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The uncanny valley phenomenon has been widely discussed in relation to

human-like entities, but some studies suggest it also applies to inanimate
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stimuli. Recently, Sasaki et al.lll used abstract figures as stimuli and argued

that categorization failure, rather than difficulty, underlies the uncanny valley
phenomenon. While we appreciate their interesting proposal, we clarify that
categorization difficulty and failure are not mutually exclusive accounts. We

critically examine the findings of Sasaki et al.l1l questioning the lack of direct
evidence for categorization failure and their reliance on non-significant
results. Furthermore, we propose that the (difficulty-originated) "stranger-
avoidance” hypothesis remains a viable alternative, suggesting that
categorization difficulty leads to negative responses. Future research should
integrate these perspectives to achieve a more comprehensive understanding.
Our commentary highlights the need for collaboration and theoretical
refinement in uncanny valley research.
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The uncanny valley phenomenon remains a topic of
significant interest in cognitive science, psychology,
and human-computer interaction. As technology
continues to advance, the relevance of this
phenomenon has grown, particularly with the
widespread adoption of large language models (LLMs)
capable of generating human-like conversation. These
systems have made interactions with artificial agents
more seamless, yet concerns persist about whether
their human-like capabilities might evoke feelings of

eeriness!2, The continuing interest in the uncanny
valley phenomenon reflects its relevance in
understanding human reactions to artificial entities. As
artificial agents play increasingly prominent roles in

doi.org/10.32388/JFVYNO.2

daily life, from customer service robots to virtual
assistants, elucidating the mechanisms underlying
uncanny experiences has become more pressing. The
intersection of perception, categorization, and affective
responses offers a rich cognitive framework for
studying these phenomena, with implications for both
theoretical models and practical applications in design
and human-agent interaction.

Recent research highlights that the uncanny valley
extends beyond physical human-like features to include
abstract or geometric stimulill. Notably, our previous

research2/4)2l has shown that uncanny valley-like
effects can also emerge in non-human and non-animal
contexts (ie, fruits), and the recent study further
expanded the scope of this phenomenon. Namely,

Sasaki et al.ll explored how individuals respond to
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geometric stimuli, investigating whether hard-to-
categorize stimuli induce their low likability. Thus, it
has been suggested that the complexity of the uncanny
valley phenomenon is not solely tied to animacy-based
attributes but also involves cognitive and perceptual
characteristics of abstract or geometric objects.

This commentary revisits the categorization-based
accounts for the uncanny valley, focusing on two
hypotheses: categorization difficulty and categorization
failure. Both hypotheses agree that categorization
difficulty can lead to negative impressions but propose
partially different cognitive mechanisms. The
categorization difficulty hypothesis suggests that such
stimuli may be categorized into a "stranger” category,

associated with negative valencel®l: this hypothesis was

supported by the subsequent studylZ. In contrast, the
categorization failure hypothesis posits that low
likability arises when categorization is not completed.
Consequently, these subtle differences need to be
addressed, and this paper aims to provide a bridge
towards the development of the categorization-based
account in future uncanny valley research.

Overview of Sasaki et al.[!}

Sasaki et al.ll investigated the role of categorization
processes in uncanny valley-like effects, using abstract
geometric stimuli. In the first experiment, participants
were asked to categorize and evaluate morphed
geometric shapes, such as blends between a circle and a
square. The results showed that intermediate morphs,
which elicited greater categorization difficulty as
indicated by longer response times, were consistently
rated as less likable. These results supported the
hypothesis that categorization challenges are closely
linked to affective discomfort. The second experiment
focused on perceptual fluency by introducing priming,
where participants were exposed to identical stimuli
immediately  before evaluation. Contrary to
expectations, priming did not improve the likability of
difficult-to-categorize stimuli. This suggested that
perceptual fluency alone might not fully explain the
discomfort associated with categorization difficulty.

In their third experiment, cognitive fluency was
manipulated by providing label cues (e.g., "circle” or
"square”) before stimulus presentation as text priming.
These primers improved the likability of some stimuli
but had limited effects on those with the highest
categorization difficulty. The original authors claimed
that certain stimuli might resist categorization entirely.
The final experiment introduced a dual-task paradigm
to impose cognitive load, requiring participants to
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memorize numbers while evaluating the stimuli.
Cognitive load reduced the likability of easily
categorized stimuli but did not significantly affect those
that were difficult to categorize. The original authors
interpreted this as evidence for categorization failure—
the inability to assign stimuli to any category.

These experiments are quite interesting because they
collectively show that uncanny valley-like phenomena
are not limited to stimuli such as living things and
humans, but can also occur with abstract forms. In
addition, the various cognitive manipulations that have
not been used in previous uncanny valley research are
innovative. Sasaki et al. argue that the categorization
process, and in particular the interaction between
difficulty and failure, plays a central role in
understanding these phenomena. This research
criticized simple fluency-based explanations and
suggested the need for further research to elucidate the
mechanisms that cause emotional responses to
ambiguous stimuli.

Critical analysis

We acknowledge that Sasaki et alll is a remarkable
study that uses classical cognitive psychological
techniques to theoretically examine the uncanny valley
phenomenon. Despite their significant contributions,
the interpretation of their findings raises several
concerns. A central issue lies in the distinction between
categorization difficulty and categorization failure.
Categorization failure implies that no category is
assigned at all, whereas categorization difficulty means
that categorization is prolonged, uncertain, or leads to
an alternative assignment, such as placing the stimulus
into a ‘stranger’ category associated with negative
valence. This distinction is critical because
categorization difficulty does not necessarily imply an
absolute failure to categorize. Unfortunately, the
original authors dedicate little space to explaining their
main argument, the categorization failure hypothesis.
Based on what we can understand from the paper, our
personal communication with them (it should be noted
that one of the authors of this commentary and the
original authors, Sasaki, K., are different individuals),
and some inferences from the context, we would like to
summarize their argument as follows:

1.In the -categorization failure hypothesis,
categorization is abandoned for the most
categorization-difficult stimulus. On the other
hand, in the processing fluency hypothesis
categorization is merely delayed for this stimulus,
and is still executed.
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2. According to the categorization failure hypothesis,
the likability of objects that could not be
categorized decreases significantly, independent
of the deterioration due to low processing fluency.
According to the processing fluency hypothesis,
the degree of categorization difficulty “alone”
determines the likability of objects.

3. Priming operations generally enhance perceptual
fluency, making stimuli easier to process at a
sensory level. However, categorization fluency,
which specifically refers to ease of assigning
stimuli to categories, is only facilitated when
categorization occurs. If categorization fails (in
the categorization failure hypothesis), there is no
categorization processing to be facilitated,
meaning priming has no effect on categorization
fluency.

Simply put, the categorization failure is an additional
hypothesis that fills in the gaps in situations that
cannot be explained by the processing fluency
hypothesis. Therefore, it is not a “rather than” account

as in Sasaki et allll’s title, but instead exactly a
supplementary hypothesis that coexists with the
processing fluency hypothesis, based on the premise
that the degree of difficulty in categorization affects
likeability; indeed, Sasaki et alll seem to assume the
coexistence of these (see page 9 of their article).

The categorization failure hypothesis potentially
provides important insights into affective reactions to
hard-to-categorize objects. However, their findings that
seem to demonstrate the categorization failure
hypothesis leave some questions and will call for
further investigation and discussion.

Firstly, the observed effects could also be attributed to
extreme categorization difficulty rather than a
complete failure to categorize. The fact that participants
provided categorization responses indicates that some
form of categorization process was engaged, even for
the most ambiguous stimuli. This suggests that rather
than being entirely abandoned, categorization may
have been incomplete or prolonged, complicating the
interpretation of failure. Without direct evidence of
cognitive disengagement, such as self-reported
confidence levels or neural measures of categorization
activity, the distinction between difficulty and failure
remains speculative. Or, future studies could address
this ambiguity by introducing a third response option,
such as "unable to categorize,’ to explicitly capture
cases where participants experience categorization
failure rather than extreme difficulty.
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Secondly, there is no direct evidence showing the
priming effects on categorization. In their Experiments
2 and 3, the priming effect on likeability was examined
by comparing the results with those of Experiment 1.
However, it is not clear why the response times were
not compared in this way. The categorization failure
hypothesis predicts that the priming effect is
ineffective for stimuli that cannot be categorized, and
this should require a comparison of response times in
the categorization task. Because the data set was not
open, we used WebPlotDigitizer (https://automeris.io/)
to examine the mean response time for the 30%
stimulusm, and found that it was 897 ms for
Experiment 1, 882 ms for Experiment 2, and 1128 ms for
Experiment 3. According to the categorization failure
hypothesis, stimuli that cannot be categorized are not
facilitated, so it would be predicted that there is no
difference between Experiments 1 and 2, or between
Experiments 1 and 3, for this stimulus. In the
comparison between Experiments 1 and 2, they do not
appear to differ greatly. However, the reaction times for
that stimulus in Experiments 1 and 3 are obviously
different. Furthermore, the primed stimulus in
Experiment 3 was actually more difficult to categorize.
Taking these results as a whole, at the moment there
seems to be little evidence to support the claim that the
priming effect does not affect the processing of hard-
to-categorize stimuli.

Most importantly, the reliance on non-significant
results to support conclusions introduces a
fundamental issue tied to the nature of null hypothesis
significance testing (NHST). Non-significant findings
merely indicate insufficient evidence to reject the null
hypothesis. However, Sasaki et alll appear to treat
their non-significant results as evidence favoring
categorization failure, which is a misinterpretation of
NHST. In the NHST framework, failing to reject the null
hypothesis does not mean the null hypothesis is true;
stronger evidence would be needed to support such a
claim.

Therefore, the categorization failure hypothesis is still
in the proposal stage, and much positive and direct
evidence is needed to demonstrate it. But as we will
briefly discuss later, this hypothesis is attractive insofar
as it provokes discussion about the fate of
uncategorized items in the cognitive and emotional
processing.
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Organizing the two hypotheses and
findings

The fluency-based accounts, which posit that reduced
processing fluency leads to negative evaluations, faces
significant challenges in explaining uncanny valley(-

like) phenomena. Although Sasaki et alll report that
perceptual and cognitive fluency manipulations had
limited effects on improving likability, the conclusions
rest on non-significant results, which complicates
definitive interpretations. However, given the very
small effect sizes for shape and text priming effects
observed in Sasaki et al's experiments, the explanatory
power of the fluency-based accounts may still be

limited. Furthermore, as Reber et all8l argued,
processing fluency enhances hedonic value and
aesthetic appreciation but does not necessarily imply
that reduced fluency diminishes these evaluations.
Hence, we consider that fluency-based accounts cannot

solely explain some experimental resultslgl, especially
those in Sasaki et al.lLl

Our previous study, Kawabe et al.@, proposed the
stranger-avoidance hypothesis, which posits that
categorization difficulty leads to the assignment of
stimuli to a "stranger” category inherently associated
with negative valence. This explanation is independent
of the fluency hypothesis and was not directly tested by

Sasaki et allll They possibly assume that the text
priming used in their experiments facilitated
categorization into a given set of geometric shape
categories. Whether this assumption is true could
indirectly be confirmed by examining the effect of the
text priming on the latencies or the judgment
proportion of categorization (i.e., comparing the results
of the categorization tasks between Experiments 1 and
3). If the facilitation effect stemming from the text
priming is observed in the categorization task, their
assumption would be true, and their uncanny valley-
like effect might be independent of the stranger-
avoidance hypothesis. As we pointed out above, Sasaki

et allll did not examine the effect of the text priming on
the categorization task, and their findings were
unrelated to the "stranger” context. Thus, their findings
could not rule out the stranger-avoidance hypothesis
and their results could be explained by this hypothesis
as well as the categorization failure hypothesis:
morphed geometric objects would be categorized into
novel/strange category classes, which would evoke
negative reactions. From this position, Sasaki et al's
findings intriguingly suggest that the concept of a
"stranger” category might extend beyond humans to
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encompass unfamiliar or ambiguous objects more
generally. This broader applicability raises the
possibility that avoidance responses may reflect a
generalized mechanism for identifying and reacting to
suspicious or potentially harmful stimuli including

novel foods251,

Both the categorization difficulty and categorization
failure hypotheses share a fundamental premise that
high categorization difficulty is a prerequisite for
eliciting uncanny valley-like effects. Attempts to refute
categorization difficulty as a basis for these phenomena
are therefore logically inconsistent. Rather, to be

correct, what Sasaki et allll rejected was the fluency-
based account, and it is applicable to only the most
hard-to categorize stimuli. A key question for
researchers studying categorization-based accounts is
what cognitive processes are engaged when
categorization becomes difficult. Multi-system theories
of categorization suggest that categorization involves
distinct but interacting processes—for instance, a fast,
implicit system for perceptual grouping and a slower,

explicit system for conceptual integration@l. In this
view, the stranger-avoidance hypothesis aligns with the
explicit system, where stimuli are deliberately
categorized into a negatively valenced ’stranger’
category based on rule-based processing. This
assumption follows from some experimental situations

of the previous studies (e.g., Yamada et al.K’l), where (if)
a stimulus does not fit within the predefined
categorization options, (then) it is expected to be
assigned to the stranger category. However, the exact
criteria governing this assignment, as well as the
process by which such a rule is formed, remain unclear
and warrant further investigation. Conversely, the
categorization failure hypothesis may reflect
disruptions in the implicit system, which is responsible
for rapid perceptual grouping and associative processes.
These two hypotheses may represent different facets of
the categorization process: the stranger-avoidance
hypothesis ~ emphasizing  explicit,  conceptual
mechanisms, and the failure hypothesis focusing on
implicit, associative breakdowns in categorization.
Examining these processes through multi-system
theories allows for a more comprehensive
understanding of how ambiguity in categorization
contributes to negative reactions.

Concluding remarks

This commentary aimed to clarify the distinctions and
overlaps between categorization-based accounts,
particularly the categorization difficulty (now referred
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to as the stranger-avoidance) and categorization failure
hypotheses. Importantly, these hypotheses should not
be viewed as mutually exclusive, but rather as
complementary perspectives that emphasize different
facets of the cognitive process under conditions of
categorization difficulty. While categorization-based
accounts have made striking progress in explaining
uncanny valley-like effects, future work must also

consider their relationship to alternative theories, such

as configural processingm, atypicalityl3114l - and

perceptual mismatch22l6I071  theories. Integrating
these approaches may provide a more holistic
understanding of how eeriness arises in response to
ambiguous or unfamiliar stimuli. Achieving this
integration will require open communication and
collaboration among researchers on this topic. Such
collaboration will be critical not only for theoretical or
scientific advances but also for practical applications in
design and technology, ensuring that artificial systems
are better aligned with human perceptual and
emotional expectations.

In conclusion, the uncanny valley remains fertile
ground for exploration. By embracing the multifaceted
nature of this phenomenon, building theories with
avoiding mutual misunderstanding, and working
together to address unresolved questions, researchers
can deepen our understanding of human responses to
ambiguity and improve human-artificial interaction in
meaningful ways.
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