of those men-
tal spaces 50 years from now might have facial recognition
technology against which there is no defense. But one of
them will have Privée Mystique, which protects against fa-
cial recognition. Since the notion of concealing still persists,
a generic mental space can operate over all the spaces that
involve concealment.

Vital relations (Fauconnier & Turner, 2002) connect ele-
ments in the spaces. The different people wearing make-up
throughout the years are linked via Analogy, which allows
for the compression of all the different instances of make-up
users into one single Identity. Disanalogy connects a prod-
uct primarily made to conceal flaws in the skin surface to one
aimed at concealing identities. To be able to make this con-
nection, the audience must bring into play yet another frame:
Protecting, where an ASSET is protected from some DAN-
GER by the deployment of some PROTECTION. These new
connections build an access point for the construction of a
new future concept.

From that access point, the audience will be able to recon-
strue the frame blending intended by the storyteller. The clues
for building this new blended space in the future include lin-
guistic elements— "Hide in plain sight while still getting no-
ticed”—and visual elements—the camera icon in the founda-
tion bottle and the pixelated aspect of the model’s face. Other
less direct clues help the audience fit the new frame into their
system of concepts: the model in the ad is black and black
women are amongst the most prominent victims of harmful
algorithmic biases.

During this construction of meaning, storytellers and au-
dience members rely on embodiment (Kirchhoff, 2018) to
recruit frames and reframe concepts. They deploy image
schemas and force dynamics (Talmy, 1988) to make sense
of generalities. The make-up is conceived of as a barrier
stopping an agonist—the face recognition technology—from
invading a bounded region—the model’s identity. Figure 2
summarizes the cognitive mechanisms involved in the com-
prehension of the ad.

Not every attempt of communicating some future scenario
is successful. The question to be asked is: why are certain
future scenarios more easily communicated and understood
than others? To this end, in the next section, we present Fu-
tureVision: a methodology for investigating how the cogni-
tive effort needed to understand communication of a future
scenario depends on differences in shared background knowl-
edge, counterfactuality, and valence.
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Figure 2: Cognitive mechanisms involved in the comprehen-
sion of the fictional ad piece.

FutureVision: A Methodology for Investigating
Future Cognition

The FutureVision methodology builds on recent advances
in multimodal frame-semantic annotation (Belcavello et al.,
2020, 2022) and eye-tracking techniques (Duchowski, 2017;
Conklin et al., 2018) to shed light on the cognitive effort in-
volved in the comprehension of future scenarios.

To test the feasibility of the methodology, a pilot study de-
ployed eye-tracking glasses to evaluate gaze fixation patterns
during scenario evaluation.> A conversation pair was formed
at random, based on availability. This pair was invited to enter
a room, sit in chairs about 50 centimeters apart at an approx-
imate 90-degree angle, in front of a 40-inch video monitor
equipped with an image capture camera. In this configura-
tion, participants were in a comfortable position both to look
at each other and to look at the monitor. They were also in
the camera’s visual field.

Participant A, chosen at random from one of the two par-
ticipants, wore the Tobii Pro Glasses 3 eye tracker glasses
and assumed the role of “speaker”. Participant B, with-
out the glasses, assumed the role of “listener”. Participants
were asked to read instructions explaining that the experiment
would last approximately 25 minutes, with an optional break
of 5 minutes; that the monitor would display 8 advertisements
(text and image) for products that do not exist now but that
could, in principle, exist in the future.3 The ads were selected
from the Future Today Institute’s 2022 Technology Trends
Report (FTI, 2022) and were grouped into four sets accord-
ing to Valence (pessimistic/optimistic) and Counterfactuality

2The experimental protocol was approved by the Committee for
Ethics in Research at the Federal University of Juiz de Fora under
the number 84376424.0.0000.5147.

3For the pilot experiment, text in the ads was translated into
Brazilian Portuguese.

(near/far future).* Participant A’s task was to explain to par-
ticipant B the future scenario that brings relevance to what-
ever product or service the ad presents. The data collected
were the fixation points of participant A’s gaze on the screen
and the utterances participant A made— transcribed into text.

Participant selection

Participants were recruited and selected based on their knowl-
edge of Brazilian Portuguese, the language used in the exper-
iment. Inclusion criteria required participants to be over 18
years of age, native speakers of Brazilian Portuguese, literate,
and without hearing complaints or visual problems (unless
the visual problems could be corrected by the use of lenses).
Subjects were not filtered or separated by sex or gender. Par-
ticipation in the experiment was free and consensual.
Subjects were excluded from participating if they had evi-
dence or history of central nervous system disease, problem-
atic alcohol consumption, abuse of other substances, learn-
ing or memory problems, psychiatric disorder, serious medi-
cal illness, or photosensitive epilepsy, or were taking medica-
tion known to have centrally acting effects. Compliance with
these requirements was measured via a triage questionnaire.

Data analysis

Multimodal frame-semantic annotation of experimental
stimuli Eight fictional ads from the FTI 2022 Tech Trends
Report—two for each combination: near-future optimistic,
near-future pessimistic, far-future optimistic and far-future
pessimistic—were annotated by two experts with 10+ years
of experience in annotation for frames and frame elements for
both the linguistic and the visual communicative modes. Se-
mantic representations built from the annotations were stored
for each stimulus.

Frame-semantic annotation of Participant A’s descrip-
tions Participant A’s verbal descriptions of the stimuli were
automatically transcribed and annotated using the categories
of frame semantics.”> This involves identifying the main
conceptual structures (frames) that correspond to the partic-
ipants’ linguistic output, providing a qualitative context for
the gaze pattern data.

Processing eye-tracking data Raw gaze tracking data was
extracted from Tobii Pro Glasses 3, focusing on key metrics
such as fixation duration, fixation count and saccadic move-
ment patterns. Gaze data was segmented according to the
different stimuli presented during the session, allowing a de-
tailed comparison of fixation patterns in various valence and
counterfactual conditions. Areas of Interest (AOIs) were de-
fined so as to keep track of the multimodal composition of the
ads, including both text blocks and profiled images, as well

4Data and scripts are available via https://osf.io/9kvu2.

SParticipants descriptions were transcribed using Notta.ai (avail-
able at https://app.notta.ai/) and manually revised by a
trained linguist. Frame-semantic annotation was performed on an
instance of LOME (Xia et al., 2021) trained with FrameNet Brasil
data.
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as the whole screen.

Statistical analysis Mixed-effects regression models were
employed to analyze the relationship between gaze behav-
ior, cognitive effort, and scenario interpretation. Fixation du-
ration, pupil dilation, and AOI transition probabilities were
treated as dependent variables, while scenario valence and
future distance served as fixed effects. Random intercepts ac-
counted for individual differences in cognitive flexibility and
baseline attention patterns. Mediation analysis tested whether
pupil dilation mediated the relationship between scenario dis-
tance and semantic similarity scores. Cluster analysis was
conducted to identify gaze behavior patterns, classifying par-
ticipants into low and high cognitive load groups based on
fixation variability and saccadic patterns. Markov chain mod-
els were applied to Areas of Interest (AOIs) transition data to
quantify gaze regressions and assess conceptual integration
difficulty across conditions.

Integration of behavioral data and gaze pattern data
Following the methodology proposed by Viridiano et al.
(2022), cosine similarity between the frame-semantic repre-
sentations of the stimuli and that of the participants’ descrip-
tions was calculated to assess how close their interpretations
are to the intended valence and counterfactuality. This is cor-
related with fixation variability to explore how cognitive costs
influence perception and interpretation processes. The results
of the comparative and regression analyses are interpreted to
understand how the fracture of the base space manifests itself
in attachment patterns and cognitive processing.

Results

In this section we present the results obtained from the pilot
application of the FutureVision methodology to three pairs of
participants.

Similarities between semantic representations

Cosine similarities for the frame-semantic representations ob-
tained from the annotation of the stimuli and of the partic-
ipants’ descriptions of the fictional ads are given in Table
1. The first trend to be noted is that near-future scenar-
ios present, on average, higher cosine similarity scores than
far-future scenarios. Also, optimistic scenarios tend to have
higher similarity scores than pessimistic ones.

Also noteworthy is the discrepancy between the similar-
ity scores for the two near-future optimistic scenarios. One
of the fictional ads in this condition is precisely the Privée
Mystique ad (Figure 1). Although the FTI Tech Trends
Report (FTI, 2022) presents this as an optimistic scenario,
since it would allow population profiles more prone to suf-
fering from algorithmic bias to protect themselves against
harmful technologies, all three participants mentioned in
their descriptions various frames other than Protecting,
namely: Personal_relationship, evoked by lexical units
such as traicdo.n ’betrayal.n’, and Theft, evoked by roubo.n
‘theft.n’, as shown in (1).

Table 1: Consine similarities between semantic representa-
tions of stimuli and participants’ descriptions.

Stimulus PA1 PA2 PA3 AVG
Near-Fut Optimistic 1~ 0.519 0.532  0.494 0.515
Near-Fut Optimistic2  0.386 0.377 0.342 0.369
Near-Fut Pessimistic 1~ 0.399 0.401 0.556 0.452
Near-Fut Pessimistic2  0.214 0.341 0.492 0.349
Far-Fut Optimistic 1 0.262 0354 0408 0.341
Far-Fut Optimistic 2 0.317 0.288 0.319 0.308
Far-Fut Pessimistic 1 0.381 0.288 0.404 0.358
Far-Fut Pessimistic 2 0.342 0.265 0.390 0.332

€)) Acho que ¢ uma visdo negativa, justamente porque me
remete muito a questdo da traicao ou roubo, porque
ndo vejo sentido de voc€ usar uma peca de beleza para
poder se esconder de cameras. (I think it is a negative
perspective [on the future], precisely because it leads
me into thinking about the issues of betrayal or thefft,
because I see no reason for you to wear some beauty
product to hide from cameras.)

Therefore, for the participants in the pilot, Privée Mystique
presents a pessimistic perspective on the future: one in which
cosmetic technology is used for betraying loved ones and
committing crimes. Gaze plot data extracted using the eye-
tracking glasses (Figure 3), as well as the heatmap generated
from the same data (Figure 4), indicate that participants did
explore the image composition and the text in the expected
fashion. They focus on the pixelated face, on the name of
the foundation and the icon below it and they read the text.
Hence, the most likely explanation for the discrepancy in the
cosine similarity relates to lack of a shared background story
for the interpretation of the ad, which, in turn, led to a base
space violation: instead of being conceived of as a protecting
device that benefits the person who applies it to their face, the
proposed cosmetic product was framed as a mechanism for
deceiving law enforcement authorities and loved ones.

7 ke

Our patent-pending b 36y 1 "nology
reduices siaruxof ¢, g il i.warting
facial) °. " 4nition systems.

'y

Figure 3: PA1 gaze plot for the Privée Mystique ad for the
first 15 seconds.
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Figure 4: Heatmap for the Privée Mystique ad based on all
three participants for the first 60 seconds.

Eye-Tracking insights into cognitive load

The eyes do not merely reveal where we look; they unob-
trusively index how hard the mind is working. To examine
the cognitive effort involved in processing future scenarios,
we conducted a series of statistical analyses integrating eye-
tracking metrics, multimodal similarity of semantic represen-
tations, and behavioral responses. These analyses were de-
signed to evaluate whether base space violations influence
cognitive load and conceptual reframing. Our approach con-
sisted of four key components:

1. Mediation analysis: cognitive load may serve as an ex-
planatory mechanism for differences in how future scenar-
ios are interpreted. We tested whether pupil dilation—an
indicator of autonomic cognitive effort—mediates the re-
lationship between future scenario distance and semantic
similarity scores. This analysis helps determine whether
increased cognitive effort accounts for interpretative diver-
gence between near and far-future scenarios.

A mediation analysis was conducted to examine whether
cognitive load, operationalized as pupil dilation, mediated
the relationship between future distance (near vs. distant)
and semantic similarity scores.

Table 2: Pupil dilation mediates cognitive load

Predictor Estimate (3) 95% CI p-value
Fut. Dist. -0.21 [-0.38,-0.04] 0.024
Pup. Dilat. -0.14 [-0.29, 0.01] 0.08
Intercept 0.45 [0.20, 0.70] 0.002

The results indicated:

* Future distance was a significant predictor of pupil di-
lation (B = —0.21, p < 0.05, 95% CI = [-0.38, -0.04]),
confirming that distant future scenarios led to lower au-
tonomic engagement.

* When pupil dilation was included as a mediator, the ef-
fect of future distance on semantic similarity decreased
(B=-0.14, p =0.08, 95% CI = [-0.29, 0.01]), suggest-
ing partial mediation.
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* The mediation model explained 23% of the variance in
semantic similarity scores (R> = 0.23), reinforcing the
role of cognitive effort in interpretative divergence.

This result suggests that when cognitive effort is high, as
indexed by increased pupil dilation, participants struggle
to construct mental spaces that align with the intended va-
lence of future scenarios. The fact that mediation is partial
rather than full indicates that additional cognitive mech-
anisms, such as prior knowledge and linguistic framing,
may also play a role in shaping interpretation.

. Cluster analysis: not all participants process counterfac-

tual information in the same way. To capture variability in
gaze behavior, we applied K-means and hierarchical clus-
tering to fixation duration and saccadic variability. This
allowed us to identify distinct cognitive processing strate-
gies and assess whether certain gaze patterns are system-
atically linked to increased cognitive effort when engag-
ing with distant and pessimistic future scenarios. Hier-
archical clustering confirmed the robustness of the initial
K-means results, revealing two stable clusters. Cluster 1,
characterized by low cognitive load, showed shorter fixa-
tions (B = —0.19, p = 0.041, R?> = 0.27) and fewer sac-
cades, with gaze concentrated on textual elements. These
participants efficiently extracted relevant information and
engaged in faster conceptual alignment with the stimuli. In
contrast, Cluster 2, defined by high cognitive load, exhib-
ited longer fixations (f = —0.19, p = 0.041, R?2=0.27)and
erratic saccades, with frequent gaze shifts between AOIs,
particularly in far-future pessimistic scenarios. These find-
ings suggest that individuals experiencing greater cognitive
strain are more likely to engage in exploratory gaze pat-
terns, indicating difficulty in reconciling the scenario with
prior knowledge.

. Markov Chain analysis of AOI transitions: fixation be-

havior alone does not reveal how participants navigate mul-
timodal stimuli. To assess how participants transition be-
tween text and images, we applied a Markov chain model
to gaze shifts between AOIs. This method enables us
to quantify regressions (back-and-forth shifts indicative of
processing difficulty) and compare transition patterns be-
tween different clusters of gaze behavior.

To further analyze cognitive effort, a Markov chain model
was applied to participants’ gaze transitions between AOIs
(as summarized in Table 3).

Table 3: Gaze shifts between AOIs

AOI Transition Cluster 1~ Cluster 2
Text — Image 0.25 0.48
Image — Text 0.30 0.52
Image — Screen 0.20 0.38
Screen — Image 0.25 0.62

The analysis revealed that:



e Participants in Cluster 2 made frequent back-and-forth
transitions between text and images, indicating difficulty
integrating conceptual information.

* In contrast, Cluster 1 participants showed smoother tran-
sitions, suggesting more efficient conceptual integration.

This pattern suggests that high cognitive load is associ-
ated with increased reliance on visual re-exploration, po-
tentially due to difficulties in forming a coherent concep-
tual representation of the future scenario.

4. Interaction effects and individual differences: if sce-
nario reframing is influenced by cognitive load, fixation
duration may interact with scenario type to predict con-
ceptual reinterpretation. We conducted regression analyses
to test whether gaze behavior interacts with scenario va-
lence and future distance to influence reframing patterns.
Additionally, we explored whether individual differences
in cognitive flexibility correlate with pupil dilation and fix-
ation patterns, providing insight into how prior cognitive
adaptability influences scenario comprehension.

A regression model was conducted to examine the interac-
tion between fixation duration and scenario reframing, as
summarised in Table 4.

Table 4: Interaction between fixations and reframing

Predictor Estimate () 95% CI p-value
Fut. Dist. -0.27 [-0.52,-0.02] 0.048
Fix. Durat. -0.19 [-0.35,-0.03] 0.041
Intercept 0.45 [0.06, 0.84] 0.03

The results indicated that future distance significantly in-
teracted with fixation duration (B = —0.19, p = 0.041,
R? = 0.27), suggesting that participants with longer fixa-
tions in far-future scenarios were more likely to reframe the
scenario. The 95% confidence interval for the regression
estimate was [-0.35, -0.03], reinforcing the significance of
the interaction. This reinforces the hypothesis that base
space violations disrupt automatic conceptual alignment,
leading to increased fixation durations and a greater like-
lihood of conceptual reframing. Longer fixations reflect
delayed comprehension, while scenario reframing suggests
an effort to reconstruct coherence when the original inter-
pretation is incompatible with prior knowledge.

Discussion

The findings align with theories of cognitive effort in mental
space construction (Fauconnier, 1997; Fillmore, 1982), sup-
porting the idea that base space violations increase cognitive
load. Specifically, the longer fixation durations observed for
pessimistic and far-future scenarios may reflect the greater ef-
fort required to reconcile these scenarios with existing men-
tal frameworks. This observation is consistent with prior evi-
dence showing that mental effort and counterfactual scenarios
modulate language understanding, as demonstrated through

ERP findings in older adults (Salas-Herrera, Martinez, & Hin-
richs, 2024). Building on this, the results highlight the impor-
tance of base space persistence and fracture in counterfactual
reasoning and future-oriented communication, with cognitive
load theories explaining increased fixation durations in far-
future and pessimistic scenarios. In sum, a greater temporal
or evaluative distance imposes higher cognitive load, as evi-
denced across pupil dilation, gaze behaviour, and semantic di-
vergence, with individual flexibility modulating this cost; the
observed differences in AOI transition probabilities suggest
that higher cognitive load leads to more frequent regressions,
indicating cognitive instability when processing counterfac-
tual elements. This supports the concept of iterative mental
space revisions. Additionally, pupil dilation serves as an in-
dex of cognitive effort, emphasizing the role of cognitive load
in interpretation variability, with the overall findings suggest-
ing that processing distant or counterfactual future scenarios
demands more cognitive resources.

Limitations

This pilot study aimed to assess the feasibility of combining
eye-tracking and multimodal semantic annotation methods to
explore how cognitive effort varies with counterfactual and
valence-based stimuli. As an exploratory effort, the goal was
to test the FutureVision methodology and refine hypotheses
for larger investigations. The results demonstrated the po-
tential of combining gaze-tracking data and frame semantics
for analyzing cognitive processes. While the experimental
setup, including the use of Tobii Pro Glasses 3, successfully
captured eye movement metrics relevant to cognitive load,
challenges in participant recruitment and task engagement
highlighted areas for refinement. A key limitation was the
small sample size, restricting the generalizability of the find-
ings. Although the sample was adequate for testing feasibil-
ity, larger and more diverse populations are needed for con-
firmation. The study focused on a limited set of variables and
did not account for potential confounding factors like indi-
vidual differences in working memory or cultural influences.
Despite these limitations, the study demonstrated the feasi-
bility of the experimental paradigm and identified promising
avenues for research on future cognition.

Conclusion

Our central finding that the FutureVision methodology allows
for assessing the impact of base space violations on cogni-
tive load is an important contribution to several fields of re-
search where future cognition plays a central role. Beyond
its contributions to Scenario Forecasting, Speculative Futures
and Quantitative Futurism, the methodology presented in this
paper can inform research in other fields such as human-
computer interaction, cognitive neuroscience, and clinical
decision-making. Understanding how individuals process
counterfactual and valence-based scenarios can support the
development of adaptive systems that respond to users’ cog-
nitive states, such as virtual reality environments for cognitive
training or rehabilitation.
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