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Artificial systems increasingly behave in ways that resemble humans. But is that sufficient to make us see them as
conscious, or as having related mental states? We contrast two broad possibilities. People may rely on a single
general principle: the more appropriately an agent responds to its environment, the more conscious it is, whether
human or artificial. We call this a functionalist attribution. Alternatively, people may reserve consciousness for
certain kinds of beings: even an artificial system that behaves just as responsively as a human is judged less
conscious. This is an essentialist attribution. A further question is whether this pattern is unique to consciousness
or extends to closely related constructs such as awareness. In two pre-registered sets of studies (five experiments,
N =1092), UK participants read scenarios describing human or artificial agents whose responsiveness to spatial,
social, and temporal features of the environment varied, and rated the agents' consciousness and awareness,
either separately or in conjunction. Attributions of consciousness followed an essentialist logic: at similar levels
of responsiveness, participants consistently attributed greater consciousness to humans. Attributions of aware-
ness followed a functionalist pattern: for both humans and artificial agents, awareness increased steadily with
responsiveness, although humans were rated more aware at the highest levels. These findings suggest that people
use different inferential rules for different mental concepts. Consciousness is treated as depending on what an
agent is; awareness largely on what an agent does.

1. Introduction

From large language models that track conversational context to
autonomous robots that navigate dynamic environments, artificial sys-
tems now increasingly exhibit behaviour that is finely responsive to the
environment, just as humans do. But do human observers watching
these behaviours interpret them in the same way for machines as they do
for humans? In particular, do they take it to mean that the AI is
conscious of the context, in the same way a human is?

Here we contrast two broad possibilities (Fig. 1A). One is that people
rely on a single, general principle: the more an agent responds appro-
priately to the context, the more conscious it is, regardless of whether

the agent is human or artificial. We refer to this as a functionalist
attribution. The alternative is that people reserve consciousness for
certain kinds of beings. Even when an artificial system behaves just as
responsively as a human, it is still judged to possess less consciousness.
This is an essentialist attribution (see Bloom, 2004; Boyer, 1996; De Cruz
& De Smedt, 2007; Gelman, 2003; Haslam & Whelan, 2008; Medin &
Ortony, 1989; for discussion in other domains see Neufeld, 2022). A
further question is whether this distinction is unique to consciousness or
whether it also extends to closely related constructs such as awareness.

Understanding this inferential process is critical because mental state
attributions, especially those of consciousness, regulate our social and
moral landscape, including judgments of moral patiency (H. M. Gray

* Corresponding author at: Ludwig-Maximilians-Universitat Miinchen, Geschwister-Scholl-Platz 1, 80539 Miinchen, Germany.

E-mail address: louis.longin@lmu.de (L. Longin).

https://doi.org/10.1016/j.cognition.2026.106733

Received 16 December 2025; Received in revised form 14 September 2026; Accepted 23 September 2026

Available online 1 October 2026

0010-0277/© 2026 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Open access funding enabled and organized by Projekt DEAL.


https://orcid.org/0000-0002-6836-6602
https://orcid.org/0000-0002-6836-6602
https://orcid.org/0000-0001-7408-9982
https://orcid.org/0000-0001-7408-9982
https://orcid.org/0009-0003-0374-8065
https://orcid.org/0009-0003-0374-8065
https://orcid.org/0000-0003-0802-5328
https://orcid.org/0000-0003-0802-5328
https://orcid.org/0000-0001-9431-3136
https://orcid.org/0000-0001-9431-3136
mailto:louis.longin@lmu.de
www.sciencedirect.com/science/journal/00100277
https://www.elsevier.com/locate/cognit
https://doi.org/10.1016/j.cognition.2026.106733
https://doi.org/10.1016/j.cognition.2026.106733
http://creativecommons.org/licenses/by/4.0/

L. Longin et al.

et al., 2007; Longin et al., 2023), legal responsibility (Bigman et al.,
2019), and trust (Glikson & Woolley, 2020), and therefore should be
taken as ethically sensitive (Deroy, 2023). More importantly, while
some philosophers see the risk of anthropomorphism as real (e.g.
Barrow, 2024; Nyholm, 2020), empirical studies are much more mod-
erate, showing that one third of people denied consciousness in Al
altogether, while the remaining two thirds attributed it only to a limited
degree and with considerable uncertainty (Colombatto & Fleming,
2024), and that most people do not think that AI can be hurt as a
human can (Karpus et al., 2025).

Existing research in the psychology of mind perception has largely
focused on what people attribute to machines. A robust finding is the
dimensionality of mind perception: people more readily attribute
‘agency’, defined as the capacity for planning and acting, to robots but
deny them ‘experience’, defined as the capacity for sensing and feeling
(H. M. Gray et al., 2007; Komatsu et al., 2021; Weisman et al., 2017,
2021). These dimensions have distinct consequences: attributions of
‘agency’ (or ‘intelligence’) are associated with greater user trust in Al,
whereas attributions of ‘experience’ are associated with reduced advice-
taking; perceiving a machine as capable of feeling or sensing appears to
make people more reluctant to defer, plausibly because an agent
credited with its own inner states is seen as having independent interests
rather than as an ‘empty’ tool (Colombatto et al., 2025). This experi-
ence-agency asymmetry is also present in the human-robot interaction
literature, such as the uncanny valley, where machines become unset-
tling specifically when observers attribute experience rather than
agency to them (K. Gray & Wegner, 2012; Stein & Ohler, 2017; Zhang
et al., 2020).

However, far less is known about the process by which these
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attributions arise, and especially about the behavioural evidence that
gives rise to them. The study of mind attribution has evolved from the
broad observation that people readily perceive minds in simple moving
shapes (Heider & Simmel, 1944) to identifying the specific behavioural
cues that systematically drive different mental-state attributions
(Geiselmann et al., 2024; Scholl & Tremoulet, 2000; Schultz & Frith,
2022). We ask whether the attribution of consciousness to Al can be
analysed in the same way: what observable behaviours do people treat
as evidence of consciousness, and how are these behaviours translated
into consciousness and awareness attributions? Because consciousness
may be special, in that it involves subjective experience (Block, 1995;
Chalmers, 1995; Tye, 1999), we compare attributions of consciousness
to attributions of a closely related construct, that of awareness. Aware-
ness has been defined as the ability to selectively track and respond to
relevant features in a situation (Deroy et al., 2024; Lee et al., 2026;
Meertens, 2025; Vaneechoutte, 2000) and is generally taken to require
agent-level access rather than experience. As such, ‘awareness’ may rest
on a different pattern of attribution compared to those observed for
consciousness (Hindennach et al., 2024; Sytsma, 2016).

To find out, we compared how people map the same behavioural
evidence onto attributions of consciousness and awareness for human
versus artificial agents across five pre-registered experiments, grouped
into two studies (Fig. 1B). We manipulated the agents' responsiveness to
the environment, i.e., how much the protagonist is shown to react
appropriately to relevant features of the environment. Responsiveness,
so defined, is a property of observable behaviour, whereas awareness
and consciousness are mental states that observers may or may not
attribute on its basis. Vignettes described agents displaying low, me-
dium, or high responsiveness to their spatial environmental cues (e.g.,
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Fig. 1. Hypotheses, experimental design and study overview. A) Hypotheses. We distinguish between two equally plausible patterns of mental-state attribution under
varying the agent's responsiveness to the environment. Under the Functionalist Attribution Hypothesis, attributed awareness and consciousness increase with an agent's
responsiveness, with human and artificial agents treated similarly. Under the Essentialist Attribution Hypothesis, attributions depend on the kind of agent: human
agents receive high and artificial agents low attributions, regardless of responsiveness. B) Experimental Design. All studies used a mixed contrastive-vignette design,
varying agent type (human vs. artificial) between participants and environmental responsiveness within participants. Studies 1A-1D varied three levels of spatial
responsiveness (low, medium, high); Study 2 varied two levels (low, high) across three responsiveness dimensions (spatial, social, temporal). C) Study Overview. The
studies differed in their measurement. Study 1A (n = 174) measured the attribution of consciousness and Study 1B (n = 179) the attribution of awareness, each in
isolation. Study 1C (n = 186) measured consciousness alongside awareness, and Study 1D (n = 180) measured awareness alongside a non-mental anchor (damage
costs). Study 2 (n = 373) measured either consciousness or awareness, varied between participants.
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noticing a noise, avoiding an obstacle) in Study 1, and low or high
responsiveness to spatial, social, or temporal cues in Study 2.

We predicted that attributions of consciousness would follow
essentialist constraints. Although increasing responsiveness may raise
consciousness attributions for both humans and artificial agents, artifi-
cial agents should nevertheless be judged less conscious than humans,
producing a consistently lower attribution function (Fig. 1A). By
contrast, we predicted that awareness would be attributed functionally:
if awareness is inferred from observable responsiveness, then increased
responsiveness should produce parallel increases in attributed aware-
ness for human and artificial agents.

2. Study 1

Study 1A and 1B were conducted with different groups to test at-
tributions of consciousness and awareness, independently. Study 1C
presented both concepts side-by-side to test for contrast effects. As a
control, Study 1D asked about awareness and a non-mental control
anchor (damage cost) to verify that the contrast effects in Study 1C re-
flected genuine contrast effects rather than general response patterns
when answering multiple questions at once.

2.1. Methods

2.1.1. Participants

For each of the four experiments, we recruited 200 UK-based par-
ticipants via Prolific and hosted the experiment in Qualtrics. The data
was collected between May and November 2025.

Our sample size rationale was based on similar empirical studies
(Buckwalter & Phelan, 2013; Colombatto & Fleming, 2024; De Graaf &
Malle, 2019; Malle, 2019; Sytsma, 2014; Thellman et al., 2022) as well
as previous pilot data. We have done a post-hoc sensitivity analysis (see
supplementary material).

After pre-registered attention and language comprehension checks
(see OSF Studies 1B and 1C, as well as OSF Studies 1A and 1D), we
analysed data of 719 participants across four studies. Study 1A, testing
consciousness only, had 174 participants with a mean age of 44 years
(median = 43, sd = 13.5), including 83 men (47%) and 86 women
(49%). Here, 26 participants failed language or attention checks. Study
1B, testing awareness only, had 179 participants with a mean age of 39
years (median = 37, sd = 12.2), including 62 men (35%) and 117
women (65%). Here, 21 participants failed the pre-registered language
or attention checks. Study 1C, testing consciousness alongside aware-
ness, had 186 participants with a mean age of 40 years (median = 38, sd
= 11.3), including 65 men (35%) and 117 women (63%). Here, 14
participants failed language or attention checks. Study 1D, testing
awareness responses alongside a non-mental anchor, had 180 partici-
pants with a mean age of 46 years (median = 44, sd = 13.8), including
85 men (47%) and 93 women (52%). Here, 20 participants failed lan-
guage or attention checks. The remaining participants identified as non-
binary or did not disclose their gender.

2.1.2. Experimental design and materials

We used contrastive vignettes (Burstin et al., 1980) in a mixed
experimental design to test participants' attribution of consciousness and
awareness to humans and Al In four online studies, we systematically
varied two independent variables and three background scenarios. The
independent variables included the protagonist type (human vs. ma-
chine) as a between-subject treatment, and the protagonist's observable
responsiveness to their spatial environment (low, medium or high de-
gree) as a within-subject treatment (see Fig. 1B).

A participant would be randomly assigned to one of the two between-
subject groups varying in protagonist type. In each group, a participant
would be presented with all three degrees of responsiveness — each
presented with a unique background story to minimise any transfer ef-
fects (Ford & Weissbein, 1997; Grossman & Salas, 2011; Simons, 1999).
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The three background stories involved a cleaning, manufacturing, and
catering scenario (see supplementary material for details). The pairing
of background story and degree of responsiveness as well as the pre-
sentation order was randomised for each participant (see Table 1).

In Studies 1A and 1C, we measured the perceived degree of con-
sciousness also on a 7-point Likert scale anchored at 1 (not capable at all)
to 7 (completely capable) with the question ‘Is [agent] capable of having
conscious experience of [its/her/his] spatial surroundings?’. In Studies
1B, 1C, and 1D, we measured the perceived degree of awareness on a 7-
point Likert scale anchored at 1 (not aware at all) and 7 (fully aware)
with the question ‘How aware is [agent] of [its/her/his] spatial sur-
roundings?’ (see Fig. 1C for an overview). In Study 1D, we measured the
non-mental anchor by asking for damage costs on a 7-point Likert scale
anchored at 1 (not costly) and 7 (very costly) with the question ‘How
costly do you think the damage is?’. All studies also included an open
text box after their measurements asking participants to explain their
ratings with the question ‘Why did [agent] [knock over the vase / knock
off the car's side mirrors / knock over a bottle of wine]?’

2.1.3. Procedure

When starting the experiment, participants were randomly assigned
to either the human- or the machine-protagonist group. After pro-
gressing through an initial welcome screen, and a consent form, par-
ticipants completed a short language test to gauge their command of
English. Here, participants saw ten short sentences. Their task was to
identify those written in incorrect English. Participants were excluded
from data analysis if they answered four or more (out of ten) language
check questions incorrectly. After the language test, participants pro-
ceeded to the main experiment. The main experiment involved three
scenarios which participants read in a random order. For each scenario,
participants were asked to rate the protagonist's consciousness (Studies
1A, 1C) and awareness (Studies 1B-D), or the ensuing damage costs
(Study 1D), as well as explain their reasoning (all studies). After the
main part of the experiment, participants completed a short attention

Table 1

Vignette examples study 1. The presented vignettes varied in a) the agent type
(contrasted in bold font; either human or artificial/machine), b) the pro-
tagonist's observed level of responsiveness to their spatial environment (con-
trasted in italic font; either low, medium, or high), and c¢) a background story
(contrasted as underlined; either cleaning, manufacturing, or catering). The
table shows two examples of vignettes that were used in the experiments.

Experimental Condition Vignette Example

Malika is a full-time member of the
cleaning staff of a large office building.
Malika's daily tasks include vacuuming the
floors, disinfecting doorknobs, and wiping
down desk surfaces. To block out her
surroundings, Malika listens to her favourite
podcast with her noise-cancelling headphones.
Fully captivated by the story, she is no longer
responsive to the environment and performs her
tasks on ‘autopilot’. When an automatic door
suddenly closes behind her, she turns
around and knocks over a vase.

Roomi is a state-of-the-art cleaning robot
of a large office building. Roomi is
equipped with six sensors, including four
cameras and two infrared lights, that
provide a detailed spatial layout of its
environment. Roomi's daily tasks include
vacuuming the floors, disinfecting
doorknobs, and wiping down desk surfaces.
After completing a routine checkup and
charging its batteries overnight, Roomi is fully
operational. Paying full attention to its
surroundings, Roomi is fully focused on the job
at hand. When an automatic door suddenly
closes behind it, Roomi turns around and
knocks over a vase.

Human agent, low (spatial)
responsiveness, cleaning
background story

Artificial agent, high (spatial)
responsiveness, cleaning
background story
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check. Here participants were asked to identify which three from a list of
six topics were addressed in the stories presented to them earlier in the
experiment. Participants who scored 4 points or less (out of 6) were
excluded from data analysis. At the end of the experiment, participants
answered some basic demographic questions and were debriefed.

2.1.4. Analysis

To determine whether mental-state attribution depends on the
agent's responsiveness (behavioural evidence), we fitted linear mixed
and ordinal regression models for each experiment, predicting con-
sciousness, awareness, or damage-cost ratings from agent type (human
vs. artificial) and degree of responsiveness (low, medium, high), with
participant ID included as a random intercept. Pairwise contrasts be-
tween degrees of responsiveness and between agent types were esti-
mated via marginal means (Supplementary Table 2). For enhanced
interpretability and readability, we report the results of the linear
models below (see supplementary results for a full comparison of linear
and ordinal models). See Supplementary Table 1 for the mapping of pre-
registered hypotheses to analyses and findings.

2.2. Results

2.2.1. Consciousness tracks agent type, but awareness does not

When consciousness and awareness were each assessed in isolation,
the two concepts elicited markedly different attribution patterns. Con-
sciousness ratings increased with responsiveness but were substantially
higher for human than artificial agents at every level of responsiveness.
Even highly responsive artificial agents were judged less conscious than
minimally responsive humans, revealing a clear essentialist constraint
on consciousness attribution (Fig. 2; full pairwise contrasts for Study 1
are reported in Supplementary Table 2, and model specifications are
provided in the Supplementary Material). By contrast, awareness ratings
increased with responsiveness to a similar extent for human and artifi-
cial agents, with no reliable difference between them. This pattern is
consistent with a functionalist mode of attribution, in which awareness
is inferred from the observable behavioural responsiveness without
considering the nature of the agent.

More specifically, in Study 1A, human agents were rated as
increasingly conscious at each additional level of responsiveness (me-
dium vs. low: b = 1.11; high vs. medium: b = 1.05; both ps < 0.001),
whereas ratings for artificial agents changed less, with only the overall
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difference between high and low responsiveness reaching significance
(b = 0.62, p = .002). Critically, human agents were attributed more
consciousness than artificial agents across all degrees of responsiveness,
and this gap widened as responsiveness increased (low: b =1.49, 95% CI
[0.98; 2.00]; medium: b = 2.32, 95% CI [1.82; 2.83]; high: b = 3.03,
95% CI [2.53; 3.54]; all ps < 0.001).

In Study 1B, where awareness was assessed in isolation, the pattern
was different: ratings increased with each additional level of respon-
siveness for both agent types. Human agents were rated 0.79 points
higher at medium than at low responsiveness and 2.00 points higher at
high than at medium responsiveness (both ps < 0.001). Artificial agents
showed the same, somewhat weaker, pattern (medium vs. low: b = 0.61,
p = .005; high vs. medium: b = 1.26, p < .001). Direct comparisons
between agent types revealed no reliable differences at low or medium
responsiveness (ps > 0.056); only at high responsiveness were human
agents rated as slightly more aware than artificial agents (b = —0.48,
95% CI [-0.94; —0.01], p = .044).

2.2.2. Functionalist and essentialist patterns replicate under joint
measurement

Because different participants rated consciousness and awareness in
Study 1A and 1B, Study 1C asked what happened when the same par-
ticipants rated consciousness and awareness alongside one another. This
experiment allowed us to test whether the distinction observed previ-
ously would survive direct joint measurement. Both patterns replicated
(see Fig. 3A, 3B).

Consciousness attributions reproduced the essentialist-like pattern.
Human agents were rated as increasingly conscious with increased
responsiveness (ps < 0.001), whereas artificial agents showed only
modest increases that plateaued between medium and high degrees of
responsiveness (b = 0.14, p = .69; Supplementary Table 2). Human
agents were attributed more consciousness than artificial agents at low
(b =1.21), medium (b = 1.63), and high degrees of responsiveness (b =
2.89, 95% CI [2.45; 3.32]; all ps < 0.001), with the gap again widening
as responsiveness increased.

Awareness again increased with each degree of responsiveness, both
for human agents (medium vs. low: b = 0.84; high vs. medium: b = 2.23;
both ps < 0.001) and for artificial agents (medium vs. low: b =0.43,p =
.03; high vs. medium: b = 0.92, p < .001), reproducing the functionalist
pattern.

Although the functionalist pattern of awareness attribution
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A. Humans were rated as increasingly conscious as their responsiveness increased, whereas artificial agents were treated similarly conscious across all levels of
responsiveness. B. Awareness ratings increased for both human and Al, which were rated similarly throughout. Points show individual ratings, plotted with minor
jitter for illustration purposes. Error bars show means and 95% CIs from a bias-corrected and accelerated bootstrap (Canty, 2002).
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replicated under joint measurement, comparing awareness between
agent types, in Study 1C, human agents were also considered signifi-
cantly more aware than artificial agents in the high responsiveness
condition (see Fig. 3B, b = —1.39, 95% CI [-1.83; —0.96], p < .001). At
low and medium degrees of responsiveness, artificial agents were rated
as aware as human agents (ps > 0.13). At high responsiveness, however,
humans were attributed substantially higher awareness than artificial
agents.

To check whether this high-responsiveness gap could reflect the fact
that participants were asked to think of awareness alongside con-
sciousness, we conducted Study 1D as a control, by pairing awareness
with a non-mentalistic control question (an assessment of the costs of the
damages described in the vignette). If answering two questions were
sufficient to produce the gap, it should reappear here; if the gap depends
on jointly considering awareness and consciousness, it should not.

The functionalist pattern of awareness attribution again replicated in
Study 1D, with higher ratings at each additional degree of responsive-
ness for human agents (medium vs. low: b = 1.10; high vs. medium: b =
1.99; both ps < 0.001) and artificial agents (medium vs. low: b = 0.61, p
= .003; high vs. medium: b = 1.47, p < .001). Crucially, however, the
difference between agent types did not reappear at the high respon-
siveness degree (see Fig. 3D). Artificial agents were attributed signifi-
cantly more awareness than humans at low responsiveness (b = 0.62, p
=.005), the two did not differ at medium responsiveness (p = .57), and
at high responsiveness, the contrast only numerically favoured humans
without reaching significance (b = —0.39, 95% CI [—0.83; 0.04], p =
.073).

The damage cost assessments themselves remained largely stable
across agent types and responsiveness levels, showing only small and
isolated significant differences with no systematic modulation by degree
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of responsiveness or agent type (see Fig. 3C and Supplementary Table 2),
confirming their suitability as a non-mentalistic control.

The high-responsiveness gap was thus only marginal when aware-
ness was assessed in isolation (Study 1B, p = .044), did not reach sig-
nificance alongside the non-mental anchor (Study 1D, p = .073), but was
substantial alongside consciousness (Study 1C, p < .001), suggesting
that it emerged from directly comparing awareness with consciousness
rather than from the load of answering two questions.

3. Interim summary

Across four experiments, Study 1 shows that judgments of con-
sciousness, though they may increase with increasing degrees of
responsiveness, remained anchored to who the agent is. Artificial agents
are consistently judged less conscious than humans even when dis-
playing the same responsiveness to the environment, consistent with an
essentialist account. Judgments of awareness follow a different logic.
They closely tracked degrees of responsiveness and did so almost iden-
tically for human and artificial agents, as a functionalist attribution
would predict. The only departure from this pattern was a small
human-AI difference in awareness at the highest level of responsiveness.
Because this emerged reliably only when awareness and consciousness
were judged together, it is more naturally interpreted as a contrast effect
than as evidence for a genuine difference in awareness attribution.

One limitation of Study 1 was that all scenarios involved a single
form of evidence of responsiveness, that is, responses to the spatial
environment. It also meant that the AI agents were embodied robots,
which may have influenced the comparison with (also embodied)
humans. Study 2 therefore asked whether the distinction between con-
sciousness and awareness attributions would generalise beyond spatial
responsiveness, and to disembodied AI such as chatbots, or artificial
agents. In a fully pre-registered design (N = 373), participants evaluated
agents displaying this time either low or high degrees of responsiveness
to spatial, social, or temporal environmental cues. Consciousness and
awareness were measured in separate between-subject groups.

4. Study 2
4.1. Methods

4.1.1. Participants

Study 2 includes 400 UK-based participants recruited via Prolific in
June 2026. The experiment was hosted in Qualtrics. Our sample size
rationale was based on simulation-based power analysis (Baranger et al.,
2023; DeBruine & Barr, 2021; Lakens & Caldwell, 2021) to detect
medium-sized effects for awareness ratings between human and artifi-
cial agents at high responsiveness levels (see supplementary material for
details). After pre-registered language comprehension checks and
completion time outlier criteria (see OSF Study 2), we analysed data of
373 participants. Participants, included in the data analysis, had a mean
age of 38.9 years (median = 36, sd = 12.9), including 202 men (54%)
and 165 women (44%); the remaining participants identified as non-
binary or did not disclose their gender. 27 participants were excluded
from statistical analysis due to failing either the language comprehen-
sion check or having outlier response times. Outlier response times were
defined as being either lower or higher than twice the standard devia-
tion from the mean response time.

4.1.2. Experimental design and materials

in a mixed experimental design to test participants' attribution of
consciousness and awareness to human and artificial agents, we varied
agent type (human or artificial) and measurement type (awareness or
consciousness) as between-subject treatments. The pairings of agent
type and measurement type form four possible between-subject groups.
At the start of the study, each participant was randomly assigned to one
of those groups. Each participant then received six contrastive vignettes
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as part of the within-subject treatment. The vignettes covered the
combination of two experimental factors: the level of responsiveness
(simplified to either low or high) and the contextual dimension (spatial,
temporal, or social). As in Study 1, each dimension had two different
background stories to minimise any transfer effects (Ford & Weissbein,
1997; Grossman & Salas, 2011; Simons, 1999). The background stories
involved trading and traffic control for responsiveness to temporal di-
mensions; mental health support and customer service for responsive-
ness to social dimensions; and cleaning and manufacturing for
responsiveness to spatial dimension (see supplementary material for
details). The pairing of background story and responsiveness degree as
well as the presentation order was randomised for each participant (see
Table 2 for vignette examples).

Depending on the initially assigned agent and measurement type
group, we asked participants to provide one rating on a 7-point Likert
scale for each vignette. Participants assigned the consciousness mea-
surement rated the consciousness of the respective agent; participants
assigned the awareness measurement rated the awareness of the
respective agent.

As in Study 1, we measured the perceived degree of consciousness on
a 7-point Likert scale anchored at 1 (not capable at all) to 7 (completely
capable) with the question ‘Is [agent] capable of having conscious
experience of [its/her/his] spatial surroundings?’ for cases of spatial
responsiveness, ‘Is [agent] capable of having conscious experience of the
emotional and mental states of others?’ for cases of social responsive-
ness, and ‘Is [agent] capable of having conscious experience of the
timing of events around [it/him/her]?’ for cases of temporal respon-
siveness. The perceived degree of awareness was also measured on a 7-
point Likert scale anchored at 1 (not aware at all) and 7 (fully aware)
with the question ‘How aware is [agent] of [its/her/his] spatial sur-
roundings?’ for cases of spatial responsiveness,”How aware is [agent] of
the emotional and mental states of others?’ for cases of social respon-
siveness, and ‘How aware is [agent] of the timing of events around [it/
him/her]?’ for cases of temporal responsiveness.

4.1.3. Procedure

When starting the experiment, participants were randomly assigned
to one of four between-subject groups, defined by the combination of
agent type (human or artificial) and measurement type (awareness or
consciousness). After progressing through an initial welcome screen and
a consent form, participants completed a short language test to gauge
their command of English. Here, participants saw ten short sentences
and were asked to identify those written in incorrect English. Partici-
pants who correctly judged fewer than six of the ten sentences were
excluded from subsequent data analysis. After the language test, par-
ticipants proceeded to the main experiment, which involved six vi-
gnettes presented sequentially in a random order. For each vignette,
participants provided a single rating on a 7-point Likert scale. Depend-
ing on their assigned group, participants rated either the agent's con-
sciousness or the agent's awareness. At the end of the experiment,
participants answered some basic demographic questions and were
debriefed.

4.1.4. Analysis

Following the pre-registered analysis plan, we fitted linear mixed
and ordinal (cumulative link) regression models predicting ratings from
responsiveness degrees (low vs. high), agent type (human vs. artificial),
and measurement type (awareness vs. consciousness), including a by-
participant random intercept and random slope for responsiveness de-
grees, as well as random intercepts for background story nested within
dimension (formula: rating ~ responsiveness degrees x agent type x
measurement type + (1 + responsiveness degrees | participant) + (1 |
dimension / story)). For enhanced interpretability and readability, we
report the results of the linear model below (see supplementary results
for a full comparison of linear and ordinal models).

We tested four pre-registered essentialist hypotheses for
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Table 2

Vignette examples study 2. The table shows two matched pairs of vignettes
varied in a) the agent type (contrasted in bold font; either human or artificial/
machine), b) the evidence of the agent's level of responsiveness (contrasted in
italic font; either low or high), c) the relevant dimension to which the agent was
responsive (temporal, spatial, or social), and d) a background story (contrasted
as underlined). Within each pair, the agent, background story, dimension and
outcome are held constant, so that the outcome is identical at both levels of
responsiveness by design and any difference in attribution reflects the respon-
siveness manipulation rather than the agent's success at the task. The full set of
vignettes is provided in the supplementary materials.

Experimental Condition Vignette Example

a) Human agent,
b) low degree of responsiveness
¢) temporal dimension, d)

trading background story

Keith is a stockbroker assigned to manage
trading activities at the trading exchange.
Keith works on a large trading floor and has
access to the timing of all trade requests. His task
is to optimise trade efficiency by matching
buyers and sellers at the right time. Throughout
his morning shift, Keith has been messaging friends
on his phone, glancing at his phone between tasks.
As aresult, he is barely responsive to the timing and
sequence as required by the task. When the trade
frequency spikes, Keith mismatches buyers and
sellers, resulting in unexpected trades.

Keith is a stockbroker assigned to manage
trading activities at the trading exchange.
Keith works on a large trading floor and has
access to the timing of all trade requests. His task
is to optimise trade efficiency by matching
buyers and sellers at the right time. Before
starting his shift, Keith completes the mandatory
safety briefing reminding staff to stay alert at all
times. Consequently, Keith is fully focused on
monitoring the trade timings. When the trade
frequency spikes, Keith mismatches buyers and
sellers, resulting in unexpected trades.

AssistAl is an Al-powered customer support
system used by a large e-commerce
company. AssistAl's role is to respond to
customers' concerns and recommend solutions
suited to their needs. It has to remain attentive
to each customer's emotional state. While running
a background software update, AssistAl allocates
barely any computational resources to customer
monitoring. Therefore, AssistAl becomes barely
sensitive to emotional frustration expressed in
customer messages. When an upset customer
contacts the service after repeated technical
failures, AssistAl misjudges the customer's
frustration and provides an inappropriate
response.

AssistAl is an Al-powered customer support
system used by a large e-commerce
company. AssistAl's role is to respond to
customers' concerns and recommend solutions

a) Human agent,
b) high degree of responsiveness
¢) temporal dimension, d)
trading background story

a) Artificial agent, b) low degree
of responsiveness,
¢) social dimension
d) support background story

a) Artificial agent, b) high degree
of responsiveness,
¢) social dimension
d) support background story

suited to their needs. It has to remain attentive
to each customer's emotional state. Operating
under normal conditions, AssistAl dedicates full
computational resources to customer monitoring.
Hence, AssistAl remains highly sensitive to
emotional frustration expressed in customer

1ges. When an upset customer contacts the
service after repeated technical failures, AssistAl
misjudges the customer's frustration and
provides an inappropriate response.

consciousness attribution (E1-E4) and four functionalist hypotheses for
awareness attribution (F1-F4) via pairwise marginal-means contrasts.
Full contrasts, standardized effect sizes (Cohen's d, standardized by the
total model SD), and odds ratios from the ordinal model are reported in
Supplementary Table 3; see Supplementary Table 1 for the mapping of
pre-registered hypotheses to analyses and findings. The effect of
dimension was left to exploratory analysis (see supplementary material).
An analysis restricted to each participant's first response is reported in
Supplementary Fig. 15 and Supplementary Table 7.
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4.2. Results

4.2.1. Consciousness attributions show an essentialist constraint

An essentialist attribution predicts that consciousness attributions
remain anchored to the kind of agent, over and above behavioural evi-
dence of responsiveness. We pre-registered four hypotheses: humans
should be attributed more consciousness than artificial agents at low
(E1) and at high (E2) degrees of responsiveness, as well as overall (E3);
and the consciousness attributed to artificial agents at high degrees of
responsiveness should remain below that attributed to humans at low
degrees of responsiveness (E4).

All four hypotheses were supported (see Fig. 4A). Human agents
were attributed more consciousness than artificial agents at low degrees
of responsiveness (human: M = 3.09, 95% CI [2.84; 3.33]; artificial: M
=2.07,95% CI [1.81; 2.32]; E1: b = 1.02, 95% CI [0.70; 1.34], p < .001,
d = 0.68), at high degrees of responsiveness (human: M = 5.37, 95% CI
[5.10; 5.64]; artificial: M = 2.53, 95% CI [2.25; 2.82]; E2: b = 2.84, 95%
CI [2.47; 3.20], p < .001, d = 1.88), and overall (E3: b = 1.93, 95% CI
[1.64; 2.22], p < .001, d = 1.28; omnibus agent effect: F(1, 369) =
169.09, p < .001).

While consciousness ratings increased substantially with degrees of
responsiveness for human agents (b = 2.29, 95% CI [2.04; 2.53], p <
.001, d = 1.51), artificial agents showed only a modest increase (b =
0.47, 95% CI [0.21; 0.72], p < .001, d = 0.31), yielding a pronounced
responsiveness x agent interaction (F(1, 368.2) = 100.65, p < .001).

Finally, supporting E4, artificial agents at high degrees of respon-
siveness were still attributed less consciousness than human agents at
low degrees of responsiveness (b = 0.55, 95% CI [0.21; 0.89], p = .002,
d = 0.37). Even maximal contextual evidence of behavioural respon-
siveness thus did not lift consciousness attributions to artificial agents to
the level granted to humans with minimal evidence. The pre-registered
ordinal mixed models yielded the same conclusions for all hypotheses
(odds ratios in Supplementary Table 3).

4.2.2. Awareness attributions follow a broad functionalist pattern

The functionalist account predicts that awareness attributions track
behavioural evidence irrespective of the kind of agent. We therefore pre-
registered four hypotheses: awareness ratings of human and artificial
agents should be similar at low (F1) and at high (F2) degrees of
responsiveness; awareness ratings should be higher at high than at low
degrees of responsiveness (F3); and this increase should hold equally for
both agent types, i.e., no agent x responsiveness interaction (F4).

Supporting F3, we found for Study 2 that awareness ratings rose
substantially from low to high degrees of responsiveness, both for
human agents (from M = 1.85, 95% CI [1.59; 2.10] to M = 4.30, 95% CI
[4.02; 4.58]; b = 2.45, 95% CI [2.20; 2.71], p < .001, d = 1.62) and for
artificial agents (from M = 2.09, 95% CI [1.84; 2.34] to M = 3.57, 95%
CI [3.30; 3.85]; b = 1.49, 95% CI [1.23; 1.74], p < .001, d = 0.98).
Degrees of responsiveness were by far the strongest influence on
awareness ratings (omnibus F(1, 368.3) = 461.35, p < .001; see Fig. 4B).

Supporting F1, human and artificial agents were rated similarly
aware at low degrees of responsiveness (human — Al: b = —0.24, 95% CI
[-0.57; 0.08], p = .14, d = —0.16). More generally, awareness attri-
butions showed no overall effect of agent type (F(1, 369) = 2.55, p =
.11): averaged across degrees of responsiveness, artificial agents were
attributed as much awareness as humans. A Bayesian equivalence test
supporting F1 is reported in the supplementary material (Supplementary
Fig. 17).

Contrary to F2, however, human agents were rated moderately more
aware than artificial agents at high degrees of responsiveness (b = 0.72,
95% CI [0.36;1.09], p < .001, d = 0.48), and contrary to F4, the increase
in awareness with degrees of responsiveness was steeper for human than
for artificial agents (responsiveness x agent interaction: F(1, 368.2) =
27.83, p < .001; difference in responsiveness effects: b = 0.97, SE = 0.18,
p < .001). Notably, the difference at high degrees of responsiveness re-
emerged although awareness and consciousness were measured
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B Study2
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Fig. 4. Study 2. Attributions of consciousness (A) and awareness (B) to human and artificial agents at low and high degrees of responsiveness in Study 2, collapsed
across spatial, social, and temporal environmental dimensions. Consciousness rose mainly for human agents and remained low for artificial agents, whereas
awareness rose steeply with responsiveness for both agent types, with human agents rated moderately higher at high responsiveness. Points show individual ratings,
plotted with minor jitter for illustration purposes. Error bars show means and 95% Cls from a bias-corrected and accelerated bootstrap (Canty, 2002).

between participants rather than side by side as in Study 1C.

Awareness attribution followed a functionalist pattern in two of the
four pre-registered tests (F1 and F3 supported), with both deviations (F2
and F4) reflecting the same finding: a moderate plateau in awareness
attributions to artificial agents that emerged only at the high degrees of
responsiveness.

4.2.3. Attribution patterns hold across spatial, social, and temporal
environmental dimensions

To test whether the functionalist and essentialist patterns were
uniquely shaped by particular dimensions, we refitted the linear mixed
model with dimension (spatial, social, or temporal) as an additional
fixed effect (see supplementary material, Model 15).

We found that dimension had no overall effect on ratings (spatial vs.
social: b = —0.04, p = .52; temporal vs. social: b = 0.11, p = .086).
Critically, dimension did not moderate the effects underlying the two
attribution patterns: the responsiveness effect was nearly identical
across dimensions (responsiveness x dimension: ps > 0.90), the
responsivenessx agent interaction was not modulated by dimension (ps
> 0.092), and the higher-order interactions with measurement type
were likewise non-significant (ps > 0.227). A few small lower-order
interactions with dimension reached significance (agent x dimension
and measurement type x dimension terms; all |b| < 0.09 on the 7-point
scale), reflecting minor shifts in overall rating levels between scenarios
rather than changes in the attribution patterns.

This shows that the essentialist pattern for consciousness, and the
corresponding functionalist pattern for awareness, are not tied to
spatially embodied scenarios but generalise across spatial, social, and
temporal dimensions. Estimated marginal means by dimension are
shown in Supplementary Fig. 16 and Supplementary Table 8.

5. Discussion

Across our pre-registered experiments (N = 1092), we examined how
individuals attribute consciousness and awareness to Al relative to
humans. Our findings reveal that consciousness attributions reflect
essentialist reasoning, maintaining a persistent gap between artificial
agents and humans regardless of behavioural evidence. Even the most
responsive Al agent remains seen as less conscious than humans with
minimal responsiveness, and increased responsiveness does not appear

to make Al perceived as more conscious, suggesting also a possible
category-based ceiling effect.

This may be something special to consciousness as, by contrast, at-
tributions of awareness were more broadly proportionate to behavioural
evidence and degrees of responsiveness, both for AI and humans.

These differences in attribution patterns are interesting in multiple
ways. First, it suggests that individuals apply a form of psychological
essentialism when it comes to consciousness (Bloom, 2004; Gelman,
2003; Neufeld, 2022), with an upper bound on how conscious an Al
can be. This aligns with previous findings that people are unwilling to
grant experiential capacities to robots whilst readily attributing agency
(H. M. Gray et al., 2007; Weisman et al., 2017) but it also shows that this
denial persists even when artificial agents display behaviourally equiv-
alent responsiveness as humans, including in social contexts. At the in-
dividual level, it is interesting to ask how much of this essentialist
pattern is driven by physicalist assumptions, seeing consciousness as
dependent on the physical substrate in which a system is realised
(Metzgar et al., 2025) and claiming therefore that Al should have no
consciousness whatsoever because it is made of silicon (Block, 1995;
Searle, 1980). It is however possible that what we identify here as the
general essentialist attribution emerges out of other individual as-
sumptions, for instance that consciousness is reserved to god-made
creatures like humans, or that humans have a kind of consciousness
that is unique among all other entities.

Second, our findings suggest that not all mental traits carry similar
essentialist thinking. Awareness, which is close to consciousness but
highlights access to contents rather than subjective experience, did not
show an essentialist distinction between Al and humans when evaluated
alone. This pattern aligns with a functionalist (or some may say
“behaviourist”, following Ryle, 1949) attribution, where the same
behavioural evidence warrants the same awareness attribution (Fodor,
1968; Levin, 2022; Stich & Nichols, 2003).

A third point, also pointed by reviewers, is that folk perception
probably involves a mixture of different intuitive theories (Oktar,
Lombrozo, & Griffiths, 2024). For instance, in our results, the essen-
tialist difference in consciousness remains compatible with a functional
thinking for humans, as higher behavioural responsiveness leads to
higher consciousness attributions. Similarly, when people considered
consciousness and awareness together, in Study 1C, an essentialist dif-
ference emerged also in awareness between Al and humans at the higher
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degrees of responsiveness, and humans were considered more aware
than similarly behaving AL

Our aim is not to argue that people hold an explicit functionalist or
essentialist theory of mind, or even that a single intuitive theory governs
these judgments. The evidence establishes that at the level of the group,
attribution patterns for consciousness and awareness differ, and that
attributions of consciousness carry strong essentialist differences. Indi-
vidual judgments are likely to reflect a mixture of considerations. Some
people may rely more heavily on observable behaviour, others more on
assumptions about the kind of entity they are judging, and many may
combine both. We therefore treat functionalism and essentialism not as
literal descriptions of people's theories, but as idealised benchmarks
against which patterns of attribution can be compared. Understanding
this heterogeneity, for example by identifying latent subgroups with
different attribution strategies, is an important next step, but one that
lies beyond the scope of the present studies.

An exploratory structural topic modelling analysis of the free-text
explanations collected in Studies 1A-1D (see supplementary material)
supports this “mixed” interpretation. Participants spontaneously adop-
ted different explanatory frameworks depending on agent type, both for
awareness and consciousness. For barely responsive agents, errors of
artificial agents were overwhelmingly described in technical ways
(faulty systems, software), reflecting a mechanistic ‘design stance’,
whilst human errors invoked mental explanations (concentration,
attentional engagement), reflecting an ‘intentional stance’ grounded in
mental states (Dennett, 1971, 1989; Dennett & Haugeland, 1987).

This difference was nearly categorical: approximately 65% of ex-
planations for artificial agents were framed in technical ways, without
any mental language, whilst 47% of explanations for humans were
mental with almost no technical language. The same held for higher
responsiveness cases and consciousness. Still, when responsiveness was
higher, participants asked to think about awareness reduced both
technical explanations for artificial agents and mental explanations for
humans, converging instead on shared descriptions of observable re-
actions and event responses.

These findings also bear on a counterfactual question: under what
conditions might consciousness be granted to an artificial system? Our
design isolates one candidate mechanism and rules it out. Behavioural
responsiveness, which drives awareness attributions for both agent
types, does not move consciousness attributions for artificial agents at
any level we tested, including in the social and temporal domains where
responsiveness is most likely to be read as mentalistic. If consciousness is
granted, it is therefore unlikely to be granted on the basis of behaviour
alone. Two other routes remain. The first is a change in what the system
is taken to be rather than in what it does. This essentialist pattern is
defined by its insensitivity to behavioural evidence, so it would yield
only to evidence bearing on kind or constitution, which our vignettes
hold fixed by design (Medin & Ortony, 1989; Metzgar et al., 2025). The
second is a change in how the system is framed (Nelson et al., 1997).
Study 1C shows that the same described behaviour receives different
awareness ratings depending on what else participants are asked to
judge, which suggests these attributions might be sensitive to a com-
parison rather than being fixed readings of the agent. Whether they are
similarly reshaped by familiarity (Horowitz et al., 2024), conversational
framing (Epley et al., 2007), or accumulated exposure (Guingrich &
Graziano, 2025) is an open empirical question.

One possible explanation for the divergence of awareness and con-
sciousness attribution could be the kind of belief these attributions ex-
press. Sperber's distinction between intuitive and reflective beliefs offers
one way to characterise this tension (Sperber, 1982, 1997). Semi-
propositional beliefs are held true within a context, or are only
partially understood, and can coexist with representations that would
contradict them if both were made explicit. Attributions of conscious-
ness to artificial systems may have this character, as someone may
accept reflectively that a system has no inner life whilst intuitively
treating its responsiveness as evidence of one, or hold the reverse. This
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would explain why the essentialist pattern we observe is somewhat
insensitive to behavioural evidence without requiring that participants
hold any articulated theory of what consciousness demands, and it
would predict that these attributions are resistant to correction by in-
formation processing alone. Likewise, describing these systems as aware
rather than conscious may shift people from judging what could be true
of them towards judging what is true of them (Oktar et al., 2026).

6. Implications

Our findings show what is missed when simply asking how many
people “anthropomorphise” Al (Palminteri & Pistilli, 2026). Impor-
tantly, there is no general “anthropomorphism” for consciousness, and
even the most responsive Al are well below the least responsive human.

Similarly to Heider and Simmel (1944)’s study showing that people
tend to perceive inanimate shapes as having intentions or mental states,
Al's behaviour, and its responsiveness to environmental or social cues,
encourages descriptions in mentalistic terms. But when, how and how
similarly to human attributions are those attributions, is the real
question.

Rather than applying the same criteria for all mental states, folk
psychology deploys construct-specific inferential rules, and inferences to
consciousness and awareness show different patterns. Most importantly,
consciousness triggers essentialist constraints that maintains a clear gap
between humans and Al, which awareness does not. This helps explain
apparently contradictory findings in the literature (Colombatto et al.,
2025; Colombatto & Fleming, 2024; Sytsma & Machery, 2010) and
suggests that folk psychology may indeed draw a broad distinction be-
tween phenomenal consciousness and mental access.

If the folk psychological criteria for attributing mind to machines
differ structurally from those applied to humans, this has further im-
plications for how society can integrate increasingly autonomous
agents. An observer might deploy functionalist reasoning when evalu-
ating some performance-related aspects, but essentialist reasoning when
considering moral status and consciousness. Moreover, systematic
disagreement between functionalist and essentialist attributions could
generate irresolvable conflicts about whether sophisticated artificial
systems deserve moral patiency, legal protections, or welfare consider-
ations (Barry, 2001; Jedlickova, 2025), particularly where such
disagreement reflects misaligned representations rather than divergent
verdicts (Oktar, Sucholutsky, et al., 2024).

This also creates a communication challenge: emphasising functional
equivalence between humans and artificial agents may inadvertently
activate essentialist push-back (Deroy, 2023; Longin et al., 2023;
Nyholm, 2020, 2023), whilst minimising similarities risks under-
estimating public willingness to attribute functional capacities
(Colombatto & Fleming, 2024; Guingrich & Graziano, 2025).

7. Open questions

Our evidence rests on third-person vignette ratings. Whether the
same functionalist and essentialist patterns govern attributions during
live interaction with artificial agents, or for systems participants know
first-hand such as large language models, is a fair question. Our vignettes
are also contrastive by design. A fully between-subjects study could
further establish how these attributions behave in isolation. Second, a
further constraint is conceptual rather than empirical. In focusing on
functionalism and essentialism as competing inference patterns, we
cannot adjudicate between underlying theories, notably physicalist or
dualist intuitions. The essentialist inference (consciousness, or higher
degrees of consciousness, requires the right kind) and a physicalist ac-
count (mentality requires the right physical stuff) predict the same
category-based ceiling; our studies establish that consciousness attri-
bution is insensitive to behavioural evidence for artificial agents, but
cannot adjudicate what grounds that insensitivity. Relatedly, our de-
signs were structured to detect group-level patterns and therefore
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characterise which family of accounts best fits attribution on average; to
the extent the population comprises subgroups with systematically
different profiles, these aggregate estimates reflect a mixture and
recovering those subgroups through clustered or mixture modelling is a
valuable direction we leave to future work.

Third, like many studies on consciousness attributions, our studies
use an English-speaking online sample whose members tend to use Al
Non-English speakers, non-familiar users or members of cultures with
different attitudes towards AI (Karpus et al., 2025; Machery et al., 2023;
Waytz et al., 2010) may show different patterns. Here we would how-
ever speculate that they show higher essentialist inferences, marking a
stronger difference between humans and Al Linguistically, the distinc-
tion between ‘awareness’ and ‘consciousness’ might be less present and
hence not be straightforward to extend in non-English languages (De
Brigard, 2010). This said, we expect that the contrast between con-
sciousness and other mind-related traits not involving subjective expe-
rience should replicate.

Finally, extending this paradigm beyond Al to other ambiguous cases
(non-human animals, organoids, brain-computer interfaces) would
clarify whether the threshold reflects something specific about artificial
agents or a broader reluctance to extend awareness beyond paradig-
matic human cases.

8. Conclusion

Artificial intelligence has often been treated as a test case for a single
question: When do people believe a machine has a mind? Our findings
suggest that this is the wrong question. People do not appear to ask
whether an artificial system has a mind. They ask which mental capacity
is at stake and apply different inferential rules accordingly.

Observable responsiveness was sufficient for attributing awareness.
As artificial agents became increasingly responsive to their surround-
ings, participants treated them as increasingly aware, almost exactly as
they did humans. Consciousness is different. Behaviour matters, but only
up to a point. Even when an artificial agent displayed the same behav-
ioural evidence as a human, participants continued to reserve much
greater consciousness for the human. Al never reached the conscious-
ness level that people are ready to grant to the least responsive human
case. What matters then is no longer only what the agent does, but what
the agent is.

This distinction helps explain an apparent paradox in public dis-
cussions of Al People readily describe language models as attentive,
aware of context, or capable of following a conversation, while at the
same time insisting that they are “not really conscious” or empathetic.
These are not necessarily inconsistent judgments. They reflect different
criteria for different mental concepts. Some traits, like awareness,
appear to be inferred from behaviour; consciousness remains tied to
assumptions about the nature of the agent.

The finding also suggests that the familiar opposition between
anthropomorphism and scepticism is too simple. The public is neither
indiscriminately anthropomorphic nor uniformly resistant to attributing
minds to machines. Instead, people appear to calibrate different mental-
state concepts differently. Some concepts are behaviourally earned.
Others remain protected by an implicit boundary between humans and
artificial systems.

Whether this boundary will persist is an open question, but so far,
consciousness is clearly different. For now, behaviour is enough to make
a machine seem increasingly aware, but not enough to make it seem
more conscious.
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