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Preface

This reprint presents a multifaceted reflection on the importance of perceptual experience

in shaping our mental representations, beliefs, language, imagination, evaluations, actions and

interactions, based on current topics and paradigms developed in experimental psychology. We

demonstrate how perceptual experience influences our conceptualization, observing this from the point

of view of basic categorizations such as “same” or “different”, and judgements of numerosity. We also

focus on the experienced qualities of spaces (e.g., restorativeness) in environmental psychology, of our

movements (in sport psychology and rehabilitative contexts), and of motion in general in naı̈ve physics.

We also examine the characteristics of autobiographical memories and metacognitive experiences

associated with aesthetic responses. Furthermore, we demonstrate how the conceptualization

of perceptual experience influences the development of psychological paradigms, such as those

concerning illusions or visual ambiguity. Other chapters focus on how perceptual experience is

reflected in linguistic configurations, and how it influences reasoning processes and empathic responses

to descriptions of experience.

For us, “grounding cognition in perception” meant focusing on perception as an experience, rather

than on the neurological processes involved. In this sense, our aim was to complement the latter, widely

developed approach, with a parallel reflection on the use of phenomenological measurements and

variables in contemporary experimental psychology. We believe that the collection of texts presented

in this volume can stimulate new arguments within the debates developed under the banners of

“grounded cognition” and “embodied theories” (Barsalou, 2010, 2020; Cowley & Vallée-Tourangeau,

2017; Kiefer & Barsalou, 2013; Pecher & Zwaan, 2005; Varela et al., 2017), and contribute to discussions

about the role of phenomenology in contemporary cognitive science (Albertazzi, 2013; Bianchi &

Davies, 2019; Gallagher, 2012; Gallagher & Zahavi, 2008; Ihde, 1986; Kufer & Chemero, 2015; Kubovy,

2002; Mungan, 2023).

Ivana Bianchi, Rossana Actis-Grosso, and Linden Ball

Guest Editors
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The aim of this Special Issue was to put forward a multifaceted reflection on the
relevance of perceptual experience in affecting and modeling various aspects of cognitive
performance. We sought contributions demonstrating how properties emerging from
sensory experience and perceptual organization are of key importance to our mental rep-
resentations, beliefs, language, imagination, evaluations, actions, and interactions. In our
title, we explicitly chose to refer to perceptual experience (i.e., “Grounding cognition in
perceptual experience”) rather than simply using the more familiar expression “Grounding
cognition in perception”. This is because the latter approach has been characterized by a
predominant focus on brain activity, whereas our aim here was to complement this valuable
mainstream line of research with a different perspective that we also consider valuable.
This perspective revolves around the question of what a phenomenological approach to
investigating the relationship between perception and cognition might be able to contribute
to current research. We looked for answers to this question in a broad framework, covering
a wide range of topics. How does perceptual experience contribute to the way in which
we conceptualize experience? How is perceptual experience reflected in linguistic config-
urations? In what ways does perception influence people’s judgments, their unfolding
reasoning process, and their memories? Each of the 13 papers in this Special Issue provides
answers to these questions from a unique point of view.

The importance of phenomenological measurements in investigations of aesthetic
appreciation is highlighted in Husselman et al. (2024). This article reveals the value of
using subjective metacognitive ratings (e.g., “Did you feel you were ‘in the zone’ while
you were gazing at the image?”, “How focused did you feel while looking at the image?”,
“How activated did you feel while looking at the image?”, “How pleasant/enjoyable was it to
look at the image?”. . .) to complement physiological (EEG) measurement in the study of a
complex phenomenon such as aesthetic preference. The article reflects the need to ensure
that phenomenological measures remain central in the field of empirical aesthetics so as to
capture the processing experience that is integral to aesthetic appreciation. The importance
of inserting phenomenological measures into investigations of aesthetic liking resonates
with a similar awareness that has emerged in the last decade in research on the “Aha!
experience” in problem solving, where self-ratings of pleasure, confidence, suddenness,
relief, surprise, drive, and impasse are considered to be critical to understanding the
nature of insight (e.g., Ammalainen and Moroshkina 2022; Danek 2023; Danek et al. 2014,
2020). Indeed, this increasing focus on phenomenology reflects a trend that has been
emerging across the entire field of thinking and reasoning research in recent years, sparked
by Ackerman and Thompson (2017)’s influential position paper on the topic of “meta-
reasoning” (see Ackerman 2023; Richardson and Ball 2024; Richardson et al. 2024, for some
examples of more recent conceptual developments).

Chiorri and Vannucci (2024) show the pervasiveness of references to phenomeno-
logical experience in research concerning autobiographical remembering that has devel-
oped over the last three decades, which remains central to current studies and theorizing
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(Simons et al. 2022; Vanaken et al. 2022; Vannucci et al. 2020, 2021). These authors highlight
that the focus of these studies is not on what is remembered (i.e., the content of the memory
or the number of memories recalled) but on how a memory appears in one’s own conscious
experience. On the one hand, “how a memory appears” concerns its perceived charac-
teristics, and the authors provide an enlightening picture of the range of dimensions and
psychometrically sound instruments that have been developed to explore these characteris-
tics (e.g., vividness, sensory detail, realism, coherence, accessibility, time perspective, visual
perspective, emotional intensity, and emotional persistence). On the other hand, however,
“how a memory appears” relates to the retrieval processes through which a memory occurs,
including how the process of retrieving is experienced by the retriever. In this latter case,
the interest concerns the metacognitive aspects of the process of remembering and the
epistemic feelings that accompany it, such as fluency and the effort or ease of recall (Moulin
et al. 2023). In emphasizing that in recent years, increasing attention has been paid to this
second line of research, the authors also point out that a systematic investigation of the
phenomenology of different retrieval process is, nevertheless, still missing, as is a suitable
methodological toolkit to capture such phenomenology. Importantly, the authors offer
promising suggestions to help move investigations forward.

These initial two articles in this Special Issue invite us to reflect on the importance
of phenomenology for current analyses of people’s experience of their “internal” world
and its associated processing (e.g., relating to memory retrieval, metacognition, and meta-
reasoning), whereas several of the subsequent articles focus on the “external” world. Each
article adopts a different perspective to highlight the importance of investigating the impact
of the phenomenological experience of objects, environments, movements, and images on
various types of cognitive performance. As a case in point, Bianchi and Burro (2023) show
that a more careful analysis of how the experience of “being different” is phenomenally
modulated for perceivers can lead us beyond the “same–different” paradigm as it has been
traditionally modeled in psychology, that is dualistically. Perceivers, in fact, spontaneously
distinguish three types of non-sameness, that is, similarity, diversity, and opposition, each
characterized by a precise perceptual pattern. Acknowledging this phenomenological
distinction has many implications for psychological research, as sameness, similarity,
diversity, and opposition are basic relationships not only for people’s perception of the
external and internal world but also because they are the premise for categorization and
therefore the bedrock of language and conceptualization (Goodwin and Johnson-Laird
2005; Halford et al. 2010).

Bertamini (2023) delves into the importance of the experience of quantity in modeling
people’s understanding of the concept of number, which is a critical area of investigation
given the many situations in which we interact with collections of items. The question of
whether quantity and numerosity are fundamental properties of our perceptual experience,
rather than mere cognitive constructs that emerge in the context of symbolic processing,
is not new. The author reviews the current literature concerning three processes (distinct
from counting) that have been identified as being related to the perception of numerosity,
that is, subitization, estimation and texturization. He also highlights some of the features
that underpin the perception of numerosity, which remain unclear and debated within this
literature. However, the most original and insightful contributions that can be derived from
this article emerge when the author enriches the picture by presenting some observations
taken from an old study in the literature on the phenomenal experience of numerosity
published in German or Italian and only recently available in translation: Bertamini and
Wade (2023) and Bertamini and Bobbio (2024). New and old studies in the literature reveal
a substantial difference in perspective. In the current, mainstream approach, accidental
features of stimuli (such as the shape of the elements) or of configuration (such as the
density and overall area) are dealt with as interfering factors. The unbiased perception of
numerosity is seen as normative, and the biases introduced by these accidental features are
considered products of perceptual mechanisms not specifically related to the perception
of numerosity. Conversely, in the alternative view, which is that suggested by the older,

2



J. Intell. 2024, 12, 66

phenomenological literature, these effects are not “problems”. They are not a form of
interference, as numerosity in the phenomenal sense is an experience that is intrinsically tied
to the Gestalt. This is a change of theoretical perspective that is not only epistemologically
interesting but is also one that also has straightforward consequences for the design of
experiments.

The benefits of integrating phenomenology into current, mainstream theories are also
discussed by Biassoni et al. (2023) in relation to environmental restorativeness theories—that
is, the Stress Recovery Theory (Ulrich 1983; Ulrich et al. 1991) and the Attention Restoration
Theory (Kaplan 1995; Kaplan and Kaplan 1989). The core aim of this article is to integrate
phenomenology and the embodied cognition framework with these two theories. Moving
from the general premise that restorativeness arises from a direct encounter between the
environment’s phenomenal structure and an individual’s embodied perceptual processes,
the authors suggest some points of convergence between the idea of restorativeness as
typically operationalized and the idea of tertiary qualities as developed within “experimen-
tal phenomenology” (see Bozzi 1990b). The latter offers new lenses to conceptualize the
idea of restorativeness as defined within the psycho-evolutionary framework proposed
by Ulrich (1983) and Ulrich et al. (1991), that is, as an immediate, unconsciously triggered
emotional response that in turn affects arousal levels, attentional processing, and behaviors.
Similarly, the factors identified by Kaplan (1995) and Kaplan and Kaplan (1989) as the bases
of environmental preference (coherence, legibility, complexity, and mystery), which trigger
immediate affective responses and suggest possible ways of interaction compatible with an
individual’s needs, can all be conceptualized as phenomenal characteristics and tertiary
qualities, as they immediately suggest whether or not an environment appears controllable,
supportive, and restorative. Beyond these and other specific aspects discussed in the paper,
the overall take-home message is that in the domain of environmental psychology, as in
other domains, fresh air seems to come from “including the first-person experience as an
essential part of understanding the cognizing being” (Mungan 2023, p.13).

The interaction between the individual and the environment is also at the center
of Agostini et al. (2024)’s contribution. In this case, the focus is specifically on motor
interaction and on techniques to improve people’s motor performance in sports and motor
rehabilitation using acoustic feedback. The authors compare two different techniques to
transform movement data into audio signals. In one approach, based on the sonification
of movement, physiological and physical data relating to movement are mapped onto
psychoacoustic parameters (e.g., loudness, pitch, rhythm). The aim is to offer athletes
access to biomechanical information that is otherwise not available to them (Schaffert et al.
2019). In the second auditory modeling approach, the auditory recording of the sounds
that are produced by an athlete or a patient during the execution of a movement is used
as the model (Agostini et al. 2004). The authors discuss the pros and cons of the two
approaches. In relation to the overall aims of this Special Issue, this article represents
an example of the profitable application of phenomenology in two, relevant application
contexts. Moreover, it makes it clear what it means to be theoretically and methodologically
centered on performers’ experience. Indeed, the procedure starts with recording the
ecological sound produced during a performer’s execution (and repeated execution) of
a gesture that they can hear. The soundtrack associated with the best performance is
then selected and used as a model, with the “best performance” being identified through
performers’ subjective evaluations of optimal gesture execution, in addition to objective
performance outcomes. The soundtrack selected as optimal is then used for training, asking
the performer to mentally represent the execution of the movement while listening to the
auditory model and, in some cases, where possible, by administering the sound during
movement execution. Everything is played within phenomenal boundaries.

Soranzo and Taddio (2023) explore the relationship between neurophysiology and
phenomenology in their study of ambiguous figures. The warning that is presented
at the very beginning of their article underlies the arguments developed throughout
the paper. This warning concerns the language used in perceptual science, which is
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sometimes misleading and manifests as conceptual confusions. Such language is sometimes
misleading because it suggests that we are measuring what we are observing, while we are
not; or because it suggests that we are observing exactly the same as what we are measuring,
yet the measurement is carried out in different conditions. In both cases, we confuse
something that we know with what we experience. The authors consider apparently dated
constructs (Köhler 1929; Bozzi 1972) and demonstrate their topicality using the ambiguous
smile of Leonardo da Vinci’s Mona Lisa as a case study. They show that the “sfumato” may
well be acknowledged to be the key to the ambiguous smile in both neurophysiological
and phenomenological explanations, but while in the former (e.g., Livingstone 2000) it
is discussed as generating ambiguity at the level of retinal receptors, in the latter, it is
responsible for altering the mode of color appearance and the perceptual belongingness
of the slightly darker smudges over the corners of Mona Lisa’s mouth (e.g., Soranzo
and Newberry 2015). The authors also show that different assumptions about better
emotional perceptions of facial expressions either in peripheral vision or in the center of
gaze (again, assumptions based on neurophysiology and phenomenology, respectively),
have implications in terms of what is the “true” emotional state attributed to Mona Lisa.
For all these reasons, they recommend exploring and integrating the two perspectives.

Zavagno (2023)’s contribution remains within the domain of perceptual science and
discusses the conceptualization of illusions. As the author points out, it is fairly easy
to agree that the purpose of perception is to gather information about the world, but
the story becomes more complicated when we must agree on what we mean by the
world. It is at this point that the issue of the veridicality of perception typically comes
in. Two mainstream conceptualizations of illusions are presented before introducing a
third—phenomenological—stance. The first conceptualization is based on Gibson’s ecolog-
ical theory (Gibson 1966, 1979), according to which our perceptions mostly correspond to
reality. Misperceptions occur sometimes, when the visual information available is qualita-
tively or quantitatively poor, but these cases do not talk about perception or perceptual
processing per se. A second conceptualization of illusions is based on cognitivist ap-
proaches to visual perception (e.g., Gregory 1997; Rock 1983), according to which illusions
manifest as an incorrect rendering of a distal stimulus due to the visual system’s misleading
interpretation of the proximal stimulus, which leads to a wrong representation that does
not fit with the physical world. Both perspectives presuppose the idea of veridicality. The
third stance, which is suggested by the author, is a phenomenological one (e.g., Zavagno
et al. 2015; Savardi et al. 2012). According to this stance, perspective illusions are not
considered to be errors. Instead, they manifest a cognitive dissonance between an actual
perceptual experience and a hypothesized perception (i.e., something we know about the
physical status of the stimuli under observation, that we believe to be what we should
actually perceive but do not, and which is ultimately based on an observation carried
out in different conditions). According to the author, once the experience of illusion is
freed from the veridicality mindset and looked at as an experience of a cognitive clash,
rooted in perception, it becomes another interesting opportunity to explore the phenomenal
underpinnings of cognitive processes—somewhat in the tradition of intuitive or “naïve”
physics (Bozzi 1990a).

Intuitive physics, which is concerned with exploring the psychological foundations of
the disparities between intuitive and scientific physics, is the subject of Vicovaro (2023)’s
contribution. Research on intuitive physics typically investigates laypeople’s intuitive
ideas about a physical object’s speed and trajectory of motion (e.g., when falling, bouncing,
swinging, colliding, and the like). As the author points out, there is widespread agreement
that intuitive physics is rooted in perceptual experience. What is more controversial is
whether perceptual experience is to be considered the factor leading to the inaccurate
representation of the physical world manifested in naïve theories and this is the position
usually emerging from early studies (e.g., McCloskey et al. 1983; Pittenger 1990), or whether
perceptual experience is a truthful source of information and if the systematic errors
documented in the early studies are rather related to the abstract and unrealistic tasks
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used as posited by a recent approach inspired by Bayesian cognitive modeling (e.g., Bass
et al. 2021; Fischer and Mahon 2021). A significant body of research both supporting and
conflicting with each of the two positions is reviewed in the paper. A special focus is
accorded to research indicating that errors occur even when realistic stimuli and scenarios
are employed. This leads the author to suggest that a domain-general heuristic (i.e., the
idea that people overgeneralize phenomenal—often motor—experiences related to context-
specific interactions with objects) can elucidate a wide range of systematic prediction errors
that have emerged in the literature.

Metaphors represent another window into the ways in which cognition is grounded
in perceptual experience. This topic is addressed by Bracco and Ivaldi (2023) in relation to
industrial safety models. Metaphors have been used from the very beginning in organiza-
tional risk models to explain how accidents occur (Le Coze 2019). The rationale for doing
this is so that a metaphor and its graphical representation can effectively communicate
abstract or complex concepts in a more accessible way, by framing organizational failures in
concrete terms. However, as the authors make clear by discussing various classic accident
models, the use of metaphors and their graphical representations may mislead people’s
conceptualization. Although they guide the observers’ minds in framing a domain of
knowledge (Refaie 2003), in doing so, they may also foster a selective and incomplete
perspective of the accident, accentuating specific features while relegating others to the
background, adding wrong assumptions, and begetting temporal or spatial constraints that
are linked to representation and not to accident dynamics, thus leading to a biased under-
standing. As the authors highlight in the concluding section of their paper, the problem is
not that accident metaphors reduce the complexity of the reality that they describe—just as
maps reduce the complexity of the landscape and are useful exactly for this very reason.
Instead, the point is to ensure that this inevitable reduction does not discard essential
aspects and does not bias cognition about safety issues, and the challenge is to ensure this
by keeping in mind the fact that system complexity is studied by researchers, accidents
are investigated by risk managers, and safety is conducted by people working within an
organization in their everyday actions. A good model should be able to allow these three
parties to share a common perspective. Because of the inter-observability of perceptual
experience (Bozzi 1978), graphical representations have this potential on their side.

Inter-observability is also one of the premises in the contribution from Caballero and
Paradis (2023). They examine the relationship between perceptual experience and linguistic
configuration from the perspective of a contemporary language science approach that is
based on embodied cognition (Talmy 2000; Tomasello 2008). They do this by observing
how multimodal perceptual experience is communicated through authentic language. The
authentic language that is focused on is the language of architects, which is appealing,
as architecture is both highly multimodal and highly intermodal (an architecture must
be “felt” to be understood). Vision plays a major role too, but it is not the whole story.
Moreover, architects are required to talk about their conceptualizations of space (imagined
or realized built space) to other architects but also to interlocutors outside the field. The
authors analyzed a corpus of texts retrieved from architecture magazines and websites as
well as texts produced by architecture students engaged in redesigning a building who
were asked to talk aloud while drawing and then provide a final verbal report of their
product. The authors derived two main observations from their analysis. First, they noticed
many cross-modal expressions, mostly consisting of the following: primarily auditory
descriptors that were used to portray visual experiences; visual and tactile experiences
that were used to refer to acoustic aspects; and tactile and taste descriptors that were used
to refer to sight. Second, with regard to the use of motion language, they revealed that
architects frequently portrayed the built space by describing personal experiences while
moving around and often talked of space through personification, as if buildings were
dynamic entities, with animated properties.

The role of perceptual experience in cognition is examined from yet another view-
point in the two final articles. Vitello and Salvi (2023) discuss the role that perceptual
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experience plays in cognition that is focused on problem solving. They concentrate on the
phenomenology of the “Aha” experience that often accompanies insight and that involves
feelings of surprise, satisfaction, and pleasure (e.g., Danek and Wiley 2017), as well as on the
parallelism between the reorganization processes that, according to Gestalt psychologists
(Köhler 1925; Wertheimer 1959), occur both in insight problem solving and in figure-ground
reversals. The authors review neurophysiological evidence that has emerged in connection
with behavioral and self-report measures in recent studies of insight, which seems to sup-
port the basic ideas associated with the original Gestalt description of the process. They
focus in particular on the findings supporting the link between perceptual and cognitive
reorganization, as well as the sudden on-off emergence of the solution to consciousness.
Although the revised evidence is not decisive and although it is challenging to capture
the shift into awareness that characterizes an insight, the main purpose of the paper is to
highlight how researchers have been able to use advancements in techniques to identify
physiological measures that might overlap with the behaviorally and phenomenologically
described aspects. As the authors put it, if the task is challenging, it is, however, worth
posing the question to encourage future investigation.

The final contribution to the Special Issue is by Landmann et al. (2023), who examine
the relationship between perceptual experience and cognition within a social cognition
framework. They pose the question, if individuals ground their understanding of others’
thoughts and feelings in their own perceptual and factual experiences, does this become a
challenge for the possibility to empathize and mentalize with others whose reality of life is
significantly different? The article initially looks for an answer in the existing contrasting
literature, demonstrating that participants find it easier to take another person’s perspective
when they have similar past experiences (e.g., Gerace et al. 2015; Hodges et al. 2010) but, at
the same time, that participants can take the perspective of and empathize with outgroup
individuals or individuals whose lived situations they themselves could never encounter
(e.g., Cao et al. 2015; Van Boven and Loewenstein 2005). The initial question is then
addressed by looking for answers in the results of an original study investigating the social
understanding of visually impaired and unimpaired participants in relation to stories told
by narrators who themselves are either visually impaired or unimpaired. The results of
the study suggest that shared visual abilities affect cognitive understanding more than
empathy, but they also show that, overall, individuals have the capacity to compensate for
discrepancies in perceptual experiences and specific circumstances and derive their social
understanding from more basic, fundamental shared experiences and emotions (triggered,
for instance, not as much by the content of the narration but by the perceived tone of the
voice of the narrator).

Taken together, all the articles in this Special Issue offer a lively picture of the many
ways in which a careful analysis of perceptual experience stimulates current experimental
research. The articles also offer fresh food for thought to enrich, on the one hand, debate
related to grounded cognition and embodied theories (Barsalou 2010, 2020; Cowley and
Vallée-Tourangeau 2017; Kiefer and Barsalou 2013; Pecher and Zwaan 2005; Varela et al.
2017) and, on the other hand, discussions on the role of phenomenology within the cognitive
sciences (Albertazzi 2013; Bianchi and Davies 2019; Gallagher 2012; Gallagher and Zahavi
2008; Ihde 1986; Käufer and Chemero 2015; Kubovy 2002; Mungan 2023).
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Abstract: We tested predictions deriving from the “Pleasure-Interest Model of Aesthetic Liking”
(PIA Model), whereby aesthetic preferences arise from two fluency-based processes: an initial
automatic, percept-driven default process and a subsequent perceiver-driven reflective process. One
key trigger for reflective processing is stimulus complexity. Moreover, if meaning can be derived
from such complexity, then this can engender increased interest and elevated liking. Experiment 1
involved graffiti street-art images, pre-normed to elicit low, moderate and high levels of interest.
Subjective reports indicated a predicted enhancement in liking across increasing interest levels.
Electroencephalography (EEG) recordings during image viewing revealed different patterns of alpha
power in temporal brain regions across interest levels. Experiment 2 enforced a brief initial image-
viewing stage and a subsequent reflective image-viewing stage. Differences in alpha power arose in
most EEG channels between the initial and deliberative viewing stages. A linear increase in aesthetic
liking was again seen across interest levels, with different patterns of alpha activity in temporal and
occipital regions across these levels. Overall, the phenomenological data support the PIA Model,
while the physiological data suggest that enhanced aesthetic liking might be associated with “flow-
feelings” indexed by alpha activity in brain regions linked to visual attention and reducing distraction.

Keywords: stimulus complexity; processing fluency; perceptual fluency; conceptual fluency; art
appreciation; aesthetic liking; flow-feeling; dual-process theory; electroencephalography (EEG);
alpha power

1. Introduction

The experimental investigation of aesthetic appreciation has a long history in psycho-
logical research, deriving from the foundational work of Fechner (1876), who drew links
between the objective properties of stimuli (e.g., their perceptual symmetry) and people’s
judgments of beauty. This theme was subsequently taken forward by Berlyne (e.g., 1971,
1974), whose research included a focus on the physiological mechanisms that mediate
between objective stimulus properties and aesthetic responses, including people’s arousal
states. In more recent years, Berlyne’s conceptual advancements in the study of aesthetic
appreciation have informed contemporary theorizing, including “processing-fluency” ap-
proaches to explaining aesthetic pleasure (e.g., see Alter and Oppenheimer 2009; Reber
et al. 2004). Such approaches propose that people’s aesthetic judgments are rooted in
the processing dynamics associated with perception. More specifically, it has been argued
that the subjective ease with which mental operations are performed when perceiving an
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image or object gives rise to processing experiences that are “hedonically marked” (Reber
et al. 2004; Winkielman et al. 2003), such that ease of processing equates to a pleasurable
experience. In other words, this “Hedonic-Marking Theory” captures the principle that
people prefer easily processed stimuli because the affective response is positively valenced.

Evidence for a direct, causal connection linking perceptual fluency to aesthetic liking
derives from numerous experimental studies involving phenomenological self-report
measures, as well as from studies examining psychophysiological indicators of positive
affect. For example, research involving electromyography to measure the facial muscle
activity that arises during aesthetic judgments that are driven by perceptual fluency has
demonstrated stronger activity in the facial zygomaticus region, which is associated with
smiling, but not in the corrugator region, which is associated with frowning (Topolinski
et al. 2015; Winkielman and Cacioppo 2001). It is also noteworthy that perceptual-fluency
theories of aesthetic liking generally assume that multiple stimulus factors can feed into
a global experience of processing ease or difficulty (e.g., Alter and Oppenheimer 2009;
Bornstein 1989; Jacoby 1983; Koriat 1993). Indeed, a range of stimulus sources have been
linked to highly fluent perceptual experiences, including visual symmetry (Bertamini
et al. 2013; Humphrey 1997), visual clarity (Oppenheimer and Frank 2008), figure–ground
contrast (Reber et al. 1998), curvature of contours (Bar and Neta 2006), exposure duration
(Reber et al. 1998) and perceptual priming (Reber et al. 1998). In addition, prototype
formation (Winkielman et al. 2006) and repeated exposure (Zajonc 1968) have also been
found to make a stimulus easier to process.

Although the Hedonic-Marking Theory of aesthetic liking dominated early theorizing
in this area, it is noteworthy that other fluency accounts have also been influential for
conceptual advancement, including ones proposing that people’s fluency interpretations
are based on the application of “naïve theories” regarding the interpretation of fluency and
disfluency cues. Such “Cue-Attribution” accounts entail a level of deliberative or reflective
thinking and causal attribution, which means that people’s judgments are potentially
malleable (see Alter and Oppenheimer 2009; Schwarz 2004). In other words, although the
experience of processing fluency serves as a general “metacognitive cue” during thinking,
reasoning and decision making, the interpretation of experienced fluency is flexible and
may differ from context to context. For example, instructional changes (Briñol et al. 2006)
indicate that it is possible to manipulate the naïve theories that people apply when making
judgments, thereby reversing the default interpretation of high fluency being associated
with pleasure and aesthetic liking.

1.1. Stimulus Complexity and Aesthetic Preference

A key debate in perceptual fluency research concerns the nature of the relationship
between stimulus complexity and aesthetic preference, where stimulus complexity is typ-
ically operationalized in terms of the number and variety of elements that are present
in a visual scene or an image (e.g., Berlyne 1958; Joye et al. 2016; Marin and Leder 2016;
Van Geert and Wagemans 2020). Hedonic-Marking Theory (Reber et al. 2004; Winkiel-
man et al. 2003) would predict the existence of a linear relationship between complexity
and liking, with increasingly complex stimuli giving rise to decreased liking. Although
this relationship has occasionally been observed (e.g., Eysenck 1942), stimulus simplicity
does not always lead to more positive affect. Indeed, some studies have instead shown
a positive correlation between complexity and liking (e.g., Marin et al. 2016), whereas
other studies have uncovered an inverted U-shaped relationship between these variables,
with intermediate-complexity stimuli showing higher preference judgments compared to
either low-complexity or high-complexity ones (e.g., Berlyne 1971; Munsinger and Kessen
1964; Vitz 1966). There is likewise much evidence that people can derive considerable
aesthetic pleasure from viewing complex images or visually challenging objects or scenes
(e.g., Armstrong and Detweiler-Bedell 2008; Joye et al. 2016; Landwehr et al. 2011; Mar-
tindale et al. 1990), including ambiguous pictures (Jakesch et al. 2013), fractals (Joye et al.
2016) and complex visual artworks (Keltner and Haidt 2003). Moreover, in an analysis
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of variables that increased aesthetic pleasure, Martindale et al. (1990) found that more
complex stimuli were liked more than simpler stimuli because they were considered to be
more meaningful, pointing to a potential role for “conceptual fluency” in aesthetic liking
judgments (cf. Topolinski and Strack 2009; Whittlesea 1993), which is a theme we return
to later.

Such a mixed array of findings regarding the relationship between stimulus complexity
and aesthetic preference presents something of a challenge for processing-fluency theories
of aesthetic liking, and several explanations have been advanced in an effort to explain the
effects that have been observed. For example, Reber et al. (2004) have argued that low levels
of complexity might make the “source” of the fluency experience highly salient, thereby
suppressing the normal preference for high-fluency stimuli. As complexity increases,
however, Reber et al. (2004) propose that the salience of the source of fluency will decrease,
thereby enhancing aesthetic liking. Further increases in complexity will eventually impair
processing fluency and thus will reduce aesthetic liking. In this way, an inverted U-
shaped relation between stimulus complexity and aesthetic liking might arise in the case of
complexity manipulations that make the source of experienced fluency highly salient at the
simpler end of the complexity continuum.

Much harder to explain from a processing-fluency perspective, however, is the evi-
dence for people deriving increasing aesthetic pleasure when viewing highly complex and
sophisticated images, objects, scenes and artworks (e.g., Armstrong and Detweiler-Bedell
2008; Joye et al. 2016; Keltner and Haidt 2003; Landwehr et al. 2011; Martindale et al.
1990). Such conceptual challenges for traditional processing-fluency accounts have led to
the development of new theories of fluency-based aesthetic liking that represent a signifi-
cant departure from more established views. One such account is the “Pleasure-Interest
Model of Aesthetic Liking” (PIA Model) proposed by Graf and Landwehr (2015), which
we overview in the next section in order to demonstrate how it can explain seemingly para-
doxical findings regarding the relationship between increasing complexity and elevated
aesthetic liking, while also lending itself to the derivation of novel, testable predictions.

1.2. The Pleasure-Interest Model of Aesthetic Liking (PIA Model)

Graf and Landwehr’s (2015) PIA Model offers a “dual-process” perspective on issues
relating to fluency-based aesthetics and represents a direct attempt to reconcile inconsistent
findings in the literature relating to aesthetic preference judgments. According to the
PIA Model, aesthetic preferences arise from two distinct fluency-based processes that
take place sequentially: (1) an immediate, automatic and default percept-driven process
that occurs upon encountering an aesthetic object, which gives rise to an initial aesthetic
judgment of pleasure or displeasure; and (2) a subsequent perceiver-driven, deliberative or
reflective process, which is initiated because of a person’s motivation to process a stimulus
further, giving rise to a fluency-based aesthetic evaluation of interest, boredom or confusion.
An especially compelling aspect of Graf and Landwehr’s (2015) dual-process theory is,
therefore, its capacity to capture the interplay between initial percept-driven judgments
and perceiver-driven override of such default judgments.

In developing their PIA Model, Graf and Landwehr (2015) draw extensively upon
the work of other theorists (e.g., Armstrong and Detweiler-Bedell 2008; Carbon and Leder
2005; Muth and Carbon 2013; Muth et al. 2013), who propose that a perceiver’s active
cognitive elaboration of a stimulus can play a key role in aesthetic liking. According to
such views, a perceiver does not merely react passively to a stimulus; they can also engage
actively with it, devoting additional processing effort toward the stimulus to gain a deeper
interpretation and understanding of it. Experimental evidence supports the importance
of active cognitive elaboration in influencing aesthetic liking. For example, studies using
paintings as stimuli and experimental manipulations relating to the presence or absence
of titles or accompanying descriptive or stylistic information have revealed that aesthetic
appreciation can be enhanced through elaborative processing, so long as such processing is
associated with a meaningful analysis of the presented stimuli (e.g., Belke et al. 2006; Leder
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et al. 2006; Millis 2001; Russell 2003). Furthermore, elaborative processing that is triggered
by instructing participants to evaluate stimuli on multiple dimensions has been shown
to engender an enhanced appreciation of product designs such as car exteriors, but only
when these designs are novel, innovative or atypical (see Carbon et al. 2013; Carbon and
Leder 2005; Faerber et al. 2010; Landwehr et al. 2013).

Graf and Landwehr (2015) argue that the aforementioned findings give good grounds
for the existence of a positive relationship between elaborative processing and aesthetic
liking in situations where the stimulus holds what they refer to as an “appropriate elab-
oration affordance”, which will often arise in situations where initial disfluent processing
has occurred. Graf and Landwehr further argue that inconsistent findings relating to the
association between processing fluency and liking are attributable to the failure of the stan-
dard processing-fluency theory to recognize that perceivers can take an active, reflective
role in processing a stimulus that is initially processed disfluently in order to override
the early experience of disliking and replace it with a judgment of liking. The PIA Model
is, therefore, able to capture the idea that whilst aesthetic liking can arise from an initial
default process based on stimulus-driven cognitive operations that occur automatically and
mandatorily, it is nevertheless possible that aesthetic liking arising from perceiver-driven
deliberative elaboration will have an opposite valence to the default experience. Graf and
Landwehr (2015) conceptualize this second, reflective process as involving “higher order”
cognitive operations, such as careful analysis and interpretation of a stimulus, including
the assignment of meaning to it.

We have previously noted (see Ball et al. 2018) the close alignment between Graf and
Landwehr’s (2015) dual-process theory of aesthetic liking and research on meta-reasoning in
the literature on judgment, decision making and reasoning (e.g., Ackerman and Thompson
2017, 2018; see also Richardson and Ball 2024; Richardson et al. 2024). Meta-reasoning
research has also traditionally adopted a dual-process stance, emphasizing how metacogni-
tive monitoring processes are sensitive to a variety of cues (see Ackerman 2023), including
ones that derive from perceivable features of the task (e.g., its apparent complexity), as well
as ones that derive from the experience of attempting the task (e.g., ease of processing).
Ackerman and Thompson’s (2017, 2018) “meta-reasoning framework”—much like Graf
and Landwehr’s PIA Model—also captures the idea that initial disfluent processing in
problem-solving and decision-making contexts may trigger more reflective, analytic pro-
cessing. As such, Graf and Landwehr’s (2015) PIA Model complements developments in
the field of meta-reasoning, further supporting the model’s credibility. In the next section,
we consider some additional, core assumptions of the PIA Model and evidence to support
them. Doing this will take us a step closer to the aim of the research that we report in the
present paper, which is concerned with examining the link between the “interestingness”
of artistic stimuli and people’s phenomenological experience of pleasure, as well as the
psychophysiological correlates of this experience.

1.3. The PIA Model and the Interplay between Stimulus Complexity and Conceptual Fluency

Many important conceptual ideas are encapsulated within Graf and Landwehr’s (2015)
theorizing (see also Graf and Landwehr 2017), which give the PIA Model its considerable
predictive power. Here, we examine three underpinning assumptions of the model that
were of particular relevance in motivating the predictions that we set out to test exper-
imentally in the present research. The first assumption to note relates to the concept of
“conceptual fluency”, as mentioned earlier, which refers to the ease of deriving meaning
from a stimulus (Topolinski and Strack 2009; Whittlesea 1993). Graf and Landwehr (2015)
explain that both initial default processing and subsequent reflective processing can be
influenced by conceptual fluency as well as by perceptual fluency. Importantly, however,
they claim that default processing will be relatively more influenced by perceptual fluency
and that deliberative processing will be relatively more influenced by conceptual fluency.
The rationale behind this claim is that perceptual fluency is a passive, automatic, stimulus-
driven experience, whereas conceptual fluency is an active, reflective, perceiver-driven
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process that places a substantial burden on elaborative and interpretative reasoning. This
assumption implies that stimulus complexity (i.e., a stimulus-based property) will primarily
have an impact at the default processing stage, with higher complexity promoting an
increased sense of disfluency. The assumption additionally implies that conceptual fluency
(arising from the ease of meaning extraction and stimulus interpretation) will primarily
have an impact at the reflective processing stage.

The second noteworthy assumption of the PIA Model is that the cue to move from
default processing to reflective processing is considered to be jointly determined by an
interplay between two factors: first, a feeling of disfluency, which signals to the perceiver
the need to invest more effort in processing the stimulus; and second, the perceiver’s need
for “cognitive enrichment”. What this means is that if a person experiences disfluency
during the default processing stage and has a high need for cognitive enrichment, then the
motivation to engage in reflective processing will be especially strong. In situations where
disfluency and the need for cognitive enrichment are in opposition to one another, then it
is the relative strength of these factors that will determine whether reflective processing
is triggered.

The third assumption of the PIA Model that has relevance to the present research
concerns the manner in which reflective processing can give rise to aesthetic evaluations.
As we have mentioned previously, what is initially a disfluently processed stimulus may
subsequently be found to be relatively easy to integrate into existing knowledge structures
when processed reflectively (i.e., it is conceptually fluent). The updated fluency level that is
experienced after reflective processing can thereby lead to a final aesthetic evaluation that
is far more positive than the initial aesthetic evaluation that arose from default processing.

In combination, these aforementioned assumptions lead to some intriguing predic-
tions, which were tested experimentally in a study reported by Ball et al. (2018) that
simultaneously manipulated the complexity (low vs. high) of presented stimuli (i.e., ab-
stract artworks) and their conceptual fluency (across five linearly increasing levels ranging
from low to high). In their study, Ball et al. (2018) first predicted that there should be a main
effect of conceptual fluency on aesthetic liking such that conceptually fluent stimuli should
be liked to a greater extent than conceptually disfluent stimuli. This prediction reflects
the assumption that being more readily able to derive a meaningful interpretation from a
presented stimulus should be a relatively pleasurable experience. Second, it was predicted
that the effect of conceptual fluency on aesthetic liking should serve to modulate the impact
of stimulus complexity, giving rise to a complexity by conceptual fluency interaction. This
predicted interaction reflects the PIA Model’s assumption that it is complex stimuli (i.e.,
those that are relatively disfluent at the default processing level) rather than simple stimuli
(i.e., those that are relatively fluent at the default processing level) that should trigger more
reflective processing and effort after meaning. The consequence of complex stimuli being
subjected to such reflective processing is that they should be associated with increased
aesthetic liking compared to simpler stimuli, so long as they are also conceptually fluent. In
other words, people should tend to have enhanced liking for abstract artworks that initially
seem to be complex, but which then turn out to be relatively easy to derive meaning from.
In contrast, abstract artworks that initially seem to be complex and that then remain hard
to derive meaning from should persist in being fairly unappealing.

Ball et al. (2018) found good evidence to support their predictions. First, a significant
main effect of conceptual fluency was observed on beauty ratings, with the data indicating
the presence of a highly reliable linear trend whereby abstract artworks were judged to be
progressively more beautiful at increasing levels of conceptual fluency. Second, the analyses
revealed the existence of a significant main effect of complexity on beauty ratings, with
high-complexity artworks being rated as more beautiful than low-complexity artworks.
Third, and most importantly, the predicted interaction was found to be significant, with
evidence indicating that stimulus complexity modulated the effect of conceptual fluency.
Follow-up tests revealed significant differences in beauty ratings between high- versus low-
complexity artworks across the three highest levels of conceptual fluency but no significant
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differences in beauty ratings between high- versus low-complexity artworks at the two
lowest levels of conceptual fluency. In sum, Ball et al.’s (2018) findings fully support the
assumptions of the PIA Model by demonstrating that people like more complex abstract
artworks compared to simpler ones, but only when they can readily derive meaning from
such apparently complex stimuli. In cases where the extraction of meaning is more elusive,
people show reduced liking for abstract artworks and no separation in liking between
complex versus simpler pieces.

As part of the present research, we also wished to go beyond the core assumptions of
the PIA Model so as to explore the potential links between people’s experience of engaging
in aesthetic appraisals involving enhanced liking and the phenomenological experience
of being in in a flow-like state (see Csikszentmihályi et al. 2018; Csikszentmihályi and
Robinson 1990). The concept of flow refers to a positively valenced affective mental state
that is characterized by complete concentration and absorption in a specific task in the
present moment (Cseh 2016; Tian et al. 2017). More specifically, Csikszentmihályi (2000)
and Csikszentmihályi et al. (2018) identified eight main characteristics of flow states:
(1) challenge and skill balance; (2) clear goals; (3) automaticity and immediate feedback;
(4) intense concentration; (5) time distortion; (6) the paradox of control; (7) loss of self-
consciousness; and (8) self-rewarding autotelic experiences. Interestingly, Csikszentmihályi
(1998) also introduced the concept of “microflow”, which he believed could arise during
activities such as the observation of artworks that require a relatively low level of skill
and challenge and that are less intensive and complex (see also Csikszentmihályi 2000;
Csikszentmihályi et al. 2018). We contend, however, that these proposals miss the critical
role that conceptual fluency can play in modulating the effects of complexity, as predicted
by the PIA Model and as demonstrated empirically by Ball et al. (2018). In the present study,
we therefore assumed that presented artworks that give rise to more positive aesthetic
appraisals through a combination of complexity and conceptual fluency might also give
rise to higher subjective ratings of flow-like experiences.

1.4. Aims of the Research

The present research aimed to provide a conceptual replication of key aspects of Ball
et al.’s (2018) study to provide further phenomenological evidence in support of important
assumptions associated with Graf and Landwehr’s (2015) PIA Model relating to the basis
of aesthetic liking. The research also afforded an opportunity to examine whether the
aesthetic experience of interest-based pleasure, as predicted by the PIA Model, is associated
with the subjective experience of being in a flow-like state. In addition, the research aimed
to determine whether there is a specific psychophysiological signature that is detectable in
brain activity (measured using electroencephalography (EEG)), arising when a person is
experiencing interest-based pleasure and entering a flow-like state.

The research that we report took as its starting point one of the key ideas encapsulated
within Graf and Landwehr’s (2015) PIA Model, which is that certain stimuli have character-
istics that give rise to enhanced levels of “interest” for the perceiver, thereby promoting
both increased reflective processing as well as the potential for increased aesthetic liking. As
we have noted, such theorizing is supported by Ball et al.’s (2018) empirical results, where
it was found that for presented images the combination of heightened visual complexity
(a perceptual property) and heightened conceptual fluency (a perceiver-driven process)
appears to promote increased interest, which manifests behaviorally as elevated aesthetic
liking (presumably because high conceptual fluency is hedonically marked as positive).

In the present study, we therefore directly set out to present participants with visual
stimuli at three levels of interest: low interest (i.e., low complexity and low conceptual
fluency); moderate interest (i.e., moderate complexity and moderate conceptual fluency);
and high interest (high complexity and high conceptual fluency). We describe in detail in
the next section the process that we pursued to categorize images across these three levels
of interest. Rather than using abstract art, as in Ball et al.’s (2018) study, we decided instead
to use graffiti street art, both to ensure participants’ likely lack of familiarity with presented
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stimuli and to generalize key aspects of Ball et al.’s previous findings to a different yet
highly contemporary artistic medium. Our primary behavioral prediction was that people’s
subjective ratings of liking in relation to presented artworks should increase linearly across
these three levels of interest (cf. Ball et al. 2018). Our secondary behavioral prediction
related to our assumption that more positive aesthetic appraisals should also give rise to
higher subjective ratings of flow-like experiences.

Our final prediction concerned the neurological underpinnings of positive aesthetic
appraisal and associated flow-like experiences. At a physiological level, the experience
of flow has been linked to increased alpha brain waves (8–12 Hz), which are associated
with being in a relaxed yet alert mental state (e.g., Kropotov 2016). A peak in relation to
alpha activity, referred to as an “alpha peak”, has been found during object recognition and
visual encoding (Klimesch et al. 2011) and sustained visual attention (e.g., Ahirwal and
Londhe 2012; Ko et al. 2017), as well as during the application of executive functions (Palva
and Palva 2011), including working memory (Manza et al. 2014). Moreover, increased
alpha power has also been linked to aesthetic judgments of beauty, as well as positive
emotional states in the brain’s frontal region (Cheung et al. 2014), and has additionally
been found to be implicated in aesthetic appraisals of artworks (Cheung et al. 2019).
In sum, a body of research suggests that alpha brain rhythms are linked both to flow
experiences and to aesthetic appraisals, suggesting that increased alpha activity represents
a psychophysiological marker in research on pleasure responses to presented stimuli. As
such, our final prediction related specifically to the EEG correlates of more positive aesthetic
appraisals and our expectation that such appraisals would be associated with increased
alpha activity across cortical regions relative to alpha activity arising in relation to less
positive aesthetic appraisals.

2. Experiment 1

The aim of Experiment 1 was to test our phenomenological and psychophysiological
predictions by presenting participants with images of graffiti street art that varied system-
atically across three levels of interest. As noted above, to establish images that should
be experienced as having low interest, we needed to identify street-art stimuli that were
of low complexity and low conceptual fluency, which are henceforth referred to as LCLF
stimuli. Likewise, to establish images of moderate interest, we needed to identify street-art
stimuli that were of moderate complexity and moderate conceptual fluency (henceforth,
MCMF stimuli), and to establish images of high interest, we needed to identify street-art
stimuli that were of high complexity and high conceptual fluency (henceforth, HCHF
stimuli). To pre-categorize images according to these criteria, we conducted a preliminary
study with 195 photographic images of street art (see the Supplementary Materials), which
were presented to participants sequentially, with self-report ratings being acquired for each
image of either its complexity or its conceptual fluency, depending on the instructions given
to participants. Additionally, the average and maximum appraisal times were measured
for each image to inform our subsequent experiments.

To implement this image pre-categorization study, we used the Prolific Academic
online data-collection platform, with the participant pool being recruited from various parts
of the world, including Brazil, Canada, Germany, Greece, Italy, Jamaica, Mexico, Poland,
Portugal, the United Kingdom and the United States. All participants were fluent in English
and either had no visual impairments or had corrected-to-normal vision. Individuals were
excluded from the study if they were under the age of 16, if they were vulnerable adults
with learning disabilities or if they were adults with mild cognitive impairments. We
recruited separate samples of participants for the complexity ratings and for the conceptual
fluency ratings to avoid any possibility that participants’ ratings might in some way become
cross-dependent. Participants were rewarded at the standard rate for taking part in the
study, which equated to the UK minimal wage at the time of data collection.

To acquire complexity ratings for presented images, we recruited 101 participants (age
range: 18–45 years, M = 27.29, SD = 7.90; 53 males, 48 females). Participants registered their
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complexity ratings for all 195 images using Qualtrics XM software (https://www.qualtrics.
com/uk/), which drove stimulus presentation and response collection. Participants were
asked to appraise each image within 30 s in response to the question, “How complex was
the image to you?”, and to mark their complexity rating on a scale that ranged from 0 (not
at all complex) to 100 (very complex), in accordance with the method used by Ball et al. (2018).

To obtain conceptual fluency ratings for presented images, we recruited 99 participants
(age range: 18–45 years, M = 28.05, SD = 7.43; 48 male, 50 female, one undisclosed gender).
Again, these participants used Qualtrics XM software to register their conceptual fluency
ratings for the 195 images. Participants were required to appraise each image within 30 s
in response to the question, “How meaningful was the image to you?”, and to mark their
conceptual fluency rating on a scale that ranged from 0 (not at all meaningful) to 100 (very
meaningful), in accordance with the method deployed by Ball et al. (2018).

The first step in progressing toward a categorization of the 195 presented images based
on their complexity and conceptual fluency ratings involved creating Z-scores for each
rating to standardize participants’ judgments. We next conducted exploratory curve-fit
analyses using the Z-scores to check for a linear relationship between complexity ratings
and conceptual fluency ratings for all 195 images (see the Supplementary Materials for
further details). It was found that the linear curve fit, F(1, 193) = 138.695, MSE = 81.119,
p < .001, was stronger than both the quadratic curve fit, F(2, 192) = 70.575, MSE = 41.097,
p < .001, and the cubic curve fit, F(3, 191) = 47.007, MSE = 27.466, p < .001. The high degree
of linear association between the complexity and the conceptual fluency ratings justified
undertaking a correlation analysis of the Z-transformed complexity and conceptual fluency
ratings, which revealed that complexity and conceptual fluency were highly positively
correlated, r = 0.647, p < .001 (two-tailed), supporting the viability of combining these
ratings to form a composite categorization of a sub-set of the 195 images in terms of three
specific levels of interest: LCLF, MCMF and HCHF. For clarity, we also note here that
the highly correlated nature of the complexity and conceptual fluency ratings meant that
it would not have been possible to select images to allow for the formulation of a full
factorial design, similar to that reported by Ball et al. (2018), involving the simultaneous
manipulation of image complexity across multiple levels (e.g., low, moderate and high)
and conceptual fluency across multiple levels (e.g., low, moderate and high).

To create a sub-set of images across three levels of interest for use in our experiment,
we applied three image-categorization rules. First, images with standardized scores of
−1.00 or lower for both complexity and conceptual fluency were categorized as “low
complexity, low conceptual fluency” (LCLF). Second, images with standardized scores of
between −0.20 and +0.20 for both complexity and conceptual fluency were categorized
as “moderate complexity, moderate conceptual fluency” (MCMF). Third, images with
standardized scores of +1.00 or higher for both complexity and conceptual fluency were
categorized as “high complexity, high conceptual fluency” (HCHF). Images outside of
these ranges were not considered further. After the categorization stage, nine images were
selected randomly from their respective category (i.e., LCLF, MCMF and HCHF) to form
three image sub-sets that were suitable for use in Experiment 1. We present an example
image from each category in Figure 1. The overall mean viewing time for each image across
all conditions was 7.96 s (SD = 0.53). More specifically, participants spent a mean of 7.69 s
(SD = 0.57) gazing at the selected LCLF images, 8.08 s (SD = 0.58) gazing at the selected
MCMF images and 8.12 s (SD = 0.36) gazing at the selected HCHF images.
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Figure 1. Example images selected from image categories across the three increasing levels of interest.
From left to right: low complexity and low conceptual fluency (LCLF); moderate complexity and
moderate conceptual fluency (MCMF); and high complexity and high conceptual fluency (HCHF).

2.1. Method
2.1.1. Design

The experiment involved a repeated-measures design with one independent variable,
level of interest, captured by the three image categories: LCLF, MCMF and HCHF. The
dependent variables were the subjective ratings of aesthetic liking, complexity, conceptual
fluency, overall perception of flow, concentration, time distortion, arousal and pleasantness,
as well as EEG measures of alpha power across brain regions.

2.1.2. Participants

The experiment took place in a research laboratory and recruited participants who had
not been involved in the image pre-categorization study. The sample size was calculated
through an a priori power analysis (d = 0.60, 1 − β = 0.80, α = 0.05) using G*Power 3.1.9.4
(Faul et al. 2009), with the expected effect size informed by previous research on the neural
markers of peak-performance experiences (Bertollo et al. 2016). Sixteen participants were
recruited (eight males, eight females; age range: 18–45 years, M = 23.69, SD = 4.74). The
same inclusion and exclusion criteria were applied as in the pre-categorization study.
Participants were rewarded at the standard rate for taking part in the study, which equated
to the UK minimal wage at the time of data collection.

2.1.3. Materials

The experimental task involved presenting participants with a sequence of 27 images
of graffiti street art via PowerPoint and requesting them to provide subjective ratings
on various dimensions for each image, while EEG recordings were also taken. The nine
images at each level of interest (categorized as LCLF, MCMF and HCHF) were presented to
participants in a block. The order of the three blocks of images was counterbalanced and
the presentation order of images within each block was randomized. At the end of the first
and second blocks, a 5 min break was provided. Before and after the presentation of each
image, a blank white screen was displayed in the inter-trial interval for 3 s (cf. Van Rooijen
et al. 2017; Yuvaraj et al. 2014).

2.1.4. Procedure

Participants were provided with a briefing regarding the procedure for the study and
signed an informed consent form. The EEG cap was then applied. A baseline EEG measure
was taken, which lasted for 4 min (2 min with eyes closed and 2 min with eyes open).
Taking this baseline EEG measure also enabled a check to be made that the EEG equipment
was working correctly and that the EEG oscillations were within the expected range. Each
participant was then presented with the sequence of 27 street-art images on a 44.17 × 23.77 inch
monitor screen, with image presentation time locked in accordance with the EEG recording
markers using strict timings for the PowerPoint presentation. Each image involved an
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imposed viewing time of 8 s, in line with the viewing time norms established in the pre-
categorization study. This time window also coincides with previous research suggesting
that a 6–15 s stimulus presentation window can be considered optimal for the analysis of
bio-signal data (e.g., Kim et al. 2004; Yuvaraj et al. 2014).

Following the presentation of each image, participants were asked to report their
subjective rating of the image in terms of aesthetic liking, complexity and conceptual
fluency. Aesthetic liking ratings were obtained by asking participants to answer the
question, “How much did you like the image?”, with responses being registered on a scale
ranging from 0 (not at all) to 10 (very much), in line with the procedure adopted by Graf et al.
(2018). Scores for complexity and conceptual fluency were elicited using a 100-point scale,
as in the pre-categorization study.

Flow experiences following the presentation of each image were elicited using items
from the “Short Flow State Scale” and the “Core Dispositional Flow Scale” (Jackson et al.
2008, 2010) to measure overall perceptions of flow, concentration and time distortion.
Regarding the overall perception of flow (Item 4 from the Core Dispositional Flow Scale),
participants were asked to respond to the question, “Did you feel like you were ‘in the zone’
while you were gazing at the image?” using a scale that ranged from 0 (not at all) to 10 (very
much). With respect to concentration (Item 5 from the Short Flow State Scale), participants
were asked to respond to the question, “How focused did you feel while looking at the
image?” using a scale that ranged from 0 (not at all) to 10 (very much). In relation to time
distortion (Item 8 from the Short Flow State Scale), participants were asked to respond to
the question, “Did you feel time passing at a different pace while you were looking at the
image?” using a scale ranging from 0 (not at all) to 10 (very much).

In using only three items from these established flow scales, we acknowledge that
concerns might be raised regarding the way in which our selective approach to measuring
flow in the present study may have threatened the construct validity and reliability of the
original measurement instruments. We accept that this is a fair criticism, although we also
believe that it would have been inappropriate to deploy the full set of items from these
established scales to assess flow experiences for each of the 27 images presented in our
study, not least because these scales were not designed to examine perceived flow during
the brief presentation of a multiplicity of changing visual stimuli. We also note that other
items from these scales, such as those relating to the possession of clear goals, to challenge
and skill balance, to automaticity and immediate feedback and to the paradox of control,
were much less relevant to the context of aesthetic appraisal that pertained to the present
study. We additionally emphasize that single-item measures are often viewed as a reliable
way to measure cognitive–affective states in applied psychology (e.g., Tenenbaum and
Filho 2015).

In the present study, arousal and pleasantness states were also measured following
the presentation of each image. This was done using an adapted version of an affect grid
(Diliberto-Macaluso and Stubblefield 2015; Russell et al. 1989). Participants were asked to
respond to the question, “How activated did you feel while looking at the image?” using a
scale ranging from 0 (total sleepiness) to 10 (highly activated). Additionally, participants were
asked to respond to the question, “How pleasant/enjoyable was it to look at the image?”
using a scale ranging from 0 (not at all pleasant) to 10 (highly pleasant).

Throughout the experimental procedure, EEG brain waves were recorded using a
NeXus-32 biofeedback system (Mind Media 2017). Specifically, alpha (8–12 Hz) absolute
power was measured in microvolts squared (μV2) across 21 electrodes at a sampling
frequency of 256 Hz. The electrodes were positioned over the scalp and followed the
10/20 system (Acharya et al. 2016). The ground electrode was located at channel Afz,
between channels Fpz and Fz. Impedance values of Z < 10 kΩ were maintained during
data collection.

Once the study was completed, participants were debriefed, thanked for their time
and given a chance to ask questions. The full duration of the study was approximately
two hours.
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2.2. Results

First, the results relating to the phenomenological data will be presented before we
present the psychophysiological results from the EEG analysis. For the phenomenological
data, means, standard deviations, F-values, p-values and effect-size measures are reported
in Table 1, in accordance with current reporting standards. All subjective data were ana-
lyzed using repeated-measures analysis of variance (ANOVA), with Bonferroni adjustments
applied for all post hoc comparisons.

Table 1. Means (M) and standard deviations (SD) for phenomenological rating data in Experiment 1
across levels of interest for image categories (LCLF, MCMF and HCHF) and outcomes of ANOVAs
and post hoc t-tests, including p-values and measures of effect sizes.

Dependent Variables
LCLF

M
(SD)

MCMF
M

(SD)

HCHF
M

(SD)

F(2, 286)
(ηp

2)

Post Hoc
Comparison

(p-Value and d)
LCLF vs. MCMF

Post Hoc
Comparison

(p-Value and d)
MCMF vs. HCHF

Post Hoc
Comparison

(p-Value and d)
LCLF vs. HCHF

Aesthetic liking 4.03
(2.73)

5.60
(2.60)

6.71
(2.42)

40.50 ***
(0.22)

LCLF < MCMF
(p < .001, d =

0.36)
MCMF < HCHF

(p = .001, d = 0.44)
LCLF < HCHF
(p < .001, d =

1.04)

Complexity 30.76
(22.50)

47.43
(24.46)

60.69
(25.77)

54.21 ***
(0.28)

LCLF < MCMF
(p < .001, d =

0.71)
MCMF < HCHF

(p < .001, d = 0.53)
LCLF < HCHF
(p < .001, d =

1.24)

Conceptual fluency 25.63
(22.24)

38.40
(24.80)

52.01
(29.46)

50.09 ***
(0.26)

LCLF < MCMF
(p < .001, d =

0.54)
MCMF < HCHF

(p < .001, d = 0.50)
LCLF < HCHF
(p < .001, d =

1.01)

Overall perception of flow 4.66
(2.75)

5.94
(2.16)

6.56
(1.87)

36.80 ***
(0.21)

LCLF < MCMF
(p < .001, d =

0.52)
MCMF < HCHF

(p = .005, d = 0.81)
LCLF < HCHF
(p < .001, d =

0.81)

Concentration 6.25
(2.63)

6.56
(2.18)

7.22
(2.01)

11.33 ***
(0.07)

LCLF < MCMF
(p = .525, d =

0.13)
MCMF < HCHF

(p < .001, d = 0.31)
LCLF < HCHF
(p < .001, d =

0.41)

Time distortion 4.24
(2.63)

4.68
(2.81)

5.42
(2.59)

9.30 ***
(0.06)

LCLF < MCMF
(p = .191, d =

0.16)
MCMF < HCHF

(p = .044, d = 0.27)
LCLF < HCHF

(p < .001, d = 0.45

Arousal 5.51
(2.35)

5.86
(2.16)

6.52
(1.97)

15.81 ***
(0.21)

LCLF < MCMF
(p = .195, d =

0.16)
MCMF < HCHF

(p = .001, d = 0.32)
LCLF < HCHF
(p < .001, d =

0.47)

Pleasantness 4.88
(2.44)

5.69
(2.18)

6.63
(2.08)

25.92 ***
(0.21)

LCLF < MCMF
(p = .003, d =

0.35)
MCMF < HCHF

(p < .001, d = 0.44)
LCLF < HCHF
(p < .001, d =

0.77)

Note. LCLF = low complexity, low conceptual fluency; MCMF = moderate complexity, moderate conceptual
fluency; HCHF = high complexity, high conceptual fluency. *** p < .001.

2.2.1. Aesthetic Liking, Conceptual Fluency and Complexity

A repeated-measures ANOVA indicated that participants’ subjective ratings of aes-
thetic liking were significantly different across levels of interest, F(1, 286) = 40.50,
p < .001; ηp

2 = 0.22, with follow-up tests showing higher ratings for HCHF images than
for either MCMF images (d = 0.44) or LCLF images (d = 1.04), as well as higher ratings for
MCMF images than LCLF images (d = 0.36). These results corroborate the view that more
complex and conceptually fluent images are liked more than images of lower complexity
and conceptual fluency. Repeated-measures ANOVAs were also conducted on the com-
plexity and conceptual fluency ratings by way of a manipulation check. The analysis of the
complexity data revealed that participants’ subjective ratings were significantly different
across levels of interest, F(1, 286) = 54.21, p < .001; ηp

2 = 0.28, with complexity ratings
showing a predicted pattern of differences across interest levels in follow-up tests; that is,
higher ratings for HCHF images than for either MCMF images (d = 0.53) or LCLF images
(d = 1.24), as well as higher ratings for MCMF images than LCLF images (d = 0.71). Similarly,
the analysis of the conceptual fluency data revealed that participants’ subjective ratings
were significantly different across levels of interest, F(1, 286) = 50.09, p < .001; ηp

2 = 0.26,
with conceptual fluency ratings showing a predicted pattern of differences across interest
levels in follow-up tests; that is, higher ratings for HCHF images than for either MCMF
images (d = 0.50) or LCLF images (d = 1.01), as well as higher ratings for MCMF images
than LCLF images (d = 0.54).
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2.2.2. Overall Perception of Flow, Concentration and Time Distortion

A repeated-measures ANOVA indicated that participants’ overall perception of flow
was significantly different across levels of interest, F(1, 286) = 36.80, p < .001; ηp

2 = 0.21, with
follow-up tests showing higher ratings for HCHF images than for either MCMF images
(d = 0.81) or LCLF images (d = 0.81), as well as higher ratings for MCMF images than LCLF
images (d = 0.52). Other measures of flow-like experiences showed broadly equivalent
effects, albeit with reduced effect sizes. The analysis of participants’ self-rated concentration
was significantly different across levels of interest, F(1, 286) = 11.33, p < .001; ηp

2 = 0.07, with
follow-up tests showing higher ratings for HCHF images than for either MCMF images
(d = 0.31) or LCLF images (d = 0.41), as well as higher ratings for MCMF images than LCLF
images (d = 0.13). Likewise, the analysis of participants’ self-rated time distortion was
significantly different across levels of interest, F(1, 286) = 9.30, p < .001; ηp

2 = 0.06, with
follow-up tests showing higher ratings for HCHF images than for either MCMF images
(d = 0.27) or LCLF images (d = 0.45), as well as higher ratings for MCMF images than LCLF
images (d = 0.16).

2.2.3. Arousal and Pleasantness

The final analyses of participants’ phenomenological experiences focused on their
ratings relating to their subjective states of arousal and pleasantness having viewed a
presented image. These data were found to align with the established pattern of evidence
associated with other subjective ratings that we have reported. With respect to feelings of
arousal, a repeated measures ANOVA showed that participants’ sense of activation was
significantly different across levels of interest, F(1, 286) = 15.81, p < .001; ηp

2 = 0.10, with
follow-up tests indicating higher ratings for HCHF images than for either MCMF images
(d = 0.32) or LCLF images (d = 0.47), as well as higher ratings for MCMF images than LCLF
images (d = 0.16). For reported feelings of pleasantness, a repeated-measures ANOVA
showed that participants’ feelings of pleasantness were significantly different across levels
of interest, F(1, 286) = 25.92, p < .001; ηp

2 = 0.15, with follow-up tests indicating higher
ratings for HCHF images than for either MCMF images (d = 0.44) or LCLF images (d =
0.77), as well as higher ratings for MCMF images than LCLF images (d = 0.35).

2.2.4. EEG Findings Relating to Alpha Power

All EEG data were visually inspected, filtered and exported using the functions built
into the BioTrace+ software (https://www.mindmedia.com). The data were segmented
into the 8 s time windows during which each image had been presented. Univariate outlier
analysis was carried out in line with current multivariate statistical guidelines (Hair et al.
2019), with absolute Z-score values above 2.5 being removed from the dataset. The data
were separated according to each frequency band, alpha (8–12 Hz), beta (16–24 Hz) and
theta (4–8 Hz), although only data for alpha were analyzed further for the three levels
of interest relating to the categorized images (LCLF, MCMF and HCHF). EEG data were
analyzed using repeated-measures ANOVAs, with Bonferroni adjustments applied for
all post hoc comparisons. We note in advance that although alpha power was sampled
at 19 key electrode sites, we only report in this section the findings from three regions
(T3, T5 and T6), as these were the only regions to reveal significant differences across the
image categories.

Topographical heat maps were created relating to the EEG electrode sites based on the
absolute alpha power values and are presented in Figure 2A. Examination of these heat
maps reveals a variety of alpha-wave activity patterns across the three interest levels for
categorized images: LCLF, MCMF and HCHF. Figure 2B presents the p-values and Cohen’s
d effect-size values for the electrode sites that revealed significant differences across image
categories. Alpha power showed a significant difference across image categories at T3,
F(1.88, 136.92) = 12.28, p < .001, ηp

2 = 0.14. Post hoc comparisons revealed that alpha
power was highest during the viewing of HCHF images relative to MCMF images (p < .001,
d = 0.61). Alpha power also showed a significant difference across levels of interest at
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T5, F(1.88, 136.92) = 6.75, p < .005, ηp
2 = 0.09. Post hoc comparisons revealed that alpha

power was highest during the viewing of LCLF images relative to HCHF images (p < .005,
d = −0.51). Finally, alpha power showed a significant difference across levels of interest
at T6, F(1.88, 136.92) = 6.44, p < .005, ηp

2 = 0.07. Post hoc comparisons revealed that alpha
power was highest during the viewing of HCHF images relative to LCLF images (p < .005,
d = 0.42).
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Figure 2. Topographical heat maps for absolute alpha power across all 19 EEG channels measured as
μV2 and ranging from lowest (in blue) to highest (in red) during the viewing of images at different
levels of interest: LCLF, MCMF and HCHF (A). Significant differences in absolute alpha power across
EEG channels during the viewing of images at different levels of interest. ** p < .005; *** p < .001 (B).

2.3. Discussion

Previous research relating to aesthetic preferences that has been informed by the PIA
Model (e.g., Graf and Landwehr 2015) has demonstrated that complex images that are also
conceptually fluent (i.e., meaningful) can lead to increased liking judgments relative to
simpler images, irrespective of the conceptual fluency of the latter (see Ball et al. 2018). In
line with the PIA Model, we suggest that complex yet conceptually fluent images (e.g.,
artworks) can promote higher levels of interest in the perceiver than images that are less
complex and less conceptually fluent. The present experiment manipulated the presen-
tation of images of graffiti street art across three levels of interest: low complexity and
low conceptual fluency (LCLF); moderate complexity and moderate conceptual fluency
(MCMF); and high complexity and high conceptual fluency (HCHF). In line with pre-
dictions, HCHF images were found to promote increased phenomenological ratings of
aesthetic liking relative to MCMF images, which in turn were liked more than LCLF images.
Importantly too, the same pattern of subjective ratings across the image categories was
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seen for experiences of flow, concentration and time distortion, as well as for experiences of
arousal and pleasure. These latter findings establish a potentially important link between
theoretical constructs such as complexity and conceptual fluency that are associated with
the experience of aesthetic liking and the concept of flow, as discussed by Csikszentmihályi
(2000; see also Csikszentmihályi et al. 2018).

Of further importance are our psychophysiological findings arising from our EEG
analyses with respect to differences in alpha power when participants were viewing
images at different interest levels. Increased alpha power has been found to be related to
sustained visual attention (Ahirwal and Londhe 2012; Ko et al. 2017). It is, therefore, of
interest that the T3 electrode site, which is broadly related to the ventral attention network,
visual perception and memory-encoding processes (Benedek et al. 2014; Khan et al. 2011),
revealed increased alpha power when participants were viewing HCHF images relative to
MCMF images. This finding suggests that participants were finding HCHF images more
visually interesting relative to MCMF images, which is in line with what would be expected
according to the PIA model. Regarding differences that were seen in alpha power across
image categories at electrode site T6, we note that the right temporal region is important in
visual memory, in interpreting the meaning of body language, in understanding social cues
and in object recognition (Hanouneh et al. 2018; see also Berninger et al. 2002). Increased
alpha power at T6 during the viewing of HCHF artworks relative to those in the LCLF
category may, therefore, suggest that participants were recruiting resources necessary for
visual recollection so as to make meaningful interpretations of HCHF images.

The present experiment additionally found increased alpha power at the T5 electrode
site when participants were viewing images in the LCLF category relative to the HCHF
category. The left temporal lobe, particularly Wernicke’s area in T5, is involved primarily
with speech and language comprehension (Beeman and Chiarello 1998; Viskontas and
Lee 2015). This region involves transferring visual stimuli into semantic categories from
language (e.g., Cudlenco et al. 2020; Hass-Cohen and Carr 2008; Hass-Cohen and Loya
2008). When viewing images in the LCLF category, participants may have been using
more resources to attribute semantic meaning to the images (i.e., to “put them into words”)
because they were less meaningful than images in the HCHF category, where alpha power
was significantly lower.

3. Experiment 2

The aim of Experiment 2 was to test more directly the dual-process assumptions that
underpin Graf and Landwehr’s (2015) PIA Model, which proposes that people engage in
two processing stages: an initial automatic, percept-driven default process and a subsequent
perceiver-driven reflective process. Furthermore, stimulus complexity is viewed as being a
key trigger for people engaging in the second, reflective processing stage, as perceivers are
likely to be motivated to apply elaborative reasoning to explore complex stimuli further.
Moreover, if meaning can be derived from such complexity, then this can give rise to
increased interest as well as elevated liking that contrasts with an initial negative appraisal
at the default processing stage.

Experiment 1 only provided participants with a fixed and relatively short viewing
time of 8 s for each presented image. This standardized viewing time has advantages in
terms of controlling for the exposure duration of images and thereby mitigating method-
ological difficulties with time-locking the EEG recordings to the presentation of stimuli,
which would arise from giving people an unconstrained viewing time. That said, one
key disadvantage with an 8 s viewing period is that this might limit people’s opportunity
to engage more fully in perceiver-driven elaborative reasoning processes, which might
be prematurely curtailed when the 8 s viewing window terminates. Such curtailment
of reflective processing might weaken the emergence of the phenomenological and/or
psychophysiological correlates of aesthetic appraisals arising at the reflective processing
stage. Admittedly, the very compelling phenomenological evidence deriving from Ex-
periment 1 suggests that participants were indeed able to engage in reflective processing,
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given the marked differences in subjective rating data across the LCLF, MCMF and HCHF
image categories that were fully in line with predictions. Still, the EEG data in Experiment
1 were arguably more limited in informing an understanding of differences in aesthetic
experiences across conditions, and additional image-viewing time might give rise to richer
psychophysiological data.

Extending the viewing time for all images also affords an opportunity to partition
the viewing time so as to acquire an initial subjective measure of a participant’s liking
for an image that is then followed by a second measure of liking after a further period of
reflection. This “dual-response paradigm” has featured extensively in reasoning research
over the past decade or so and has been highly informative for theoretical advancement
relating to the nature of intuitive and reflective reasoning processes (e.g., see Thompson
et al. 2011; Thompson et al. 2013). In the experiment that we report below, we implemented
a 16 s viewing period for each presented image, with the first 6 s representing the initial
default response window and the subsequent 10 s representing the subsequent reflective
response window.

Only aesthetic liking ratings, complexity ratings and conceptual fluency ratings were
elicited from participants for the 6 s viewing time, with the full set of phenomenological
ratings as in Experiment 1 only being requested at the end of the 16 s viewing session.
Methodologically, a 16 s viewing time, and its respective initial and reflective time divisions,
was established based on the findings from the pre-categorization study, which revealed
that in 95% of the trials the participants spent a minimum of 5 s and a maximum of 15 s on
any given image. Theoretically, this experimental manipulation also aligns with evidence
that complex visual stimuli take longer to process than simpler visual stimuli (Belke et al.
2010; Marin and Leder 2016; Reber et al. 2004; Winkielman et al. 2003).

Overall, the aim of Experiment 2 was to examine whether the deployment of a two-
response paradigm would reveal changes in liking judgments between the intuitive and
reflective stages for images in the high-interest category (HCHF)—and potentially also
in the moderate-interest category (MCMF)—relative to the low-interest category (LCLF),
in line with what might be expected according to the PIA Model, whereby reflective
elaboration time is needed to move from initial negative appraisals to subsequent positive
appraisals. Experiment 2 also provided an opportunity to explore whether all of the other
subjective measures from Experiment 1 were stable over longer viewing periods for images.
Finally, the experiment provided a means to examine further the EEG correlates of aesthetic
experiences over a longer time period, and more specifically whether images of a high
interest level (HCHF) would continue to elicit increased alpha power relative to images in
the other categories, as seen in Experiment 1.

3.1. Method
3.1.1. Design

This study involved a 3 × 2 repeated-measures design, with one independent variable
being the level of interest of the presented images (i.e., image categories LCLF, MCMF
and HCHF)—as in Experiment 1—and the other independent variable being the time of
the viewing, with two levels: either the initial viewing time (the first 6 s) or the reflective
viewing time (after a further 10 s).

3.1.2. Participants

The sample (N = 16) involved 8 males and 8 females aged between 18 and 45 years
old (M = 27.00, SD = 7.40), none of whom had participated in Experiment 1 or the pre-
categorization study. The recruitment method, inclusion and exclusion criteria and remu-
neration rate were consistent with those reported for Experiment 1.

3.1.3. Materials and Procedure

The same stimulus materials (i.e., street-art images) used in Experiment 1 were used
in the present experiment and all data-collection procedures remained the same as well,
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except for participants being asked to consider their initial impression of aesthetic liking,
complexity and conceptual fluency after the first 6 s of image viewing. They were informed
that after doing this they would have a further 10 s of image-viewing time to reflect on
their first impressions of the image. All rating scales used in Experiment 2 were identical to
those used in Experiment 1, with ratings relating to aesthetic liking, complexity, conceptual
fluency, overall perception of flow, concentration, time distortion, arousal and pleasantness.
Alpha power was also measured using the same method as in Experiment 1.

3.2. Results

As with Experiment 1, we first present the results relating to participants’ phenomeno-
logical ratings before we report the EEG findings. All subjective data were analyzed using
repeated-measures analysis of variance (ANOVA), with Bonferroni adjustments applied
for all post hoc comparisons.

3.2.1. Aesthetic Liking, Complexity and Conceptual Fluency

In line with Experiment 1, ANOVA revealed that participants’ subjective ratings in
relation to aesthetic liking (see Figure 3) were significantly different across the interest levels
of the image categories, F(1.70, 242.97) = 32.96, p < .001, ηp

2 = 0.19, with a linear pattern of
increased liking from LCLF images through to HCHF images. The main effect of time of
viewing was also significant, F(1.00, 143.00) = 38.67, p < .001, ηp

2 = 0.21, with aesthetic liking
being rated as higher after a period of reflection as opposed to after the initial response.
The interaction effect between time of viewing and level of interest, however, was not
significant, F(1.22, 173.77) = 0.152, p = .747, ηp

2 = 0.00, indicating that increased viewing
time had a uniformly positive influence in increasing aesthetic liking irrespective of the
nature of the images being looked at.
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Figure 3. Mean aesthetic liking ratings for images at different levels of interest (LCLF, MCMF, HCHF)
as a function of time of viewing (I = immediate; R = reflective). Errors bars are standard errors of
the mean.

In relation to conceptual fluency, ANOVA revealed that participants’ ratings (see
Figure 4) were significantly different across the interest levels of the image categories,
F(1.85, 264.35) = 78.36, p < .001, ηp

2 = 0.35, with a linear pattern of increased perceptions of
conceptual fluency from LCLF images through to HCHF images. This result supports the
success of the conceptual fluency manipulation. The main effect of time of viewing was
also significant, F(1.00, 143.00) = 146.47, p < .001, ηp

2 = 0.51, with the conceptual fluency
of images being rated as higher after a period of reflection compared to after the initial
response. The interaction between time of viewing and level of interest was also significant,
F(2, 286) = 12.47, p = < .001, ηp

2 = 0.08, with time of viewing having an increasing impact
on conceptual fluency ratings across the three increasing levels of interest for the images,
with the greatest impact arising for images in the HCHF category.

In terms of complexity, ANOVA indicated that participants’ ratings (see Figure 4) were
significantly different across the interest levels of the image categories, F(1.87, 266.75) = 79.06,
p < .001, ηp

2 = 0.36, with a linear pattern of increased perceptions of complexity from
LCLF images through to HCHF images. This result supports the success of the complexity
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manipulation. The main effect of time of viewing was also significant, F(1.00, 143.00) = 80.29,
p < .001, ηp

2 = 0.36, with image complexity being rated as higher after a period of reflection
compared to after the initial response. The interaction between time of viewing and image
category was also significant, F(2, 286) = 5.38, p < .005, ηp

2 = 0.04, with time of viewing
having an increasing impact on complexity ratings across the three levels of interest for the
images, with the greatest impact arising for images in the HCHF category.
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Figure 4. Mean ratings of conceptual fluency and complexity for images across different levels of
interest (LCLF, MCMF, HCHF) as a function of time of viewing (I = immediate; R = reflective). Errors
bars are standard errors of the mean.

3.2.2. Flow, Concentration, Time Distortion, Arousal and Pleasantness

Table 2 shows means, standard deviations, F-values, p-values and effect-size measures
for the phenomenological data relating to the overall perception of flow, concentration,
time distortion, arousal and pleasantness that were elicited at the end of the 16 s viewing
session for each image.

Table 2. Means (M) and standard deviations (SD) for phenomenological rating data (taken after the
reflective viewing stage) in Experiment 2 across levels of interest for image categories (LCLF, MCMF
and HCHF), as well as outcomes of ANOVAs and post hoc t-tests, including p-values and measures
of effect sizes.

Dependent Variables
LCLF

M
(SD)

MCMF
M

(SD)

HCHF
M

(SD)

F(2, 286)
(ηp

2)

Post Hoc
Comparison

(p-Value and d)
LCLF vs. MCMF

Post Hoc
Comparison

(p-Value and d)
MCMF vs. HCHF

Post Hoc
Comparison

(p-Value and d)
LCLF vs. HCHF

Overall perception of flow 5.08
(2.22)

6.19
(2.41)

6.60
(2.25)

45.19 ***
(0.20)

LCLF < MCMF
(p < .001, d =

0.48)
MCMF < HCHF

(p = .053, d = 0.18)
LCLF < HCHF
(p < .001, d =

0.68)

Concentration 6.28
(1.92)

7.38
(1.76)

7.56
(1.91)

34.99 ***
(0.21)

LCLF < MCMF
(p < .001, d =

0.60)
MCMF < HCHF

(p = .695, d = 0.10)
LCLF < HCHF
(p < .001, d =

0.67)

Time distortion 4.47
(2.83)

5.41
(2.91)

6.25
(2.91)

29.10 ***
(0.17)

LCLF < MCMF
(p < .001, d =

0.33)
MCMF < HCHF

(p = .001, d = 0.29)
LCLF < HCHF
(p < .001, d =

0.62)

Arousal 5.60
(1.89)

6.43
(1.53)

6.57
(1.79)

20.31 ***
(0.12)

LCLF < MCMF
(p < .001, d =

0.48)
MCMF < HCHF

(p = .999, d = 0.08)
LCLF < HCHF
(p < .001, d =

0.53)

Pleasantness 4.72
(2.13)

5.88
(2.01)

6.87
(1.63)

52.47 ***
(0.27)

LCLF < MCMF
(p < .001, d =

0.56)
MCMF < HCHF

(p < .001, d = 0.54)
LCLF < HCHF
(p < .001, d =

1.13)

Note. LCLF = low complexity, low conceptual fluency; MCMF = moderate complexity, moderate conceptual
fluency; HCHF = high complexity, high conceptual fluency. *** p < .001.

A repeated-measures ANOVA indicated that participants’ overall perception of flow was
significantly different across levels of interest for the image categories, F(2, 286) = 45.19, p < .001;
ηp

2 = 0.20, with follow-up tests showing higher ratings for HCHF images than for either
MCMF images (d = 0.18) or LCLF images (d = 0.68), as well as higher ratings for MCMF
images than for LCLF images (d = 0.48). This result supports the same effect observed in
Experiment 1. In addition, the measure of participants’ self-rated concentration showed
similar effects to those seen in Experiment 1. Self-rated concentration was significantly
different across levels of interest for the image categories, F(2, 286) = 34.99, p < .001;
ηp

2 = 0.20, with follow-up tests showing higher ratings for HCHF images than for either
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MCMF images (d = 0.10) or LCLF images (d = 0.67), as well as higher ratings for MCMF
images than for LCLF images (d = 0.60). Likewise, the analysis of participants’ self-rated
time distortion was significantly different across levels of interest for the image categories,
F(2, 286) = 29.10, p < .001; ηp

2 = 0.17, with follow-up tests showing higher ratings for HCHF
images than for either MCMF images (d = 0.29) or LCLF images (d = 0.62), as well as higher
ratings for MCMF images than LCLF images (d = 0.33).

Experiment 2 also produced similar findings to Experiment 1 in relation to people’s
arousal and pleasantness ratings in response to the different levels of interest of the pre-
sented images. For reported feelings of arousal, a repeated-measures ANOVA showed
that participants’ sense of activation was significantly different across levels of interest for
the image categories, F(2, 286) = 20.31, p < .001; ηp

2 = 0.12, with follow-up tests indicating
higher ratings for HCHF images than for either MCMF images (d = 0.08) or LCLF images
(d = 0.53), as well as higher ratings for MCMF images than LCLF images (d = 0.48). For
reported feelings of pleasantness, a repeated-measures ANOVA showed that participants’
feeling of pleasantness was significantly different across levels of interest for the image
categories, F(2, 286) = 52.47, p < .001; ηp

2 = 0.27, with follow-up tests indicating higher
ratings for HCHF images than for either MCMF images (d = 0.54) or LCLF images (d =
1.13), as well as higher ratings for MCMF images than for LCLF images (d = 0.56).

3.2.3. EEG Findings Relating to Alpha Power

All EEG data were handled in the same way as in Experiment 1 and were likewise
analyzed using repeated-measures ANOVAs, with Bonferroni adjustments applied for all
post hoc comparisons. We note in advance that although alpha power was sampled at
19 key electrode sites, we only report in this section the findings from four regions (T3, T5,
O1 and O2), as these were the only regions to reveal significant differences across the image
categories. Topographical heat maps were created based on the absolute power values for
the alpha frequency band and are presented in Figure 5. Examination of these heat maps
indicates various patterns of alpha-wave activity in response to LCLF, MCMF and HCHF
image categories, as well as across the initial and reflective image-viewing times.

Alpha power showed a significant main effect across image categories (HCHF, MCMF,
LCLF) at T3 (p < .005), at T5 (p < .01), at O1 (p < .001) and at O2 (p < .005). No other
significant effects were found. More specifically, at T3 and T5, alpha power showed a
significant decreasing linear trend across the three image categories, whereas at O1 and O2,
alpha power showed an increasing linear trend across the image categories (see Figure 6).

Additionally, there was a significant main effect of the time-of-viewing factor in all
channels except for Fp1, F7, F8, T4, Pz and O2, with most p values < .001. This suggests that
there are differences in the neural patterns associated with initial versus reflective aesthetic
appraisals of graffiti street art that implicate the involvement of multiple brain regions
during aesthetic appraisals.

3.3. Discussion

A key aim of Experiment 2 was to test the dual-process assumptions of Graf and
Landwehr’s (2015) PIA Model, which proposes that people first engage in an initial auto-
matic, percept-driven process that produces a default judgment of liking and then engage
in a subsequent perceiver-driven reflective process that leads to a final judgment of liking.
Stimulus complexity, moreover, is viewed as a pertinent trigger for people to engage in the
second, reflective stage, as complexity can serve to motivate people to apply elaborative
reasoning and to pursue the derivation of meaning. Such reflective processing can thence
give rise to increased interest as well as elevated liking. By partitioning viewing times
for all images into a short initial stage (6 s) followed by a longer (10 s) stage aimed at
facilitating reflection, we predicted that phenomenological judgments relating to aesthetic
liking might show a more marked increase for images in the high-interest-level category
(HCHF)—and also potentially in the moderate-interest category (MCMF)—relative to the
low-interest category (LCLF).
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Figure 5. Topographical heat maps for absolute alpha power across all 19 EEG channels, measured
as μV2 and ranging from lowest (in blue) to highest (in red) during the viewing of images at different
levels of interest and at different times of viewing (I = immediate; R = reflective): LCLF-I (top left),
LCLF-R (top right), MCMF-I (middle left), MCMF-R (middle right), HCHF-I (bottom left) and
HCHF-R (bottom right).

In contrast to our predictions, however, the interaction effect between time of viewing
and level of interest in relation to liking ratings was not significant. Instead, the main effect
of time of viewing was significant, with additional processing time appearing to enhance
aesthetic appraisals for all image categories. Experiment 2 also replicated the linear pattern
of increased liking from LCLF images through to HCHF images, as seen in Experiment 1,
suggesting that the effect of level of interest on aesthetic liking remains robust and stable
across longer viewing times (i.e., 16 s in Experiment 2 vs. 8 s in Experiment 1). Regarding
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the absence of a predicted interaction between time of viewing and level of interest, we
admit this presents something of an explanatory challenge—as does the observation that
increased viewing time generally leads to more positive aesthetic appraisals. One possibility
is that artificially imposing additional viewing time on participants—including for images
in the LCLF category—serves to encourage greater elaboration and search after meaning,
which increases aesthetic liking across all image categories.
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Figure 6. Mean alpha power across the levels of interest conditions (LCLF, MCMF, HCHF) for the
four EEG channels (T3, T5, O1 and O2) that revealed a significant main effect. Note that no interaction
effects were significant that involved the time-of-viewing factor (I = immediate; R = reflective).

In this latter respect, a better test of Graf and Landwehr’s (2015) PIA Model using a
dual-response paradigm would be to allow participants to provide ratings whenever they
wish to during the second image-viewing stage. Permitting participants to terminate their
image viewing whenever they decide to do so would allow them to disengage early from
images in the LCLF category, which are both simple and conceptually disfluent, whilst
allowing them to engage longer and more productively with images in the HCHF category,
triggered by image complexity and emerging interest as meaning is manifested. In this way,
the predicted interaction effect between time of viewing and level of interest in relation to
liking ratings should be discernable in the data. We suggest that such a study represents a
worthwhile future line of experimentation.

Before moving on from considering the phenomenological data derived in Experiment
2, we note another possible reason for the absence of a predicted interaction between
time of viewing and level of interest in relation to subjective judgments of liking. We
suggest that the mere act of eliciting aesthetic ratings from participants at the initial 6 s
time-point could have biased subsequent evaluations, thereby leading to uniform increases
in aesthetic evaluations at the second time-point. That is, merely taking phenomenological
measurements at the first time-point could have primed participants’ thoughts and feeling
during the second viewing stage, essentially focusing their attention on aesthetic aspects
of the images that had already been probed and evaluated. This explanation would be
valuable to explore further in the context of studying aesthetic liking, not least because it
raises serious questions regarding the viability of deploying a two-response paradigm to
study changes in aesthetic judgments over time.

In terms of the EEG data, the findings relating to alpha power were far from straight-
forward. Given the absence of a predicted interaction between time of viewing and level
of interest in the phenomenological data relating to aesthetic liking, it was unsurprising
that the EEG analysis of alpha power likewise revealed the absence of such an interaction
effect. This result could potentially be explained in the same ways as discussed above in
relation to the phenomenological data. A main effect of the level of interest for the image
categories was, however, seen at four electrode sites (that is, T3, T5, O1 and O2), with the
temporal brain regions (T3 and T5) showing a significantly decreasing linear trend in alpha
power across the three image categories and the occipital regions (O1 and O2) showing a
significantly increasing linear trend in alpha power across the image categories.

Although the T5 trend was like the one observed in Experiment 1, we note that the
T3 trend was the reverse of what was found in Experiment 1. This contradictory finding
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is difficult to explain given that it arose even in the initial 6 s image-viewing window
in Experiment 2 relative to the very similar 8 s viewing window in Experiment 1. The
best explanation that we can offer for the contradictory findings relates to instructional
changes that were implemented across the two experiments. More specifically, participants
in Experiment 2 knew in advance that for each presented image they would be asked to
consider their initial impression of aesthetic liking, complexity and conceptual fluency after
the first 6 s of image viewing and that they would have a further 10 s of image-viewing
time to reflect on their first impressions of the image. It could well be that the effect of these
instructions was to induce greater visual attention (underpinned by activation at the T3
electrode site) toward lower-interest images than higher-interest ones because of their lack
of conceptual fluency, perhaps driven by the knowledge that extensive processing time
was available.

Regarding the linear trend observed at O1 and O2 for increased alpha power across
the interest level of images, we note that such an effect was absent in Experiment 1 and
was, therefore, again possibly associated with the instructional changes across experiments,
including the up-front knowledge in Experiment 2 that substantial processing time would
be available for participants to attend carefully and systematically to presented stimuli so
as to derive meaning and understanding from them. Increased alpha power at O2 typically
reflects the recruitment of the ventral attention network to reduce distraction and enhance
selective attention (Jensen and Mazaheri 2010; Jung-Beeman et al. 2004; Kawabata and
Zeki 2004; Loze et al. 2001). Likewise, Zumer et al. (2014) found that alpha activity in the
occipital lobe is related to the sensory gating of information from the visual cortex to the
ventral attention network, which leads to selective attention during stimulus processing.
Owing to the complex, detailed and meaningful nature of the HCHF images, we suggest
that participants may have been attempting to reduce visual distractions so that they could
process the images more effectively from the outset.

4. General Discussion

The present study represents part of an ongoing movement in research on empirical
aesthetics that aims to depart from traditional processing-fluency accounts of aesthetic
liking (Reber et al. 2004; Winkielman et al. 2003) and instead to develop more sophisticated
theories that are better able to explain a wider range of often rather nuanced findings.
Such findings include those relating to the surprising way in which highly complex stimuli
can often be viewed as pleasurable (e.g., Armstrong and Detweiler-Bedell 2008; Joye et al.
2016; Landwehr et al. 2011; Marin et al. 2016; Martindale et al. 1990). We suggest that one
theory that is central to contemporary conceptual advancement is Graf and Landwehr’s
(2015) Pleasure-Interest Model of Aesthetic Liking (PIA Model). This model proposes
that aesthetic preferences arise from two fluency-based processes: (1) an initial automatic,
percept-driven default process; (2) a subsequent perceiver-driven reflective process, which
can override judgments arising at the default processing stage. Furthermore, one stimulus
cue that has been mooted as being critical for catalysing further reflective engagement is that
of stimulus complexity. Importantly too, if meaning can be derived from such complexity,
then this can engender increased interest and elevated liking, thereby explaining why
complex stimuli may have aesthetic appeal.

In previous research, Ball et al. (2018) tested key assumptions of the PIA Model in an
experiment that simultaneously manipulated the complexity (low vs. high) of presented
stimuli (abstract artworks) and their conceptual fluency (across five linearly increasing
levels). Ball et al. (2018) found good evidence to support the PIA Model in terms of the
emergence of a predicted interaction between stimulus complexity and conceptual fluency,
with findings indicating that complexity modulated the effect of conceptual fluency in
relation to positive aesthetic appraisals. More specifically, significant differences in beauty
ratings between high- and low-complexity artworks only arose across the three highest
levels of conceptual fluency and not in beauty ratings of high- and low-complexity artworks
at the two lowest levels of conceptual fluency. These results clarify that people like more
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complex visual stimuli compared to simpler ones, but only if they can readily derive
meaning from them.

The present research aimed to provide a conceptual replication of aspects of Ball et al.’s
(2018) study to provide further evidence in support of Graf and Landwehr’s (2015) PIA
Model. More specifically, we established three categories of images (graffiti street art) by
systematically combining complexity with conceptual fluency. These image categories
spanned three levels of interest ranging from low to high: low interest (i.e., low complexity
and low conceptual fluency (LCLF)), moderate interest (i.e., moderate complexity and mod-
erate conceptual fluency (MCMF)) and high interest (high complexity and high conceptual
fluency (HCHF)). Our primary behavioral prediction was that people’s phenomenolog-
ical ratings of beauty should increase linearly across these three levels of interest. Both
Experiments 1 and 2 showed this predicted effect, which was robust against changes in pro-
cedures across experiments, including increased image-viewing times in Experiment 2. Our
secondary behavioral prediction was that people’s experience of engaging in increasingly
positive aesthetic appraisal across the three image categories (LCLF, MCMF and HCHF)
should be associated phenomenologically with being in a flow-like state (Csikszentmihályi
et al. 2018; Csikszentmihályi and Robinson 1990). Again, this prediction was upheld in
both Experiments 1 and 2, which showed linear increases in measures of flow (including
concentration and time distortion), as well as in arousal and pleasantness, as the interest
level of presented images increased.

Experiment 2 was also designed to explore whether differences in liking ratings across
levels of interest for image categories would arise when an initial viewing stage (6 s
window) was contrasted with a subsequent viewing window (an additional 10 s). The
rationale for this “two-response” manipulation was to investigate whether initial default
liking judgments would be overridden when permitted additional viewing time, especially
for the image categories at higher levels of interest. The predicted interaction between time
of viewing and level of interest did not emerge in the data on aesthetic liking. Intriguingly,
a main effect of viewing time was instead found for all image categories, indicating that
additional viewing time enhanced aesthetic liking irrespective of image complexity or
conceptual fluency.

We suggested above two possible explanations for the absence of a predicted interac-
tion between time of viewing and level of interest on judgments of aesthetic liking, with
both explanations being related to methodological changes between Experiment 1 and
Experiment 2 that are worthy of further investigation. First, the finding might be an artefact
of essentially enforcing participants to engage in additional processing of all presented
images (including simple but conceptually disfluent ones). It could well be the case that
self-paced image viewing during the second, reflective stage would reveal a predicted inter-
action effect. Second, the finding might have arisen because eliciting aesthetic ratings from
participants at the initial 6 s time-point could have primed—and thereby biased—their
subsequent evaluations, thereby leading to uniform increases in these evaluations at the
second time-point. Notwithstanding the absence of the predicted interaction between time
of viewing and level of interest on liking judgments in Experiment 2, we nevertheless
contend that our phenomenological data across both experiments provide good support
for the predictions of the PIA Model and corroborate the importance of elaborative engage-
ment in driving aesthetic liking for images with higher interest value, as captured by their
complexity and conceptual fluency.

Experiments 1 and 2 were not only designed with the aim of testing predictions relating
to the phenomenology of aesthetic liking and flow experiences but also to examine the
psychophysiological correlates of such phenomenological states. To this end, cortical EEG
measures were taken across 19 electrode sites during image viewing in both experiments.
The data analysis focused on alpha activity, as elevations in alpha power have been linked
to aesthetic judgments of beauty, including aesthetic appraisals of visual artworks (Cheung
et al. 2014, 2019). The EEG data revealed some important findings regarding cortical
regions that appear to be associated with positive aesthetic appraisals. Considering the

31



J. Intell. 2024, 12, 42

two experiments in aggregate, significant changes in alpha power across image categories
(LCLF, MCMF and HCHF) were associated with temporal regions (T3, T5 and T6) and
occipital regions (O1 and O2).

The T3 electrode site is related to the ventral attention network, including visual
perception and encoding processes (Khan et al. 2011), and likewise the T6 electrode site
has been linked to object recognition and visual memory (Berninger et al. 2002; Hanouneh
et al. 2018). The finding in Experiment 1 that increased alpha power arose in these tem-
poral regions when participants were viewing HCHF images relative to other images is
suggestive of greater visual engagement with the former, including recruiting resources
related to visual recollection during the meaningful interpretation of such high-complexity
but conceptually meaningful images. We note, however, that Experiment 2 revealed no
significant differences in alpha power across image categories at T6, and the opposite trend
was observed in relation to the T3 electrode to that seen in Experiment 1. We propose that
this oppositional effect might again be attributable to methodological changes between
Experiment 1 and Experiment 2. In particular, participants in Experiment 2 had prior
knowledge from the given instructions that for each presented image they would be asked
to consider their initial impression of aesthetic liking, complexity and conceptual fluency
after an initial image-viewing period and that they would then have additional time to
consider the image and provide revised judgments. We have suggested above that the effect
of these instructions might have been to induce greater visual attention (reflected in cortical
activation at the T3 electrode site) toward lower-interest images than higher-interest ones
because of their lack of conceptual fluency—and driven by the participants’ knowledge
that extensive processing time was available. We acknowledge the speculative nature of
this explanation, which points to the need for replication studies to determine the reliability
of the observed differential T3 effect in Experiment 1 and Experiment 2.

Experiment 1 also showed an effect of increased alpha power at electrode site T5 when
participants were viewing images in the LCLF category relative to the HCHF category. This
same effect was also observed in Experiment 2. T5 is linked to the transference of visual
information into semantic categories via language processing (e.g., Cudlenco et al. 2020;
Hass-Cohen and Carr 2008; Hass-Cohen and Loya 2008), suggesting that viewing images of
low conceptual fluency may have required the use of more resources to place conceptually
challenging image features into semantic categories.

The alpha power differences arising in occipital regions (O1 and O2) were only ob-
served in Experiment 2, which involved longer overall viewing times than Experiment 1,
and indicated increased alpha power in these regions across increasing levels of interest for
the image categories. As we noted previously, greater alpha power at O2 often reflects the
recruitment of the ventral attention network to reduce visual distraction through processes
involving idling and inhibition (Jensen and Mazaheri 2010; Jung-Beeman et al. 2004; Kawa-
bata and Zeki 2004; Loze et al. 2001), with the occipital lobe generally being implicated
in selective attention during stimulus processing (e.g., Zumer et al. 2014). It is, therefore,
perhaps not surprising that highly complex and meaningful visual images will necessitate
interpretation through a reduction in distractions.

Limitations and Future Research

Some aspects of our phenomenological findings from Experiment 2, as well as the
associated psychophysiological data, are far from straightforward to interpret. With the
benefit of hindsight, we believe that artificially imposing additional viewing time on
participants in this experiment—including for images of low interest value (i.e., those
in the LCLF category that were simplistic but also seemingly devoid of meaning)—may
have inadvertently encouraged participants to pursue greater elaboration and search after
meaning, thereby increasing aesthetic liking across all image categories over time and
complicating data interpretation.

As we have suggested, a better test of Graf and Landwehr’s (2015) PIA Model using
a dual-response paradigm would be to allow participants to self-pace during the second
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image-viewing stage and provide subjective ratings at whatever point they feel is appro-
priate. Permitting participants to self-terminate their image viewing would allow for a
much more natural test of the predictions of the PIA Model and is an important direction
for future experimentation. It is also likely that the EEG data relating to alpha power
changes over time would be more informative when implementing such a self-paced
two-response paradigm.

We finally note that previous studies examining EEG markers of aesthetic processing
have not only examined alpha waves but also other brain waves, such as beta, theta, delta
and gamma (e.g., Bhattacharya and Petsche 2005; Cheung et al. 2014; Jung-Beeman et al.
2004; Kontson et al. 2015). As such, it would be valuable for future studies examining the
psychophysiological markers of aesthetic liking and flow experiences with complex yet
meaningful stimuli to broaden data analysis to include other EEG brain waves, albeit in a
theoretically informed manner.

Further suggestions for future research include taking a multi-method approach to
examining aesthetic responses to images of varying complexity and conceptual fluency
so as to build up a rich picture of evidence for theories such as the PIA Model. For
example, facial expressions could be investigated using electromyography to measure
the initial and reflective impressions that people have of images of different complexity
and conceptual fluency levels (cf. De Manzano et al. 2010; Droit-Volet and Meck 2007;
Effron et al. 2006; Gerger and Leder 2015). Measuring electromyography activity would
usefully supplement self-report data relating to phenomenological experiences of arousal
and pleasantness. Furthermore, research has examined aesthetic appraisals by including
eye tracking to examine gaze patterns (Massaro et al. 2012), which we contend could be
very useful in future research investigating aesthetic processing and attention allocation
during the viewing of artworks of different levels of complexity and conceptual fluency.

Supplementary Materials: The 195 photographic images of graffiti street art that were used in the
pre-categorization study to determine the experimental stimulus for use in Experiments 1 and 2 can
be found at: https://osf.io/vczwd/, accessed on 11 March 2024.
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Abstract: The investigation of the phenomenology of autobiographical memories (i.e., how a memory is
subjectively experienced and its meaning) has provided an important contribution to our understanding
of autobiographical remembering. Over the last two decades, the study of phenomenology has received
widespread scientific attention, and the field has undergone quite relevant conceptual and methodologi-
cal changes. In the present work, we (1) review some basic and well-established research findings and
methodological achievements; (2) discuss new theoretical and methodological challenges, with a special
focus on the issue of the phenomenological experience of the retrieval process and its relationship with
the phenomenology of the products of retrieval; and (3) propose an alternative way of conceptualizing
and understanding it in the framework of experimental phenomenology.

Keywords: phenomenology; autobiographical memory; retrieval process

1. Introduction

“As I remember it, I can see it very clearly in my mind. I can also feel the emotions I
felt when it occurred”; “It is as if I am reliving that event”; “I believe the event in my
memory really occurred as I remember it”

Sentences like these are often used when we talk about our autobiographical memory
(ABM), that is, when remembering our personal past. Specifically, experiences like seeing
with the mind’s eye, reliving an event, or believing in the accuracy of one’s own memory
refer to different dimensions of the phenomenology of autobiographical remembering.

Although the word “phenomenology” has been used in slightly different ways (for
a discussion, see Vanaken et al. 2022), in the field of ABM, phenomenology is mostly
used to indicate the multifaced subjective experience associated with remembering one’s
own personal past; that is, how memories appear in one’s own conscious experience,
the ways they are experienced, and their personal meaning. In the investigation of the
phenomenology of ABM, the focus is not on “what” (that is, the content of the memory)
or the number of memories recalled, but on “how” a memory is subjectively experienced
and its meaning. Although phenomenology also accompanies the retrieval of conceptual
and semantic ABMs (i.e., autobiographical knowledge) (e.g., Klein and Markowitsch 2015;
Renoult et al. 2012), a specific phenomenology characterizes episodic (i.e., event-specific
knowledge) ABMs. The configuration of phenomenal properties that gives rise to the
feeling of re-living or re-experiencing the past (a mental state that Tulving (1985) has
termed “autonoetic awareness”) is the hallmark of ABM (e.g., Conway 2005; Tulving
1985, 2002). In the present paper, we aim to focus on and discuss (i) some basic and
well-established research findings and methodological achievements and (ii) the recent
developments and challenges facing this research field.
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As we will show in the following, in examining the contribution of phenomenology
to our understanding of ABM, we should keep in mind that, for a long time, mainstream
cognitive research on ABM has been focused almost exclusively on the investigation of
voluntary (intentionally) retrieved ABMs (i.e., memories of personal events intentionally
generated in response to cues or instructions provided by the experimenter), and inten-
tional retrieval has been supposed to occur mainly through a generative, effortful, and
time-consuming process. During the past decade, increasing evidence has been reported
showing that, in the context of voluntary retrieval, ABMs are frequently recalled in a direct,
effortless way (e.g., Uzer 2016; Uzer and Brown 2017; Uzer et al. 2012). Furthermore, the
experimental investigation of ABM retrieval has been extended to involuntary (spontaneous)
autobiographical memories (IAMs; i.e., memories of personal events that come to mind with
no conscious or deliberate attempt directed at their retrieval; see, e.g., Berntsen 2010, 2021).

These important developments have stimulated research on the phenomenological
properties of memories recalled under different retrieval conditions and a more general
interest in the investigation of the subjective experience of the retrieval process itself, that
is, what “how” retrieving a memory is like and the “feelings” experienced during the
retrieval—instead of the phenomenology of the final (memory) products. In this regard,
very recently, some researchers (Moulin et al. 2023; see also the contribution of philosophers
of memory, Perrin et al. 2020; Perrin and Sant’Anna 2022) have explicitly called for a
more systematic empirical investigation of the phenomenology of the retrieval process,
as has been performed with the phenomenological characteristics of ABMs. As we shall
discuss, these recent advances open up new avenues of research that come with relevant
theoretical and methodological implications that need to be systematically addressed
in the future. Relevant to the aims of this special issue, we suggest an analogy of the
phenomenology of the retrieval process with that of perception traditionally studied by
experimental phenomenology that might inspire an alternative way of conceptualizing and
understanding it.

2. Phenomenology of Autobiographical Memories: Types of Memories and
Individual Differences

The investigation of the phenomenology of ABM has provided an essential con-
tribution to our understanding of the complex and flexible nature of autobiographical
remembering, and the dimensions of the phenomenological experiences associated with
remembering have received much attention in the theoretical models of ABM (Conway
2005; Rubin 2005, 2006).

Over the past three decades, the issue of the phenomenology of ABMs has received
widespread scientific attention, with an increase in interest in philosophy, psychology,
and neuroscience (see, for a review on the neural bases of the phenomenology of ABMs,
Simons et al. 2022), and different research trends have emerged (e.g., investigation of the
phenomenology from a life-span perspective, investigation of phenomenological changes
associated with clinical and neurological disorders). In spite of this diversification of the
research field, we can identify some basic and well-established research findings. Studies
have consistently shown that (i) memory and event features and (ii) individual differ-
ences in psychological functioning among those who remember affect the phenomenology
of ABM.

Regarding memory and event features, clear phenomenological differences have been
found between (a) true and false memories (e.g., Johnson et al. 1988; Heaps and Nash 2001);
(b) self-defining memories and earliest memories (Montebarocci et al. 2014); (c) memories
for recent and remote events (e.g., Eich et al. 2012; Nigro and Neisser 1983; Sutin and Robins
2007); (d) memories for unique events and memories of repeated events (e.g., Peterson et al.
2016; Waters et al. 2014); and (e) memories for positive, negative, and neutral events (e.g.,
D’Argembeau et al. 2003; Maki et al. 2013).

For example, in one of the seminal studies, Johnson et al. (1988) showed that true
memories (memories for perceived events) differed from false memories (memories for
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imagined events) in a relevant number of phenomenological dimensions (assessed by the
Memory Characteristics Questionnaire (MCQ), see Table A1 in Appendix A). Specifically,
memories of real events had higher ratings for all phenomenological dimensions related to
perceptual characteristics (details, vividness) and contextual information (location, time)
compared to memories of imagined events. In addition, participants used the differences in
these qualitative characteristics to support their belief in the origin of memory, suggesting
that specific phenomenological characteristics enable participants to distinguish a true
memory from a false one.

The phenomenological profile of different types of ABMs may also reflect their specific
roles for the current self and identity. Studies that directly compared the phenomenological
characteristics of self-defining memories and earliest childhood memories have made an
important contribution in this regard (Montebarocci et al. 2014; Sutin and Robins 2007). Self-
defining memories are memories of events that are extremely important to identity processes
(Blagov and Singer 2004; Singer et al. 2007); they support self-consistency and self-coherence,
particularly in tumultuous or challenging transitional periods (Conway et al. 2004). In line
with this function, Montebarocci et al. (2014) found that self-defining memories were rated
as more vivid, coherent, rich in sensory details, and clear in time perspective compared to
earliest childhood memories. Moreover, they were more emotionally intense, more likely to
be seen from a first-person visual perspective, and more likely to be shared with other people.

Consistent differences in several aspects of phenomenology also emerged when memo-
ries of distant (childhood) or remote events were compared to memories of recent ones (see,
e.g., Luchetti and Sutin 2018; Sutin and Robins 2007). For example, Sutin and Robins (2007)
found significant differences between the two types of memories on all the phenomeno-
logical dimensions assessed in the study (by the Memory Experiences Questionnaire, see
Table A1, Appendix A): Recent memories were associated with a more intense phenomeno-
logical experience, being rated as more vivid and detailed, coherent, with a clearer time
perspective, more accessible, more emotionally intense and positive, and more likely to be
shared and recalled from the first-person visual perspective.

The investigation of the phenomenology of ABMs has also revealed individual differences in
the subjective experience associated with autobiographical remembering, such as differences
in the extent to which people can relive personal experiences, as well as differences in the
reported characteristics of memories (e.g., their vividness and richness of details). A series
of studies with healthy young adults have shown that certain aspects of phenomenology
are affected by individual differences in psychological dimensions, such as personality (e.g.,
Rasmussen and Berntsen 2010; Rubin and Siegler 2004; Sutin and Robins 2005, 2010), emotion
regulation (e.g., Fernández-Pérez et al. 2023; Pascuzzi and Smorti 2017), attachment styles
(e.g., Sutin and Gillath 2009), self-esteem (e.g., Christensen et al. 2003; Sutin and Robins 2007),
and visual imagery (e.g., Aydin 2018; D’Argembeau and Van der Linden 2006; Greenberg and
Knowlton 2014; Vannucci et al. 2016; Vannucci et al. 2020).

In a pioneering study, Rubin and Siegler (2004) assessed individual differences in
personality and, using the Autobiographical Memory Questionnaire (AMQ; see Table A1,
Appendix A), evaluated several dimensions of the phenomenology of ABMs generated in
response to cue words. The authors found that certain aspects of personality correlated with
certain properties of phenomenology: Openness to feelings was strongly and positively
associated with measures of belief in the accuracy of memories, the sense of recollection,
the amount of sensory details, and the feeling of emotions while remembering. On the
other hand, agreeableness, conscientiousness, and neuroticism were negligibly associated
with the properties of phenomenology.

The results of subsequent studies confirmed the role of individual differences in
personality in shaping the phenomenology of autobiographical remembering but also
suggested that the association might be, at least in part, moderated by the types of memories.
For example, Blagov et al. (2022) found a different pattern of results by asking participants
to generate self-defining memories. Specifically, they reported that a feature of self-defining

40



J. Intell. 2024, 12, 21

memories (explicit meaning-making) moderated the association between another feature
(affect) and chronic emotional distress.

On the cognitive side, much attention has been paid to the association with individ-
ual differences in visual imagery. It is well known, from behavioral and neuroscientific
studies on healthy participants, as well as from lesion studies, that visual imagery plays
a crucial role in autobiographical retrieval (see, e.g., Conway 1990; Daselaar et al. 2008;
Greenberg et al. 2005; El Haj et al. 2014, 2017). Moreover, visual imagery contributes to
several phenomenological properties of ABM, such as vividness of memories (e.g., Brewer
1986; Greenberg and Rubin 2003), memory specificity (e.g., Williams et al. 1999), and the
subjective experience of reliving during retrieval (e.g., El Haj et al. 2016; Greenberg and
Rubin 2003).

Research on individual differences revealed a clear association between some aspects
of phenomenology and individual differences in the ability/preference, and frequency of
use of visual object imagery (i.e., the object imagery system processes the visual appearance
of objects and scenes in terms of their shape, color information, and texture). Studies have
found that higher levels of visual object imagery were predictive of a more intense auto-
noetic experience, that is, a greater amount of sensory details in memory, a stronger feeling
of recollection, and a stronger experience of both sensory and emotional reliving (“seeing
and feeling” as in the original event). In contrast, individual differences in spatial imagery
were not significantly related to any of the phenomenological dimensions evaluated in the
studies (Aydin 2018; Vannucci et al. 2020). This pattern of results has been replicated in
two independent studies on different types of ABMs (e.g., asking participants to generate
two personal past events from different time frames in Aydin 2018; asking participants to
generate ABMs to cue words in Vannucci et al. 2020) and using different instruments to
assess the phenomenology of ABM (e.g., selected items adapted from the MCQ and the
Autobiographical Memory Questionnaire (AMQ) in Aydin 2018; the Phenomenology of
Autobiographical Memory questionnaire (APAM) in Vannucci et al. 2020).

Changes in the phenomenology of ABM were also found to be linked to individual
differences in subjective wellbeing and psychological distress (Luchetti et al. 2016; Sutin
and Gillath 2009; Luchetti and Sutin 2016; Sutin et al. 2021) and mental health (see, e.g.,
Rottenberg et al. 2005). Distress levels have been linked to the retrieval of memories that are
less phenomenologically powerful (less vivid, coherent, and detailed; Luchetti and Sutin
2016). In contrast, recalling phenomenologically rich personal events may enhance one’s
sense of overall wellbeing and life satisfaction (e.g., Latorre et al. 2013; Sutin et al. 2021;
Waters and Fivush 2015). In this regard, Sutin et al. (2021) found a pattern of association
between the phenomenology of a recent memory (related to the pandemic) and a specific
dimension of eudaimonic wellbeing, that is, the sense of purpose in life. Specifically,
individuals with a higher sense of purpose in life retrieved ABMs that were generally more
phenomenologically rich (e.g., more vivid, coherent, accessible, shared with others, with a
clear time perspective and many sensory details) than participants lower in purpose in life.
Interestingly, purpose in life was also associated with more positive affect and less negative
affect during retrieval.

3. Assessment of the Phenomenology of Autobiographical Memories Using
Comprehensive Measures

All researchers interested in the phenomenology of ABM agree that the subjective
experience associated with autobiographical remembering is multifaceted.

For a long time—and, although less frequently, still nowadays—studies in which the
assessment of phenomenology was not the main aim evaluated the phenomenological
experiences with a relatively small number of potentially relevant dimensions, with a pref-
erence for the reported quality of remembered material (e.g., vividness of memory, richness
of sensory and contextual details, and memory specificity). Since the late 1980s, researchers
have aimed at comprehensively mapping the range of phenomenological experiences
(i.e., to fully describe the multifaced experiences of autobiographical remembering and its
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meaning to those who remember) and at developing psychometrically sound measures of
such experiences.

Some standardized instruments for the assessment of ABMs have been developed
to assess ABM deficits in clinical populations and include the Autobiographical Memory
Interview (Kopelman et al. 1990), the Autobiographical Interview (Levine et al. 2002), and
the Autobiographical Memory Test (Williams and Broadbent 1986; Williams et al. 2007).
These tests require a long administration time because they frequently involve face-to-
face interviews, followed by in-depth coding of the respondents’ verbal reports. As a
consequence, to be reliable, the scores need good inter-rater agreement. Additionally, tests
created to look for impairments in clinical populations have a strong tendency to exhibit
ceiling effects in nonclinical participants (Kirk and Berntsen 2018).

On the other hand, the self-reported comprehensive measures of the phenomenological
characteristics of ABM are basically of two types: They either present participants with
some cue words (e.g., “city”, “dress”, “plant”) to elicit memory and ask them to evaluate
the characteristics of the memory on a wide range of dimensions represented by a single
item (Memory Characteristics Questionnaire (MCQ), Johnson et al. 1988; Autobiographical
Memory Questionnaire (AMQ), Rubin et al. 2003; Autobiographical Memory Questionnaire
(APAM), Vannucci et al. 2020), or they consider phenomenological properties as constructs
and operationalize them by more items (Memory Experiences Questionnaire (MEQ), Sutin
and Robins 2007; a short version of MEQ, Luchetti and Sutin 2016; Autobiographical
Memory Characteristic Questionnaire (AMCQ), Boyacioglu and Akfirat 2015) but ask
participants to report on a single, specific memory (e.g., a memory from one’s childhood).
Table A1 in Appendix A presents the phenomenological properties tapped into by all the
cited measures.

These two approaches have pros and cons, depending on the aim of the assessment.
Scores from multi-item measures are inherently more reliable than single-item ones if a
single memory is considered, but they are impractical to use with multiple memories due
to their length. As a result, the information they provide is limited to the specific memory
elicited and cannot be considered representative of the general and typical way in which
the participant “remembers”, i.e., as a stable disposition. In single-item measures, the score
on the dimension can be computed as a composite measure of the same item rated on
multiple memories, each of which is elicited by a cue word that could be presented together
with other cue words in a single session (e.g., Vannucci et al. 2020) or one per day (e.g.,
Vannucci et al. 2021). Such composite scores are reliable as much as scores on multi-item
measures, but, given the different eliciting stimuli for the memories, they can be considered
more informative about the extent to which each dimension is relevant in the participant’s
autobiographical remembering in general. Hence, they can be interpreted as a stable
disposition or individual difference regardless of the specific memory being evaluated. For
example, a participant could obtain a high score on the AMCQ vividness and emotional
valence scales when recalling a memory related to a romantic relationship experience. This
does not imply that the autobiographical remembering of that participant is typically vivid
and emotionally loaded, while this conclusion can be drawn based on a participant who
rates a dozen or so memories as very vivid and emotionally loaded elicited by different cues.
Recently, Rubin (2021) has supported this view of the properties of ABMs as reliable and
stable individual differences with a somehow “hybrid” approach. In his study, participants
attended two sessions in which they were presented with seven event cues (e.g., “during
travel or vacation”, “from school or work”) and had to write a brief description of an event
they remembered from school or work for each cue. After completing the description,
the participants had to rate the phenomenological characteristics of their memory on 12
pairs of 7-point rating scales that corresponded to a dimension, thus allowing a multi-item
assessment of the dimensions across multiple cues.

Other measures to assess the phenomenology of ABMs do not involve elicitation and
subsequent ratings of dimensions but generally ask participants to indicate their agreement
with statements about how they remember personal experiences. The Autobiographical
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Recollection Test (ART, Berntsen et al. 2019) is a general measure of the subjective experience
individuals have of their memories that operationalizes seven of the dimensions assessed by
the instruments mentioned above. Interestingly, while the correlations between the different
phenomenological dimensions reported by Rubin (2021) ranged from null to .91, thus
implying that at least some dimensions provide independent information, those reported
by Berntsen et al. (2019) and by Matsumoto et al. (2022b) in the Japanese adaptation study of
the ART were uniformly very strong (r ≥ .60) to the point that a single-factor model seemed
a more parsimonious measurement model for the ART items. This single score provides a
general measure of how much respondents think they remember their past well and focuses
on the recollective experience of ABMs without distinguishing between dimensions.1

These conflicting results about the relationships among the different phenomenologi-
cal dimensions are consistent with an issue recently noted by Talarico (2023), who observed
that, despite the agreement on the different metacognitive constructs and recollective
experience-related qualia assessed by the aforementioned instruments, the pattern of asso-
ciation between them is still not clear. Talarico (2023) provides an example of the association
between vividness and the quantity and clarity of sensory/perceptual details. Although
most scales consider these dimensions distinct, it is questionable whether participants
would recognize this distinction as natural or evident.

In summary, a wide range of the phenomenological dimensions of ABMs can be
assessed using several comprehensive measures. However, further research is needed on
the inter-individual and intra-individual patterns of association of these dimensions, as
suggested by Rubin’s (2021) findings. Recent studies in psychopathology advised against
drawing inferences from cross-sectional covariance structures to individuals within the
group, since associations between variables at the group level do not necessarily translate
at the individual level (see, e.g., Bos et al. 2017; McNally 2021; Borsboom et al. 2021) unless
the process is ergodic; that is, the mean and variance are the same for the group as for
each individual member of the group (the “homogeneity condition”) and neither the mean
nor the variance changes over time (the “stationarity condition”) (Molenaar and Campbell
2009). We suggest that future studies should investigate whether individual patterns of
association between the phenomenological dimensions of ABMs differ from group patterns
and, if so, whether they do so in degree and/or in kind, and whether these patterns change
with time.

4. New Developments: The Phenomenology of the Retrieval Process

In daily life, we often use expressions such as “this memory just came to my mind; it
arrived rapidly”; “he looked familiar to me; I was pretty sure I knew him, and I tried hard to
remember where I had met him, but I couldn’t find this information in my memory”; “this memory
surprised me; I didn’t know where it came from.” In these sentences, we do not refer to the
phenomenological properties of the retrieved memories (for example, vividness, clarity,
richness of details, personal importance), namely, the final result of retrieval processes;
but we just describe and share with other people our subjective experience of the retrieval
process, “how” retrieving a memory was like. As pointed out by Moulin et al. (2023),
autobiographical retrieval is “inherently metacognitive” (p. 11), because it is accompanied
and shaped by the “epistemic feelings” (p. 5) experienced by those who remember. These
feelings (e.g., how fluently a memory was retrieved) are metacognitive because they reflect
“fast-acting” (p. 5) evaluations that are used by the person who remembers and that might
guide the retrieval process.

All the questionnaires described above were originally developed to provide a com-
prehensive assessment of the phenomenology of autobiographical remembering. They are
mostly, if not entirely, made up of items related to the quality of the remembered material (e.g.,
vividness, richness of details, and emotional intensity) rather than the retrieval process.
With the only exception of the question about ease of retrieval/feeling of effort, which
is included in only a few of the measures (e.g., “This memory just sprang to my mind when
I read the instructions” in MEQ and APAM, or “I really had to search my ‘memory bank’ for
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this experience” in MEQ), there are no questions in these instruments about the subjective
experience of the retrieval process, that is, about the epistemic feelings experienced during the
retrieval.

So, why has research on the phenomenology of autobiographical remembering mostly
focused on the phenomenological characteristics of the final (memory) products and some-
how neglected the phenomenology of the retrieval process? And which dimensions, if any,
of the phenomenology of the retrieval have been started to be empirically addressed so far?

One of the reasons for this delay in research may be found in the theoretical models of
ABM. Specifically, for a long time, the multifaceted nature of autobiographical retrieval has
been under-recognized by cognitive psychologists. According to the self-memory system
model of ABM (Conway 2005; Conway and Pleydell-Pearce 2000; Haque and Conway
2001), autobiographical remembering would occur primarily through a generative (i.e.,
active top-down search process), effortful, and time-consuming process (usually taking up
to 10–12 s), whereas a direct (i.e., a memory directly popping into mind in response to a
cue), effortless, and fast retrieval process would be relatively uncommon. Following this
model, generative retrieval has been considered the default process for personal memories
generated in standard word-cueing tasks, and the contribution of other routes through the
autobiographical system has been largely overlooked (Markostamou et al. 2023).

Only over the past decade have studies provided evidence that direct retrieval often
occurs in the context of voluntary autobiographical remembering; specifically, studies have
shown that direct retrieval is as frequent as the generative one in standard word-cueing
paradigms (e.g., Barzykowski and Staugaard 2016; Harris et al. 2015; Harris and Berntsen
2019; Mace et al. 2017; Uzer 2016), or it is even more frequent when concrete word-cues or
personally relevant cues are used (Uzer 2016; Uzer and Brown 2017; Uzer et al. 2012; but
see also Mace et al. 2021, for a discussion on the prevalence of direct retrieval).

These findings have stimulated research on the phenomenology associated with the
two qualitatively distinct retrieval mechanisms. In this regard, studies have found that
memories subjectively evaluated as directly retrieved (i.e., suddenly and effortlessly re-
trieved) are reported to be clearer and more vivid (Barzykowski and Staugaard 2016;
Harris and Berntsen 2019; Harris et al. 2015), more rehearsed (Harris and Berntsen 2019;
Harris et al. 2015), of greater personal importance (Barzykowski and Staugaard 2016; Harris
and Berntsen 2019; Harris et al. 2015), and they are more likely to have a field perspec-
tive (Harris et al. 2015) compared to generatively retrieved (i.e., retrieved after effortful
search) memories. Globally, these results on the phenomenology of direct and generative
retrieval demonstrate that there is a consistent association between one phenomenolog-
ical dimension of the retrieval process itself (i.e., the subjective feeling of effort) and the
phenomenological properties of the final outputs (e.g., vividness, clarity, and personal
importance of memories), raising the question about the nature of this relationship. On
the one hand, the phenomenological properties of memories and events might affect the
experience of retrieval, so personal memories and events that are highly accessible (i.e.,
more vivid, clearer, and emotionally intense) are expected to be more frequently recalled in
a direct/effortless rather than generative/effortful fashion since they do not require addi-
tional elaboration and reconstructive effort (Conway 2005). On the other hand, however,
the retrieval process may affect the final output, so that effortless, bottom-up associative
retrieval processes might lead to a richer experience of remembering, finally resulting in
highly accessible retrieved memories.

The scientific interest in the retrieval process has also been stimulated by the advances
in the experimental investigation of involuntary ABMs2 (IAMs) that have been overlooked
in experimental cognitive psychology for several decades (see Berntsen 2010; Berntsen 2021;
Kvavilashvili et al. 2020). The successful development and employment of experimental
paradigms to induce and examine involuntary memories in a laboratory setting (e.g.,
Barzykowski and Niedźwieńska 2016; Berntsen et al. 2013; Cole et al. 2016; Hall et al. 2014;
Schlagman and Kvavilashvili 2008; Mazzoni et al. 2014; Vannucci et al. 2014) have allowed
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the comparison of voluntary and involuntary retrieval under the same well-controlled
conditions.

In terms of phenomenology, direct comparisons between the two types of retrieval
have found that IAMs are more phenomenologically sound compared to their voluntary
counterpart: Specifically, involuntary memories were found to be more specific (e.g., Cole
et al. 2016; Schlagman and Kvavilashvili 2008; Vannucci et al. 2016), detailed, vivid, more
frequently rehearsed (e.g., Barzykowski and Staugaard 2018; Vannucci et al. 2016), more
personally relevant and more recent (e.g., Barzykowski and Staugaard 2018), and associated
with a more intense emotional reaction at retrieval/being more impactful on current mood
compared with voluntary memories (e.g., Cole et al. 2016; Vannucci et al. 2016). In addition,
involuntary memories were reported as more pleasant, rehearsed, important, and relevant
to the current life situation compared to both generative and direct voluntary memories
(Barzykowski and Staugaard 2016). According to the retrieval threshold account (Barzykowski
and Staugaard 2016, 2018), when someone is not intentionally engaged in memory retrieval
(i.e., not being in a retrieval mode), a memory would need to be phenomenologically strong
(e.g., rehearsed, emotional, important) to draw one’s memory-related attention and therefore
pass the awareness threshold and enter consciousness.

Collectively, these studies show that both the retrieval effort and the intention to
remember can affect the phenomenology of autobiographical remembering. However,
some limitations should be taken into account when considering these results. First, in
different studies, different subsets of phenomenological dimensions have been examined,
and no studies so far have provided a comprehensive assessment of the phenomenology
of IAMs by using comprehensive measures as the ones described in Section 3 originally
developed to examine voluntary ABMs. Furthermore, the different retrieval processes can
be accompanied and shaped by different epistemic feelings, namely, different evaluations
of the retrieval itself. As reported above, subjective evaluation of effort/ease of recall has
been found to be quite relevant in voluntary retrieval, distinguishing between direct and
generative memories, and recent evidence confirmed that this subjective experience is also
reflected in objective measures associated with the two kinds of retrieval (e.g., pupil size in
Janssen et al. 2021).

To this regard, very recently, researchers in cognitive psychology (e.g., Moulin et al. 2023)
and philosophers of memory (e.g., Perrin et al. 2020; Perrin and Sant’Anna 2022) have directly
called for a more systematic empirical investigation of the phenomenology of the retrieval
process itself, as has been completed with the phenomenological characteristics of ABMs.

Such a novel theoretical approach stimulates and requires an empirical examination
and the development of methodological tools that might be different from those used so
far. A first step could be a broad exploration of the phenomenological space of retrieval,
that is, identifying the different experiences or epistemic feelings that participants may
have during the retrieval of ABMs. Although self-report questionnaires could be used,
an investigation using in-depth phenomenological and qualitative methodology could
provide more insights.

For instance, Oblak et al. (2022) have recently used a constructivist grounded theory
approach (Charmaz 2014) to investigate the subjective experience of their participants
during a visuospatial working memory task. This method aims to provide a detailed
outline of the structure of a certain phenomenon. As a result, it seeks to characterize
as many distinct experiences related to a phenomenon as is feasible. In order to enable
comprehensive explanations, constructivist grounded theory collects as wide-ranging in-
formation as it can from as many sources as it can. Thus, using a variety of visuospatial
working memory tests, Oblak et al. (2022) were able to collect detailed qualitative data
from a diverse sample of participants with varying ages and educational backgrounds.
Their results revealed two major categories of experiential dimensions: phenomena at the
forefront of consciousness and background feelings. The first refers to elements of experi-
ence that hold a prominent position in the consciousness of participants and may be easily
accessed for reflection, even without formal instruction on how to observe and articulate
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one’s experiences. These phenomena encompass a range of techniques employed in the
resolution of visuospatial working memory tasks, along with metacognitive experiences
and instances of mind wandering. The second dimension concerns the overall impression
of the experience (e.g., physical sensations, emotional climate, mood) and might be harder
to access in conscious reflection.

Moulin et al. (2023) have identified some dimensions of the retrieval experience,
such as the feeling of familiarity, the feeling of agency, and the feeling of fluency. The
feeling of familiarity is a state in which the individual can only report whether something
(an image, an object, a person, etc.) has been encountered before, i.e., it reminds them
of “something”, while the feeling of agency is the sensation of being the initiator of the
retrieval process. The feeling of fluency is the subjective experience of how readily a
memory comes to mind, regardless of other subjective variables and theoretical entities
(e.g., vividness, accuracy, and meaning for the self) that can be assessed once memories have
been retrieved. When the retrieval process is fluent, the sense of agency is reduced, and
there is often a sense of familiarity that is not an inherent feature of something that has been
seen before. Investigating such feelings holds the potential to contribute to understanding
the phenomenology of the retrieval process, but, similar to the background feelings of
Oblak et al. (2022), it appears methodologically challenging.

Interestingly, the dimensions suggested by Moulin et al. (2023) resemble a class of
phenomena studied by experimental phenomenology, an approach that has a long history
in the study of visual perception. For example, the subjective experience of memory fluency
is not Tulving’s autonoetic consciousness or Perrin et al.’s feeling of pastness, since these terms
refer to the experience once the memory has occurred. When we evaluate the vividness
or coherence of memory, we are thinking about it, while when we evaluate its fluency, we
are sort of seeing it, in parallel with Kanizsa (1979)’s distinction in visual perception. As
a result, our memory can be tricked by “illusions” just as well as our visual system, as in
the case of déjà vu. For example, when entering a place, one may feel strongly that they
have been there before, even though they are aware that this is their first visit. This process
resembles, for instance, that of illusory (or subjective) contours in perception, which are
optical illusions that give the impression of an edge without really changing the luminance
or color of that edge (Figure 1).

Figure 1. Example of illusory contours.

Explaining why this perceptual effect occurs is beyond the scope of this work, but
one classic explanation is Kanizsa’s “causal hypothesis” (see, e.g., Kanizsa 1976, 1979),
which assumes, in line with Gestalt theory’s dynamic model of object formation, that
this process starts with phenomenal incompleteness, or “open figures”, which is a basic
requirement for form improvement. Despite the fact that both locations offer the same
level of visual stimulation, the area within the subjective contours appears to be an opaque
surface superposed on the other figures and brighter than the background (Figure 1).

Urquhart et al. (2021) proposed that déjà vu could be the outcome of a clash in mental
evaluations and a conflict in appraisals in memory, while Cleary et al. (2012) suggested
that it could be caused by environmental cues that have some undetected conceptual or
perceptual overlap with stored representations. This gives a sense of fluency by making
the environment and/or situation feel familiar, as if one had actually been there before. As
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a result, the subjective experience of how readily a memory comes to mind is something
that exists at the moment of observation and thus appears consistent with the definition of
a perceptual event in experimental phenomenology (see, e.g., Bianchi and Davies 2019).
According to experimental phenomenology, the “mother of all things” (Bianchi and Davies
2019, p. 340) is not what the eye has seen but what, objectively, has been in front of the
observer in the act of observation, that is, the observer’s immediate and direct connection to
objects, events, properties, and relations. Although the reporting of the phenomenological
characteristics of the memories cannot be considered an act of observation, the very process
that leads to the happening of the memory does; indeed, in the Gestalt tradition, the
act of suddenly remembering something is considered one of the diverse psychological
experiences that originate simultaneity and constitute autonomous and closely integrated
blocks, complex indivisible “Gestalten” (see, e.g., Lewin 1926).

From the point of view of “classical” phenomenology, the act of remembering can
be considered as an act of reflection, which, in turn, is an act of thought that conceives
thoughts as acts and becomes aware of them (Levinas 1969). The very act of recalling brings
to light the evidence of the gaze of consciousness, as it implies turning attention to the
flowing thought and paying attention to it (Husserl [1913] 1982). In other words, the I
“directs itself” toward its own lived experiences. Although memories are not present to the
gaze as perceptual events, the process of recalling them is something that can be “seen”
when reflection is focused on it, making it an object for the individual (Husserl [1913] 1982).

Just as the perception of illusory contours can be induced using displays such as the
one in Figure 1, it has been shown that déjà vu can be induced, too, using, for instance,
the recognition without identification paradigm (Cleary 2008). In summary, this paradigm
comprises two phases. In the first, participants are presented with line drawings of unique
scenes and asked to study and learn them. In the second, they are presented with other
scenes that nonetheless share a large perceptual similarity with the previous ones and thus
generate a feeling of familiarity. When this feeling is combined with the failure to produce
a name (i.e., recognition without identification), the probability of the occurrence of déjà vu
significantly increases.

Recently, Barzykowski and Moulin (2023) argued that déjà vu and IAMs could be
thought of as two products of the same mechanisms of involuntary retrieval and thus
lie on a continuum. Although déjà vu lacks access to memory content and the feeling of
familiarity is judged as implausible, IAMs are accompanied by recognized memory content.
Barzykowski and Moulin (2023) call for the investigation of “what it is like to have IAMs
and déjà vu” (p. 15), as it is still not clear whether only the presence (or lack thereof) of
the content makes them distinct or whether there are more differences in the way they are
phenomenologically experienced and described by the participants, beyond intentionality,
plausibility, and feeling of fluency.

Although there are methods to induce them experimentally, their neurological bases
are known and questionnaires and diaries can be used to collect data on their products, the
very process has yet to be understood from a phenomenological point of view. The experi-
mental phenomenology approach holds that while a noetic (i.e., cognitive) structure can act
upon observable facts once they are remembered, it cannot upon what is being observed.
In Bozzi’s definition, “phenomenal reality” is the world that individuals inter-observe and
inter-subjectively share, different from the cognitive integrations and interpretations that
they apply to it (Bianchi and Davies 2019). In visual perception, this allows the application
of the interobservation method, i.e., a method of observation that is based on how people
negotiate perception in a social setting, where participants can talk to each other and to the
experimenters to get a better sense of their phenomenological experience. Participants are
invited to try and understand each other, reformulate their impressions, and provide any
kind of verbal and non-verbal description in order to reach a common and richer view of
the dynamics of phenomena (Bozzi 1978; Bianchi and Davies 2019, chap. 10).

It should be noted that this method is not a mere “introspection”, that is, a way of
capturing what a given individual is currently experiencing or thinking about, since the
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phenomenological field of research does not concern private thoughts but intersubjectively
accessible modes of appearance (see, e.g., Zahavi 2003). Interobservation is not only
interested in subjective experiences and their structures but also in how much they are
representative of common experiences in order to grasp the invariant self-organizing
structure of the experience (Gallagher and Sørensen 2006).

Instead of being challenged to fit into predefined descriptive categories, participants are
encouraged to create their own descriptions. A methodological step known as “phenomeno-
logical reduction” is carried out by the participants, who are required to focus only on their
own experiences and their conscious appearance. All beliefs, opinions, and theories about
what that experience is are to be excluded, including naive metaphysical and/or introspec-
tivist views about the nature of the mind or even the existence of a mind at all. This strategy
aims to prevent the particularistic objectives of the experimenter or the participant from
skewing descriptions. Moreover, establishing the veracity of a claim is not the participant’s
responsibility. The only instructions given to the participants are to focus on and explain their
personal experiences without generating theories or opinions about them. This approach
to collecting first-person data does not necessarily result in third-person quantitative data.
Instead, qualitative similarities between the reports of one subject and those of other subjects
can be compared in an effort to identify the invariant patterns of experience under particular
experimental conditions (Gallagher and Sørensen 2006).

Although déjà vu and IAMs are basically private facts whose observation cannot be
shared, it would be interesting to test, for example, whether the same déjà vu in multiple
participants can be (experimentally) induced, thus allowing the observation of a “common
fact” and the application of interobservation. In other words, there would be a need to
combine an existing experimental approach (e.g., the recognition without identification
paradigm by Cleary et al. 2009) with a focus on the shared, lived experience. The added
value of this method would be the availability of descriptions of participants’ experiences
in their own words, capturing the richness of their phenomenological accounts. The data
obtained with this approach could help shed light on the very process underlying déjà vu
and IAMs, the essential elements, and the subjective meaning attributed to the phenomenon,
over and above those already found in previous studies with different research methods,
hopefully providing a comprehensive answer to Barzykowski and Moulin (2023)’s question.

5. Conclusions

As we reviewed above, important conceptual and methodological advancements have
been made in the research field on the phenomenology of autobiographical remembering
over the past decades. First, research on the phenomenological properties of ABMs has
clearly shown that phenomenology is quite relevant to distinguishing between different
kinds of memory, and it is also modulated by individual differences in personality and
cognition in those who remember. Second, and relatedly, the well-documented importance
of the phenomenology of ABM has prompted the development of psychometrically sound
instruments that can accurately and comprehensively measure the multifaceted dimensions
of the phenomenology according to the aim of the assessment.

In recent years, increasing attention has been paid to the investigation of the phe-
nomenology associated with different types of retrieval (i.e., generative, direct, and in-
voluntary), and this development has stimulated a more general interest in the issue of
the phenomenology of the autobiographical retrieval process itself, that is, the epistemic
feelings that participants may have during the retrieval of ABMs.

Indeed, studying phenomenology from the point of view of the retrieval process could
provide a significant contribution to the understanding of the mechanisms and states involved
during this process. As recently suggested (Moulin et al. 2023), epistemic feelings experienced
by those who remember, while remembering, not only accompany but are also used and
guide the cognitive process of retrieval. So far, a systematic investigation of the different
dimensions of the phenomenology of the retrieval process is still missing; indeed, this kind of
investigation also raises questions about the most suitable methodological tools.
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Here, we suggest that comparing these subjective retrieval process experiences to those
under investigation by experimental phenomenology opens up new perspectives on what it
is like to experience them. Experimental phenomenology aims at discovering the structural
laws of experience and focuses on the empirical knowledge of the real world of our living
experience. The emotional and expressive qualities of autobiographical phenomena could
be conceived as structural laws of the remembering process and should be considered in
all their complexity and richness, even those, such as déjà vu, that can naively appear as
“bugs” of the system.
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Appendix A

Table A1. Measures for the assessment of phenomenological characteristics of autobiographical
memories.

Measure
Number of

Items
Elicitation Method Answer Scale Dimensions

Memory Characteristics
Questionnaire (MCQ,
Johnson et al. 1988)

39
Thinking of an actual event
(e.g., social occasion) and an
imagined event (e.g., dream)

7-point rating scale

Clarity, color, visual detail, sound, smell, touch,
taste, vividness, event detail, order, complexity,

realism, location, setting, objects (spatial), people
(spatial), time, year, season, day, hour, event

duration, tone (negative/positive), participant,
seeming implications, actual implications,

remembered feeling, felt (negative/positive), felt
intense, current intensity, remembered thoughts,

self-revealing, overall memory, events before,
events after, doubt/certainty, covert rehearsal,

overt rehearsal

Autobiographical Memory
Questionnaire (AMQ,

Rubin et al. 2003)
15 30 cue words (e.g., “candy”) 7-point rating scale

Reliving, back in time, remember/know,
real/imagine, persuade, accurate, testify, see,

setting, spatial, hear, talk, in words, story,
emotions, importance, rehearsal, once/many,

merged/extended, age of memory

Memory Experiences
Questionnaire (MEQ, Sutin

and Robins 2007)
57

Writing about a general
self-defining memory and the

earliest childhood memory

5-point agreement
scale

Vividness, coherence, accessibility, time
perspective, sensory detail, emotional intensity,
visual perspective, sharing, distancing, valence

Autobiographical Memory
Characteristics Questionnaire

(AMCQ, Boyacioglu and
Akfirat 2015)

63

Recalling a memory from
childhood and a memory
related to one’s romantic
relationship experiences

7-point agreement
scale

Vividness, belief in accuracy, place details, sensory
details, accessibility, sharing, observer perspective,
field perspective, narrative coherence, recollection,
emotional valence, emotional intensity, emotional

distancing, preoccupation with emotions, time
details, emotional persistence, visceral reactions,

personal implication of the event

Autobiographical
Recollection Test (ART,

Berntsen et al. 2019)
21

General questions about the
way participants remember

events from their past

7-point agreement
scale

Vividness, coherence, reliving, rehearsal, scene,
visual, life story

Phenomenology of
Autobiographical Memory

questionnaire (APAM,
Vannucci et al. 2020;

web-based version in
Vannucci et al. 2021)

25

12 cue words (e.g., “love”)
presented in a single session

(original version) or 7 cue
words presented one per day

(web-based version)

7-point rating scale

Clarity, color, vividness, visual detail, sound, smell,
touch, taste, reliving, hearing in mind, seeing in

mind, setting recall, remembering rather than just
knowing, rehearsal, coherence, confidence in

accuracy, ease of recall, participant/observer, felt,
remembered feeling, feeling, having changed as a

person since, talking, turning point,
doubt/certainty

Rubins Rating Scales (Rubin
2021) 24 Event cues (e.g., “a mistake”) 7-point rating scale

Reliving, vividness, belief, visual, scene, contents,
specific time, auditory, coherence, centrality,

rehearsal, emotion
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Notes

1 For the sake of completeness of information, other measures have been developed taking a different approach from the ones
mentioned here, such as the Awareness of Narrative Identity Questionnaire (ANIQ, Hallford and Mellor 2017) and the Survey of
Autobiographical Memory (SAM, Palombo et al. 2013). The ANIQ is a measure of the awareness of narrative identity and the
perception of the global coherence of ABMs in terms of temporal order, causal associations, and themes, and it focuses on how
respondents generally use their personal memories rather than trying to relate them to specific circumstances or experiences. The
SAM has a wider scope and taps into episodic, semantic, spatial, and prospective (future-directed) aspects of memory and mental
images as four different and relatively independent dimensions of self-reported mnemonic characteristics. Despite the name, the
content of the items is only marginally related to ABMs, except for the episodic scale: The semantic scale deals with memory for
past information, the spatial scale with the ability to remember places and routes, and the future scale with the ability to imagine
and visualize future events.

2 In some empirical studies and theoretical papers, direct and involuntary retrieval have been conflated, and they have been treated
as identical processes (e.g., Brewin et al. 2010; Conway and Pleydell-Pearce 2000). However, as discussed in several recent papers
(e.g., Barzykowski and Staugaard 2018; Harris and Berntsen 2019; Harris et al. 2015; Mace et al. 2021; Matsumoto et al. 2022a), the
two types of retrieval show similarities in terms of the mental operations involved (i.e., both direct and involuntary retrieval are
not strategic and the memory arises quickly and effortlessly), but also differences in terms of their defining characteristics. The
defining feature of involuntary retrieval is its lack of intentionality (i.e., retrieving without any conscious or deliberate attempt to
retrieve, without any explicit memory prompt), whereas the defining feature of direct retrieval is its lack of effort. Moreover, at a
methodological level, the paradigms that have been employed to examine and compare direct and generative retrieval require
voluntary retrieval; that is, participants are instructed to retrieve a memory in response to a cue, they follow an explicit memory
prompt (e.g., a standard word-cue paradigm), and they enter the mental state of remembering (i.e., the retrieval mode). On the
contrary, in the paradigms used to examine involuntary retrieval, participants are not informed or asked to recall any memories,
and memories come to mind without any deliberate intention to retrieve them. Moreover, IAMs often occur while people are
doing other undemanding and monotonous activities, and attention is not focused on retrieval, which is not the task at hand. For
this reason, in some situations (i.e., the higher attentional load associated with the ongoing task), IAMs may also go unnoticed
(e.g., Vannucci et al. 2019; Vannucci and Hanczakowski 2023). As reported in the study by Barzykowski and Staugaard (2018),
direct and involuntary memories also differ in terms of their phenomenological properties, suggesting that the lack or presence
of intention during retrieval affects the retrieval itself and its final outputs.
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Abstract: After considering the pervasiveness of same/different relationships in Psychology and the
experimental evidence of their perceptual foundation in Psychophysics and Infant and Comparative
Psychology, this paper develops its main argument. Similarity and diversity do not complete the
panorama since opposition constitutes a third relationship which is distinct from the other two. There
is evidence of this in the previous literature investigating the perceptual basis of opposition and in the
results of the two new studies presented in this paper. In these studies, the participants were asked
to indicate to what extent pairs of simple bi-dimensional figures appeared to be similar, different or
opposite to each other. A rating task was used in Study 1 and a pair comparison task was used in
Study 2. Three main results consistently emerged: Firstly, opposition is distinct from similarity and
difference which, conversely, are in a strictly inverse relationship. Secondly, opposition is specifically
linked to something which points in an allocentrically opposite direction. Thirdly, alterations to the
shape of an object are usually associated with the perception of diversity rather than opposition.
The implications of a shift from a dyadic (same/different) to a triadic (similar/different/opposite)
paradigm are discussed in the final section.

Keywords: same–different; opposition; diversity; similarity; perceptually grounded relationships

1. Introduction

Sameness, similarity and difference are basic relationships in human perception and cog-
nition. The recognition of these relationships represents the premise for categorization and
is therefore the bedrock of language and conceptualization (Addyman and Mareschal 2010;
Carstensen and Frank 2021; Goodwin and Johnson-Laird 2005; Halford et al. 2010;
Murphy 2002; Tversky 1977). Human talent for relational representation has been seen by
many psychologists as being the key to higher-order cognition (e.g., Gentner 2003, 2010;
Gentner et al. 2001; Goldwater and Schalk 2016; Mareschal et al. 2010; Penn et al. 2008;
Richland and Simms 2015; Wasserman and Young 2010).

In research in the field of Psychology, the widespread use of same–different tasks
and those involving a judgment of similarity or diversity reflects the importance of these
relationships and the apparent ease with which human beings recognize whether two
stimuli (either sensory or related to meanings and concepts) are the same, similar or
different. This paper aims to stimulate new considerations concerning the perceptual
foundation of these relationships. It also aims to add new data supporting the hypothesis
that opposition is a specific perceptual relationship which is distinct from similarity and
diversity (a hypothesis which has already been put forward in a small set of studies,
reviewed in Section 1.2).

In the introductory section, we show that while sameness and difference (Section 1.1),
and similarity and difference (Section 1.2), have each been approached as basic perceptual
and conceptual relationships since the very beginning of Experimental Psychology, the
study of opposition has been almost exclusively developed within language studies; as
such, it has been addressed as a semantic relationship (Section 1.3). This has, until relatively
recently, been the mainstream approach. In Section 1.3, however, we refer to a number
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of studies that have investigated the perceptual characteristics of certain configurations
which are specifically associated by adult observers with opposition rather than similarity
or diversity. We then present the two studies which were carried out with the aim of
contributing to this latter line of research. In the first study (Section 2), the participants were
shown pairs of simple bidimensional shapes (a standard one on the left and a comparison
shape on the right), and they were asked to rate the extent to which they perceived these
pairs of shapes to be similar, different or opposite to each other. The results of this study
contribute new information regarding the structure of those visual stimuli which are
associated with the perception of each of these three relationships. This, in turn, allowed
us to investigate the mutual relationships between them. In a second study (Section 3), we
tested the generalizability of the main conclusions resulting from Study 1 using a different
task (i.e., a pair comparison task rather than a rating task). In the final discussion (Section 4),
the implications of the findings are discussed in relation to current research topics and
methodologies and in terms of their support to an approach which focuses on exploring
the perceptual foundations of cognition.

1.1. Same–Different

The same–different paradigm has been used in many domains of research in the
field of Psychology. Its application in contexts in which the perceptual foundation of this
relationship is assumed and/or tested are of particular interest in this paper.

A key concept in Psychophysics concerns the “point of subjective equality/inequality”.
This refers to the stimulus value at which an observer perceives two stimuli to be sub-
jectively either identical (i.e., same) or slightly distinguishable (i.e., different) from each
other along a particular sensory dimension. The point of subjective equality/inequality
is often assessed by means of psychophysical methods such as the Method of Adjust-
ment, the Method of Limits or the Method of Constant Stimuli (Kingdom and Prins 2016;
Gescheider 2013). All of these methods involve pairs of stimuli that differ in some attribute
such as brightness, loudness, duration and so on. Participants are asked to adjust or
compare the stimuli until they perceive them as equal or slightly different. The Signal
Detection Theory (Macmillan and Creelman 2005; Green and Swets 1966) provides a way
of analyzing the participant’s responses in same–different tasks by considering two key
factors: sensitivity (d′) and decision criterion (c). Sensitivity represents the ability to dis-
criminate between stimuli which are the same or different, while the decision criterion
represents the participant’s bias or willingness to respond “same” or “different” based on
the evidence available.

Same–different tasks have been extensively used to test the primitive foundations of
abstract representation in Comparative Psychology studies using the match-to-sample and
the relational match-to-sample paradigms (for a review, see Carstensen and Frank 2021). In
match-to-sample tasks, participants learn to match a cue (e.g., a red dot) with an identical
target rather than with a distractor (e.g., a blue circle). In relational match-to-sample
tasks, participants are cued with a pair of stimuli that exhibit a given relationship (e.g.,
sameness, i.e., AA) and are then asked to match these with a target pair that exhibits an
identical relationship (i.e., BB, not CD). These methods have frequently been used to test the
perception and conceptualization of sameness and difference in non-human animals (for
an overview, see Cook and Qadri 2021; Diaz et al. 2021; Lazareva and Wasserman 2017;
Scagel and Mercado 2023; Wasserman et al. 2017). Based on the results of these studies, it is
acknowledged that many species of animals are capable of learning concepts that presuppose
detecting and classifying sameness and difference; examples of these animals include bottlenose
dolphins (e.g., Mercado et al. 2000), sea lions (e.g., Kastak and Schusterman 1994), parrots (e.g.,
Pepperberg 1987), primates (e.g., Wright and Katz 2006), pigeons (e.g., Cook and Brooks 2009),
dogs (Scagel and Mercado 2023), bumblebees (Brown and Sayde 2013) and honey bees
(Giurfa 2021). This suggests that the ability to detect sameness and difference, and also
the ability to transfer this abstract concept from training stimuli to novel stimuli, are
not dependent on language competence. It would seem that sameness and difference
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are two natural concepts that do not require learning (Zentall 2021) and might have
evolved in so many animal species due to shared ecological pressure (Katz and Wright 2021;
Wasserman et al. 2017; Wright et al. 2003).

Similar conclusions have emerged from investigations into the performance of hu-
man infants (for a review, see Hochmann et al. 2016, 2021). Same–different recognition
and generalization have been attested as being established in the first year of life (for a
review, see Hespos et al. 2020, 2021). Using the preferential looking paradigm and the
habituation/dishabituation paradigm, it has been shown that by the age of 7 months,
infants manifest a novelty response when comparing an identical pair that they have been
shown (i.e., AA) with a new pair (BC). Specifically, they look longer at the novel pair
than the familiar pair (Tyrrell et al. 1991; Ferry et al. 2015). If the habituation phase is
extended to a series of pairs (e.g., four pairs Ferry et al. 2015 with 7-month-old infants;
up to 19 pairs in Addyman and Mareschal 2010, with 8-month-old infants and two alter-
nating pairs in Anderson et al. 2018, with 3-month-old infants), infants are able to transfer
these relationships to objects they have not previously seen (Addyman and Mareschal 2010;
Ferry et al. 2015; Hespos et al. 2020). The same ability does not seem to be present if the
abstraction is based on only two new sets of objects rather than a series (Ferry et al. 2015). In
this case, there are contingent, salient, perceptual features that attract an infant’s attention
and hamper the abstraction of the relationship. Similar results were found in studies
involving acoustic stimuli, such as vowel and consonant sounds (Kovács and Endress 2014;
Hochmann et al. 2018, 2011) and also with an anticipatory eye movement paradigm
(Addyman and Mareschal 2010, esp. 2). In the latter case, pairs of shapes which were
either the same or different moved together behind an inverted, T-shaped occluder; the
shapes reappeared on one side if the shapes were the same and on the other side if they
were different. If the infants, when presented with novel stimuli, correctly anticipated the
side on which the shapes would reappear, this was taken as evidence that they had learned
the underlying same–different relationship; they were in fact already able to complete
this task at 8 months of age. All of these findings may be interpreted as evidence that
human infants have a pre-linguistic, relational processing mechanism that allows them to
compare examples and determine whether they are the same or different1. The acquisition
of language then amplifies this ability, making it possible for individuals to deal with
relationships which are beyond the superficial similarity of exemplars (e.g., Du et al. 2018;
Gentner and Hoyos 2017; Hespos et al. 2020; Hochmann et al. 2017).

The abovementioned findings demonstrate that many non-human animal species and
3–7-month-old human infants can distinguish sameness from a lack of sameness, and this
represents a solid starting point. However, a lack of sameness can take various forms. Two
shapes, objects or movements that are not the same can be similar to each other, different
to each other or opposite to each other. We have an intuitive understanding of what this
means. In everyday life, this distinction is widely used and obvious (“These glasses are
similar to the ones I have, but not the same”, or “This hotel room is completely different
from the one I saw on the website when I booked it”; or “Be careful! You are driving in
the opposite direction to where we need to go!”). While we all intuitively know that these
three relationships are not the same, it is less obvious if we then try to understand the
specific characteristics underlying the configurations which make us perceive them in three
different ways. Clarifying this issue requires focused research.

1.2. Similar, Different or Opposite?

Since the origin of Psychophysics as a discipline, it has been acknowledged that
there is a close link between similarity and perceptual mechanisms; since the origin,
methods that required the participants to quantify the degree of similarity between two
stimuli using rating scales were widely used. On the basis of similarity ratings, we can
infer the distances between stimuli in a representational space and determine the most
relevant dimensions relating to this space (e.g., Tversky 1977; Rosch and Mervis 1975;
Nosofsky and Palmeri 1997; Smith and Medin 1981; Lin and Luck 2009).
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Wertheimer (1923) acknowledged that similarity is one of the basic factors for per-
ceptual organization: the parts of the visual field that are similar tend to be unified and
segregated from the rest of the elements in the visual field. He included similarity in a
list of factors, together with proximity, common fate, good continuation and closure, but
later, discussions (e.g., Arnheim 1954, p. 54 ff; Palmer 1983, 1999, p. 258 ff; Vicario 1975)
emphasized that similarity is in fact the only relationship needed to explain perceptual
organization since it is implied in all other perceptual relationships: proximity implies a
similar location, common fate involves similarities in motion and direction and so on.

In all of these studies, similarity enters the experimental design as an independent
rather than a dependent variable. As noted by Palmer (1999, p. 276), Wertheimer postulated
that the existence of this relationship between the elements in a scene would determine
its visual organization, but he did not study similarity per se. A few years later, it was
Goldmeier ([1936] 1972 translated by Rock in 1972) who, for the first time, systematically
analyzed the characteristics of patterns perceived by observers as being similar. He asked
participants to make similarity judgements for pairs or groups of figures. He discovered,
for instance, that in order to predict which configurations would be considered more similar
to the standard one, it is not enough to count the number of parts which are identical.
Preserving the grouping of the parts of the stimulus is important in order for similarity to
be perceived. He also found that proportional changes to all of the individual parts of a
figure result in a more similar figure to the standard figure than disproportional changes; he
also found that changes applied to singular, pregnant features (e.g., right angles; symmetry
or orientation along the main spatial axis) impact the perception of similarity more than
changes to a similar degree applied to non-singular features. In fact, a clockwise rotation
of 5◦ applied to a vertical, straight line is perceived as a more abrupt change than the
same rotation applied to a line which is already rotated 10◦ clockwise with respect to the
vertical axis. In the 1970s, some of these findings aroused the interest of a number of
noteworthy psychologists such as Rock (1973), who refocused on the role of orientation in
the perception of similarity between shapes; and Palmer (1978), who refocused on the role of
the number of identical elements versus the conservation of global aspects. Tversky (1977)
extended this investigation not only to comparisons between perceptual stimuli, but also
to comparisons between concepts. He then formalized the idea that similarity depends on
a precise ratio between common and distinctive features. He also noted that the impact of
distinctive features is not the same for judgments of diversity as compared to similarity,
thus suggesting that similarity and difference are not simply inverse measures.

All of these studies focus on what naïve observers immediately recognize as being
similar or different when they compare two or more stimuli. In this sense, the judgments
were phenomenal; that is, they were based on the perception of a precise relationship
relating to a given configuration. This is in agreement with the perspective we take in this
paper. Later on, analyses of these relationships shifted away from naïve perception towards
shape-recognition or pattern-recognition models, and the focus was no longer on the type of
difference that a naïve observer perceives, but on the processes underlying the recognition
of two patterns as being the same or different2. However, in the abovementioned studies,
the interest was also oriented mainly towards similarity and only marginally towards
diversity3, and any reference to opposition is totally absent. A legitimate question to ask is
whether humans can recognize opposition between two visual or acoustic configurations
and, more generally, between two phenomenal experiences just as they do for similarity
and diversity.

This issue was somehow in the minds of the founders of Experimental Psychology,
both in Wund’s perspective and in Meinong’s and Ehrenfels’s phenomenological per-
spective (as shown by Bianchi and Savardi 2008a, pp. 23–28). However, the topic then
disappeared from experimental investigations in the field of Psychology until recent times,
but in the meantime, it became an important topic within language studies. We cannot,
however, be in too much of a hurry to conclude that this disciplinary shift is a sign that
opposition—unlike sameness, similarity and difference—is purely a matter of language. In
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the present paper, we aim to support this statement first by revising some of the literature
that suggests it is, in fact, not the case that opposition is a mere linguistic issue (Section 1.3);
then, we present the results of two empirical studies (Sections 2 and 3).

1.3. A Mainstream Approach to Opposites as a Semantic Relationship and Some Recent Moves
towards a Perceptually-Based Perspective

From the 1970s onwards, the study of opposition has basically been developed
from a linguistic and semantic point of view (Croft and Cruse 2004; Cruse 1986, 2000;
Fellbaum 1995; Jones 2002; Murphy 2003). With the shift of the study of linguistics to-
wards cognitive linguistics, significant changes occurred in the methods used to study
this relationship. Rating tasks, elicitation tasks, response times, eye movements and so
on have all been used, in addition to corpus-based data, to investigate the phenomenon
(e.g., Jones et al. 2012; Paradis 2016; Paradis et al. 2015). New questions have arisen, and
specific attempts have also been made to connect the meaning of antonyms to the percep-
tual experience of the properties that these antonyms describe (e.g., Bianchi et al. 2011;
Bianchi et al. 2017a; van de Weijer et al. 2023). An interesting observation that recurrently
appears in the literature on the subject is that opposites have a special status among other
semantic relationships, and some authors have, in fact, referred to the “unique fascination”
of antonyms (Cruse 1986, p. 197; Jones 2002, p. 1). It is the only semantic relationship “to
receive direct lexical recognition in everyday language. In this sense it is more widespread
and more primal than other relations holding between words” (Jones 2002, p. 8; for a
similar observation see Cruse 2000, p. 167). It is intuitively and naturally understood and
learnt, even though people cannot give an explicit definition of what makes two things
opposite (Hermann et al. 1986; Kagan 1984; Miller and Fellbaum 1991; Murphy and Andrew
1993; Paradis et al. 2009).

One of the frequently mentioned characteristics of opposites is that they lie at the two
ends of an underlying, common dimension. The easier the identification of this dimension,
the quicker and more consistent the identification of the two words as opposites is (e.g.,
Hermann et al. 1986; Paradis et al. 2009). Whether these considerations (i.e., that there is
evident contrast in an otherwise invariant overall structure) are purely semantic or whether
they rather connect to certain characteristics that humans perceptually experience as being
opposites is an interesting question to ask. These sorts of questions have inspired a number
of studies in which the aim was to define the features of visual and acoustic stimuli that
people recognize as opposites (see Bianchi and Savardi 2008a for an introduction to this per-
spective). What emerged from these studies is that when people look at, for example, their
bodies or at another person’s body in a plane mirror, they typically associate opposition
rather than similarity or diversity with the relationship they see. This was explored with
various orientations of the mirror with respect to the body and also with varying postures
of the person in front of it (Bianchi and Savardi 2008b). Similar outcomes were found when
movements in front of the mirror and non-parallel to the mirror surface were concerned; or
when simple everyday objects with an asymmetrical structure were placed along the axis
orthogonal to the mirror (Bianchi et al. 2015). Opposition is so pervasive in people’s naïve
experience of mirrors that it is also at the basis of some errors that they make when they are
asked to predict the behavior of a reflection (Bianchi et al. 2015; Bianchi and Savardi 2014).
Furthermore, it appears that adults generally associate opposition with the idea of sym-
metry. The naïve representation of a symmetrical configuration does not only contain
sameness, but also the presence of a visible opposition between the parts forming the
symmetrical pattern (Bianchi et al. 2017b). This is also an interesting aspect if we take
into consideration the fact that in same–different tasks, pairs of symmetrical objects are
sometimes used as exemplars of “the same”, as are stimuli showing two identical objects.
Opposition was also associated with a specific kind of mirror transformation when acous-
tic stimuli formed of a series of notes were considered (Bianchi et al. 2017c). Finally, in
simple motor tasks for which the participants were asked to perform the opposite gesture
with regard to a target model or to rate the extent to which the gestures performed by
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two individuals were opposites, the responses were very consistent (Bianchi et al. 2014).
Despite the fact that it had not been specified how “doing the opposite” was supposed to
be interpreted, the participants did not in fact vary many of the features of the gestures,
but rather altered aspects concerning its overall orientation. Furthermore, it was found that
doing the opposite of a gesture did not require more time than making the same gesture.
This is interesting since it supports the idea that opposition is intuitive.

A common result which emerged from these studies regards the fact that two configu-
rations that were perceived as opposites were characterized by a high level of invariance
and that the critical difference concerned the spatial characteristics of the figure, mostly in
terms of its allocentric structure in space. This also seems to hold for other pilot studies con-
ducted with both adults and 7- to 8-year-old children who were asked to draw the opposite
of a simple bidimensional figures or to rank series of pairs of figures, from the most to the
least opposite (these pilots are reported in Bianchi and Savardi 2008a, pp. 95–100, 115–30).
Based on these premises, we designed the two studies presented in this paper.

2. Study 1

In Section 1.2, we mention some prototype studies dealing with relationships as percep-
tual data (Goldmeier [1936] 1972; Medin et al. 1990; Palmer 1978; Rock 1973; Tversky 1977).
From a methodological point of view, these studies all used recognition tasks and simple
visual configurations in order to identify the rules underlying the perception of similarity
between two configurations. Participants were shown pairs of stimuli or a standard figure
and a series of comparison figures and were asked to judge their similarity. In the present
study, we used essentially the same methods to ascertain the characteristics of the pair of
figures which were recognized and described by participants as being opposites and to
assess how they differ from the pairs recognized as being similar or different.

The participants were shown a series of simple figures which consisted of a standard
shape on the left and paired with a comparison shape on the right. In three separate
sessions, they were asked to rate the degree to which they perceived the comparison shape
to be either similar (S), different (D) or opposite (O) with respect to the standard shape (see
the methods section for details of the procedure).

The study had two main goals. The first was to investigate whether significant
differences emerged between the S, D and O, which would mean that the participants were
basing their responses on different criteria. Our main interest focused on opposition. We
hypothesized that if opposition is a specific relationship, which is not reducible and does
not overlap with either of the other two relationships, this would emerge both in a synthetic
way when we explored the correlations between the whole series of S, D and O ratings and
also analytically when we assessed the S, D and O ratings given to each individual pair
of figures.

The second goal was to study the relative effects of the transformations applied to the
standard figures on the S, D or O ratings. In particular, we aimed to understand whether
there are specific transformations among those considered in the study which are associated
with significant changes in the O ratings; and any which do not (and likewise for S and D).

2.1. Method
2.1.1. Participants

A total of 187 participants took part in the study (120 females, 64%, 67 males; mean
age: 24.636; sd: 7.834). They were recruited at the University of Verona at the beginning of
a Psychology course on topics unrelated to the study. They volunteered to participate in
the study.

2.1.2. Materials

We used three two-dimensional figures as the standard shapes (see first column in
Figure 1). They were characterized by a comparable spatial structure: they were all angular
rather than rounded; the main (i.e., the longest) axis was vertical; and they were oriented
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upwards. For each figure, there were twelve comparison figures, eleven of which were
obtained by transforming either one, two or three of the features of the standard figure.
From a phenomenal point of view, the transformations consisted of a change in the shape
of the contour (i.e., from angular to rounded), the size of the figure (i.e., from small to large),
the axis of orientation (i.e., from vertical to horizontal) and the direction of orientation
(i.e., from pointing upwards to pointing downwards)4. These four basic transformations
were applied either singly or combined with other transformations. The transformations
regarding the axis or the direction were the only two that were never applied together
since this is not possible, but they were presented in association with all of the other
transformations. An example of each transformation is shown in Figure 1.

 

Figure 1. The standard figures used in the study and the transformations displayed in the
comparison figures.

The set of stimuli presented to participants consisted of pairs of figures formed of
a standard stimulus (always to the left and indicated by the letter A underneath it) and
a comparison figure (always to the right and indicated by the letter B underneath it).
There were 12 pairs in total for each standard figure. There were eleven comparisons with
transformations and a pair for which the comparison stimulus had not undergone any
transformation with respect to the standard figure (we will refer to this as the identity pair).

To conduct the experiments, we used a customization of LimeSurvey (Limesurvey
GmbH 2023), an open-source online survey application that allows users to create, publish
and collect data. LimeSurvey is built using the PHP programming language and a MySQL
or PostgreSQL database for data storage. It follows a client–server style architecture, and it
is accessed by users by means of a web browser. The application was responsive; that is, it
was possible to adjust its layout, content and the functions based on the device or screen
being used to access it.

2.1.3. Procedure

The experiment was carried out online at the beginning of a class on a topic which was
unrelated to the study. The participants accessed it individually using their own devices
(i.e., PC, tablet or smartphone).

The participants were given information about the task and were asked to complete
an informed consent form on the first page. Some personal data (i.e., gender and age)
were then requested on the second page, and the experiment started on the third page.
Instructions regarding the relationship to focus on during the experiment (i.e., S, D or
O) were shown in capital letters at the center of the screen. The participants rated the
relationship between the stimuli separately (i.e., either S, D or O). The order of the three
relationships was randomized among the participants.
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The pairs of figures to be rated appeared at the top of the screen in the center with a
question underneath: “To what extent does figure B appear to be similar [or different or
opposite] to figure A? (0 = not at all; 10 = completely) Move the cursor to respond”.

No time limits were set. After the participants had given their rating, they pressed
a button (“Next”) and a new pair of stimuli appeared, followed by the same question
and the min–max cursor. For each of the three relationships considered, that is, similar
(S), different (D) and opposite (O), the participants were shown 36 stimuli in total (i.e.,
3 standard figures x 12 comparison stimuli for each standard figure). They were randomized
between participants. The participants completed their responses for each relationship
before moving on to the next relationship. The experiment ended when the participants
had given their ratings for each of the three relationships (S, D and O). The time taken was
approximately 25 min.

The responses were recorded by means of MySQL and exported to an R database. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the University of Verona (Prot. n. 161865, 17 April
2023).

2.1.4. Data Analyses

All statistical analyses and mathematical calculations were performed using the R
statistical software, version 4.3.0 (R Core Team 2023). In particular, the correlations were cal-
culated by means of Pearson’s r index (psych R-package; Revelle 2023). The Linear Mixed-
effects Models (LMMs) were performed using the R-packages lme4 (Bates et al. 2015), stats
(which is part of the standard R software) and emmeans (Lenth 2023). The cluster analyses
were conducted using the R-packages stats and factoextra (Kassambara and Mundt 2020). The
power analysis used the functions of the R-packages pwr, WebPower (Zhang and Mai 2023)
and performance (Lüdecke et al. 2021). The plots for the analyses were created using the
ggplot2 R-package (Wickham 2016).

2.2. Results

(a) The correlations between the ratings relating to S, D and O. An analysis of the
correlations between the ratings relating to S, D and O (made by averaging over participants
and over standard stimuli) provided a first overall picture of the mutual relationship
between them. There was a very strong, almost perfect, negative correlation between S and
D (r = −0.975, p < 0.001). There was a negative correlation between O and S (r = −0.614,
p = 0.044), but this was not as strong as that between S and D. The relationship between O
and D showed only a trend towards a positive correlation (r = 0.572, p = 0.066).

These results indicate that the three relationships are not independent. However, at
the same time, they also indicate that the ratings relating to O are in a specific relationship
with S and with D, which is not the same as that which can be observed between S and D.

(b) An analytical picture of the 11 transformations: how often did the O ratings

significantly differ from the S and D ratings? In order to carry out a more detailed
analysis of the difference between the three types of rating, it was necessary to consider the
responses given with regard to the eleven transformations separately. A type III analysis of
variance with Satterthwaite’s method for a Linear Mixed-effects Model (LMM; Gaussian
family; identity function) was conducted on the ratings given by the participants.

Type of Relationship (S, D, O) and Transformation (on 11 levels) were the two fixed
effects studied in the LMM. Since we were interested in the interaction between these two
variables, the choice of the model was theory-driven rather than the result of a data-driven
comparison between models. Standard figure and participants were the random effects.
For the purposes of the hypotheses tested in our study, the standard figures used were
simply exemplars of a general category (i.e., elongated angular figures pointing upwards)
and they were interchangeable with any other figure of the same type. The participants
entered the model as a random effect since we had a repeated measure design. We used a
crossed design (not a nested one) since the levels of our fixed effects (Transformations and
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Type of Relationships) were always the same for all of the standard figures and for all of
the participants.

The interaction between Type of Relationship and Transformation turned out to
be significant (F(20, 18,087) = 425.993, p < 0.001; conditional R-squared = 0.399; power
(alpha = 0.05) = 1.000; Standard figures: ICC = 0.002; Participants: ICC = 0.096). The effect
plot of the interaction is shown in Figure 2. Along the x-axis, the eleven transformations
are ordered according to the O ratings, from the least to the most opposite. As one can
see in the figure, the O ratings in most cases do not overlap with the S and D ratings.
Bonferroni post hoc tests (Table 1) confirmed that the O ratings were significantly different
from both the S and D ratings for 8 out of the 11 transformations. For the remaining three
transformations, they differed from S but not from D.

 
Figure 2. Effect plot on ratings of the interaction between Type of Relationship (similar, different,
opposite) and Transformation (on 11 levels). On the x-axis, the order of the 11 transformations used
in the study is based on the O ratings, from the least to the most opposite. For a visual example of the
transformations, see Figure 1. Error bars represent the 95% confidence interval.

Figure 3 shows a visual summary of the results. The intersection between the S and O
ratings is null, while the D and O ratings overlap in three cases.

 
Figure 3. Euler–Venn representation of the relationship between the set of O ratings and the sets of S
and D ratings. Each set includes 11 members corresponding to the 11 transformations presented in
the study. The representation displays the picture which emerged from the post hoc tests presented
in Table 1.
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Table 1. Comparison between the ratings of opposition (O), difference (D) and similarity (S) associated
with each of the 11 transformations (as according to the results from the Bonferroni post hoc tests
relative to the interaction between Type of Relationship and Transformation). Columns I–III describe
the transformation and the relative ratings; columns IV–VI show the results of Bonferroni post hoc
tests, and columns VII–VIII summarize the outcome in terms of the difference between O and the
other two relationships (D and S).

Transformations Matched Ratings Est SE z Ratio O vs. D O vs. S
O Different from

Both S and D

Size O D −0.514 0.146 −3.524
ns O < S

Size O S −5.958 0.147 −40.512 ***

Axis O D 1.439 0.148 9.702 ***
O > D O < S X

Axis O S −5.211 0.147 −35.34 ***

size + axis O D −0.517 0.145 −3.573
ns O < S

size + axis O S −3.451 0.146 −23.672 ***

shape + size O D −2.991 0.145 −20.585 ***
O < D O < S X

shape + size O S −0.912 0.145 −6.288 ***

Shape O D −1.066 0.145 −7.361 ***
O < D O < S X

Shape O S −1.592 0.145 −10.994 ***

Direction O D 1.602 0.146 10.986 ***
O > D O < S X

Direction O S −4.338 0.147 −29.493 ***

shape+size+axis O D −1.184 0.145 −8.183 ***
O < D O > S X

shape+size+axis O S 1.550 0.145 10.715 ***

shape+axis O D −1.304 0.145 −9.006 ***
O < D O > S X

shape+axis O S 1.135 0.145 7.850 ***

size+direction O D 2.968 0.145 20.486 ***
O > D O < S X

size+direction O S −0.776 0.145 −5.347 ***

shape+direction O D 0.143 0.145 0.986
ns O > S

shape+direction O S 1.786 0.145 12.349 ***

shape+size+direction O D −0.579 0.145 −3.982 *
O < D O > S X

shape+size+direction O S 3.194 0.145 22.085 ***

Note: * p < 0.05, *** p < 0.001, ns = non-significant p-value.

(c) Which transformations had a greater effect on the O ratings? And which had a

greater effect on the S and D ratings? The effect of each of the 11 transformations on the
three types of rating (S, D, O) was estimated in terms of the difference between the rating
given to the transformation in question and the rating given to the identity pair: that is,
the pair with a comparison stimulus which is identical to the standard stimulus5. Cohen’s
d coefficient was used to define the effect size (considering d in terms of absolute value:
0 < d < 0.2 is considered a very small effect; 0.2 < d < 0.3 is a small effect; 0.3 < d < 0.5 is
a medium effect; d > 0.5 is a large effect). In Table 2, the size of the effect is indicated by
the numbers 1 (big), 2 (medium) and 3 (small) in parentheses. The z-ratio in the last three
columns refer to the post hoc test of the comparisons between the rating relating to the
transformation in question and that of the identity pair.
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Table 2. Effect size of each transformation with respect to the identity pair. The 2nd–4th columns
describe this in terms of the difference from the identity pair (a positive sign indicates that the
transformation increases the Similarity, Diversity, or Opposition ratings with respect to the rating
for the identity pair). The 5th–7th columns report Cohen’s d index of the effect size: (1) is used to
indicate a large effect, (2) a medium effect and (3) a small effect. The z-ratio in the last three columns
report the Bonferroni post hoc comparison test between the average rating for the transformation
specified in the first column and that of the identity pair.

EST (Mean Difference) Cohen’s d (Effect Size) z-Ratio (p-Value)

Transformations O D S O D S O D S

Size −1.019 2.354 −2.145 −0.426(3) 0.984 (1) −0.897(2) −7.056 *** 16.251 *** −14.588 ***

Axis 0.060 1.477 −1.811 0.025(3) 0.618(2) −0.758(1) 0.417 9.986 *** −12.229 ***

size+axis 0.278 3.654 −3.357 0.116(3) 1.528(1) −1.404(2) 1.936 25.274 *** −22.899 ***

shape+size 0.276 6.127 −5.899 0.116(3) 2.563(1) −2.467(2) 1.916 42.363 *** −40.538 ***

Shape 0.606 4.530 −4.890 0.253(3) 1.895(2) −2.045(2) 4.214 * 31.364 *** −33.605 ***

Direction 0.929 2.184 −1.818 0.389 (3) 0.914(1) −0.760(2) 6.447 *** 15.051 *** −12.334 ***

shape+size+axis 1.882 5.924 −6.756 0.787(3) 2.478(2) −2.826(1) 13.101 *** 41.015 *** −46.409 ***

shape+axis 2.264 6.426 −5.960 0.947(3) 2.688(1) −2.493(2) 15.756 *** 44.452 *** −40.954 ***

size+direction 2.895 2.784 −3.417 1.211(2) 1.165 (3) −1.429(1) 20.148 *** 19.243 *** −23.410 ***

shape+direction 3.032 5.748 −5.842 1.268(3) 2.404(2) −2.443(1) 21.103 *** 39.793 *** −40.146 ***

shape+size+direction 3.521 6.960 −6.762 1.472(3) 2.911(1) −2.828(2) 24.503 *** 47.969 *** −46.467 ***

Note: * p < 0.05, *** p < 0.001.

As shown in Table 2, all of the transformations had a significant effect (either medium
or large) on S in the sense that they reduced the degree of similarity attributed to the
identity pair to varying extents (hence the negative values for Cohen’s d in the 6th col.).
Likewise, all of the transformations had a significant, but in this case positive, effect on
the D ratings (either medium or large); namely, they increased the D rating given to the
identity pair to varying extents. Three of the transformations had no significant effect on
the O ratings. That is to say, the single transformation relating to the axis of orientation
(from vertical to horizontal), the same transformation combined with a change in size (from
small to large), and the transformation in size in combination with that of the contour (from
angular to rounded) did not lead to greater or smaller ratings of opposition with respect
to the identity pair. In all other cases, a significant effect emerged. The effect size was in
general smaller than that for the S and D ratings (almost all cells in Table 2 are marked with
(3)). Only the combined transformation in direction and size (size+direction) had a medium
(rather than small) effect on the O ratings. Interestingly, the same transformation only had
a small effect on the D ratings. As can be seen in Figure 2, the three transformations that
received an O rating which was significantly higher than the D rating are those involving
a single transformation of the axis of orientation or of the direction of orientation. In
the latter case, this referred to both single transformations or those in combination with
an enlargement in size (size+direction), but always without any transformation in the
contour (i.e., from angular to rounded, shape+). When a transformation of the contour was
involved, this tended to receive a higher D than O rating (see, in Figure 2, the shape+size,
shape, shape+size+axis, shape+axis, shape+size+direction transformations). Only when
a change in contour was associated with a change in direction (shape+direction) was the
extent to which they were perceived to be D and O similar.

An analysis of the results shown in Figure 2 also revealed that a transformation in size
did not seem to have more of a specific effect in terms of O than D or vice versa. Its effect
was somewhat secondary to the presence of a combined transformation involving direction
(size+direction), in which case the participants perceived more O than D; or a combined
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transformation involving the contour, in which case, conversely, the participants perceived
D rather than O (see shape+size, shape+size+axis, shape+size+direction in Figure 2).

These observations were confirmed when we looked at the unidimensional scalings
relating to the 11 transformations based on the effect size, considered separately for each
of the three types of relationship (Figure 4). The transformations with the greatest effect
in terms of D all included a transformation in shape (see the six transformations to the
extreme right of the D scale). These were also the transformations that, on the contrary,
had the greatest negative effect in terms of the perception of Similarity. Conversely, the
three transformations that had the greatest effect in terms of O were all characterized by a
change in direction (i.e., an upside-down transformation).

 

Figure 4. Unidimensional scalings relating to the transformations based on Cohen’s d effect size, for
each of the three relationships.

(d) Additive versus non-additive effects on the S, D and O ratings of combining

transformations. The stimuli were created initially with single transformations in contour,
size, axis or direction, and then, with a combination of these. However, judgments involving
the participant’s perception, such as those in the present study, are most likely influenced
by the overall global impression. An interesting aspect to investigate is therefore whether
the three types of relationship (S, D and O) also differ in terms of the extent to which
they conform to an “additive” logic. This means investigating, for example, whether a D
rating given to a stimulus that combines a transformation in size and contour (shape+size)
is significantly different from the rating that would be obtained by adding together the
ratings given to the two transformations individually (i.e., shape [+] contour).

We studied this issue by analyzing the difference between the expected ratings (i.e.,
expected according to the hypothesis that the combined rating is the combination of the
individual ratings relating to the transformations) and the actual ratings. For the seven
stimuli in the study which represented a combination of two or three transformations and
for each participant, we calculated the expected ratings starting from the ratings that each
participant gave the individual transformations (relating to size, shape, axis and direction).
We did this for each of the three relationships (S, D, O).

A type III analysis of variance with Satterthwaite’s method for a Linear Mixed-effects
Model (LMM, Gaussian family; identity function) was performed, with Type of Relation-
ship, Transformation and Expected/Observed Rating as fixed effects; and Participants and
type of Standard figure as random effects. In this case too, the choice of the model was
theory-driven since we were interested in the interaction between the three variables. The
interaction between Type of Relationship, Transformation and Expected/Observed Rating
turned out to be significant (F(12, 20,442) = 10.654, p < 0.001; conditional R-squared = 0.554;
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power (alpha = 0.05) = 1.000; Standard figures: ICC = 0.123; Participants: ICC = 0.051). As
Figure 5 shows and Bonferroni post hoc tests confirmed, the three relationships differ.

 
Figure 5. Effect plot of the interaction between Type of Relationship, Transformation and Ex-
pected/Observed Rating. Error Bars represent the 95% confidence interval. The asterisks indicate the
stimuli for which a significant difference emerged. ** p < .01; *** p < .001.

For O judgments, the Observed and Expected Ratings were significantly different for
six out of the seven stimuli considered (therefore, responses do not comply to an additive
logic). In all six cases, the value observed was greater than the theoretical expected value
(obs. > exp. = 7 cases).

For D judgments, the Observed and Expected Ratings did not differ for four out of the
seven stimuli considered. In the case of the three stimuli for which a difference emerged,
the observed value was smaller than the expected value (obs. < exp. = 3 cases).

For S judgments, the Observed and Expected Ratings were the same for five out of the
seven stimuli. In the case of the two stimuli for which a difference emerged, the observed
value was greater than the expected value (obs. > exp. = 2 cases).

3. Study 2

Study 2 was designed to verify the robustness of the main results obtained in Study 1.
The results of the first study indicated that the behavior of O was different with respect
to S and D, in contrast to the strong negative correlation between S and D; and the effect
of some transformations specifically in relation to D, in contrast with others which were
more evidently associated with O. In Study 1, the participants were required to provide a
quantitative response (i.e., a rating) for the three relationships. In Study 2, we used a pair
comparison task which required participants simply to choose, out of two matched stimuli,
which appeared to them to be more similar (or different or opposite) as compared to the
standard figure.

There are several aspects which make this type of task advantageous (David 1988;
Pinger et al. 2016; Luce and Tukey 1964; Thurstone 1927).

– Simplicity: it is a relatively straightforward method that is easy to understand. The
participants are shown two options and asked to make a judgment about which option
is better in some way (e.g., which appears to be more “similar” to the standard figure).
In this way, it is accessible to a wide range of individuals and minimizes the potential
for confusion or bias.
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– Elimination of absolute scales: Unlike rating scales or Likert-type scales that require
participants to assign a numerical value or rate each option individually, paired
comparison tasks focus on relative judgments. Participants only need to compare two
options at a time, which simplifies the decision-making process and reduces cognitive
load. This approach can help overcome potential biases associated with absolute
scales and facilitate more accurate and meaningful comparisons.

– Improved discrimination: Paired comparisons can enhance the sensitivity and discrim-
ination of judgments. By presenting options in pairs, participants are forced to make
direct comparisons and identify the relative differences between the options. This can
lead to more precise rankings especially when comparing complex or nuanced stimuli.

– Reduced response biases: Traditional rating scales can be subject to various response
biases, such as central tendency bias (tendency to select neutral or middle options) or
acquiescence bias (tendency to agree with statements). The paired comparison task
can minimize these biases by asking the participant to focus on relative judgments.

– Robustness: The paired comparison task is known for its robustness and its adaptabil-
ity to a wide range of stimuli and contexts.

– Quantifiable results: Paired comparison tasks provide data that can be easily quanti-
fied and analyzed. The relative rankings obtained from participants’ judgments can be
statistically analyzed to determine the overall preferences or rankings of the options
being compared.

We did not have the impression that the participants in Study 1 found the task difficult;
therefore, we did not expect a great deal of difference in Study 2. However, we considered
that if the results were consistent across different methodologies, this would strengthen the
robustness of the conclusions we reached.

3.1. Method
3.1.1. Participants

A total of 130 participants took part in the study (68 females, 52%, 62 males; mean age:
25.145; sd: 7.211). They were recruited at the University of Verona at the beginning of a
Psychology course on topics unrelated to the study. They volunteered to participate in the
study. None of the participants in Study 2 had taken part in Study 1.

3.1.2. Materials

We used a subset of the stimuli used in Study 1: in particular, the first standard figure
represented in Figure 1 and its corresponding 11 transformations. The size of the visual
stimuli was the same as that used in Study 1. The standard figure was always shown in
the center at the top of the screen, and the two comparison figures were shown below and
slightly to the left and right of the standard figure at an equal distance from it. For each of
the relationships being considered (i.e., S, D and O), the participants were shown 55 paired
comparisons. The stimuli were the same size as those used in Study 1.

3.1.3. Procedure

The experiment was administered online. Participants accessed it individually using
their own devices.

They were first given information about the task and asked to agree to an informed
consent request for participation (on the first page of the online form). Personal data (gender
and age) were collected on the next page and the experiment started on the third page.

The instructions appeared at the top of the screen. For S, for example, the participants
were told to “Choose which of the two figures below appears to be more similar to the
standard figure above and click on it”. The same instruction was adapted for D and O.
After they had given their response, the next stimulus appeared. Fifty-five stimuli were
shown one at a time under the instruction. They were randomized between participants
for each target relationship (S, D and O). The target relationships were also randomized
between participants.
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The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of the University of Verona (Prot. n.
161865, 17 April 2023).

3.1.4. Data Analyses

The paired comparison method used in Study 2 produced an interval z-score scale
based on the participants’ responses to the stimuli. Each stimulus was assigned a z-score
based on the number of times it was preferred to the other comparison stimulus in the pair.
The stimulus with the highest number of preferences was ranked first, followed by the
second and so on (Thurstone 1927).

All statistical analyses and mathematical calculations performed on the z-score scales
were conducted using the R statistical software, version 4.3.0. In particular, the paired com-
parison method was conducted using the eba R-package (Wickelmaier and Schmid 2004).
The correlations were calculated using Pearson’s r index (psych R-package). The cluster
analyses (method K-means, Hastie et al. 2009; MacQueen 1967) were conducted using
the R-package stats and factoextra. A combination of the elbow method with the average
silhouette method and the gap statistic method were used to determine the optimal number
of clusters (Kaufman and Rousseeuw 1990; Still and Bialek 2004; Tibshirani et al. 2001). The
plots for the analyses were created using the ggplot2 R-package.

3.2. Results

The scalings for S, D and O all had a valid goodness of fit statistic (−2 log likelihood
ratio, Critchlow and Fligner 1991). Precisely: goodness of fit (45) = 45.338, p = 0.458 for
S; goodness of fit (45) = 48.771, p = 0.324 for D and goodness of fit (45) = 53.234, p = 0.209
for O.

This outcome allowed us to then proceed with an analysis of the results according to
our research hypotheses.

(a) Correlations between the S, D, O scalings. As in Study 1, we analyzed the correla-
tion between the scalings relating to S, D and O (performed by averaging over participants
and over standard stimuli) in order to study the mutual relationship between them. S
and D turned out to have a very strong, almost perfect, negative correlation (r = −0.982,
p < 0.001). This was the only significant correlation which emerged from the results. No
significant correlation was found between O and S or between O and D. In both cases, the
direction of r was consistent with Study 1 (that is, a negative correlation between O and
S and a positive correlation between O and D) but it did not reach significance (O and S:
r = −0.479, p = 0.163; O and D: r = 0.452, p = 0.162).

These results confirm the strong relationship between S and D which was found in
Study 1, and the relative independence of O from S and D.

(b) The correlations between the average ratings (Study 1) and scalar values (Study

2) of the 11 transformations, assessed individually for S, D and O. For each of the
11 transformations relating to each of the three relationships considered, the r-Pearson
correlation coefficient r was calculated with reference to the mean values obtained in the
rating task (Study 1) and the scalar values obtained in the paired comparison task (Study
2). The correlation (performed by averaging over participants and over standard stimuli)
turned out to be highly significant for all three relationships: S (r = 0.836; p < 0.001), D (r =
0.882; p < 0.001) and O (r = 0.888; p < 0.001).

(c) The scalings relating to the eleven transformations in Study 2, analyzed sepa-

rately for each of the three relationships. The scalar values expressed in z-scores (obtained
as the output from the application of the paired comparison method) were represented
on three different unidimensional scales: one for each relationship (Figure 6). The picture
which emerged was highly consistent with the results found in Study 1 (Figure 4). The
transformations associated with a stronger perception of O all show a transformation
involving the direction of orientation (i.e., upwards–downwards). A stronger perception
of D was associated with the five transformations that involved the shape transformation
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(combined with another transformation). These are the same transformations which were
associated with a weaker perception of S, while a stronger perception of S was associated
with a single transformation in only direction, size or shape.

 

Figure 6. Unidimensional scalings for the three relationships. The scalar values are expressed in
z-scores and are the result of applying the paired comparison method.

(d) Joint analysis. The final analysis we carried out was a three cluster analysis
(method K-means) with the aim of exploring how the transformations clustered together
based on a combination of the results from Study 1 and Study 2.

By combining the elbow method with the average silhouette method and the gap
statistic method, we found three clusters for each relationship (S, D and O). With reference
to the O relationship, the results accounted for 87.5% of the total variability in the data.
With reference to D, the clustering accounted for a proportion equal to 92.2% of the total
variability in the data. With regards to S, the clustering accounted for a proportion equal to
91.8% of the total variability in the data. The results are shown in Figure 7.

 

Figure 7. Cluster analyses (K-means method) on the results of Studies 1 and 2 (jointly) for each of the
three relationships (S, D and O).

In the results relating to O, there was one cluster which grouped the three transfor-
mations involving an inversion of direction (from up to down) in combination with a
transformation in size and shape, either singly or combined. These transformations were
associated with the maximum perception of opposition. A median cluster groups the
single transformations involving direction and two transformations involving a variation
in the axis in association with other features (shape and shape+size). In the third cluster
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(minimum opposition), there are single transformations relating to shape, size, and axis of
orientation; and the double transformations consisting of shape+size and size+axis.

With regards to D, one cluster groups all of the transformations involving a variation
in the shape of the contour in combination with other variations. These were the trans-
formations which were perceived as being maximally different. The transformations in
the axis of orientation, the size and the direction (carried out singly or in combination
with size) were associated with the perception of a lower degree of diversity. The cluster
including transformations in shape alone and combined transformations in size and axis of
orientation was perceived as showing a slightly higher degree of diversity as compared to
the latter cluster, but with the result still a long way from that relating to the former cluster.

A picture which is basically inverted emerges from the cluster analysis which related
to S, at least as far as the cluster which groups the less similar stimuli is concerned. It
groups the same stimuli as those belonging to the cluster with the most diverse (see the
central plot referring to D). Three transformations (that is, the single transformations in size,
axis and direction) form a cluster with the stimuli which were considered to be the most
similar. The transformations in shape alone and in the axis or the direction in association
with a transformation in size form an intermediate cluster.

The position of the transformation in direction alone in the three plots in Figure 6
is interesting: an upside-down inversion leaves most of the overall identity between the
two figures invariant, and this is why it was judged as having a very high level of S and
an extremely low level of D. However, at the same time, these specific variations were
associated with a clear perception of O.

4. Final Discussion

The purpose of this paper was to shine a spotlight on the perceptual foundations
of the relationships which are the basic building blocks of human cognition, namely
sameness, similarity, difference and opposition. The goal was relatively straightforward
for the first three relationships. It was simply necessary to (a) remember that a basic
construct on which Psychophysics was and is founded concerns the discrimination of the
sameness/difference and similarity/difference relating to sensations and (b) acknowledge
the consolidated streams of research on the foundations of same/different discrimination
and abstract generalization in pre-linguistic infants and some non-human animal species
(Sections 1.1 and 1.2 of the Introduction to this paper). For the fourth relationship, that is,
opposition, the goal was achieved by referring to the findings of a number of previous
studies which demonstrated that certain visual and acoustic configurations are recognized
by observers as being opposites rather than similar or different (Section 1.3). We also added
new empirical data by means of two studies which focused on comparisons between simple
bidimensional figures (Sections 2 and 3).

There are, to date, still very few studies on the topic of opposition. Investigations of
sameness, similarity and difference have proceeded apace in the field of Psychology, but
we are still far from having investigated opposition to the same extent and depth. The
presence of a rich reservoir of research usually compensates for the fact that each individual
study necessarily involves a limited set of stimuli. This limitation also holds for the two
studies presented in this paper, as we will discuss further on. Moreover, our two studies
are not backed up by a great deal of previous research. However, having said that, there do
seem to be three recurring outcomes relating to this paper which are in agreement with
some earlier studies on opposition (Bianchi and Savardi 2008b; Bianchi et al. 2014, 2015,
2017b, 2017c). We will first briefly present these and then discuss the limitations of these
conclusions which are due to the limitations relating to the studies.

Firstly, taken as a whole, the judgments of opposition do not overlap with those of
similarity and diversity, and this can be considered to be an indication that this relationship
is characterized by its own specificity. Secondly, the perception of opposition is specifi-
cally linked to the presence of two objects or parts of objects which, from an allocentric
perspective, point in opposite directions. Lastly, an alteration to the shape of an object is
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not always compatible with the perception of opposition; it is more likely to be associated
with diversity. Alterations in shape are only associated with opposition when there is also
an inversion of direction (the latter seems to elicit the perception of opposition despite the
change in shape).

The robustness and generalizability of these conclusions are subject to a series of
limitations, some of which are already evident in the results of our studies. These relate
in particular to the different methods used in Studies 1 and 2. The significant correlations
which emerged between Studies 1 and 2 with regard to the judgments of O, S and D suggest
that the results are overall generally robust and generalized across task. However, the
results of the two studies were not totally in agreement, and there were, in fact, some
differences. For instance, the single transformation concerning direction ranks higher, as
compared to the other transformations, in the scaling pertaining to Study 2 (Figure 6) than
in that pertaining to Study 1 (Figure 4). Furthermore, in Study 2, no significant correlation
was found between the judgments relating to O and D and to O and S (while S and D
were very highly correlated). In Study 1 however, the O ratings were always significantly
different and negatively correlated to the S ratings, while the ratings relating to O and D did
not turn out to be significantly distinct for 3 out of the 11 transformations considered. This
was despite the fact that no significant overall correlation emerged between the D and O
ratings, in agreement with the results from Study 2. The three transformations that did not
receive significantly different D and O ratings were size and size+axis (both characterized
by low O and D ratings) and the transformation involving shape+direction (which was
characterized by high O and D ratings). In future research, it would be interesting to
identify other cases in which D and O behave indistinctly and ascertain whether there are
cases in which the judgments relating to S and O overlap. These last considerations lead us
to another limitation concerning the specific set of stimuli used in these studies.

Since our main intention was to test the distinctiveness of the S, O and D judgments
and the robustness of the results when different methods were used (i.e., rating versus
pair comparison), we kept the experimental design simple with respect to other variables.
For instance, we decided to test only figures pointing in a clear direction with respect to
an axis of elongation. We did not include squares or rectangles, that is, figures lacking a
main elongation axis or structural directionality. Likewise, the four basic transformations
used in the study (i.e., relating to contour, size, axis and direction) were only applied in one
direction, namely, from angular to rounded, from small to large, from vertical to horizontal
and from upright to upside down, and not vice versa. Furthermore, we did not consider
transformations in color or texture of the surface of the figures. We know from some of the
pilot studies carried out by Bianchi and Savardi (2008a) that these characteristics are all
potentially relevant. For instance, it was found that a transformation in size from small
to large does not have the same effect (in terms of making the two figures look opposite)
as the same transformation when it is applied in the inverse direction, that is, from large
to small and so on. A similar anisotropy emerged in the case of a transformation from
straight to bent and vice versa. It was also found that the axis of orientation assumes a
more prominent role in perceptual judgments of opposition when the figures do not point
in a clear direction (e.g., rectangles and squares).

All of these variables are worth considering in more detail in future studies which
might want to concentrate on the difference in impact associated with various types of
transformation on various different kinds of figures (e.g., with and without a specific
direction). It would also be worth exploring the symmetry or asymmetry of the effects
of these transformations when applied in both directions (i.e., going from small to large,
and from large to small and so on). However, if there is a much larger set of stimuli, one
might then be forced to consider only single transformations and not combinations of
transformations in order to control the complexity of the experimental design and the
length of the task. Alternatively, one might prefer to study within subjects the effects of
both single and combined transformations, but for only one standard figure, for each type
of transformation (S, D and O). For the main goals of our paper, we considered that it
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would be more relevant to test the three types of relationships within participants and to
test the consistency of the judgments associated with the 11 transformations using different
standard stimuli while limiting the transformations to only one direction and focusing
exclusively on figures with a clearly defined vertical direction.

Furthermore, we are aware that another limitation of the study is that, according to
conventional practices, we have looked into the data measuring statistical differences, but
this is not the only approach possible (see Hanel et al. 2019). When comparing two or more
groups of data, researchers often make the assumption that a lack of significant difference
indicates a high degree of similarity, while a statistically significant result suggests a low
level of similarity. We are, however, aware that while a null difference may potentially
confirm (or at least not disprove) a high degree of similarity, a significant and/or substantial
difference does not necessarily imply a lower degree of similarity. Research on topics
such as those presented in this paper might benefit from considering both approaches to
data analysis.

Before concluding, we would like to mention some implications of our results in
relation to the main research domains discussed in the introduction. In particular, the
finding that opposition is a specific relationship which is completely distinct from similarity
and difference might prompt researchers to start reasoning triadically (i.e., in terms of
similarity, diversity and opposition) rather than simply dyadically (i.e., only in terms of
sameness vs. difference, or similarity vs. diversity).

One first consideration concerns the impact of the same/different distinction in
infants’ abstract categorization. Analogical comparison is acknowledged as a major
driver for the development of new abstractions in categorization. In their review pa-
per, Gentner and Hoyos (2017) discuss the role of alignment in language acquisition pro-
cesses and show that more exemplars are not always better for learning. According to
them, the ease of detecting the relationship between the exemplars is the critical factor
in terms of developing the ability to make correct generalizations derived from the stim-
uli presented for training purposes. Similarity has an important facilitating effect on this
(Gentner and Hoyos 2017). Even for adults, relational mapping and transfer is facilitated by
a high degree of overall similarity between matched situations/stimuli and is, conversely,
hampered when the two situations/stimuli appear to be different (Gentner et al. 1993;
Holyoak and Koh 1987; Ross 1987; Trench and Minervino 2015). This is even more true for
children. Early on in the learning process (that is, from the first year to 9 years of age), an
elevated degree of similarity is important not only for a match to be readily noted, but also
for the ease of aligning the individual elements so that a comparison can be successfully
made (Brown and Kane 1988; Chen et al. 1997; Gentner et al. 1993; Gentner and Kurtz 2006;
Gentner and Toupin 1986). Similarity and diversity, respectively, therefore encourage or
hamper new comparative processes.

But what about opposition? Does it facilitate or hamper comparison? This would
be an interesting hypothesis to test, and it could be carried out by simply manipulating
the kind of stimuli used in a habituation/dishabituation experimental paradigm and in
the analogical transfer paradigm. Rather the foreseeing merely a “same” vs. a generic
“not-the-same” condition, the experimental design would operationalize the latter in two
distinct ways (i.e., opposite vs. different). It would thus be possible to observe whether
and in what way infants’ performance changes when a “not-the-same” stimulus consists of
something that humans tend to perceive as “opposite” rather than “different”. If the former
type of non-sameness turns out to be easier to distinguish and abstract at this pre-linguistic
level, then this would potentially pave the way to finding a new explanation for why
antonyms are so primal in human language acquisition. When two linguistic labels apply
to situations or experiences that, because of their perceptual structure, are easy to align and
match and the contrasting aspect is easily noticed, then the abstract relationship that the
two distinct words indicate should be easier to pick up and learn. For example, a small
square and a colorful pencil are so clearly completely different that elements of mismatch
between them are very difficult to identify and transfer. The same does not hold for a
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comparison between, say, a white square and a black square, or a triangle pointing up
and a triangle pointing down. In other words, antonyms might have a special status as a
semantic relationship because they label a type of non-sameness that is unambiguous. It
is easy to notice in the training phase and, therefore, also easy to transfer elsewhere (as
predicted by Gentner and Hoyos 2017, p. 687).

Furthermore, operationalizing non-sameness in terms of perceived diversity versus
perceived opposition or perceived similarity might suggest a new way of interpreting spe-
cific findings concerning the performance of pre-linguistic infants and non-human animals
related either to the training phase or the following phase involving the generalization of
the relationship which has been learned to novel stimuli. For instance, some studies have
found an increased ability of infants to more correctly generalize a different relationship
compared to a same relationship (see Addyman and Mareschal 2010 for a review). As both
Young and Wasserman (2002) and Smith et al. (2008) make clear, there is a great deal of
asymmetry between the two cases. Infants might be responding to lower-level aspects of
the stimuli (such as chromatic contrast, symmetry or variations in shape, etc.) which are
considerably more present in stimuli which are different than in those which are the same.
Because of this complexity, stimuli which are different may engage infants more, prompting
them to learn more about this relationship than the relationship between things which
are the same (Young and Wasserman 2002). A careful analysis of the features of stimuli
which are different might reveal the conditions in which this asymmetry emerges, thereby
clarifying the aforementioned interpretation. It may be that the asymmetry which emerged
in certain studies but not in others is due to the type of stimuli representing non-sameness.
In effect, we might ask if they were really similar or different or opposite.

Likewise, operationalizing non-sameness in terms of similarity, diversity or oppo-
sition might help us to rethink the explanation for the differences in the time needed
by infants in the training phase to learn “same” and “different” relationships (e.g.,
Harding and Cousineau 2022; Goulet and Cousineau 2020). Is it more time consum-
ing to learn relationships which are similar, different or opposite? The same questions also
apply to studies with non-human animals. Configurations which are different are not the
same as those which are opposite. What is the impact of the three types of non-sameness
(similarity, diversity and opposition) on non-human animal learning in trial and reinforce-
ment paradigms (Zentall 2021) or imprinting paradigms (Martinho and Kacelnik 2016)? A
red big cube and a red small vertical parallelepipedon are examples of the different stimuli
used by Martinho and Kacelnik (2016) to study imprinting in ducklings. The two shapes
are of the same color, and they are aligned in front of the ducklings. They do not look
very different to a human eye. But what if the stimuli represented other kinds of non-
sameness? Would this reveal whether discrimination and relational learning follows global-
to-local processing strategies or local-to-global attentive paths? (see De Lillo et al. 2005;
Deruelle and Fagot 1998; Hodgetts et al. 2023; Hopkins and Washburn 2002).

Based on a review of animal studies, it has been recently put forward that sameness
may be a natural concept that does not require learning (Zentall 2021). One interesting
hypothesis is that this might also apply to opposition, especially considering that the
ability to move in opposite directions in space might represent a significant variable in
the avoidance behavior and the escape trajectories of animals (Domenici and Ruxton 2015;
Kawabata et al. 2023). However, a robust basis of data is needed before a search for expla-
nations can be carried out. We suggest that an interesting line to take would involve a new
stream of research which re-thinks the dyadic same–different paradigm and operationalizes
“different” in a triadic (i.e., similar, different, opposite) rather than a monolithic form.
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Notes

1 On the debate regarding whether there are qualitative differences between the underlying processes adopted by human and non-
human species, see for instance (Carstensen and Frank 2021; Gentner et al. 2021; Katz and Wright 2021; Kroupin and Carey 2021;
Smirnova et al. 2021; Pepperberg 2021).

2 There is an example of this in the structure-mapping theory of comparison (e.g., Markman and Gentner 1993). According to this
model, the processing related to comparisons involves structural alignment and mapping between two representations. This
facilitates the grasp of structural commonalities and thus also the application and extension of previously acquired knowledge to
new instances (Gentner and Medina 1998).

3 An interesting exception was found by Medin et al. (1990) who analyzed the influence of relational qualities (e.g., the same
color, or the right side smaller than the left side) and attributes (e.g., a triangular shape, or colored white) on people’s perception
of similarity and diversity. They concluded that relational properties were more relevant when people were asked to judge
similarities, while attributes were more relevant when they focused on differences (see also Markman 1996).

4 We have deliberately decided not to speak of 90◦ and 180◦ rotations since these would be geometrical rather than phenomenolog-
ical descriptions. We wanted to keep the two types of changes in orientation distinct: (1) a change in the axis of orientation from
vertical to horizontal and (2) a change in the direction or orientation applied while leaving the configuration within the same axis
(i.e., upright-upside down with reference to the vertical axis).

5 In identity pairs, the only visible difference between the comparison figure and the standard figure concerned the localization of
the two shapes (with the comparison figure to the right of the standard figure). We considered ratings given to these pairs as the
baseline values for S, D and O associated with a mere replication of the same shape. The ratings given by participants to these
pairs revealed that the difference in localization was irrelevant to the S judgments (i.e., the pair was rated as maximally similar)
and the D judgments (i.e., the pair was rated as not different at all), while it was associated with a low O rating (the average rating
for identity pairs 2.823). The latter result was due to the reciprocal position of the two shapes (one to the right, the other to the
left), as the participants explained when asked specifically to comment on their response at the end of the experimental session.
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Abstract: There are many situations in which we interact with collections of objects, from a crowd
of people to a bowl of blackberries. There is an experience of the quantity of these items, although
not a precise number, and we have this impression quickly and effortlessly. It can be described
as an expressive property of the whole. In the literature, the study of this sense of numerosity
has a long history, which is reviewed here with examples. I argue that numerosity is a direct
perceptual experience, and that all experiences of numerosity, not only estimations, are affected by
perceptual organisation.

Keywords: phenomenology; numerosity; perceptual grouping

1. Introduction

According to the Book of Genesis, Jacob asked his father-in-law that all the spotted or
speckled sheep would be his wages. Today a spotted breed takes the name of Jacob’s sheep.
When he sent a flock to his brother Esau, he instructed his servants to divide them into
small groups, so that his gift would appear larger in number: “and said unto his servants,
pass over before me, and put a space betwixt drove and drove” (Genesis, 32, 16), cited in
Ginsburg (1976). Intuitively, it seems reasonable that dividing a set into many subsets may
affect the perceived numerosity. As we shall see, however, the total spacing, rather than the
presence of subsets may have been the key factor that produced the desired effect in the
Bible story. More importantly, for the story to make sense, we have to assume that Esau
trusted his impression of the size of the flock, rather than counting each animal, because if
he had counted the sheep the number would have been the same independently of how
they were spaced.

The idea of number is associated for most people with mathematics, or with the
activity of counting. However, an important question is whether quantity and numerosity
are fundamental properties of our perceptual experience, rather than a more cognitive
aspect that emerges only in the context of symbolic processing and language.

One way to pose the question is to ask whether we perceive number the same way
we perceive other basic properties of the stimuli, spontaneously and effortlessly. Or to
use another relevant term, whether these are all emergent properties. For example, when
we see a set of dots on a page, we immediately process their size and colour, but the
configuration itself also has other perceptual properties; it is seen as random or regular,
dense or sparse, and more or less numerous.

The first part of the paper briefly considers the nature of different qualities, primary,
secondary, and tertiary, in relation to numerosity. Next, we outline some of the theories
about the “number sense”, in particular the evidence that individuals possess an approxi-
mate number system, and then we return to what we can learn about numerosity from a
phenomenological perspective.

The first aim of this paper is to provide a historical prospective on the study of
numerosity, including some authors whose work in the early part of the 20th century has
not yet been translated into English. The second aim is to explore what we can learn about
perception of numerosity from a phenomenological perspective. That is, if numerosity is a
basic perceptual experience, then it is best placed within the context of perception of shape
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and size. From this perspective, numerosity is also seen as closely linked to processes of
perceptual grouping and size constancy.

A final consideration is about the importance of studying numerosity, and its relevance
in everyday life. I started with the example of Jacob, which could be transposed to modern
times. From product design to advertising, it is often important to know how people perceive
quantity. But perhaps an even more important reason for studying perception of numerosity is
its role in development and education. There is evidence that processing of numerosity is not
only related to clinical cases of dyscalculia, but it also more generally predicts mathematical
abilities (Butterworth et al. 2011; Piazza et al. 2010; Schneider et al. 2017).

2. Qualities

In philosophy there is a distinction between primary qualities, independent of the
observer, and secondary qualities. The latter qualities produce sensations in the observer,
such as colour and taste. These ideas can be traced back to Democritus, and they were
developed in Galileo and the British empiricists, such as John Locke (Bianchi and Davies
2019, chps. 3 and 4; Sinico 2015). Locke lists “number” explicitly as an example of primary
qualities: “. . . solidity, extension, motion or rest, number, or figure. These, which I call
original or primary qualities of body, are wholly inseparable from it” (Locke 1690).

Staying in the context of philosophy, tertiary qualities are defined as qualities that
exist by virtue of secondary qualities, just as secondary qualities exist by virtue of primary
qualities (Blackburn 2008). Another way to talk about tertiary qualities is to stress that
the key aspect is their complete subjectivity. A good example of this might be beauty
(Alexander 1933). However, a tradition closer to psychology describes tertiary qualities as
perceptual aspects of experience, such as the happiness we derive from seeing the sun, and
there is a possibility that all observers share these experiences, which means that they are
not completely subjective. An even stronger claim about the universality of these qualities
comes from the Gestalt tradition (for discussion, see Sinico 2015).

The concept of Gestalt is associated with an early example introduced by von Ehrenfels,
the fact that a music melody can be recognized as the same even when all the notes are
transposed. Indeed, in Köhler (1947) these qualities are called “Ehrenfels qualities”. The
concept was further developed by Paolo Bozzi, in particular in relation to naive physics
beliefs (for translated text and discussion, see Bianchi and Davies 2019, chp. 11).

Within Gestalt psychology, therefore, tertiary qualities are expressive, and distant
from physical-geometric properties of the stimulus, but can still be treated as fundamental
qualities of the phenomenal experience (Bianchi and Davies 2019, chp. 16; Bozzi 1990).
Moreover, there is a link between emergent qualities and perceptual organisation, as in the
example of the melody. The important aspect of the stimulus is the relationship between
the parts, this can be defined in terms of the stimulus, as in the case of the Gestalt grouping
principles. However, the process by which separate features are integrated into a whole
includes the role of the observer, because there are infinite ways of organising distributed
information (over space and time).

After this brief background about terminology, we turn again to the concept of nu-
merosity. As we have seen, one could argue (as Locke did) that number is a primary
property as it is independent of the observer, or we could argue that it is a secondary
property because the observer integrates separate stimuli into a coherent whole. Indeed, it
can be argued that number and quantity are by their essence properties of the whole that
do not exist in any of the elements taken separately. Finally, we could argue that certain
configurations have a numerosity as part of their expressive qualities, because they can
appear scarce or poor, as opposed to rich in number, abundant, etc., and thus numerosity
is a tertiary quality. A slightly different reasoning, also leading to the use of the label
tertiary quality, is in Prpic and Luccio (2016). They describe numerosity as an immediate
impression of power and, therefore, a physiognomic (tertiary) property of the percept.

There are many important observations that show a role of perceptual organisation,
and thus of the observer in the perception of numerosity. These observations have been
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made by many authors over the years and we will discuss in detail some early examples
in this paper. In the next section, we briefly describe the more recent developments in the
study of numerosity.

3. Current Theories

An early view assumed that children learn over time to deal with numbers as part of
their cognitive development, as detailed in particular by Piaget (Piaget 1952) in terms of
preoperational and operational stages. However, sensitivity to approximate numerosity, or
to differences in numerosity, does not require language or the ability to perform operations
and it appears to be already present in infancy. This problem led to much interest in the
study of this ability, referred to as the approximate number system (ANS) (Burr and Ross
2008; Dehaene 2011).

Many properties of this system have been studied, and I will list the main findings
here. First, we need to distinguish at least three mechanisms that differ from counting and
do not rely on symbolic processing. The first one relates to very small sets. There is direct
and precise perception of numerosity for small groups (N < 5). For this process the term
“subitization” has been created (Kaufman et al. 1949; for early evidence see also Jevons 1871;
Liebenberg 1914). The term is a neologism, coined in 1949 from the Latin adjective subitus
and the Greek suffix ize (Kaufman et al. 1949). It captures the immediate sense of knowing
how many items are present, and the absence of a process of estimation, and, therefore,
the absence of errors. For larger groups of elements (N > 5), we have estimation, and,
therefore, the mechanism is called “approximate number sense” (Dehaene 2011). Finally,
for high density, the patterns become textures, and individual elements cannot be processed
separately (Anobile et al. 2015; Burr et al. 2018).

The approximate number system is present already in infants (Izard et al. 2009; Lib-
ertus and Brannon 2010), and similar abilities are shared with many species, including
monkeys (Brannon and Terrace 1998), chicks (Rugani et al. 2013), frogs (Stancher et al. 2015),
and fish (Piffer et al. 2013). Sensitivity to numerosity is often tested in situations where two
sets have to be compared. Performance in this task improves as the difference increases.
The ability to discriminate between quantities depends on the ratio of the two quantities,
following Weber’s law (Cantlon and Brannon 2006). Studies have also shown that adapting
to high numerosity causes underestimation of a subsequent stimulus, while adapting to
low numerosity causes overestimation (Burr and Ross 2008).

Brain imaging studies have identified the parietal lobe, and specifically the bilateral
intraparietal sulcus, as the region associated with numerical cognition (Dehaene et al. 2003;
Prado et al. 2011). Some studies have also shown that activation is largely independent of how
numerosity is presented in the stimuli, for instance as circles or triangles (Piazza et al. 2004).

Many aspects of the mechanisms that underpin perception of numerosity are still
debated. It is technically challenging to ensure that no other property of the stimuli covary
with numerosity, and these sensory correlates may play a role in performance. For example,
simply increasing the number of white dots of a configuration will increase total area, total
contour length, brightness, etc. A particularly difficult aspect is the influence of density
(Anobile et al. 2014; Dakin et al. 2011; Raphael et al. 2013). Another problem is that given
a set of elements, it is possible that observers base their responses on sampling (Solomon
and Morgan 2018).

This is not the place to review this extensive literature, instead the fundamental
observation that we can make is about the direct experience of numerosity. By direct we
mean that numerosity is not perceived from counting, from symbolic processing, or on the
basis of proxies such as size or brightness. However, it is also clear that many irrelevant
dimensions can bias the response to numerosity; these include size of elements (Ginsburg
and Nicholls 1988; Shuman and Spelke 2006), regularity of the pattern (Ginsburg 1976),
clustering (Bertamini et al. 2018; Guest et al. 2022), topology (He et al. 2015), entropy
(DeWind et al. 2020), area (Dakin et al. 2011; Poom et al. 2019; Tokita and Ishiguchi 2010;
Vos et al. 1988), and order of presentation (van den Berg et al. 2017). It is still debated
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whether the interference from irrelevant features arise in early (Balas 2016; Gebuis et al.
2016) or late stages of processing (Harvey and Dumoulin 2017).

4. The Phenomenal Experience of Numerosity

In the previous section, we have briefly outlined current research on numerosity. We
now take a step back in time. Over a century ago, psychologists were interested in the
impression of numerosity, but the focus was on capturing the description of the experience.
We will look first at two Italian psychologists whose approach was markedly different:
Mario Ponzo (1882–1960) and Silvia De Marchi (1897–1936). Then, we will mention the
discovery, 50 years later, of some striking phenomena, described as illusions of numerosity
(Solitaire illusion, and Regular-Random Numerosity illusion). We argue that these illusions
were discovered thanks to attention to the phenomenology of numerosity.

Mario Ponzo is famous for the illusion that bears his name, one of the best known
optical geometrical illusions (Bertamini and Wade 2023; Shapiro and Todorovic 2017;
Vicario 2011). Ponzo did not discover the Ponzo illusion. In his writing, he makes clear
that the effect was already well known, and he did not claim to have found a new illusion.
Instead, he made use of this size contrast effect to study other topics, such as the Moon
illusion (Ponzo 1912) and, in more detail, perception of numerosity (Ponzo 1928).

The 1928 paper, published in German and then in the original Italian in 1929, is titled
“Illusioni negli apprezzamenti di collettività” [Illusions in the judgments of numerosity].
I will translate the term “collettività” with numerosity given the recent usage in the liter-
ature, alternative translations could be “collection” or “set size”. At the beginning, the
author notes that a sense of numerosity is part of many activities in our life. He places
numerosity at the same level as time and space, and argues that we have an instinctive
tendency to evaluate quantities. It is clear, therefore, that there is a claim about the sense
of numerosity as a basic experience that has always been part of our perception (the term
used is “primordiale” [“primordial”]).

To have quantity, one has to have separate units, and here Ponzo suggests that these
can be created in many ways. In other words, almost anything can take on the value
of unity. Next, Ponzo introduces the idea that the best and purest test of perception of
numerosity is the direct comparison of two sets, because there is no need at all of counting
or even estimating the value of the set of elements. This strategy is indeed common in
many studies (e.g., Bertamini et al. 2016; Raphael and Morgan 2016).

The paper by Ponzo has 28 figures, and it is the figures that tell the story. Four of them
are reproduced in Figure 1. The impression of numerosity is a perception generated by a
configuration. Phenomenally, the elements form a whole, and the perceptual organisation
process determines many aspects, including the goodness of the whole and its apparent
size and shape. It makes sense, therefore, to consider these percepts together when we
study the perception of numerosity of the same configuration.

We mentioned in the previous section that judgments of numerosity can be biased
by factors such as area, size, and regularity. Instead of seeing these as biases, we can
see them as part of the overall impression that we have from objects. Consider again
Jacob’s instructions to spread out the sheep so they look more numerous. Assuming this
trick worked, was it because of the spreading out over a longer distance in space, a longer
interval in time, or was it the creating of subgroups that changed the density and introduced
clusters? Let us focus on area, or extent of the group (extent is a better term as the argument
applies to both areas and lengths). It is difficult to test the role of extent while controlling for
density and inter-element distances. However, what about cases where extent is objectively
the same but is perceived as different? If numerosity is fundamentally linked to other
properties of the stimuli, and if to assess numerosity we rely, at least in part, on extent, then
it follows that any time we misperceive extent, we also misperceive numerosity.
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Müller-Lyer illusion (Fig 3) Jastrow illusion (Fig 4)

Ponzo illusion (Fig 6) Horizontal vertical illusion (Fig 22)

Figure 1. Four examples where the same extent is misperceived as different. In the labels, I have used
the names by which these illusions are known today. Figure numbers refer to the images that were
adapted from Ponzo (1928) and redrawn by the author (numbers refer to the original). In all cases,
when there is a misperception of extent, there is also a misperception of numerosity: more dots are
seen for a larger extent.

In Figure 1, I have brought together four examples from Ponzo (1928). He used four
different effects known already at the time to test the relationship between perception
of extent and perception of numerosity: the Müller-Lyer illusion, the Jastrow illusion,
the contrast effect now known as the Ponzo illusion, and the horizontal–vertical illusion.
One can verify that the perception of numerosity is indeed higher in every case. This is
remarkable.

Let us stay with the Ponzo illusion. Research is still active on this phenomenon
(e.g., Cretenoud et al. 2020; Cretenoud et al. 2021; Dobias et al. 2016; Yildiz et al. 2022).
There are two main types of explanations, one based on contrast (Fisher 1969; Robinson
1972), and the other based on misapplied size constancy (Gregory 1963). The image used
by Ponzo is organised horizontally, because the idea is that we are dealing with a type of
contrast effect, and not a misperception of distance. Still, maybe we perceive the elements
on the right as closer, a direct prediction from that would be that the individual elements
would also appear larger. This does not seem to be the case. The contrast phenomenon
that makes the set of elements on the right appear to extend along a greater vertical extent
appears to directly affect their numerosity.

In 1929, Ponzo published in the journal Archivio Italiano Di Psicologia, the Italian version
of his paper on numerosity that had appeared in German in 1928. In the same issue, we
find a paper by Silvia De Marchi titled “Le valutazioni numeriche di collettività”. This
was translated as “Numerical evaluations of collectivities” by Sergio Masin (2006); but,
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I will again use the term numerosity here. De Marchi was the first student of Benussi at
the University of Padova. In her thesis, we find a careful study of numerosity estimation
(Bobbio and Giora 2023; De Marchi 1924). In 1932, Silvia De Marchi married Cesare Musatti,
and sadly she died young in 1936. Because of this, and because Benussi had already died
in 1927, the pioneering work on numerosity at the University of Padova was interrupted.

What we find in the work of De Marchi is a different approach compared to Ponzo.
She is interested in the actual estimation, and the fact that we, at times, have overestimation
and underestimation. Because of this, she developed a method of analysing what we now
call magnitude estimation data. She discovered that people tend to be consistent, those
who underestimate/overestimate do so most of the time. Size of the area and exposure
duration matter. Indeed, larger numerosities also tend to produce a subjective shrinking of
time in the sense that these stimuli appear to last less.

Spatial arrangement is important. Here the results are complex, and she notes an
interesting interaction between area and density: for small areas, when density decreases,
perceived numerosity increases; but, for large areas, a more sparse/less dense stimulus
leads to a decrease in perceived numerosity. Finally, De Marchi (1924) observed how
knowing in advance the exact number of elements did not change the effect, confirming
that people have a direct impression of numerosity, separate and distinct from explicit and
propositional knowledge.

It is important but difficult to compare the results from Ponzo and De Marchi. In
general, they both describe the nature of a process of estimation or comparison as a natural
and fundamental process, and related to perception of shape. One fundamental difference
is in the methods, two-alternative forced choice (2AFC) or magnitude estimation. These
two methods may tap into different processes, and can lead to different results. This was
highlighted by Kanizsa and Luccio (1981) and tested empirically. For example, Agostini
and Luccio (1994) found that both perception of length and numerosity in the Müller-Lyer
illusion go in the same direction with a forced-choice task, but they go in opposite directions
with a magnitude-estimation task.

The idea of different mechanisms has been explored in many studies, for example, on
the basis of texturization at higher densities (Anobile et al. 2014), but the systematic work
on comparing different tasks has not been followed up. This is, therefore, an area where
more work is necessary.

5. Two Illusions of Numerosity

The discovery of the Solitaire illusion came about when Chris and Uta Frith received
a peg solitaire board game as a Christmas present, with marbles of two different colours.
They noticed something about the phenomenal appearance of the marbles when placed in
a certain pattern. The configuration is shown in Figure 2 (top left). Note that they were not
at the time actively studying perception of numerosity, but they were, as all great scientists,
able to make careful observations about the phenomenal appearance of the configuration.
Frith and Frith (1972) reported the effect, with supporting empirical data.

The Solitaire illusion is a strong effect, the vast majority of observers see the difference
in apparent numerosity, with more elements perceived for the central group. Frith and
Frith (1972) argued that the critical factor is that of Gestalt formation. They also created a
linear version, with the dots along vertical lines. These are illustrated in Figure 3, together
with a summary of the findings. Having elements split into groups with few elements leads
to their underestimation, but only if these groups are segmented, that is, if they are placed
on the outside of the other group. The effect is reversed in the configuration in the bottom
left corner of Figure 3, and this is because here the white dots form a single large group.
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Solitaire illusion Solitaire illusion modified

Ponzo (Fig 26) Ponzo (Fig 13)

Figure 2. In the Solitaire illusion, we perceive more black dots than white dots. This configuration
with 16 elements (top left) is adapted from Frith and Frith (1972). In the original paper, observations
were reported with different colours, and also with a version with 12 dots along a line (shown in
Figure 3). Kanizsa and Luccio made a version with six dots (adapted here on the top right). On the
bottom row, we have two illustrations adapted from Ponzo (1929) and redrawn by the author. The
first was also cited and presented in a new version in Kanizsa and Luccio (1981).

Figure 3. These are variants of the Solitaire illusion adapted from Frith and Frith (1972). They had
a sample of 31 observers (18 adults and 13 children). The numbers show the overall percentage of
observers who said that the black dots appeared more numerous than the white dots. Note that other
colour configurations were also used, and there is nothing special about black in this phenomenon.
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In a report from the University of Trieste dated May 1981, Kanizsa and Luccio make
use of both the Solitaire illusion and some examples from Ponzo (1929). Unfortunately,
this report is not available in English. They argue that the impression of numerosity is
not a form of estimation, neither is it secondary to other processes. Instead, it is a primary
impression in the same way that figure–ground organisation is primary, and the numerosity
is a basic aspect of our phenomenal experience (Kanizsa and Luccio 1981).

With respect to the examples cited, they make another important observation. We
can see these using the stimuli provided in Figure 2. There is a dissociation between the
knowledge about the exact number, and the phenomenal impression of numerosity. This
is the case because in these versions of the illusions, observers can accurately perceive
and report the correct number of elements. Kanizsa and Luccio, in particular, used a
redrawing of an image from Ponzo (Figure 26 in the original), and a simplified version
of the Solitaire illusion, also shown in my Figure 2. In the first case, we are within the
subitizing range (N = 4). In the second case, we have six black and six white circles. Here,
also, observers have no problem seeing that to each black element corresponds a white
element (a one-to-one match). Given that for these configurations we have no problem
reporting the exact number, it is interesting that we can nevertheless have an impression of
different numerosity between the two sets. Starting from these observations, Luccio and
collaborators conducted some experimental studies in which they found that effects on
perceived numerosity that exist for forced-choice comparisons are not replicated with an
estimation task (Alam et al. 1986; Agostini and Luccio 1994).

With respect to the Solitaire illusion, the early examples provided by Frith and Frith
(1972) included subsets of elements within the subitization range. For example, in the classic
configuration (top left of Figure 2) the outside groups have just two elements. However,
recently Bertamini et al. (2023) have shown that the effect is very robust and extends to
cases with much higher numerosities. It also remains strong when the arrangement is not
regular, as shown in Figure 4.

 

Figure 4. Starting from the original Solitaire illusion configuration, Bertamini et al. (2023) produced
versions with higher numerosities (8, 64, 144 per colour). They also tested what happens when the
regularity is lost. In these images, half of the dots were removed (therefore, on the left there are only
8 of the original 16 elements per colour, and so on). The illusion was still present for all numerosities,
and when only 50% of the dots were shown.

In Figure 2, I have included one more example from Ponzo (1928). The image shows
a circle with radii extending from the centre (bottom right). Ponzo observed that we
have an impression that there are more radii in the middle than on the outside. We can,
therefore, repeat the point made earlier, about the fact that the impression remains despite
our awareness that the numerosity is the same in both cases. But here we can make an
additional point. There are also perceptual factors that specify a one-to-one match between
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the lines inside and outside the ring, because of good continuation. Indeed, the ring can be
perceived as an occluder, and the lines seen outside are just the phenomenal continuation of
the lines inside. Despite this perceptual unity of the elements, the impression of a difference
in numerosity remains. This is a challenge for all theories of numerosity. However, I should
note that the extent by which perception of numerosity changes when the lines are seen to
continue under an occluder has not been experimentally tested yet.

In considering the work by De Marchi (1924, 1929), Kanizsa and Luccio (1981), and the
implications of some of Ponzo (1928) examples, we have seen an interesting dissociation
between precision in numerosity estimation and phenomenal sense of numerosity. These
observations have been forgotten in the more recent literature, and current models of
numerosity do not provide an explanation for this dissociation. As already noted in the
previous section, more theoretical and experimental work is necessary.

In addition to the Solitaire illusion, there is another numerosity illusion reported
approximately in the same period. The regular-random numerosity illusion is the tendency
for regularly arranged patterns to appear more numerous than randomly arranged patterns
(Ginsburg 1976, 1980, 1991). A redrawing is shown in Figure 5. Although in the original
demonstrations the dots formed a very regular and symmetrical pattern, later studies have
extended the result, confirming that the key factor is not the regularity but the clustering
(Bertamini et al. 2016; Chakravarthi and Bertamini 2020; Valsecchi et al. 2013). Indeed,
other things being equal, symmetric dot patterns appear less numerous than random dot
patterns (Apthorp and Bell 2015).

Figure 5. Most observers report that the configuration on the left appears more numerous than the
one on the right. This example is adapted from Ginsburg (1980).

Let us return to Jacob and the Bible. We anticipated the difficulty of knowing what
kind of grouping effect leads to a bias in perception of numerosity. The Solitaire illusion
shows that the set with small groups appears less numerous than the single central group,
similar grouping effects are present in Ponzo. And for larger and less regular sets, the
regularity illusion again shows that making small clusters of elements makes the stimulus
appear less numerous than a stimulus in which elements are spaced out. Local clustering
was studied, for example, in Bertamini et al. (2016), and grouping by distance, colour, or
motion by Poom et al. (2019).

Could the Bible be wrong? It is possible to make configurations appear more numerous
by increasing the distance between elements? We saw this effect of overall extent in De
Marchi and in many other studies. Ponzo demonstrated the role of extent elegantly by
manipulating subjective extent. Therefore, Jacob may have achieved his goal because of
the increased overall space placed between the sheep, not because of grouping.

88



J. Intell. 2023, 11, 197

6. Conclusions

In the introduction, we asked the question of whether quantity and numerosity are
fundamental properties of our perceptual experience, rather than a cognitive aspect that
emerges only thanks to symbolic processing. We have seen that the literature has identified
at least three kinds of perception of numerosity: subitization, estimation, and texturisation.
These are all fast processes and are distinct from counting, which would be a fourth kind.

The study of perception of numerosity is important for many reasons. Indeed, the
thesis that De Marchi wrote in 1924 had the title “Contributi alla psicologia giudiziaria”
[Contributions to forensic psychology]. This reflects the complex and rich nature of the
thesis. It includes a discussion of why it is important to study errors that people make on
simple judgments. When estimating numerosity, people can be confident and reliable, and
yet show systematic biases. De Marchi also noted that if we divide people into two groups,
those who tend to underestimate and those who tend to overestimate, these tendencies are
stable over time.

In the more recent literature, there are many carefully designed experiments. The
approach based on the psychophysics toolbox has been fruitful. For example, it has been
shown that Weber’s law applies only within a certain range of density values. On this
evidence, we can argue for separate mechanisms (Anobile et al. 2014). Another very
important approach comes from neuroscience. Imagining studies have identified brain
regions probably specialised for perception of numerosity (Piazza et al. 2004). However, it
is important not to forget the careful description of the perceptual experience. It is from
this analysis that we first realised that numerosity is perceived immediately and directly.

We have seen that the interest in the study of perception of quantity and numerosity
has a long history. Some early accounts have not received enough attention, in part because
they were not available in English (this was the case for Ponzo’s paper, only recently
translated: Bertamini and Wade 2023; and for De Marchi, whose work is still largely
unavailable in translation). For visual stimuli where the elements are clearly segmented
(i.e., not for textures), there is strong evidence that people have an impression of numerosity
that is fast and spontaneous, not based on other dimensions such as size or brightness;
although, these other dimensions can produce biases. We have also seen that some strong
effects, described as illusions, provide evidence of the expressive nature of configurations,
linked to perceptual grouping.

It is interesting to contrast two views. In the mainstream literature on numerosity, the
biases due to various cues are seen as problematic. They are problematic because a direct
sense of number needs to be abstract from the accidental features of the stimuli (the shape
of the elements) and of the configuration (its overall area or its density). That many biases
exist is beyond dispute, and we have seen in Section 3 that the debate is whether these
forms of “interference” happen early or late during the process of perception of numerosity.
According to this view, therefore, unbiased perception of numerosity is seen as normative,
and any deviation is seen as the product of other mechanisms that are not specifically
about numerosity. Moreover, the biases are seen as affecting the estimation process, in the
case of uncertainty. But as we have seen, the experience of numerosity can vary even in
cases where there is no uncertainty. An alternative view, much older historically, is that
these aspects of perception of numerosity are not “problems” and that these effects are not
a form of “interference”. Instead, numerosity in the phenomenal sense is an experience
intrinsically tied to the whole, or to use the traditional term, to the Gestalt.
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Abstract: This paper proposes an integration of embodied and phenomenological perspectives to
understand the restorative capacity of natural environments. It emphasizes the role of embodied
simulation mechanisms in evoking positive affects and cognitive functioning. Perceptual symbols
play a crucial role in generating the restorative potential in environments, highlighting the signifi-
cance of the encounter between the embodied individual and the environment. This study reviews
Stress Reduction Theory (SRT) and Attention Restoration Theory (ART), finding commonalities
in perceptual fluency and connectedness to nature. It also explores a potential model based on
physiognomic perception, where the environment’s pervasive qualities elicit an affective response.
Restorativeness arises from a direct encounter between the environment’s phenomenal structure and
the embodied perceptual processes of individuals. Overall, this integrative approach sheds light on
the intrinsic affective value of environmental elements and their influence on human well-being.

Keywords: restorativeness; embodied cognition; phenomenological perspective; experimental phe-
nomenology; tertiary qualities

1. Introduction

In this essay, the authors define for the first time the concept of ‘Phenomenologi-
cal restorativeness’ (PR). PR combines elements of phenomenology and environmental
psychology to understand how the perception of natural environments may contribute
to feelings of restoration and well-being. It concentrates on the immediate and often
subconscious affective responses individuals experience when they interact with natural
environments.

The central idea behind PR is that these innate, immediate affective responses to
specific environmental qualities can play a crucial role in reducing stress, enhancing
attention, and promoting well-being. It emphasizes the importance of understanding
how these perceptual characteristics of natural environments contribute to their restorative
effects and how they interact with the embodied, sensory–motor processes of individuals.

PR explicitly emphasizes the inherent perceptual and aesthetic and affective qualities
of environments that evoke restorative effects, and acknowledges the affective nature of
primary responses to the environment, bridging the gap between immediate perceptual
experiences and cognitive processes.

The goal of this paper is to integrate phenomenological restorativeness with the
Biophilia Hypothesis (Wilson 1986) and the explanatory restorativeness theories, notably
The Stress Recovery Theory (SRT) by (Ulrich 1983; Ulrich et al. 1991) and the Attention
Restoration Theory (ART) by Kaplan and Kaplan (1989), Kaplan (1995). This integration will
be explored within the framework of embodied perception and individual–environment
interactions.
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It investigates how tertiary-expressive qualities of the environment, which cause
instantaneous affective reactions, can provide healing benefits. This essay emphasizes that
the restorative capacity of the natural environment emerges from the encounter between
its phenomenal structures and the embodied perceptual and affective system. By doing
so, it seeks to provide epistemic support to the embodied nature of the environment’s
restorative qualities.

The embodied cognition perspective definitively nourishes our understanding and
confirms the embodied nature of the restorative qualities of the environment. On the one
hand, this perspective contributes to overcoming a regenerative view of the environment
that is somehow still Cartesian, and on the other hand, it substantiates the phenomenologi-
cal tradition that anticipated the embodied paradigm of knowledge.

Environmental Stress and Restorativeness in Natural and Urban Environments

Environmental stress, from a psychological perspective, encompasses the multitude of
specific features causing pressures and disturbances that can impact cognitive, emotional,
and physiological resources (Evans 1984). Traditionally, some of these features have been
identified in the noise, crowding, and pollution in urban settings (Meloni et al. 2019), but
research has also highlighted that some natural environments have characteristics that
make them undesirable (Andrews and Gatersleben 2010). These stress-inducing factors
have significant implications for well-being, as chronic stress has been associated with the
development of various non-communicable diseases, including cardiovascular disease,
metabolic disorders, immune dysfunction, cancer, and psychiatric disorders, as well as
a decrease in overall quality of life (Peña-Oyarzun et al. 2018). Conversely, exposure to
restorative environments, such as serene forests, peaceful beaches, vibrant gardens, or
well-designed urban green spaces, can provide individuals with a sense of relaxation,
rejuvenation, and revitalization (Townsend et al. 2018).

Moreover, it is important to consider that nature can be seen as a continuum, rang-
ing from fully built to untouched natural areas. This perspective blurs the traditional
boundary between what is considered “natural” and “urban”. This perspective challenges
the dichotomy between these two categories and highlights the idea that there is a spec-
trum or continuum of environments, each with varying degrees of human influence. Less
managed natural areas can offer opportunities for adventure and exploration but can also
promote a sense of risk and vulnerability. Therefore, it is important to recognize the varying
restorative potentials of different types of environments. It is important to consider that
not all individuals find restoration in pristine natural settings; built and mixed urban
environments can provide a sense of comfort, familiarity, and safety, that fosters a sense of
belonging (Patuano 2020).

Research has predominantly emphasized the restorative potential of entirely natural
settings while allocating less attention to urban or mixed environments (Ulrich et al. 1991;
Kaplan 1992; Karmanov and Hamel 2009).

In fact, many studies have shown that exposure to natural environments can have
direct and indirect effects on stress recovery and mental fatigue restoration, fostering mea-
sures to promote healthy lifestyles and achieve physical, emotional, and attentional balance
(Lee et al. 2021; Berto 2014; Bowler et al. 2010; Calogiuri and Chroni 2014; Corazon et al.
2019). When a natural setting encourages a transition to more uplifting emotional states,
beneficial adjustments in physiological activity levels, and enhancements in behavior and
cognitive performance, it is referred to as a “restorative environment” (Ulrich et al. 1991;
Kaplan 1992). Wadeson et al. (1963) showed that exposure to natural environments resulted
in a reduction of cortisol levels, and recent research shows that exposure to natural stimuli
in any form can lead to a reduction in symptoms related to psycho-physiological stress
and irritability (Lee et al. 2021). Experiencing nature can enhance cognitive functioning
and reduce cognitive overload, facilitating behaviors that foster inhibition, patience, and
endurance, which are, in turn, essential for completing challenging tasks (Berto 2014; Ka-
plan and Kaplan 1989). This can lead to numerous positive outcomes, including improved
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performance and enhanced planning abilities (Berman et al. 2008; Lee et al. 2021). Being in
nature can also have a positive effect on social behavior (Bratman et al. 2012), emotional
regulation, and pro-environmental behavior (Panno et al. 2020).

Recently, there has been a growing interest in the restorative potential of urban and
mixed environments as well, highlighting the concept of urban restorativeness and the
significance of designing cities that promote relaxation and well-being among their resi-
dents (Patuano 2020). Although numerous studies have proved that natural environments
are more restorative than human-built environments (for a meta-analysis see Menardo
et al. 2021), other studies have explored the restorative potential of built and mixed urban
environments (Troffa and Fornara 2011; Karmanov and Hamel 2009). Any setting that has
restorative properties may be a restorative one (Kaplan 1995). In fact, an attractive and
well-designed urban setting may have the same calming and uplifting effects as a beautiful
natural setting. It appears that the perceived restorative effects of urban environments
cannot be solely attributed to the presence of water and green spaces, but also to other
factors such as the design of the urban environment, the intricate spatial layout of the area,
and the presence of landmarks (Karmanov and Hamel 2009).

2. Two Theoretical Perspectives on Environmental Restorativeness

The relationship between humans and nature has been a subject of interest and study
for centuries. Throughout history, we have depended on nature for our basic needs, but its
importance to our overall well-being goes beyond mere survival.

Different theories have been developed: for example, according to Orians’ Savanna
Hypothesis (Orians 1980, 1986), humans have an innate preference for landscapes resem-
bling the ancestral savanna environment in which our species evolved (Bennett 2019). In
addition to the Savanna Hypothesis, there are two complementary frameworks that shed
light on the profound benefits of restorative environments: The Stress Recovery Theory
(SRT), developed by (Ulrich 1983; Ulrich et al. 1991), and the Attention Restoration Theory
(ART), proposed by Kaplan and Kaplan (1989), Kaplan (1995). Both theories are based
on the Biophilia Hypothesis (Kellert and Wilson 1993; Wilson 1986), which suggests that
humans have an innate tendency to respond positively to natural environments due to
their evolutionary history.

SRT is a psycho-evolutionary hypothesis that indicates that physiological stress is
the primary motivation for individuals to seek out natural environments. According to
this theory, when people are exposed to natural environments, they experience a positive
emotional response and a reduction in stress, leading to restorative outcomes. The idea is
that this reaction was beneficial for our ancient human ancestors, as it helped them in their
search for necessary resources (such as food, water, shelter) and mitigated the negative
impact of stressors in their environment (Ulrich 1993). The SRT (Ulrich et al. 1991; Ulrich
1993) posits that humans are physically and mentally suited to natural environments due
to spending a significant amount of time evolving in natural surroundings (Ulrich 1993).
According to this theory, exposure to natural stimuli has an immediate impact on our
emotions, triggering a response in the parasympathetic nervous system (Clatworthy et al.
2013). Viewing natural environments reduces blood pressure and heart rate (Laumann et al.
2003), and decreases perspiration and muscular tension (Ulrich et al. 1991). The SRT posits
that humans are physically and mentally suited to natural environments for evolutionary
reasons (Ulrich 1993), as it helped them in their search for necessary resources (such as
food, water, shelter) and mitigated the negative impact of stressors in their environment
(Ulrich 1993). Ulrich’s (1983) theory focuses on the influence of nature on both emotional
and physiological functioning (Clatworthy et al. 2013). From this viewpoint, our attention
is influenced by our rapid, unconscious emotional reactions, rather than more deliberate
cognitive processes. On the contrary, natural environments’ features like wide spaces,
low density, and open, unobstructed views, would produce the opposite effect of the
stimulating patterns of parasympathetic arousal, and subjectively positive feelings. Such
features were originally connected to favorable conditions for settlement and this primal
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positive value persists, so that our immediate and unconscious emotional responses can
influence our attention, physiology, and behavior, influencing the rapid attenuation of
stress responses and the quick recharge of physical energy, which in turn had significant
evolutionary advantages. Elements (such as water and vegetation) which were originally
fundamental for survival, immediately suggest natural environments are safe. Aesthetically
pleasing built settings containing water and prominent vegetation might have a restorative
influence similar to natural scenes (Ulrich 1993).

This theory relates environmental stress to an increase in arousal and in negative
emotion, and proposes that recovery from excessive arousal or stress should occur more
rapidly in settings with low levels of arousal-increasing properties (Ulrich et al. 1991). From
this perspective, the urban environment, can, in certain situations, impede our capacity
for relaxation due to its complexity and stimulating characteristics that induce increased
alertness. The opposite is also true: an intricate spatial layout may induce a sense of
mystery and suggest an opportunity for exploration, unsurprisingly, the interestingness
ratings of the urban environment significantly exceeded those of the natural environment
(Karmanov and Hamel 2009). Moreover, individuals suffering from excessively low arousal
or chronic boredom might benefit from being exposed to lively and stimulating urban
views (Patuano 2020). Within the realm of SRT, those afflicted with excessively low arousal
or chronic boredom may discover relief and an enhancement in their psychological state
through exposure to lively and stimulating urban views (in line with the Yerkes–Dodson
Law). This synergy with the Yerkes–Dodson Law implies that individuals with low arousal
levels, as seen in the case of boredom, can benefit from the introduction of a moderate
level of stimulation, represented in this case by urban views. This, in turn, can help them
approach the optimal arousal level, leading to an enhancement in their well-being.

ART, on the other hand, is a psycho-functional theory that focuses on mental fatigue
and uses an information-processing approach. This theory posits that natural environments
are characterized by features such as fascination, extent, and coherence, which capture our
attention without requiring effortful attention, and thus allow for restorative experiences.
The Kaplans claim that there are two different types of attention people use in everyday
life: one is directed attention, employed in many tasks including driving, working, and
looking for their keys, the other one is effortless attention, also known as “soft fascination,”
which is a less directed type of attention in which our mind is free to “rest and wander
freely” (Kaplan and Kaplan 1989; Kaplan 1995; Kaplan and Berman 2010). When directed
attention is employed, the greatest threat to maintaining a given focus is competition
from other stimuli that can cause a shift in focus. This is because one maintains focus on
a specific task by inhibiting all potential distractions represented by concurring stimuli.
The directed attention’s capacity is limited, requires a great deal of effort, and quickly is
exhausted. Hence, directed attention fatigue occurs when a particular part of the brain’s
global inhibitory system is overworked due to the suppression of increasing numbers
of stimuli. The quality of directed attention degrades over a specific period of time or
after a particular volume of data, and a great deal of focus and effort inevitably leads
to mental fatigue. The mental fatigue state increases the probability that an individual
experiences the stress response due to cognitive overload, and the concomitant reduction
of the cognitive resources necessary to address daily requests. Mental fatigue manifests
itself in negative emotions, irritability, impulsiveness, impatience, reduced tolerance for
frustration, insensitivity to interpersonal cues, decreased altruistic behaviors, reduced
performance, increased likelihood of taking risks, and, generally speaking, in reduced
competence and/or decreased effectiveness in functioning. In practice, the inability to
renew the attentional capacity aggravates the mental fatigue state and can also adversely
impact mood, work performance, and interpersonal relationships.

When experiencing mental fatigue, individuals tend to show a stronger inclination and
preference towards natural environments compared to urban ones (Hartig and Staats 2005).
This is because natural surroundings are particularly suited to engaging our involuntary
attention, whereas built environments can be highly attention-capturing, necessitating a
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conscious effort to overcome distractions and, therefore, a large deployment of directed at-
tention. Some studies have provided support for the restoration potential of environments
that elicit fascination. For instance, Berman et al. (2008) conducted a study where partici-
pants performed a cognitive task, followed by a walk either in a natural setting or an urban
setting. They found that individuals who walked in nature showed improved performance
in subsequent cognitive tasks compared to those who walked in urban environments. The
researchers attributed this restoration effect to the attentional benefits derived from the
fascination of the natural environment. Similarly, Joye and van den Berg (2011) explored
the impact of natural environments on mental restoration with evolutionary assumptions.
They showed that individuals exposed to natural environments experienced a significant
decrease in self-reported mental fatigue compared to those exposed to urban environ-
ments, because restoration is an ancient adaptive response. The researchers attributed this
finding to the restorative qualities of natural environments that fostered fascination and
effortless attention.

In sum, the two theories are two different ways to explain related but distinct phenom-
ena. SRT primarily focuses on how natural environments can reduce stress and promote
relaxation, while ART focuses on how exposure to nature can restore attention and cogni-
tive function. While they both highlight the positive effects of nature, they address different
aspects of human well-being and functioning. Despite their differences, the two theories
complement each other and can be used in combination to design restorative environments.

3. An Embodied Cognition Perspective on Restorativeness

The embodied paradigm was prefigured by Husserl, who posited that consciousness is
always directed towards something and inherently “intends” phenomena. This perspective
was further developed by Merleau-Ponty, who seems to be the philosopher most deeply
engaged in shaping the embodied paradigm. The French philosopher ascribes primary
importance to perception (and the body) in the cognitive process, effectively giving prece-
dence to experience. This is based on the premise that consciousness is fundamentally
rooted in perception (Merleau-Ponty 1945).

In accordance with Merleau-Ponty’s philosophy, the body serves as the intermedi-
ary through which we form connections and engage with the world (Thompson 2007).
Rediscovering the body entails a rediscovery of both the perceived world and the entire
subject–object relation. That is, once the body is subtracted from the objective world, not
only is the perceiving subject revealed, but also the perceived world. Merleau-Ponty’s
works on corporeality, on the historical and intersubjective grounding of the individual in
the lived (experienced) world, anticipated the future evidence provided by neuroscience.
Neuroscience itself, in turn, through simulated neural dynamics, seems to support this
phenomenological perspective (Gallese 2009). The Gestalt theorists (Köhler 1929) proposed
the concept of isomorphism, suggesting that there is a corresponding neurobiological
form and dynamic (embodied) for every experiential form and dynamic. In the Gestalt
perspective, perception is not merely the sum of individual sensory elements; it transcends
them and is also an immediate and automatic process (Koffka 1935). Interestingly, the
idea of perception as related to automatic processes regulated by experiential scripts, as
well as the concept of isomorphism, evoke the concept of embodied simulation. In fact,
both concepts emphasize the simultaneous existence and alignment of neurobiological,
sensorimotor, and phenomenological mechanisms, as claimed by Mungan: “This is why it
is so sad and quite baffling that the Varela team had not read the Gestaltists despite the fact
that they intensively read Merleau-Ponty. So, what is missing in the Varela et al. concep-
tualization? I think what is missing is information about the specific dynamics that bring
about perception . . . for instance, figure-ground perception and perceptual grouping. . .”
(Mungan 2023, p.13).

Embodied cognition, by reinstating the significance of the body in mental processes
and attributing mental qualities to the body, suggests a relationship that extends beyond
the mind–body connection. It also encompasses the relationship between humans and
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their environment, where the brain is not the sole, exclusive resource, neither in terms
of cognition nor relational aspects. This term does not denote a single, fixed theory
but rather represents a broad field of interdisciplinary research. Despite their internal
differences, it is clear that cognitive processes represent the common foundation, include
broader body structures and interactive processes with the environment, and are not
confined to operations present in the cognitive system (LaKoff and Johnson 1999; Noë
2004; Chemero 2009). Within this psycho-evolutionary matrix, dispositional-experiential
mechanisms (cognitive, affective, motivational, etc.), universal mechanisms (simulative
dynamics, survival tendencies, etc.), and historical-cultural-symbolic determinants come
into play. The understanding of embodied cognition as presented here revolves around
the concept of embodiment, which is seen as an extended relational condition involving
the body, mind, and environment. This perspective is in line with the ideas of Clark
and Chalmers (1998), who view embodiment as ecologically situated, evolutionary, and
autopoietic (Varela et al. 2017). With this foundation established, we can now delve into the
relational aspects that define the “embodied self-world bond” (Varela et al. 2017), which
forms the fundamental concept of phenomenological restorativeness.

3.1. Simulation as the Foundation for the Individual-Environment Relationship

The first relational aspect concerns the embodied nature of hedonic experience, which
involves a connection between embodied simulation and aesthetic perception (Gallese and
Gattara 2021). Here, aesthetic perception relates to the aspect of knowledge that engages
our senses. This relationship involves the neural mechanisms responsible for simulative
processes that display an empathic capacity extending beyond just social interactions.
Mirror mechanisms demonstrate an ability to transform perceptual experiences into per-
sonal knowledge, which encompasses not only procedural elements but also intentional,
emotional, and sensory components. This is in support of the notion that this simulative
model explains intersubjectivity, not exhaustively, but in many of its bodily qualities. The
schema “as if” seems to characterize all forms of intentional relationships (Gallese 2011).
In this framework, the perceiving individual possesses the ability to understand what is
observed, heard, or imagined, because they already have experiential knowledge of it. This
implies a relationality, not solely biologically grounded, between the external world as
perceived and the internal experiential heritage.

The role of embodied simulation becomes even more significant when we consider
the emotional and affective aspects of our experiences in the environment. An important
perspective in this regard comes from the work of Damasio, who illustrates how our
entire subjective experience is rooted in our embodiment. According to Damasio, there
is no such thing as completely neutral perception because, in neural terms, it tends to be
predisposed to elicit an emotional–affective response even before cognitive interpretation
occurs. Damasio’s somatic marker hypothesis suggests that the connection between the
self and the world initially involves an emotional and bodily relational response, with
cognition coming into play later. In our encounters with the world, these emotional and
somatic responses, create a mnemonic deposit that informs and influences our subsequent
interactions with the self and the world (Damasio 2007; Gallese 2011). When the perceived
environment interacts with an individual’s embodied and experiential self through the
simulative mechanism, it has the capacity to evoke patterns of past experiences stored
within neurobiological, perceptual, cognitive–emotional, and cultural frameworks. This
evocation of experiential patterns can trigger positive emotional responses, consequently
enhancing the individual’s well-being. This process relies on the simultaneous interplay of
two key factors. On one hand, there is the emotional–affective dimension inherent in every
form of sensorimotor interaction with the world, as explained by Damasio (2012). On the
other hand, there is the sensorimotor relationship itself, which is, in turn, characterized
by simulation mechanisms, as described by Freedberg and Gallese (2007). Consequently,
perceptual experiences not only qualify as affective–hedonic encounters but also as bodily
experiences. This viewpoint asserts a perception-grounded origin of knowledge, which
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finds expression in a reimagined understanding of the environment. The environment
becomes a source of experiential generation for cognitive and emotional–affective senses
and meanings, as well as perceptual and motor references (Lingiardi 2017, p. 8).

3.2. The Environment as an “Embodied Place”

The second relational aspect concerns the concept of an environment evolving into
an “embodied place” with “restorative potential.” This environment, when encountered
through perceptual experiences, has the capacity to not only foster personal flourishing, as
described by Seligman (2012), but also to facilitate a kind of “environmental flourishing.”
In these terms, environments embody qualities capable of eliciting experiential potentials
that have been previously lived or imagined and “incorporated” with an ontogenetic
and cognitive–emotional connection (Orians and Heerwagen 1992; Orians 1980; Kellert
and Wilson 1993). Psychological research suggests that attachment bonds represent the
relational patterns that recur and shape our subsequent relationships. Therefore, it is
reasonable to hypothesize (Casakin and Bernardo 2011; Proshanski 1983; Gallino 2007)
that the attachment bond with the environment can, in a perceptual encounter, reactivate
similar past experiences with a direct and automatic intersubjectivity that links historical
experiences to current ones. In this embodied perspective, the environmental element is
not just a stimulus with evocative potential, but also a stimulus with affective–cognitive
content, linked to those experiences already lived by the subject.

Similarly, on a more universal scale, the environment, such as a historical village or
a river, can encapsulate not only an individual’s experiences but also the cultural and
symbolic experiences of an entire species. In this case, the environmental element pos-
sesses qualities imbued with an evocative power connected to universal cognitive–affective
affiliations, as suggested by Mallgrave (2013). We are, fundamentally, embodied beings
whose body, mind, environment, and culture are interconnected in various ways. Drawing
from Barsalou’s work (1999), it can be hypothesized that the embodied environment in-
cludes factors—both natural and symbolic, aesthetic and geometric (Pallasmaa 2014)—that
stimulate perceptual and imaginative experiences. Consequently, the observer intention-
ally and phenomenologically engages with the world. The underlying idea is that the
relationship with the environment emerges from the degree of alignment between the
structural relationships expressed by the environment and the concurrent, responsive,
neurobiological modeling that arises from the activation of sensorimotor patterns elicited
by the environment itself. As we engage with our environment through our senses, we
not only simulate its physical forms and colors with our bodies, but we also tend to in-
ternalize and embody the deeper meanings embedded in the world. Thus, when visiting
a place like the Palace of Versailles, the embodied experience can emerge from the qual-
ities inherent in the environment, stirring imaginative potentials within the individual,
as if they were transported to a dance in the Hall of Mirrors. The deeply ingrained and
embodied images within the tapestry of the world carry an evocative symbolic power
capable of conveying archetypal meanings, which become embodied within the individual
(Hillman and Truppi 2004).

Barsalou (1999) introduces the term “perceptual symbols” to describe the sensorimotor
and affective representations through which we engage with, comprehend, and envision
objects within our environment. According to Barsalou, cognition is intricately linked to
perception, making it inherently perceptual. In this framework, concepts act as “simulators”
because they simulate various experiences we might have with events or objects in the
brain (and in the body). Consequently, the meaning of an object extends beyond its
abstract concept, encompassing all the real or imagined experiences associated with it,
including personal symbolization. This process of assigning meaning and the resulting
restorative power of the environment are elucidated through these simulative, multimodal,
and enactive processes.

Embodied relationality can be summarized by acknowledging that both humans and
the environment carry within them embodied experiences, which, during their relational
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encounters, transform into present subjective experiences. The emergence of the restorative
power and the subjective experience of well-being hinges on the degree of alignment
between the embodied qualities of the environment and the embodied subjectivity of
the individual. Certain environmental qualities possess restorative properties because
they foster a relationship with facets of ourselves that become nourished, subsequently
contributing to our overall well-being. Indeed, the restorative effects of the environment
are fundamentally linked to the harmonious interaction between the environmental context
and our embodied selves.

4. Restorativeness as a Tertiary-Expressive Quality

The perception of environmental elements and natural landscapes has been a subject of
interest in Gestalt psychology and later in experimental phenomenology as well (Bozzi 1989;
2002, translated in Bianchi and Davies 2019, pp. 11–45; Michotte 1946). Interestingly, the
perception of natural elements and landscapes has been explored with a clear reference to
their ability to evoke affective reactions in the observer, who encounters their characteristics
through perception, known as “tertiary qualities” (Bozzi 1998; 1990, translated in Bianchi
and Davies 2019, pp. 345–68; Verstegen and Fossaluzza 2019). These are a set of qualities
of the object immediately perceived as intrinsic value qualities, regardless of whether
they are positive or negative. Kurt Lewin, who was a precursor to some key concepts in
environmental psychology, had already referred to certain perceptive properties of the
phenomenal field as “inviting or repulsive characteristics,” describing the affective nature
produced by the encounter between these properties and the perceptive functioning of the
human being.

The term “tertiary qualities” refers to pre-categorical qualities of immediate experience,
not reducible to the physical dimension of the object or the subject’s experience. We are
talking about phenomenal qualities. As Bozzi states, they are the characteristics of an object
that “attract” certain adjectives because their perception leads to specific affective reactions
in the perceiver.

If black is gloomy, red is vibrant. The shade of a large green tree is relaxing and soothing.
A diminished seventh chord is tense and curling. A slow and ascending gesture is
hieratic. We are not simply attaching stereotyped adjectives to simple facts; in those facts,
there are characteristics that inherently attract those adjectives, and these characteristics
are not verbal or associative in nature but perceptual ingredients present within the
facts themselves. These ingredients emerge from the facts with immediate evidence [. . .].

“Everything says what it is,” wrote K. Koffka, “. . . a fruit says ‘eat me’; water says ‘drink
me’; thunder says ‘be afraid of me’; and a woman says ‘love me.’” (Koffka 1935). (Bozzi
1998, p. 100).

These properties manifest as qualities of the objects, making them appear intrinsically
imbued with a dimension of value and meaning. Encountering and grasping these proper-
ties through our perception systems inevitably means being affected by their meaningful
dimension. The immediate and direct experience of tertiary qualities has been defined by
philosopher Roberta De Monticelli as “perception or affective sensitivity” because it is the
experience that, based on the encounter between the phenomenal structure of the object
and the embodied perceptual processes of the subject, allows us to identify those properties
of things that can affect us, positively or negatively. We have direct access to the percep-
tive units of objects endowed with certain values or information for us, independently of
previous experiences, inferences, or cultural transmission. Thus, we will say that we “see”
in a lush tree a place to shelter from the heat of the sun’s rays, and in the gentle curves
of hills dotted with vegetation and adorned with a watercourse a place where we can be,
pleasantly and comfortably.

As highlighted by Sinico (2020), also referring to Köhler (1938) in relation to landscape
perception, tertiary qualities are also “expressive” qualities because the landscape expresses
and externalizes its essential character through these perceptible properties. So, it is not
about meanings projected by the perceiver, but about characteristics inherent to the object
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that present themselves with objectivity in the experience, and which are also found in
the methodology of inter-observation used by experimental phenomenology (Bozzi 1978,
translated in Bianchi and Davies 2019, pp. 198–210; Kubovy 2003, pp. 579–86).

At this point, it is impossible not to think of the more recent contribution of James J.
Gibson (1979), who, as a student of Koffka, introduced, in his ecological theory of percep-
tion, the idea that perception is the result of “ecological” characteristics of the environment,
namely the molar structures of the environment that function as informative capacities,
which the environment possesses and which necessarily emerge in the perception process
by the perceiving subject, as environmental perception is organized in such a way that the
characteristics of the environment reach the subject as “understandable.” Gibson condenses
this view into the concept of “affordances,” which are characteristics of stimuli that “tell
us what we can do with them” (Gibson 1979, p. 138) and serve as a guide to the subject’s
perception, which—it should be noted—is perception aimed at action and interaction with
these objects. Affordances are, therefore, qualities of objects that represent the opportu-
nities and obstacles that objects can offer to our actions. Grasping these qualities means,
as De Monticelli and Conni (2008) says, being affected by them, more or less pleasantly
or unpleasantly.

Thus, a certain perceptive characteristic corresponds to a certain expressive character-
istic. It is indisputable that there are environmental characteristics that, in interaction with
the human perceptual/affective system—which, as seen before, is embodied—can render
the environment restorative. According to Paolo Bozzi’s vision of tertiary qualities, we can
assume that some environments, because of their own perceptual characteristics, express
some kind of a message that sounds like “Here you can feel good, relax, regenerate, satisfy
your needs”.

As illustrated by Sinico (2015), communication can be mediated by signs or percep-
tion, based on the expressive qualities of the object. From this perspective, the natural
environment, pre-existing human action, may represent a clear example of perceptual
communication not mediated by mental representations (Sinico 2019). Therefore, what
we grasp, the affectively connoted meanings that “come to us” when encountering the
environment, can only be rooted in the environment’s own phenomenal properties, thus in
its perceptual characteristics, or in configurations of characteristics and the relationships
between them, organized in perceptual gestalts. As a result, the restorative capacity of the
natural environment can only stem from the encounter between the phenomenal structures
of the environment itself and our embodied perceptual and affective system.

While it is an unexplored domain to determine which perceptual characteristics of the
environment underlie the expressive quality we define as restorative, it is worth highlight-
ing that previous research (e.g., Wolfe 1994, 1996; Wolfe et al. 2007; Wolfe and Horowitz
2017) has examined the elements of the phenomenal scene that automatically attract at-
tention and those that require deliberate exploration. Additionally, other studies (e.g.,
Oliva and Torralba 2001; Greene and Oliva 2009) have proposed a model for recognizing
phenomenological scenes that bypasses the need for segmenting and processing individual
objects or regions. Such a perspective is consistent with the reasoning that the restorative ef-
fect held by certain environments is related to their tertiary qualities, and raises the question
of what specific characteristics, relationships among expressive features, or even gestalts of
expressive environmental attributes lead to restorative effects. Therefore, the topic of the
tertiary qualities characterizing restorative environments should be investigated in future
research in the field of restorativeness.

Some data have been collected to answer this question, but certainly more evidence is
needed, as well as a widening of the question to include different kinds of environments in
the inquiry about the tertiary qualities that demonstrate restorative effects. For instance,
the meta-analysis by Menardo et al. (2021) reveals that natural environments consistently
result in higher restorativeness compared to urban environments, regardless of the char-
acteristics of the observer, the instrument used to measure restorativeness, the mode of
experience (real or simulated environment), and even the presence of human-made alter-

101



J. Intell. 2023, 11, 208

ations (the results show that natural environments within an urban setting still maintain
their restorative capacity). However, different environmental characteristics, such as the
presence of vegetation, water bodies, and the quantity and type of light, correspond to
different levels of restorativeness, suggesting that the same authors indicate the exploration
of environmental variables influencing the perception of restorativeness as a direction for
future research.

5. Bridging the Gap: Integrating Explanatory Theories of Restorativeness with the
Phenomenological and the Embodied Cognition Perspectives

In the preceding paragraphs, we explored theories that offer possible explanations for
the phenomenon of the restorative capacity of the natural environment (SRT and ART),
and then delved into the perception of the individual–environment relationship based on
the embodied paradigm, showing that the basis of perceptual and affective processes is
not a cognitive substrate but rather the experience of interaction with the environment
itself. Perceptual processes are thus simulated incarnations of experience and, as such,
essentially have an affective nature because they are affectively connoted—as the affective
dimension represents the basic guidance system for orienting our action in the world—in
all our experiences of reality.

At this point, we wish to propose an integration of the explanatory theories of restora-
tiveness, and a phenomenological view of it, with the contribution of the embodied vision
of perceptual and individual–environment interaction processes.

First, let us review the two traditional theories of SRT and ART in light of this attempt
at integration.

The “psycho-evolutionary” framework proposed by Ulrich (1983) and Ulrich et al.
(1991) highlights that the restorative power of the natural environment is based on an
immediate positive affective response (aesthetic preference). However, in addition to aes-
thetic preference, it also involves an “immediate, unconsciously triggered and initiated”
emotional response that affects physiological arousal levels, attentional and conscious pro-
cessing, and behavior. Both preference and emotional response have an affective nature and
would be triggered by a specific arrangement of environmental properties that “suggest” to
the perceiving subject that the environment possesses favorable characteristics for survival
and well-being. In phenomenological terms, the immediate and non-cognitively mediated
stress reduction response would be triggered by the phenomenal properties of the environ-
ment (specifically, the presence of vegetation and water elements) that communicate to the
perceiver, “I can meet your essential needs for protection and nourishment,” and “suggest”
a favorable interaction with the environment for the individual.

Looking at Kaplan and Kaplan’s (1989) theory of environmental preference, we notice
that the four factors they identified as the basis of environmental preference are phenom-
enal qualities of the environment itself that trigger immediate affective responses and
suggest possible modes of interaction compatible with the individual’s needs. According
to Kaplan’s view, a preferred environment has four characteristics: coherence, legibility,
complexity, and mystery, meaning that it “immediately appears” as controllable, support-
ive, and restorative. In her subsequent work “The restorative benefits of nature: toward
an integrative framework,” published in 1995, Kaplan lays the foundations for the restora-
tiveness in fascination. That is, she identifies a possible explanation for the restorative
effect of the natural environment in the characteristics of the environment that allow us to
shift from a mode where direct attention is used to a mode where involuntary attention is
used, which requires no effort and therefore restores attentional processes. The other three
characteristics of the environment that influence the individual–environment relationship
towards generating a restorative effect are: (1) being away; a new or different environment
or even the old environment viewed in a new way, (2) extent; the environment must be
rich and coherent enough to constitute a whole other world, and (3) compatibility or being
responsive; there should be compatibility between the environment and one’s purposes and
inclinations. As seen, these are all tertiary phenomenal properties. Furthermore, Kaplan
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emphasizes that “there is overwhelming evidence that information processing can occur
rapidly and without consciousness” (p. 177), highlighting that the perception of these char-
acteristics of the environment is not the result of cognitive processing but emerges directly
from the perceptual process, presenting itself to the perceiver immediately. Finally, while
Kaplan hopes for a reconciliation and integration between the Stress Reduction Theory and
the Attention Restoration Theory, she still emphasizes that experiences of stress (central to
SRT) and fatigue (central to ART) have profound “phenomenological differences” (p. 180).

Regarding the proposed reconciliation between the two theories, Joye et al.’s (2016)
contribution defines stress as an experience of the “perceptual inadequacy” of the envi-
ronment in relation to the individual’s resources. Therefore, they propose overcoming the
divergence between ART and SRT with the theory of the Perceptual Fluency Account (Joye
and van den Berg 2018). The central assumption of the PFA is that natural environments
are processed more fluently than urban or human-made environments, and this fluency
results in a differential restorative potential. Thus, the natural environment would possess
information redundancy that makes its visual processing more fluent, thereby favoring
the perceptual process. Therefore, a restorative environment would be one that possesses
certain characteristics that “feel better” to us, both for evolutionary reasons and due to
perceptual processing (Joye and van den Berg 2011). The Perceptual Fluency Account,
therefore, considers both stress reduction and the restoration of attention as secondary
effects of perceptual fluency. Consequently, as indicated by the authors, “one of the main
challenges of PFA is to pinpoint exactly which (visual) features make natural scenes more
fluent than urban scenes” (p. 267).

Finally, let us mention two more theories that have proposed an explanation for
the restorative capacity of the natural environment, included here for their apparent
connection to an embodied view of the individual–environment relationship. The construct
of “Connectedness to Nature” allows us to overcome the dichotomy between ART and
SRT by arguing that individuals can experience a sense of well-being specifically through
the development of a sense of purpose and identity, feeling a connection to nature and
recognizing themselves as part of it. The “Micro-Restorative Experiences and Instorative
Effects” approach also overcomes both SRT and ART by suggesting that when individuals
have a perceptual contact with the natural environment, they can create a repository
of experiences that contribute to combating stress and can even be “instorative,”, i.e.,
regenerating, revitalizing, and invigorating. This effect is observed even in short-duration
contacts, through visual means (real or mediated—think of the enjoyment of photographs
or video stimuli, as well as virtual reality stimuli) and also through other sensory modalities
(auditory or olfactory).

Another notable contribution is Rathunde’s (2009), which proposes another poten-
tial model of explanation for the restorative capacity of nature, rooted in the embodied
paradigm but integrating elements attributable to a phenomenological approach. A view of
the embodied mind entails that the process of constructing meaning from reality begins in
the most primitive sensory–motor processes. Therefore, the foundation of knowledge has
a profoundly and originally affective and aesthetic nature, in terms of primary responses
of approach/avoidance. The emotional experience represents a primary, pre-cognitive
response to the environment (Zajonc 1980). We first experience how a situation “makes us
feel,” and this response originates from encountering the pervasive qualities of the stimulus’
situation. According to Johnson (2007), “If you pay attention to how your world shows
itself, you will indeed see the flow of experience comes to us as unified wholes (gestalt)
that are pervaded by an all-encompassing quality that makes the present situation what
and how it is” (p. 73). This has been called “physiognomic perception” (Werner 1956), a
mode of immediate perception based on embodied sensory–motor processes, allowing the
perceiver to emotionally connect with the situation being experienced, eliciting an affective
response. Within this framework, the ability of natural environments to restore attention
comes from the fact that nature helps integrate the processing system. By engaging the
part of the system ontologically preceding selective attention and abstract processing, the
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part connected to affective responses, the aesthetic perception of the pervasive qualities of
the situation allows for the recovery of the quality and strength of selective attention and
concentration processes, thereby producing a restorative effect.

6. Conclusions

The present contribution aims to consider the topic of restorativeness from an in-
tegrated and integrative perspective. Specifically, it intended to look at the restorative
effects of the human–environment relationship, typically explained from a psychoevolu-
tionary perspective (Ulrich 1983; Kaplan 1995), in light of, on the one hand, the approach
of experimental phenomenology, and, on the other hand, the framework of embodied and
enactive theories.

The effort to bring together these three views has driven us to look at the phenomenic
qualities of the environment as expressive qualities, and at perceptual processes as a way to
come to know the environment that are immediately imbued with affective and aesthetic
connotations. All this is with an awareness that the relationship between humans and the
natural environment, more than any other human–environment relationship, cannot be
considered separately from an evolutionary perspective, which places and reads such a
relationship within the evolutionary path of the human species.

Our proposal is that the integration of the presented views brings us back to some
fundamental points, which, to our knowledge, have not been considered so far when
addressing the question of the restorative power of the natural environment, with its
positive effects on individual well-being.

The first point concerns the fact that, when considering the restorative power of
certain environments, the interdependence between the individual and the environment
is of primary importance. The laws of Gestalt psychology, which have explained the
functioning of perception as focusing on the relationship between stimulus and context
(Max 1912), insightfully suggest looking at the individual and their environment as a unit,
and such an idea should be placed at the center of reflection on the restorative power
of natural environments. Embodied and enactive theories emphasize the unity between
individual and environment when describing, on the one hand, perception as intimately
connected to action in the environment and on the environment, and, on the other hand,
defining the mind as building itself in relation to the environment (“extended mind”, Clark
and Chalmers 1998). Therefore, perception qualifies as an intrinsically relational process.
There is no perception without an environment to relate to; hence, our proposal is that the
restorative effect of the environment can be understood in light of the fact that perception
of that environment is perception of the relationship with it (Gallese 2005).

A second point is that the new frontier of research on restorativeness is to investigate
the characteristics of the environment, or rather the set of the environmental elements and
the relationships that connect them (“field dynamics”, Köhler 1929) that, when entering
into relationship with the individual, produces a restorative effect.

The last point, closely related to the previous one, is that in the developments of
research on restorativeness, it is necessary, as Mungan (2023) puts it, to address “the
challenge of including the first-person experience as an essential part of understanding the
cognizing being” (p. 13). To achieve this aim, we assume that inter-observation, typical of
experimental phenomenology, can be considered the elective method. Already successfully
applied to the study of other processes, such as perception, problem-solving, and creativity,
if used in the study of the restorative power of the natural environment, interobservation
(Bozzi 2002) will allow for the collection of valuable data on the subjective experience
of restorativeness. Interestingly, restorativeness has been studied based on paradigms
that guided the collection of both behavioral and psychophysiological data. However, as
the phenomenal experience of the environment is primarily affective, in agreement with
both the embodied perspective (Varela et al. 2017) and the perspective of experimental
phenomenology (Bozzi 1989), our view is that the relationship between individual and
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environment needs to be understood by starting with an examination of the dynamics
underlying the subjective experience of a restorative environment.
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Abstract: Starting approximately from the beginning of the new millennium, a series of studies
highlighted that auditory information deriving from biological motion can significantly influence the
behavioral, cognitive and neurophysiological processes involved in the perception and execution
of complex movements. In particular, it was observed that an appropriate use of sounds deriving
from one’s own movement promotes improvements in the movement execution itself. Two main
approaches can be used, namely the sonification one or the ecological sound one; the former is based
on the conversion of physiological and/or physical movement data into sound, while the latter
is based on the use of auditory recordings of movement sounds as models. In the present article,
some of the main applications of both approaches—especially the latter—to the domains of sport
and motor rehabilitation are reviewed, with the aim of addressing two questions: Is it possible to
consider rhythm as a Gestalt of human movement? If so, is it possible to build up cognitive strategies
to improve/standardize movement performance from this Gestalt? As with most topics in science,
a definitive answer is not possible, yet the evidence leads us to lean toward a positive answer to
both questions.

Keywords: auditory information; sonification; ecological sound; sport; rehabilitation; Gestalt

1. Introduction

The proper functioning of motor systems from moment to moment depends on the
continuous availability of sensory information from the visual, auditory, proprioceptive
and vestibular systems, which provide information about objects in the environment
and about the spatial relationships between our body and objects; this information is
fundamental to the planning and refinement of movements during performance. Numerous
experimental studies on various forms of locomotion in both vertebrates and invertebrates
have demonstrated that all organisms share the same basic organizational principles,
namely the existence of intrinsic nervous networks that are able to produce oscillatory
activities and that are activated and modulated by both afferent signals and signals from
superior motor centers; afferent information is used to counteract disturbances brought on
by outside interference (Pearson and Gordon 2013).

Bernstein, between the years 1930 and 1940, linked psychology and physiology by
combining movement behavior observation with neurophysiologic and neuromuscular
features (Nicoletti 1992). For some decades thereafter, psychologists paid attention only
sporadically to the integration of perception and action, with an increasing interest toward
this topic around the last decades of the 20th century (e.g., Kelso and Kay 1987; Milner
and Goodale 1995), when a large amount of research was conducted (Guastello 2006;
Rosenbaum 2005, 2006). In the last thirty years, the study of human movement and motor
control has increasingly taken on an independent and multidisciplinary identity, just as it
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did for neurosciences in the past, thanks to the developing connections between psychology
and neurophysiology.

The relationships that exist between perception and action are crucial to understanding
and controlling motor activity, so both perception and action should be considered a single
functional system (Arbib 1987; Kelso et al. 1990; Kelso and Kay 1987; Lee and Young
1986; Warren 1988). If movement is, on the one hand, a way to adapt the external world
to an internal goal, on the other hand, the environment can have a significant impact
on how the motor act is performed by requiring an essential adaptation in relation to
external parameters; as a result, accurate perception of the external world is required for
the appropriate performance of any movement.

In the literature investigating the behavioral, cognitive and neurophysiological pro-
cesses involved in the perception and execution of complex movements, the visual domain
has received more attention than the auditory domain. However, starting approximately
from the beginning of the new millennium, there has been a growing interest in the role of
auditory information deriving from biological motion, as a series of studies highlighted that
such a source of information can influence the abovementioned processes to a significant
extent. In particular, it was observed that the use of rhythmic sounds deriving from one’s
own movement can be used as a means to facilitate motor learning, to reduce the perceived
exertion and to promote performance standardization/improvement (for a review, see
Schaffert et al. 2019).

These studies stem from the established finding that the auditory modality is more ef-
fective than the visual modality in processing temporal—as opposed to spatial—information.
This is well known for simple rhythmic movements (e.g., Repp and Penel 2002), and it is
also becoming evident for the complex movements characterizing sport practice. In this
regard, Murgia et al. (2017) observed that expert performers perceive temporal deviations
from correct sequences more accurately through the auditory modality than through the
visual modality. In relation to this, it was also observed that expert athletes are able to
recognize the sound deriving from their own movement among sounds deriving from the
same movement performed by other athletes (Kennel et al. 2014; Murgia et al. 2012), as
well as to perceive opponents’ movement intentions through sound alone (Camponogara
et al. 2017). Further evidence is provided by neurophysiological studies. For example,
different patterns of brain activation are recorded for athletes listening to self-produced
sports sounds than to sounds produced by other athletes (Justen et al. 2014). Moreover,
sports sounds promote the activation of brain areas involved in the execution of complex
movements based on expertise (Woods et al. 2014), and activation is also modulated by
other factors, such as the intentionality or incidentality of the sounds, as well as their
(a)synchronization with corresponding visual stimuli (Heins et al. 2020; Schmitz et al.
2013).

Sounds deriving from one’s own movement seem to convey “whole” information; the
appropriate use of movement information through sounds may be helpful to athletes in
terms of motor learning and performance enhancement. These benefits can be promoted
using different approaches. For instance, previous studies investigated the efficacy of
movement sonification (e.g., Effenberg 2005), while others focused on the use of ecological
sounds (e.g., Agostini et al. 2004). In the present article, we briefly discuss the former and
then focus in more detail on the latter.

In the paper titled “Rhythm, a Gestalt of human movement?” (Righi et al. 2006), pub-
lished in Gestalt Theory 18 years ago, the role of auditory perception in sport was addressed.
In that article, two questions were raised: Is it possible to consider rhythm as a Gestalt of hu-
man movement? If so, is it possible to build up cognitive strategies to improve/standardize
movement performance from this Gestalt? Since then, as mentioned above, several studies
investigated the role of sound in sport, and the knowledge on this topic has significantly
increased. In the present article, we aim to address these “old” questions by reviewing the
literature also in light of studies published more recently. These questions are in line with
one of the points of the Special Issue “Grounding Cognition in Perceptual Experience”,
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namely the role of perceptual information in joint action coordination, action planning and
action recognition in ecological situations.

2. The Sonification Approach

One of the approaches used to enhance sport performance through sound is the
sonification of movement, namely the transformation of movement data into audio signals.
More specifically, sonification has been defined as “the mapping of physiological and
physical data onto psychoacoustic parameters (i.e., loudness, pitch, timbre, harmony and
rhythm) in order to provide online and/or offline access to biomechanical information
otherwise not available” (Schaffert et al. 2019, p. 4). Using sonification, it is possible
to provide athletes with feedback on their own movement, including when performing
movements that naturally do not produce any audible sound (Effenberg 2005). This type of
feedback aims to increase self-awareness of movement execution, facilitating the regulation
and control of movements themselves.

Typically, movement parameters of athletes or their instruments are converted into
sounds to provide augmented feedback to athletes. In the literature, several examples of
sonification in different sports are reported; for instance, the hydrodynamic pressure at
hand paddles in swimming (Chollet et al. 1988), the acceleration of the boat in rowing
(Schaffert and Mattes 2016) and the crank moment in cycling (Sigrist et al. 2016) have
been converted into sounds and provided online to athletes. In the majority of studies,
the relevant dimensions are mapped to provide an actual representation of one’s own
performance, while in other studies, movement errors are sonified to highlight a devi-
ation from a standard (for some examples, see Sigrist et al. 2013). The most employed
auditory dimension for sonification is pitch, although several other dimensions have been
reported in the literature (for a review, see Dubus and Bresin 2013). Taking advantage of the
phenomenological similarity between auditory and movement structures, various corre-
spondences can be exploited; for instance, the relative duration of sounds may correspond
to the relative duration of a phase of movement.

As for its applications, the use of augmented feedback through sonification has been
tested in different sports, and it seems particularly effective in sports characterized by cyclic
movements, such as rowing, cycling and swimming (although other sport applications have
also been reported in the literature). For instance, Schaffert and Mattes (2016) investigated
the effect of real-time sonification feedback on elite rowers. The acceleration of the boats
was converted into tone pitch (i.e., the acceleration of the boat produced an increasing
tone pitch), and the sound was provided to the rowers. Examining the performances of
athletes in different conditions with and without auditory feedback, they found significant
improvements due to auditory feedback in several performance parameters (e.g., speed),
with no concurrent higher effort exerted by participants. Similar results were previously
obtained by Schaffert et al. (2011), suggesting the replicability of this evidence.

The use of sonification to improve complex movements is not limited to sports; indeed,
it has been reported in motor rehabilitation as well. In this field, since the nineties, the use of
audio-based techniques such as rhythmic auditory stimulation (RAS) has proven effective
in different categories of patients with neurological disorders (Thaut et al. 1993, 1996).
Starting from the studies by Thaut and colleagues, a large body of research investigated
the efficacy—in the rehabilitation context—of different types of auditory interventions,
including sonification. Various sonification approaches have been used; for instance, it
has been shown that sonification in combination with action observation has beneficial
effects on Parkinson’s symptoms (Mezzarobba et al. 2018) and that real-time sonification
can enhance knee re-positioning accuracy (Ghai et al. 2018).

3. The Ecological Sound Approach

As effectively summarized by Schaffert et al. (2019), ecological (natural) movement
sounds “carry rich auditory information that has direct physical correspondence to their
referent event(s), providing crucial information that may be used to inform or enhance
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task-intrinsic feedback” (p. 2). One technique drawing on such a richness of information is
auditory modeling, which consists of the use of auditory recordings of the sounds produced
during the execution of a complex, rhythmic movement as models; these models contain
and convey information regarding the rhythm, duration and intensity of the motor act in an
ecological format (Agostini et al. 2004). The idea behind this technique is that athletes can
benefit from information conveyed through ecological sounds and reproduce movements
with similar features. Before describing the procedure in more detail, as well as mentioning
some applications of this technique to sport and rehabilitation, we briefly define perceptual
modeling in general.

3.1. Perceptual Modeling in Motor Activities

Perceptual modeling is a widely used technique that relies on learning by imitation.
Its psychological underpinnings come from Bandura’s (1969, 1971) Social Learning Theory
on the one hand, and from Rizzolatti and colleagues’ discovery of the functioning of mirror
neurons on the other (Fadiga et al. 1995; Kohler et al. 2002). It is a way of accumulating
experience before experiencing it directly; it suggests new behavior and projects the per-
formers into new situations, helping them to build progressively more precise and detailed
mental images of the motor scheme to be learnt.

Modeling is a “family” of many kinds of intervention strategies; consequently, de-
pending on the kind of protocol chosen, the methods can be quite different, and the target
movements to be trained can have different levels of complexity. We may generally catego-
rize these methods into two main branches based on the perceptual channel being used,
i.e., visual modeling techniques and auditory modelling techniques.

Although visual perception is usually predominant (e.g., Posner et al. 1976) in the
organization and control of movement, in sports and/or motor activities characterized
by a cyclic repetition of the same movements, such as swimming, walking, running, etc.,
visual information is of little help with respect to auditory information. In fact, it has
been shown that auditory models, i.e., sequences of sounds that reproduce the timing of a
given movement, are more effective than visual models in promoting the identification,
discrimination, memorization and reproduction of precisely timed movements (e.g., Doody
et al. 1985; Glenberg and Jona 1991; Grondin and McAuley 2009; Lai et al. 2000). Therefore,
when dealing with complex movements (for instance, athletic and technical gestures in
sport), it is worth concentrating on auditory modeling.

3.2. Auditory Modeling
3.2.1. The Procedure

As mentioned above, auditory modeling consists of the use as models of recordings
of ecological sounds produced during the execution of a movement. Specifically, the
procedure for this technique comprises the following steps: (1) recording the ecological
sounds produced during a series of repetitions of the same movement executed by a
performer (e.g., the sound of rotations in a hammer throw); (2) selecting the sound track
associated with the best performance, both in terms of objective performance outcome and
the subjective evaluation of gesture execution; (3) administering the selected sound track
to the performer, asking her/him to mentally represent the execution of the movement
while listening to the auditory model; and (4) performing a new series of repetitions (less
commonly, sound can be administered during movement execution).

Since ecological auditory rhythm is a natural result of human movement, it can be used
as a guide for human action. In order to develop an effective training strategy, we believe
that it is necessary to start from the performer’s phenomenal experience, i.e., the perceptual
experience deriving from the sound produced by her/his own movement. In fact, each
athlete/patient moves in a different way, and therefore produces a different pattern of
sounds. Auditory modeling is a specific way of translating this personal phenomenal
experience into a cognitive strategy aimed at improving/standardizing the performance.
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3.2.2. Applications to Sport

To the best of our knowledge, the first example of the effectiveness of auditory mod-
eling in sport was provided by Agostini et al. (2004), with a study on the hammer throw.
On the first day, the participants—expert throwers—were asked to perform two sets of
ten throws each to rule out the presence of possible confounding variables as a negative
effect of fatigue or a positive effect of practice on performance. On the second day, the
participants performed another two series of ten throws each. During the first series, a
microphone was placed near the head of the hammer to record the sound produced during
the rotation movement. This series also served as a baseline. At the end of this first series of
throws, each athlete listened individually to the ten acoustic tracks s/he produced and was
then asked to choose the track that s/he thought was associated with her/his best throw.
All the athletes correctly identified the sound track produced by their best personal throw
out of the ten they listened to. The second series was the experimental phase, in which the
sound associated with each athlete’s best throw was used as a model and administered
five times before each of the ten throws of the second series. The results highlighted a
twofold improvement in performance: compared to the baseline series throws, those of
the experimental series were on average significantly longer, and their variability was
significantly lower.

Another sport in which auditory modeling has proven to be effective is hurdling. After
an initial study based on real-time ecological auditory feedback (Kennel et al. 2015), Pizzera
et al. (2017) examined the short- and long-term effects of a training protocol based on offline
auditory feedback. In particular, in addition to a group with “standard” models similar to
those of Agostini et al. (2004), there were two more groups, i.e., one with models played
back with an increase in the tempo and one with models played back with a decrease in
the tempo. In the short term, performance—in terms of both running time and movement
technique—improved for all three groups; however, in the long term, only the groups with
faster and slower tempos showed further improvements, while the group with normal
tempos showed a decline in performance.

3.2.3. Applications to Motor Rehabilitation

Like sonification, the use of ecological sounds also turned out to be effective not only
in sports but in motor rehabilitation, too. For example, Murgia et al. (2018) conducted a
randomized controlled trial with Parkinson’s disease patients, assigning some of them to
“classic”, metronome-based RAS training and some others to training based on ecological
sounds consisting of recordings of footsteps. After intensive training lasting five weeks, the
patients of both groups showed significant improvements in the majority of the clinical and
biomechanical parameters considered; moreover, these improvements were maintained
at a follow-up three months later. Interestingly, even if by comparing the two groups no
differences emerged between them, exploratory analyses conducted considering the two
groups separately highlighted statistically significant improvements in cadence (from pre-
test to post-test) and gait speed (from pre-test to post-test and in the follow-up) only for the
group training with footsteps sounds, while no significant improvements in these variables
were observed in the metronome group. Although this evidence cannot be considered
conclusive, these outcomes are consistent with further evidence suggesting the potentially
higher efficacy of ecological sound-based approaches (e.g., Rodger et al. 2014; Young et al.
2014, 2016). Altogether, these studies indicate the potential of ecological sounds for motor
rehabilitation. However, we acknowledge that this topic is still under-researched; thus,
further investigation is needed to better explore the practical applications of this approach.

4. Comparing the Approaches: Current Knowledge and Future Perspectives

In the two previous sections, we saw that an appropriate use of sounds deriving from
one’s own movement can promote significant improvements in movement execution itself,
both for sport performances and motor rehabilitation. In particular, such an appropriate
use can follow two main approaches, i.e., the sonification one or the ecological sound one.
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The former is based on the conversion of physiological and/or physical movement data
into sound(s) and has proven to be effective in sports like swimming, cycling and rowing,
as well as in different rehabilitation processes. The latter is based on the use of auditory
recordings of movement sounds as models and has proven to be effective in sports like
hammer throw and hurdling, as well as in gait rehabilitation.

Between the sounds used in the sonification approach and those used in the ecological
sound approach, there is a fundamental difference; the former are artificial sounds while
the latter are ecological sounds. It follows that, whereas with the sonification technique
the same physical/kinematic parameters can be converted into different sounds as long
as the parameters one decides to represent remain unchanged, with the ecological sound
approach all parameters potentially relevant to performance are already present.

Both neurophysiological evidence and perceptual—motor theories seem to support
the effectiveness of interventions based on the administration of auditory information.
As regards the neurophysiological evidence, it is well known that neurons with mirror
properties are associated with imitation; according to the perceptual—motor theories, the
perceptual and motor systems share a common representational organization, and they
continuously influence each other (for further theoretical implications, see Agostini et al.
2020; Sors et al. 2015).

The effectiveness of auditory information interventions encourages us to further
explore their potential; in particular, three relevant future directions can be identified.
One is mainly related to sports: it would be interesting to compare the two approaches
between novices and experts, to see whether or not one approach is more effective than
the other based on the level of experience/expertise in a specific discipline; this would
allow us to adopt the most appropriate approach for training purposes. The other two
future directions are relevant both for sport and rehabilitation: on the one hand, it would
be useful to understand to what extent non-cyclic movements could also benefit from these
approaches; on the other hand, the number and duration of training sessions needed to
promote consolidated enhancements and whether or not beneficial effects last on a long-
term basis should be further investigated. As research will shed light on these important
aspects, the use of these approaches in applied practice will become more and more
common.

As for applications, it is evident that the two approaches have different pros and cons.
Sonification can also be used to provide feedback on movements that naturally do not
produce any sound, and it has a certain degree of flexibility in terms of both the parameters
of movement to be sonified and the auditory dimension used as feedback. However,
sonification requires expensive equipment and technical expertise, which make its use
quite difficult in applied sport/rehabilitation contexts. Furthermore, information conveyed
through sonification may be perceived as “artificial”, and its use in applied contexts may
require some practice. Conversely, ecological sound interventions are mainly limited to
those movements that produce some (at least slightly audible) sound; the stimuli can be
adjusted in the laboratory, but the flexibility of these interventions is reduced compared
to those based on sonification. However, the technical skills and equipment needed to
implement these interventions make them more usable and adaptable to different applied
contexts. Moreover, the ecological stimuli—being more “natural” than sonification by
definition—should more easily elicit a mental representation of action, possibly making
their use in applied contexts more immediate.

One could argue as to whether or not athletes can be trained using sound in order to
gain an actual advantage in real sport competitions. Perhaps the first thing that should be
clarified is whether or not athletes already use auditory information (e.g., Cañal-Bruland
et al. 2022). If so, this type of training would aim to enhance existing cognitive strategies
rather than induce the development of new ones. The use of auditory information in
real-life sports situations was first investigated by Takeuchi (1993) in his seminal study, in
which he found a decline in performance when participants played tennis without auditory
information. Although the small number of participants limits the generalizability of
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these results, they suggest that athletes may use auditory information during performance.
In this regard, Schaffert et al. (2020) provided more recent and compelling evidence in
rowing, showing that objectively measured movement precision decreased, and subjectively
measured cognitive costs increased, when auditory information was not present during
performance. Therefore, it is likely that athletes—more or less implicitly—use ecological
sounds (when available) and integrate them with other sources of information to mentally
represent the surrounding environment and interact with it.

So, what happens when auditory information is removed during sport performance?
Although Gestalt psychologists have mainly dealt with visual perception (Koffka 1935;
Wertheimer 1923), some of them also extended Gestalt principles to multisensory integra-
tion (see, for example, Werner 1934). They would probably say that the “whole” experience
(i.e., the multisensory integration of information) is somehow disrupted when a piece of
information is removed, even if its contribution to the “whole” appears limited. In conclu-
sion, as with most topics in science, we have no definitive answer to the original questions
posed in this article. However, the evidence accumulated over the past 18 years regarding
the relevance of ecological sounds in sport leads us to lean toward a positive answer.
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Abstract: This article explores the relationship between neurophysiology and phenomenology in
the context of ambiguous figures. Divided into three parts, the study investigates new forms of
stimulus and experience errors that arise from ambiguous figures. Part 1 discusses the limitations of
a single-disciplinary approach and cautions against relying only on neurophysiological explanations
for perceptions. A sole reliance on neurophysiological explanations can lead to stimulus and experi-
ence errors, as well as to the development of an unfounded mind/body dualism. Part 2 focusses on
the stimulus error associated with ambiguous figures. It also shows how the Mona Lisa’s ambigu-
ous expression can cause the experience error. Unlike other forms of ambiguous figures, different
expressions of Mona Lisa are perceived when seen in different definitions. It is shown how assigning
a higher ontological status to one of the expressions because it aligns with our knowledge of the
nervous system, as conjectured by some authors, gives rise to the experience error. Part 3 emphasises
the importance of complementing neurophysiological interpretations with phenomenological ones
for a better understanding of perceptual phenomena. Phenomenology provides constraints and cor-
rections to neurophysiology, whereas neurophysiology informs phenomenology through empirical
findings. The theory of levels of reality is introduced as a framework to underlie the connections
and dependencies between different perspectives. Using both neurophysiological and phenomeno-
logical approaches, a comprehensive understanding of perceptual phenomena emerges, surpassing
the limitations of each discipline. This method encourages a holistic view of perception, where
neurophysiology and phenomenology coexist, complementing and enriching each other’s insights.

Keywords: phenomenology; neurophysiology; stimulus error; experience error; mind/body dualism;
ambiguous expressions; theory of levels of reality

1. Introduction

This article emphasises the importance of a multi-disciplinary approach in the inter-
pretation of perceptual phenomena, particularly when examining ambiguous figures.

Science, driven by its quest to comprehend natural phenomena, faces the challenge
of deciphering complex and ever-changing perceptions that are dynamic, contextual, and
relational (Lederman et al. 2013). Consequently, exploring these phenomena from diverse
and sometimes conflicting perspectives becomes paramount, as advocated by Rittel and
Webber (1973).

In contrast, the philosophy of science posits that advancements in perception should
exclusively stem from physiological research (Churchland 1989; Churchland and Sejnowski
1992). Authors have even advocated for the replacement of psychological language with
physical language, encompassing behaviour and brain states (Hempel et al. 1949).

According to this reductionistic approach, perceptual phenomena must be reduced to
their elementary stimulations in isolation, preventing us from recognising their configura-
tional characteristics.
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This article challenges such a singular approach. In particular, it aims to demon-
strate that explaining the nature and meanings of phenomena solely in reductionistic
terms of neuronal correlates is fundamentally flawed; ultimately, this is a categorically
incorrect endeavour.

The subjective character of experience eludes capture through any reductive analysis of
the mental (Nagel 1974). A comparative analysis among diverse methodologies illuminates
the connections and potential laws of interdependence across different perspectives, often
serving as the drive for the development of these enquiries themselves (Albertazzi 2013).

The initial section of this article unveils the limitations of a single-disciplinary ap-
proach and cautions against the pitfalls of relying solely on reductionistic explanations to
account for perceptions. Part 2 subsequently presents a case study on ambiguous figures,
underscoring the aforementioned limitations. Finally, Part 3 outlines the advantages that
emerge from adding to the neurophysiological approach the phenomenological one.

2. Part 1: Limits and Perils of Investigating Perceptual Phenomena from
a Single Perspective

The argument advocating that advancements in perception should solely rely on
neurophysiological research, as claimed by Churchland and Sejnowski (1992), implies that
visual phenomena are constructed from raw sensations. Gilchrist (2022) argues that this
perspective leads to an unsupported distinction between raw sensation and perception,
resulting in a mind/body dualism, attributing a portion of vision to the body and the
rest to the mind. Such dualism conceals subtle sources of stimulus and experience errors,
which we will briefly describe next and further explore in Part 2 in relation to ambiguous
figures. Moreover, the notion itself of perception occurring in distinct stages poses inherent
problems, as we shall discuss in the concluding section of Part 1.

2.1. Stimulus Error

Köhler (1929) defines the stimulus error as the “danger of confusing our knowledge
about the physical conditions of sensory experience with this experience as such” (p. 162).
For example, saying that the two lines in the Müller-Lyer illusion (Müller-Lyer 1896), shown
in Figure 1, are of the same length is a prototypical example of the stimulus error.

Figure 1. Müller-Lyer illusion.

When we assert that the Müller-Lyer illusion shows lines of the same length “in
reality”, it is the language that is misleading: it seems that we are indeed measuring what
we are observing, the Müller-Lyer illusion, while instead, we are just measuring the two
lines within the flankers, not the full configuration. The measurement of the two lines
implies a reduction in what has actually been experienced. The measurement does not
include the flankers, which are the real determinants of the illusion. Using a ruler on the
two lines does not measure the Müller-Lyer illusion, but rather, just the length of the two
lines. However, the two lines by themselves not only share the same length, but also appear
to be the same length.

The measurement of the lengths of the lines in the Müller-Lyer illusion is a simplifi-
cation of what happens in our phenomenological world. Measuring the illusion, instead,
would mean measuring whether the lines appear more or less dissimilar by, for example,
bending the flankers. But a new measure, with a version of the Müller-Lyer illusion with
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bended flankers, cannot be obtained using a ruler, but rather, through our phenomenologi-
cal experience. Saying that the two lines in the Müller-Lyer illusion are of the same length
is therefore a prototypical example of the stimulus error because we confuse what we know
with what we experience (Taddio 2013, 2022).

Although we referred to the stimulus error in singular form, Bozzi (1972) specified that
it manifests itself in various ways, depending on the physical conditions of sensory experi-
ence at which perception becomes confused. A percept can be confused with characteristics
of the distal stimuli, of the proximal stimuli, or of the constellation of stimuli. Confusing
one or a combination of these stimuli with the percept gives rise to different variants of
the stimulus error (see also Taddio 2011). Legrenzi (1998) demonstrates the far-reaching
impact of this error beyond the field of the psychology of perception, extending into other
scientific domains, such as the psychology of reasoning.

2.2. Experience Error

The experience error complements the stimulus error and involves attributing to the
senses properties that pertain instead to the phenomenal experience. In his work, Köhler
(1929) proposed the following: “As I see it, another mistake [to the stimulus error], which I
propose to call the experience error, is just as unfortunate. This error occurs when certain
characteristics of sensory experience are inadvertently attributed to the mosaic of stimuli”
(p. 95). For example, asserting that colours reside in objects is a form of experience error
because colours are a creation of our visual system (Pomerantz 2014).

The second part of this article will examine how exaggerated faith in the physiological
perspective can result in both stimulus and experience errors.

2.3. Problems with Dualism

Dualism poses several problems, due to its inadequate explanation of the intricate
nature of perceptual phenomena and its failure to acknowledge the interconnectedness
between the mind and body. Ben-Zeev and Strauss (1984) emphasise that the assumption
underlying dualism, which suggests that visual perception involves an early sensory stage
driven local retinal stimulation (performed by the body), followed by the interpretation of
those sensations (performed by the mind), implies a distinction between sense reception
and sense perception. According to this distinction, sensations are meaningless, while
perceptions have meaning. The transition from meaningless sensations to meaningful
perception is intended as follows: sensations are the result of physical causes without
active mental contributions to their creation. In contrast, meaningful everyday perceptions
heavily involve mental (primarily cognitive) processes (Rittel and Webber 1973). However,
this argument encounters significant problems. First, the postulation of a pure mental state
lacks empirical support. A pure mental state cannot be a state within a system that is not
influenced by the nature of that system. This means that there cannot be a mental state
unaffected by the typical features of one’s mind.

In the dualistic approach, sensation is characterised as a mental response, yet the
nature of the response system, which comprises one’s knowledge, memory, will, emotion,
expectations, and more, is assumed not to play a role in determining that response.

This assumption stands out as peculiar. According to the dualistic approach, pure
sensation should be devoid of any relationship or meaning, akin to an isolated sensory
atom or a chaotic flux. However, even in these cases, it is difficult to comprehend how
sensations can exist without some form of relationship.

Another problem with dualism lies in its inability to explain how a meaningful percep-
tion can emerge from a meaningless sensation. The fundamental challenge is understanding
how the mind can create a meaningful world from completely meaningless materials.

The objection to pure sensation extends beyond theory to empirical observations.
There is no empirical evidence supporting a non-meaningful sensory stage. Every sensory
quality proposed to be part of that stage has been found to be “contaminated” with
meaning. It is impossible to locate a reception room in a mental system where qualities are
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passively registered and await processing (Ben-Zeev and Strauss 1984). Even the eminent
neurophysiologist Charles Scott Sherrington admits that the “mind rarely, probably never,
perceives any object with absolute indifference, that is, without ‘feeling’. In other words,
affective tone is the constant accompaniment of sensation” (Sherrington 1900, p. 974).
In agreement with Köhler (1929), we conclude that perception is a unified process that
responds to an extended pattern of stimulation.

This first part of this article demonstrated the limitations of exclusively approaching
perceptual phenomena from a physiological perspective. To illustrate the benefits of
embracing a multidisciplinary approach that incorporates phenomenology, Part 2 delves
into the ambiguous stimuli.

3. Part 2: Case Study of Mona Lisa’s Ambiguous Expression

One of the most known ambiguous stimuli is the Mona Lisa’s ambiguous expression
(Figure 2).

 

Figure 2. Mona Lisa 1503-6, Louvre.

Ambiguity arises from the fact that, like an animated subject, Mona Lisa appears to
change expression before our eyes. This is how the art historian Gombrich (1995) described
this perceptual phenomenon: “Sometimes [the Mona Lisa] seems to mock at us, and then
again we seem to catch something like sadness in her smile” (p. 219).

Gombrich (1995) suggested that this expression change occurs through sfumato. From
the Italian word for vanishing like smoke, in sfumato, the transitions from bright to dark, or
from one colour to another, are subtle, to soften or obscure sharp edges. This technique was
originally developed by northern European oil painters such as Jan van Eyck (1390–1441),
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in which a translucent paint is laid over an opaque one. Hence, it generates an overlaying
of multiple translucent layers of paint (Elias and Cotte 2008). In his Trattato della Pittura,
Leonardo describes sfumato as without lines or borders, in the manner of smoke or beyond
the focus plane, thus trying to create visually indistinguishable passages from one colour
to another.

3.1. Neurophysiological Interpretation of Mona Lisa’s Ambiguous Expression

Livingstone (2000) interprets the Mona Lisa’s ambiguous expression considering that
sfumato generates an overlap of different spatial frequencies. Spatial frequencies refer to
the level of visible detail at a given visual angle, with high spatial frequencies representing
minute details and low spatial frequencies representing coarse aspects of the image (De
Valois and De Valois 1980). Livingstone’s explanation is fundamentally neurophysiological
because it focusses on the selective sensitivity of retinal receptors to different spatial
frequencies. Cones, concentrated in the central area of the eyes, are sensitive to high spatial
frequencies (minute details), while rods, situated in the peripheral area, are sensitive to low
spatial frequencies (coarse resolution). The simultaneous presence of overlapping spatial
frequencies through sfumato creates a smile that emerges predominantly when viewed
from the periphery of the eye, where only low spatial frequencies are available. On the
contrary, when the mouth is seen from the gaze centre, where high spatial frequencies are
also visible, the smile fades.

From what is said in Part 1, it is evident that this explanation falls into the category of
the stimulus error, a prototypical example of confounding knowledge about the physical
conditions of sensory experience (the distribution of retinal receptors) with the experience
itself (the perception of an ambiguous expression). There is another issue that arises
indirectly from this interpretation. It clarifies the systematic nature of the phenomenon:
it is the visible details that determine the perceived expression, not the viewer’s state of
mind or imagination. Once the systematic nature of the phenomenon has been clarified, the
lifelike quality of the Mona Lisa itself “might not be so mysterious after all” (Livingstone
page 82). However, we believe that the mysterious nature of the portrait is one of the key
elements contributing to its artistic value. As outlined by Gombrich (1995), the Mona Lisa
expression appears “rather mysterious, and so it is; that is the effect of every great work of
art” (p. 219). According to Gombrich, great art should evoke mysterious feelings in the
viewer and engage them on a deep level. Mystery invites contemplation and interpretation,
thus deepening the viewer’s engagement with the artwork. As Livingstone maintains,
the neurophysiological explanation reduces the mystery of the work, thus reducing its
artistic appeal. This reduction diminishes the sense of wonder and limits the room for
interpretation, diminishing the overall experience of engaging with the artwork.

Thus, Livingstone (2002) deserves credit for acknowledging the ontological limita-
tions of the neurophysiological explanation of aesthetics. By reducing the Mona Lisa’s
expression to a causal process of sensory transmission from retinal neurons, the neurophys-
iological approach disregards the significance of the overall configuration (Verstegen 2005).
However, the configuration adds complexity and emotional depth to the phenomenon,
highlighting the necessity of complementing the neurophysiological interpretation with a
phenomenological one (Hatfield 1990, 2000).

3.2. Phenomenological Interpretation of Mona Lisa’s Ambiguous Expression

As in neurophysiology, sfumato also plays an important role in Mona Lisa’s ambiguous
expression in phenomenology, but it is conceptualized differently. The phenomenological
perspective emphasises how sfumato alters the appearance by modifying the perception of
their borders.

Building upon Katz (1911)’s influential work, Kanizsa (1954, 1979) examined how
the modality of the appearance of colour changes depending on the type of border it
possesses. The author observed that gradual colour transitions, such as those achieved
through sfumato, give rise to what Katz termed “film colours.” These colours exhibit a
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quality that allows sight to seemingly penetrate them, akin to the sky or fog. On the
contrary, the “surface colours” appear opaque, compact, and solid. In the case of the Mona
Lisa, the outlines of the mouth exhibit a softening effect, with no clear demarcation between
the mouth and the surrounding facial areas.

The slightly darker smudges over the corners of Mona Lisa’s mouth appear either
shadowy or mouth-like depending on the visible details, gaining the designation of “ambi-
guity smudges” (Soranzo Forthcoming). When minute details are discernible, a boundary
between the mouth and the ambiguity smudges become visible, resembling a cast shadow
on the cheek. However, when minute details are less distinct, the boundary becomes
imperceptible, causing the smudges to be perceived as part of the mouth because of the
gestalt principle of good continuation. In this case, the shadow seems to continue the
upward curvature of the lips, contributing to the impression of a subtle smile 1.

In summary, sfumato plays a pivotal role in both neurophysiology and phenomenology,
although with differing conceptualisations. In neurophysiology, it generates ambiguity
right from its inception at the retinal receptors. In phenomenology, on the other hand,
sfumato exerts an indirect effect: it first alters the mode of colour appearance, and then, its ef-
fects propagate throughout the perceptual system, culminating in ambiguity by modifying
perceptual belongingness.

The divergence between neurophysiology and phenomenology can be further ex-
plored by examining how these approaches attribute ontological significance to the emo-
tional state conveyed by Mona Lisa.

3.3. The “True” Mona Lisa Expression

Livingstone (2002) points out that “our ability to correctly interpret facial expressions
in general is better in our peripheral vision than in the center of gaze. [. . .] images or movies
of people that mimic the blurring effect of peripheral vision might aid in judging their
true emotional state. . .” (p. 83). These words seem to indicate that Livingstone advances
an ontological classification of the emotional states visible in the Mona Lisa, attributing
priority to the one seen with the periphery of the eye, the cheerful one. Apart from the
possible interpretations of this sentence, it signals a general tendency towards ontological
realism that emphasises objects over perceptions.

Certainly, empirical evidence that expressions can be successfully identified at coarse
resolution exists (however, it does not appear that this identification can be superior to
high-resolution identification). For instance, Smith and Rossit (2018) and Bayle et al. (2011)
found that certain emotions, particularly happiness, can be recognised through peripheral
vision, while Smith and Schyns (2009) discovered that we possess the ability to properly
identify emotions even from a distance (distance reduces spatial frequencies, similar to
peripheral vision).

From the perspective of subjective experience, attributing a higher ontological status to
the expression perceived at low spatial frequency (coarse resolution), as Livingstone (2002)
seems to imply, lacks meaningfulness. Phenomenologically, both expressions possess the
same status. This can be exemplified considering the well-known example of the broken
stick in the water; the stick visually appears broken and will always appear to us that way
whenever we observe it in the water; such are the properties of those two things (stick and
water) in that particular relationship.

At most, we may question which of the expressions—contentment or melancholy—
holds greater ontological value for our subjective experience. It will be shown that this is
not the one seen in coarse resolution.

Before we dive into this matter further, two clarifications are necessary. The first
pertains to the types of ambiguous expression that can be perceived in portraits, while
the second addresses ambiguous figures and how they can give rise to stimulus and
experience errors.
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3.4. Types of Ambiguous Expressions

As a difference from other types of ambiguous figures, Mona Lisa’s expression is
a multi-stable stimulus. Like Schrödinger’s cat being simultaneously dead and alive,
the expression of the Mona Lisa can be seen as both content and melancholic, existing
in a superposition of states, until it is viewed by an observer. When this happens, the
superposition collapses into one or another of the possible expressions.

It is important to note that this superposition is distinct from being merely a midpoint
between contentment and melancholy. To better appreciate this distinction, we can examine
the portrait of a Young Man by Antonello da Messina (Figure 3).

 

Figure 3. Portrait of a Young Man by Antonello da Messina (c.a. 1470). Metropolitan Museum of Art.

House (2018) suggests that Antonello da Messina introduced the subtle smile in his
artwork, such as that one shown in Figure 3, to convey the inner life of the sitters. The
author argues that this approach predates Leonardo da Vinci’s dictum of representing
‘moti mentali’ (mental states) in portraits. However, it is important to note that Antonello’s
smiles differ in ambiguity compared to Mona Lisa’s. In Figure 3, the expression remains
consistent regardless of viewing conditions, consistently conveying a midpoint between
contentment and melancholy. In Schrödinger’s analogy, the cat is moribund.

Mona Lisa’s expression belongs to the ambiguous figures that are multi-stable, such
as Rubin (1915)’s vase/profiles, which we are going to explore next.

3.5. Ambiguous Figures and the Stimulus Error

Ambiguous figures present visual information that can be perceived in multiple ways,
leading to different interpretations or perceptions. These ambiguous figures can lead to
unique types of stimulus error and experience error. By exploring and understanding these
errors, we can gain further insight into the complexities of perception and the subjective
characteristic of our experiences.
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Although Bozzi (1972, 1998) and Taddio (2011) identified a number of varieties of
stimulus error based on the physical or physiological mechanisms with which the per-
cept is confused, their analysis did not specifically consider ambiguous figures. When
analysing ambiguous figures, additional varieties of stimulus and experience error can be
distinguished, arising from the nature of these stimuli.

The first variant involves assigning a higher ontological value to one of the knowledge-
based percepts. It can be illustrated using Rubin (1915)’s vase/profiles configuration
(Figure 4).

 

Figure 4. Rubin vase/profiles.

Imagine discovering Rubin’s lost diary. According to the diary, Rubin worked on
the figure, wanting to draw a vase. It was late at night, and he left it unfinished due to
fatigue, with the goal of finishing it the next morning. When he returned to his artwork
the following day, he realised that the figure could also be perceived as two profiles facing
each other.

Asserting that there is a vase in the figure because Rubin intended to depict it is a
variant of the stimulus error arising from knowledge of the figure’s history. Another variant
of the stimulus error involves assigning an equal ontological value to two percepts when
one should have precedence over the other.

To illustrate this variant, consider the bottom of Figure 5, where two percepts are
detectable: a rat and a man. Research by Bugelski and Alampay (1961) demonstrated that
prior exposure to an unambiguous image of a man or a rat (top-left and top-right of Figure 5,
respectively) influenced the perception of the ambiguous figure. When participants were
exposed to the unambiguous man, they were more likely to perceive the ambiguous figure
as a man, while exposure to the unambiguous rat led to the perception of a rat. This shows
how prior exposure to a related stimulus can influence subsequent perception.
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Figure 5. (Top) Adaptation figures. Unambiguous man (left), unambiguous rat (right). (Bottom)
Rat/man figure (Bugelski and Alampay 1961).

In this context, asserting to see both a man and a rat after being exclusively exposed to
one of them is a variant of the stimulus error. This error arises from the knowledge that
prior exposure affects the identification of the figure.

3.6. Ambiguous Figures and the Experience Error

As mentioned, Livingstone (2002) attributed to the merry expression of Mona Lisa a
higher status. We claim here that this attribution contrasts with our subjective experience.
This attribution does not fit either of the stimulus error variants above exposed. The Mona
Lisa’s expression differs from the two ambiguous figures described above in that different
percepts originate from different proximal stimuli. The “content” Mona Lisa appears in
coarse resolution, while the “melancholic” Mona Lisa appears in high resolution. These are
distinct proximal stimuli.

Therefore, stating that the true Mona Lisa expression is the one viewed in low resolu-
tion represents a form of the experience error, not of the stimulus error.

Examine the following scenario: In a window shop, you notice a pullover that appears
red from a distance. Upon approaching the shop, it appears to be an orange pullover. What
is the true colour? Although you have experienced two percepts, you would likely trust
what you saw up close and in higher resolution. And you probably would not buy that
pullover if you wanted it red because, for you, the true colour is orange.

The problem here is due to the relationship between our body, understood as a percep-
tual system, and reality; this relationship establishes a link between the “world” and our
“subjectivity.” The distinction between what is “internal” and what is “external” implies
a consciousness that can perceive and localize phenomena. Our immediate experience
is, from an ontological standpoint, emphasised by perception. To dive deeper into this
matter, it is essential to understand the entire process. Thus, what we refer to as the “world”
and the “subject” are merely experiential poles emerging from the process itself, arising
from the exchange of information between the body, seen as an integrated physical system,
and the surrounding physical environment. It becomes a matter of exploring phenom-
ena within their corresponding levels of complexity; in this sense, the perceived world
cannot be reduced to mere physical stimulation, but is a complex emergent phenomenon.
This complexity of the perceived world and of its objects also applies to the Mona Lisa’s
expression. From a distance, Mona Lisa appears content, but when observed up close,
she looks melancholic (Soranzo and Newberry 2015). As we tend to place more trust in
what we perceive in higher resolution, the melancholic state holds a higher ontological
status in our subjective experience. Assigning greater ontological status to what is per-
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ceived at low resolution, as Livingstone (2002) did, because it aligns with our knowledge
of the nervous system, falling within the definition of the experience error (Köhler 1929).
Indeed, Livingstone attributed to the proximal stimuli properties that are attributable only
to perception.

The argument that we place more trust in what we perceive in higher resolution is
supported by the empirical findings of Gloriani and Schütz (2019). The authors investi-
gated the scotopic foveal scotoma, which is the rod-free zone around the fovea in the visual
field. Under scotopic conditions, this region lacks photoreceptor stimulation, leading to a
scotoma (Curcio and Allen 1990). Gloriani and Schütz (2019) found that under scotopic
conditions, the scotoma in the fovea is filled with information from the immediate sur-
roundings. Most interestingly for our argument, the authors found that we tend to trust
this inferred information more than veridical information from the periphery of the visual
field. Remarkably, a similar preference for foveal information emerged even under daylight
illumination, indicating a default preference for foveal information, at high resolution, even
when it is not accurate.

It should be noted that while these findings support trust in foveal information, Hubel
(1997) reported apparent discontinuity in a straight line passing through the fovea under
monocular scotopic conditions, with a 1 ◦ gap. However, this observation was based on
the author’s personal experience, and it is not supported by empirical studies. Indeed,
we could not see this supposed discontinuity of straight lines seen in monocular scotopic
vision. Both Bozzi (1972) and Taddio (2011) reported a very similar circumstance as a
prototypical example of the stimulus error. Excessive reliance on neurophysiological facts
may have biased Hubel’s interpretation of the line.

In summary, while a neurophysiological approach assigns to the Mona Lisa’s ex-
pression of contentment a higher ontological status, from a phenomenological point of
view-that considers the subjective nature of experience, it is the “melancholic” expression
that takes precedence because we trust more what is seen at high resolution.

4. Part 3: Synergy between Neurophysiology and Phenomenology

The concluding part of this article explains the advantages of using both the neuro-
physiological and the phenomenological approaches to interpret perceptual phenomena.

As highlighted by Todorović (1987), phenomenology often informs neurophysiology
by providing constraints within which neural activity can be explored. Furthermore,
phenomenology can even correct neurophysiology. For example, the neurophysiological
explanation of lightness contrast (the phenomenon whereby a grey surface looks darker on
a light than on a dark background), based on retinal receptor interactions, was corrected by
Agostini and Galmonte (2002).

In the case of the configuration depicted in Figure 6, the grey dashed lines on a light
background (shown on the left), perceptually belonging to dark corners, appear lighter
than equal greys on a dark background, belonging to light corners, shown on the right of
Figure 6. The neurophysiological explanation based on retinal lateral inhibition, where
receptors stimulated by lighter surfaces inhibit neighbouring receptors, is challenged by
this evidence. Neurophysiologists need to explore alternative explanations to account for
the lightness contrast phenomenon.

However, in some circumstances, it is neurophysiology that informs phenomenology.
For example, physiological studies suggest a functional distinction between the ventral and
dorsal pathways of the visual stream. Neurones within the ventral stream, which runs from
the occipital cortex to the temporal cortex, respond selectively to visual features relevant for
object identification, such as colour, shape, and texture (the “what” stream). Dorsal stream
neurons, which travel to the parietal cortex, respond selectively to spatial aspects of stimuli,
such as the direction and speed of stimulus motion (the “where” stream; Ungerleider and
Pessoa 2008). These physiological insights inspired researchers to assess whether vision
for perception and vision for action are dissociated (Goodale and Milner 1992; Franz et al.
2000; Haffenden et al. 2001). Studies on the Müller-Lyer illusion (Figure 1) have shown that
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actions such as transporting the hand from one end to the other end of the segment may
not be biased by the illusion, showing a dissociation between vision-for-perception and
vision-for-action (Bruno et al. 2008).

 

Figure 6. The grey dashed lines to the left appear lighter than those to the right even though their
background is lighter (Agostini and Galmonte 2002).

This example is revealing because neurophysiological studies indicate the characteris-
tics that the phenomenon should possess. By moving the hand from one end to the other
end of the segments, we measure the Müller-Lyer illusion, similar to what we do when
using a ruler. However, measuring the Müller-Lyer illusion with a ruler or with the hand is
an inappropriate endeavour, as the configuration includes the appendices; the illusion can
be measured only with the eyes, not with a ruler or the hand (Taddio 2022).

This suggests that the same phenomenon needs to be investigated on different levels
of reality (Poli 2006), each with its own autonomy and independence. The next section
delves into the meaning of reality levels.

Levels of Reality

The theory of levels of reality provides a natural framework conducive to the develop-
ment of a nuanced theory of causal dependence. This framework posits that reality exhibits
a multilayered structure, manifesting depth within both our individual consciousness and
in the external world. The lower levels of reality serve as a foundational necessity for
the existence of higher levels, yet the comprehensive explanation of the latter cannot be
entirely reduced to the former. For instance, while the presence of cells within our bodies
is indispensable for the proper functioning of organs, the field of physiology cannot be
wholly subjugated to the realms of cytology and histology (Pilgrim 2019). Similarly, though
phenomenology undeniably relies upon physiological underpinnings, its own configura-
tion and governing principles maintain a level of autonomy distinct from the framework
and laws governing physiology.

The attribution of distinct ontological categories to each family of processes, whether
phenomenological or physiological, does not diminish their ontological legitimacy. Fur-
thermore, the presence of dependency relationships characterizing the interplay between
phenomenology and physiology does not render the dependent elements any less real than
what the former depends on (Zhok 2022).

By adopting the theory of levels of reality, we gain valuable insights into the intricate
interconnections and dependencies existing between these distinct perspectives (Feest 2021;
Kubovy 2001) while preserving their individual areas of emphasis. This amalgamation

127



J. Intell. 2023, 11, 214

of approaches allows for a comprehensive and nuanced comprehension of perceptual
phenomena, transcending the confines of any single-disciplinary perspective.

Nevertheless, certain limitations inherent in the theory of levels of reality need to be
acknowledged. Varzi (2013) cautions against the potential fallacy of imposing a strictly
stratified view of reality, as it might entail projecting our own cognitive frameworks onto
the external world. Therefore, it is prudent to conceive of the notion of “level” within
the context of an emergentist perspective, not as an outright “theory”, but rather, as
a methodological and epistemological approach. In this sense, the concept of “level”
functions as a tool for the analysis of the relational emergentist.

An emergentist perspective is invaluable for comprehending and scrutinising the
diverse levels of reality. It implies a commitment to “naturalistic monism” and primarily
serves as a counterpoint to dualistic perspectives (see Part 1 of this article). The ontological
framework that emerges from this perspective accords a privileged epistemological status
to the domain of science, granting it the authority to formulate predictions while remaining
open to the possibility that descriptive categories extending beyond the physical realm are
equally fundamental (Zhok 2022).

Emergent properties, as a cornerstone of this perspective, manifest themselves as
attributes of wholes that arise from the intrinsic characteristics of their constituent parts.
The term “property” here extends beyond mere quality or attribute, encompassing a
set of consequences and implications inherently tied to an entity. An emergent property
distinguishes itself from its underlying properties, which are subvenient, while maintaining
a complex relationship with their existence. In other words, an object should be described
as an organisation of parts connected by relations, and having properties that parts do not
have; such properties are called “emergent” or “second level” (Urbani Ulivi 2019).

Moreover, emergent properties exhibit irreducibility to the properties from which
they arise. Thus, knowledge of subvenient properties does not provide a deterministic
blueprint for emerging ones. To illustrate this, the perception of the Mona Lisa, whether
viewed peripherally or at its centre, does not conclusively determine the resultant perceived
expression, as empirically demonstrated by Soranzo (Soranzo Forthcoming).

In conclusion, the examination of ambiguous figures highlights the intricate rela-
tionship between neurophysiology and phenomenology. While neurophysiology offers
insights into the underlying mechanisms and neural processes, it is unable to serve as rock-
bottom description of perceptual reality. Phenomenology provides subjective experience, a
meaningful interpretation of ambiguous figures, and, in the context of art, a reflection of
aesthetic appeal.

By integrating these two perspectives, we can enrich our understanding of perceptual
phenomena. The interplay between neurophysiology and phenomenology allows us
to uncover connections and dependencies at different levels of reality. Although they
have separate foci, their interconnectedness unveils a more comprehensive and nuanced
understanding of perception. As we embrace the complexities of perceptual phenomena,
it is essential to acknowledge the distinct contributions of both approaches. We must
utilize their synergy to further our understanding. This synergy not only enhances our
scientific endeavours, but also encourages a holistic and enriched appreciation of the
human experience.
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Notes

1 Anthropological research indicates that smiles often involve upturned lip corners (Darwin and Prodger [1872] 1998; Schmidt and
Cohn 2001).
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Abstract: Illusions are important ‘tools’ in the study of perceptual processes. Their conception is
typically linked to the notion of veridicality in a dual-world framework, in which we either see
the macro physical world as it is (ecological approaches) or we derive a faithful representation
(cognitive approaches) of it. Within such theoretical views, illusions are errors caused by inadequate
sensory information (because of poor quality, insufficient quantity, contradictory, etc.). From a
phenomenological stance, however, experiencing an illusion does not relate to the physical quality of
the distal or proximal stimulus; rather, it depends on a comparison between the actual perception
and what one believes should be perceived given the knowledge s/he has gained about the physical
stimulus. Within such a framework, illusions are still considered of extreme importance in the study
of the processes underpinning perception, but they are not conceived as errors. They represent
instead a cognitive clash between actual perception and hypothesized perception based on some
sort of comparison, thus also showing their potential as a tool for studying the underpinnings of
cognitive processes.

Keywords: illusions; perception; reality; veridicality; Gestalt psychology; phenomenology; ecological
theory; cognitivism

1. Introduction

This work reports my concept of illusion, in particular in relation to visual perception.
I believe that it fits well within the tradition of experimental phenomenology, and it
may find some resonance in other studies on the same topic (for example: Da Pos 2021;
Mausfeld 2015; Savardi et al. 2012; Schwartz 2012). The arguments advanced here are
a development of positions that I have already expressed in other works (for instance,
Zavagno 2021; Zavagno et al. 2015). In unpacking my arguments, I will very briefly discuss
how illusion is conceptualized within the general frameworks of the Ecological theory,
originally formulated by Gibson (1979), and the cognitivist approach. I shall offer just
a rapid sketch of the basic tenets of those theoretical approaches, as I believe that this
will allow the reader to more easily grasp why illusions are generally conceptualized as
misperceptions and errors of a perceptual system.

Illusions have been and will most likely always be one of the core interests in percep-
tion studies, particularly—though not exclusively—in relation to vision. Much intellectual
effort has been put into categorizing such visual phenomena (e.g., Da Pos 2021; Gregory
1997, 2009; Hamburger 2016; Ninio 2002, 2014; Wade 1982, 2005; Vicario 2011) and into
defining the very nature of the concept (i.e., what defines an illusion as such; Da Pos 2021;
Todorović 2014, 2020), as well as into criticizing it (Rogers 2014, 2022a). To understand
what the last controversy is all about, one must first address how illusion as a concept has
been traditionally framed within perceptual sciences.

It is obvious that what is illusory cannot be classified as real. Said observation, though
trivial, holds deep implications affecting, on one side, the purpose served by perception
and, on the other, the very notion of ‘reality’ (Zavagno et al. 2015). It is fairly easy to grasp
the purpose of perception: We perceive to gather information about the world. But what is
meant by world? This is where things get rather complex, entangled, and even convoluted.
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Generally speaking, for most theoretical approaches, the world is the reality that must be
apprehended by means of one’s perceptual and cognitive abilities. Hence the question: Do
our perceptions correspond to reality? In other words, are they veridical?

There are only three possible answers to these questions, and they fit with the ap-
proaches to illusions discussed in this paper: (1) substantially yes; (2) often, but not always;
(3) such questions are petty. Let us briefly examine the implications of the first two answers
before diving into the implications of the third one, which will address the concept of
illusion within a gestalt-like and phenomenological framework.

(1) Our perceptions mostly correspond to reality, to what is out there. This is the basic
stance of the Ecological theory of visual perception developed by Gibson (1961, 1966, 1973,
1979), which stirred a great deal of research over the last forty or so years on topics such
as invariants of structure (i.e., the visual information embedded in the proximal stimulus
and picked up by the visual system; e.g., Cutting 1983; Koenderink and van Doorn 1980),
picture perception (i.e., the ability to recognize what is represented within a physically flat
image despite the optic array being still and, therefore, not favorable to the emergence of
invariants of structure; e.g., Kennedy 1974; Costall 1990), and affordances (a concept that
has grown in popularity over the years and that is now used to denote many more things
than it was originally meant to; e.g., Osiurak et al. 2017; Zipoli Caiani 2014). According to
the ecological approach, we mostly perceive the world as it is in its macro physical aspects
because visual information within the optic array is usually redundant. Hence, illusion as a
concept poses a problem because what is perceived does not match the distal conditions of
stimulation. The issue, however, has been dismissed by advancing the claim that within an
ecologically valid environment, visual information—i.e., the invariants of structure picked up
by the visual system—is normally rich and redundant, and it can be easily detected by the
visual system because of the variations in the proximal stimulus generated by the observing
organism and its environment. Therefore, our perceptions are usually void of illusions,
and because of the premises, they are mishaps—or misperceptions, in Gibson’s own words
(Gibson 1966, 1979)—that do not speak about perception or perceptual processing; rather,
they are phenomena that can only be experienced when the visual information available is
qualitatively or quantitively poor (such as, for instance, in laboratories where experiments
on visual perception are usually carried out), when it is distorted or corrupted (for example,
in the case of luminous energy refraction), when it is arbitrarily combined in a confused
manner (for instance, in pictures, which are impoverished optical arrays), or because of the
physiology of our organs and nervous system (for instance, with aftereffects, i.e., illusions
caused by sensory habituation; Gibson 1966). In other words, misperceptions occur because
stimulation is inadequate.

(2) Our perceptions most often, but not always, correspond to reality, i.e., to what is out there.
According to the APA Dictionary of Psychology, a visual illusion is “a misperception of
external visual stimuli that occurs as a result of a misinterpretation of the stimuli”. This
definition is convoluted, but it means that an illusion is an incorrect rendering of a distal
stimulus because of a misleading interpretation of the proximal stimulus. In other words,
when an illusion is experienced, it represents an error that is usually thought to depend
on false assumptions made about the visual information available—in particular, when
this is quantitively or qualitatively poor or when different cues—sensory or perceptual
features present within the stimulus that are said to be employed by a perceptual system
to make judgments about properties or features concerning the distal stimulus—may
present contrasting information. This is the basic stance of cognitive approaches to visual
perception. The core idea is that the proximal stimulus, i.e., the projection on the retina
of the energy emitted or reflected by the distal stimulus, is intrinsically ambiguous, and
the goal of the visual system is to disambiguate the information within it to generate
a ‘representation’ that fits as closely as possible with the physical world (e.g., Gregory
1997; Rock 1983). This representation is obtained by combining bottom-up information
processing with top-down, yet unconscious, cognitive processing, the purpose of which
is to interpret cues (or clues, see Harper and Boring 1948) in relation to the environment
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and to the past experiences and goals of the organism. If a representation (i.e., perception)
does not match the physical world, then an error has been made. Illusions certainly do not
match the distal stimuli from which they originate; hence, they are errors that are most
likely due to a distorted interpretation of cues (see also Rogers 2022b, for a critical view
about cues).

Though the two aforementioned approaches are based on completely opposite hy-
potheses about how the visual system works, they share a common point: the need for a
tight correspondence between what we see and what is actually out there, the physical
world. It is hard to shake away the idea that if we evolved as a species that is basically
ruling the world, it is because we are capable of perceiving the world as it actually is, except
for minor issues, such as illusions (Carbon 2014). In most cases, both of the approaches
sketched out above attribute the occurrence of illusions to a common factor, such as an
inadequate stimulus array, or to some limitations of the system itself. This idea is also
present in the writings of those who appear to criticize the notion of illusion (on this matter,
see Todorović 2020). For instance, when making the point that some phenomena tradition-
ally classified as illusions should not be considered as such because they originated from
impoverished stimuli, Rogers (2022a) writes: “My argument is that it has to be true that if
you take away the information that the perceptual system normally uses, our perceptions
will not correspond to the reality of the situation” (p. 7). Rogers’ argument leads to an
extremely relevant question: What is the ‘reality of the situation’?

2. Veridicality and Error

Veridicality is the key to understanding Rogers’ point, and it is a notion that has served
as a guiding star in many fields of research, including that of lightness and brightness
perception (Daneyko and Zavagno 2008; Zavagno 2007). For example, the experimental
paradigm known as locus of error originates from the notion of veridicality, and it has
been employed to study lightness and test related theories (Gilchrist 2006). According
to this paradigm, in the simultaneous lightness contrast illusion (SLC, Figure 1a) it is the
gray target on the black background that induces the biggest ‘error’, meaning that its
perceived reflectance is very different from its physical reflectance on a Munsell neutral value
scale1 (Economou et al. 2007; for different results, see Figure 1b and Zavagno et al. 2018).
However, I agree with Schwartz (2016) when he claims that there is no reason to believe
that either target is seen wrongly; moreover, it is also illogical to assume that the physically
corresponding gray chip on the Munsell scale is seen correctly given that the Munsell scale
is a lightness scale at an interval level, which is psychophysically derived from reflectance
values: the matching paradigm does not determine a physical match but a perceptual one
(Zavagno et al. 2011b).

Considering illusions as errors is, in my opinion, epistemically dangerous. For instance,
the SLC is considered an illusion because the so-called perceived reflectance values that
emerge from the matching task do not match the targets’ physical reflectance on the
Munsell scale. I have already discussed the nonsensical use of the term perceived luminance
(Zavagno et al. 2011a); a somewhat similar reasoning can be applied to the notion of
perceived reflectance, which is often used interchangeably with lightness (also known as
achromatic surface color). This notion, in fact, implies that the visual system operates to
retrieve reflectance, i.e., a physical index specifying the percentage of luminous energy
reflected by the distal stimulus. There are several problems within this idea. First, that
the visual system is even capable of conceiving such a physical index is alone a very
problematic issue. Second, this implies that the visual system needs to operate some type
of inverse optics given that the only input is the intensity of the luminous energy emitted
or reflected by a distal stimulus plus the relations within the optical array2. Third and
more importantly, this implies that some configurations induce systematic errors, which,
based on the veridicality assumption, are, therefore, ‘false perceptions’. Curiously enough,
if errors (or illusions) are systematic, whereas veridicality is so crucial, why is it that the
visual system does not simply learn and autocorrect? Why does the brain not ‘update’
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itself, as Gregory (2013) once put in a rather popular video on YouTube? Afterall, from
a cognitive stance, a perceptual outcome is deeply constrained by top-down processing.
Hence, after being exposed to an illusion and understanding that one is experiencing an
illusion, the brain should not be ‘fooled’ again. Yet, in a certain sense, it is.

 

Figure 1. Panel (a) shows the classic SLC illusion: By employing the locus of error paradigm, it is
argued that the illusion is basically driven by an “incorrect” lightness perception of the gray target
on the black background (Economou et al. 2007). Panel (b) shows the SLC illusion combined with the
glare and black hole effects (Zavagno 1999; Zavagno and Olga 2017), which induce a stronger illusion
on both backgrounds (Zavagno et al. 2018). Panel (c) shows the Müller–Lyer illusion: Generally,
the line on the left is perceived as longer than the line on the right. Panel (d) shows the Delboeuf
illusion (1865): Usually, the gray target surrounded by a small circle appears larger than the gray
target surrounded by a large circle. It has been shown that this type of illusion also generates a small
lightness effect: The target that appears bigger also appears to be more contrasted to its background
(and, in this case, darker; Daneyko et al. 2011, 2014).

Noticeably, the veridicality assumption is deeply rooted in most theoretical approaches
to perception. It is indeed common to both the ecological and the cognitivist approaches to
perception. In terms of defining what an illusion is, the only real difference between the two
families of theories is the degree of correspondence/veridicality between what is perceived
and the distal stimulus; this is assumed to be total in the first case (if the conditions of
stimulation are appropriate and other confounding factors are not present) and tight in the
second (given the probabilistic nature of the hypothesized processes). For both approaches,
in fact, illusions occur because of inadequate sensory information. With this being said, the
question is why SLC, the Müller–Lyer illusion (Figure 1c), or any other illusion should be
considered as being derived from inadequate or non-ecological stimulus arrays. I remember
attending a Kanizsa Lecture in Trieste where a ‘Gibsonian’ from Cornell (I recall the sin,
not the sinner) presented a talk in which he encouraged more ecological experiments to be
conducted with more ecological stimuli. Then, he presented his experiments in which he
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employed Gabor patches, which are rather ‘abstract’, as they consist of sinusoidal wave
gratings capable of driving controlled early visual processing, particularly in relation to
orientation, as stimuli. However, the fact that V1 is tuned to detect orientation does not
mean that a Gabor patch is more ecological than the Müller–Lyer illusion, and it certainly
does not necessarily constitute richer visual information.

3. The Third Path

It is time to introduce the reader to the third possible answer to the following questions:
“Do our perceptions correspond to reality? Are they veridical?”. The answer is that such
questions are petty, for they are ill posed. In the preface to his book about the phenomenology
of perception, Merleau-Ponty (1945) wrote a quite interesting statement: Il ne faut donc pas
se demander si nous percevons vraiment un monde, il faut dire au contraire: le monde est cela que
nous percevons (“Thus, we must not wonder if we truly perceive a world; rather, we must
say: the world is what we perceive” (2012, p. 17)). I always interpreted those words in
the sense that the world that we perceive is our reality. However, one may ask whether
all of our perceptions of the world are veridical, true, corresponding to what is out there.
Said doubts have always haunted—and, I suspect, always will haunt—perception sciences,
the underlying assumption being that, in order to be true, there must be a pointwise
correspondence between the world that we perceive and the physical entities/energies that
are capable of stimulating our senses. These are what we usually name physical reality (or
world). Metzger (1963) defined such reality as metempirical because we have no direct
access to it. The actual dimensions of a physical entity or energy can be measured—with
a conventionally acceptable degree of accuracy—only by means of instruments that we
have devised. Our bodies are not good enough tools to measure physical dimensions, as
over a century of psychophysics has demonstrated, from Fechner to today. Nevertheless,
they are perfect tools for gaining an understanding of the world that surrounds each of
us, but not as a race—rather, as egocentric beings placed at the very center of the world.
According to a phenomenological perspective, our world is a behavioral world, not merely
a ‘representation’ of the physical world; it is the world with which we can interact, of which
we are the center, and which bears meaning for us. This world originates, of course, from
the physical world. No one in their rightful mind would deny the value of the distal
stimulus, that is of the entity outside of our behavioral world that is capable of transmitting
energy or matter that our senses can detect or react to. Nevertheless, it is an indisputable
fact that we perceive far less than what the physical world has to offer in terms of energies
and matter and far more than what it has to offer in terms of sense and meaning. ‘Beauty is
in the eye of the beholder’ is not just a conventional saying; it is a profound truth because
beauty is not an experience to be found in the physical world—it is something that we can
only experience in our behavioral world.

Within this theoretical framework, illusion as a concept appears to have no place
because there are no erroneous perceptions, given that stimulus information is neither
adequate nor inadequate in relation to the physical world. It just is, and it is processed
according to rules built into the system with no need for top-down assumptions about the
nature of the stimuli. Top-down processing is indeed important for perception but at a
much higher level—for recognizing, understanding, and classifying perceptual experiences
that are provided firsthand by our sensory systems. Nevertheless, those who adhere to such
a framework still use the word illusion to denote the same phenomena that also intrigue
cognitivists. The reason is because illusions are not illusory; they do exist, and they exist
as a specific category of ‘stimuli’. Moreover, they are tools that can be employed to study
the underpinnings of perceptual processing. This is why Kanizsa (1980) defined them as
‘natural laboratories’.

The statements above may appear somewhat contradictory. Actually, they are, but only
if one insists on considering an illusion as a mishap or an error generated by inadequate
data (Zavagno et al. 2015). In fact, from a tight phenomenological point of view, there
is no such thing as an inadequate stimulus array. Cognitively speaking, the decisions
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that we make based on our perceptions may be adequate or inadequate for a situation.
A percept is instead just what it is because there are only stimulus arrays capable of
stimulating our senses. Concepts such as adequate or inadequate (e.g., poor, insufficient,
confusing, contradictory, etc.) are cognitive add-ons that have no consequence for what
we perceive, yet they do impact how we may classify, categorize, or, in general, appreciate
our perceptions when these come to be. For instance, I may find that the food on a plate is
little, particularly if the plate is big (Van Ittersum and Wansink 2012) or if my appetite is
big. In either case, being insufficient would be a cognitive construct, as there is no right or
wrong quantity of food on a plate, physically speaking. Of course, one may claim that if my
impression of the quantity of food is driven by the Delboeuf illusion (Figure 1d) affecting
my estimate in relation to the plate’s size, then my impression is erroneous. But then, the
question is: Erroneous with respect to what? With respect to the plate? Is there a right plate
as opposed to a wrong one that will allow me to perceive the exact quantity of food on it?
The reader must forgive me for the triviality of such questions, but finding an answer to
them could prove the correctness of the concept of “illusion = error of judgment made by a
sensory system”. Unfortunately, one may speak about plates in terms of their conventional
sizes, but there are no absolutely right or wrong sizes. Ultimately, my impression about the
quantity of food may increase or decrease in relation to the size of the plate, yet whether the
quantity appears to be too little, too much, or just right will depend on both my appetite
and how delicious the food appears to me.

If we cannot use cognitive constructs such as insufficient or impoverished stimulus
information, what defines an illusion as such? Todorović (2020) made a very serious
attempt to define the conditions by which a visual phenomenon can be classified as an
illusion. However, despite the cleverness and elegance of his many demos, the notion of
veridicality, though somewhat stripped of its maximalist bearing, still remains an important
component of the classification methods that he proposes (see, for instance, Todorović 2020,
Figures 7–9, pp. 1144–46). Is there no escape from the concept of veridicality? Can there
even be a definition of illusion within a gestalt-like phenomenological framework that does
not need the safety net of said concept?

The Definition

Picking up from the title of this contribution, an illusion is a cognitive experience
rooted in perception. The phenomena that we classify, for instance, as visual illusions are
based on the same mechanisms that drive all of our visual perceptions. This claim appears
to somewhat echo Rogers (2022a) when he states that there are some phenomena that are
classified as illusions but that are, however, a consequence of “just how the system works”
(p. 6). However, his view still incorporates the concept of veridicality. In fact, he classifies
the Ames Room not as an illusion but as a facsimile because it “creates the same pattern of
light at the eye (the optic array) as another real-world scenario”, and, therefore, it “tells us
nothing that we did not know or could not find out by looking at the real-world scenario it
mimics” (p. 4).

Contrary to Rogers, I instead claim that the Ames Room is indeed a visual illusion.
But not a photograph or any bidimensional rendering of the Room can be considered an
illusion because it cannot render the experience that one has with a solid 3D Ames Room.
To experience such an illusion, one needs the real thing, with not just one but at least two
peepholes: one positioned exactly from where the room is perceived as rectangular, the
other in any other position from which one will notice that the room is not rectangular.
In this way, passing back and forth from one peephole to the other, one will notice the
illusion, as from one peephole, two identical objects will appear to be different in size (one
gigantic, the other tiny) but positioned along a back wall that will appear fronto-parallel to
the observer, while from the other peephole, one will experience the two objects as identical
in size but not positioned at the same fronto-parallel distance from the observer (the wall
will appear slanted, as it actually is). The illusion lies in the comparison between the two
conditions of observation.
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A phenomenon is qualified as illusory or illusion when a comparison is made at
a higher cognitive level (therefore, in a conscious way) between levels of reality that
appear to be interdependent and yet are mutually incommensurable: physical reality vs.
phenomenal reality (Albertazzi 2021; Vicario 1993). Although essential in the study of
the mechanisms driving perception, illusions are indebted to cognitive awareness at an
ontological level because the experience of an illusion is possible only when processes of
judgment, categorization, and thought are involved.

To understand these points, two considerations must be put forward. The first is that
we are aware that we are experiencing an illusion only when we gain information that,
for instance, two perceived characteristics that appear identical (or different) are indeed
physically different (or identical). Hence, we do not believe in what we see even though we
cannot avoid seeing things in such a way; instead, we believe that our senses are fooling
us because we think that we know what we should see based on our knowledge about the
distal stimulus. Hence, an illusion is best described as a cognitive dissonance between
what we actually experience and what we know (or think to know) about the physical
conditions of stimulation. In other terms, we are aware that we are experiencing an illusion
only when we go beyond our perceptual experience and make (or take for granted) some
kind of measurement that informs us about a discrepancy between the supposed physical
conditions of stimulation and our actual perceptual experience.

One may think that the definition is too broad, as many phenomena may fit it—for
instance, visual artworks. However, we know that when we see the portrait of Mona Lisa,
we are not seeing a real person. In this sense, seeing paintings or sculptures is not like
experiencing an illusion; there is no discrepancy between what we see and what we know
about the stimulus, for we are fully aware that the portrait is just so. We are not easily fooled
by a painting or a photograph, but, of course, we could be, depending on the conditions
of stimulation. Different is the case when we have the impression that Mona Lisa’s gaze is
following us as we move about (Zavagno et al. 2022) or that the Bella Principessa’s smile
changes as we look at the portrait from different distances (Soranzo and Newberry 2015),
which are indeed illusions, as we know that pictorial portraits are static images. What
matters is the discrepancy between our actual experience and our cognitively derived truth.

The second consideration concerns the words that we employ when we talk about
illusions. For instance, what are we actually referring to when we say that we observe
a difference between what we see and the physical reality? In the Müller–Lyer illusion
(Figure 1c), we observe that one line appears longer than the other. Hence, the answer is
that the observed (illusory) inequality relates to our visual experience. But how do we get to
know that our experience does not correspond to the physical status of the stimuli in such
an illusion? Simple, because we trust who told us (for instance, the caption in a textbook),
because we observed/measured the physical status, or because of changes that are made in
the display under the eyes of the observer—for example, by flipping the short lines forming
the angles flanking the horizontal lines in opposite directions. Our observation needs some
outside support. However we get to learn about a discrepancy between our actual percept
and the distal stimulus that gave rise to it—may this be because we are told, we measure,
we make comparisons between different conditions of observation/stimulation, etc.—our
knowledge that we are experiencing an illusion is a cognitive awareness that depends
on some kind of comparison. In the case of the Müller–Lyer illusion, without a ruler,
we will never know whether the two lines are physically identical by simply looking at
them, because someone told us so, or because the configuration is modified under our very
own eyes3.

4. Conclusions

Illusions are important because they provide relevant material for studying the work-
ings of our perceptual systems. The fact that we are often amused and fascinated by them
may also give us insight into our profound cognitive need for veridicality, because of which
we assume that most of our perceptions are valid, in the sense that we trust that they do
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correspond to a physical stimulus (Carbon 2014). However, we usually do not go around
carrying instrumentations that would allow us to measure the physical status of the world.
We normally (and rightfully) rely on our perceptions for everyday matters in which extreme
precision is not required.

Nevertheless, for the progress of our knowledge about the workings of sensory sys-
tems, it is necessary to be aware that, strictly speaking, our behavioral world does not
correspond to the physical world (Boring 1942; Hoffman et al. 2015), to which we have
no direct access. All we know about the physical world is acquired with the use of in-
struments. In this sense, the physical world on which we so much rely is, in the end, a
cognitive construct, and we take for granted that it corresponds to what is actually out
there, given that we have no direct knowledge about it. For instance, let us assume that,
for some kind of mistake, one centimeter on your ruler corresponds to 1.1 cm on mine. In
order to find out which ruler is the correct one to use, we would need to measure them by
employing another ruler. But what if, on this new ruler, 1 cm is equal to 0.9 cm on yours
and 1 cm on mine? This simple measurement paradox is, in some sense, unsolvable, as all
of our instruments are based on conventions, which are based on average perceptual skills.
Hence, all of our measurements are, at their best, very good approximations—yet still only
approximations—of the actual status of the physical reality.

To conclude, from a Gestalt-like and phenomenological stance, experiencing an illusion
does not mean that we experience an error or a misperception; it simply means that we
experience a cognitive clash between our actual perceptual experience and our mediated
knowledge about the physical status of the stimuli under observation that we believe to be
what we should actually perceive but do not. It is because of this dual nature that illusions
may also become a tool for studying the underpinnings of cognitive processes, somewhat
in the tradition of naive physics (Bozzi and Longo 1990).
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Notes

1 Lightness is often studied using a find-the-match method that employs lightness scales, such as a Munsell neutral value scale, as a
‘meter’. See Zavagno et al. (2011b) for a detailed description and critical evaluation of the method.

2 The intensity of a proximal stimulus is measured in luminance (L), which, in the case of a distal stimulus that reflects energy, is
physically determined by the product of the surface’s reflectance (R) and the intensity with which it is illuminated (I): L = R × I.
Both R and I are factors unknown to the system, hence the impracticability of simple inverse optics. Theories such as retinex and
other intrinsic-image models employ systems of ratios to overcome this impracticability; however, they need to assume that I is
uniform, which is possible only in an experimental setup given that physical illumination is an extremely fluctuating datum
(Zavagno 2021).

3 Mario Zanforlin, who was a professor of comparative psychology at the University of Padova, once told me a curious anecdote:
He was preparing an exhibition about illusions and a catalogue in which most of the illusions were reproduced. In relation to the
Müller–Lyer illusion, the printer ‘corrected’ the original figure by making the two lines physically different in length because,
according to him, though the two lines appeared different in length, they were not so geometrically; hence, he ‘fixed’ the problem.
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Abstract: This review article explores the foundation of laypeople’s understanding of the physical
world rooted in perceptual experience. Beginning with a concise historical overview of the study
of intuitive physics, the article presents the hypothesis that laypeople possess accurate internalized
representations of physical laws. A key aspect of this hypothesis is the contention that correct repre-
sentations of physical laws emerge in ecological experimental conditions, where the scenario being
examined resembles everyday life experiences. The article critically examines empirical evidence
both supporting and challenging this claim, revealing that despite everyday-life-like conditions,
fundamental misconceptions often persist. Many of these misconceptions can be attributed to a
domain-general heuristic that arises from the overgeneralization of perceptual-motor experiences
with physical objects. To conclude, the article delves into ongoing controversies and highlights
promising future avenues in the field of intuitive physics, including action–judgment dissociations,
insights from developmental psychology, and computational models integrating artificial intelligence.
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1. Introduction

Scientific physics relies on precise measurement instruments, mathematical tools, and
the minds of skilled scientists. These resources are unavailable to those who lack formal
training yet seek to comprehend the underlying rules governing the behavior of physical
objects in their environment. Intuitive physics, also known as naïve physics, refers to the
understanding of the physical world held by individuals without formal instruction in
physics (Anderson 1983; Bertamini and Casati 2009; Bianchi and Savardi 2014; DiSessa
1993; Kubricht et al. 2017; McCloskey 1983; Vicovaro 2021). Here, I focus on the relationship
between perceptual experience and the intuitive understanding of the physical world
among laypeople. This review article can be useful to the non-specialist as a broad up-to-
date introduction to the topic of intuitive physics. It can also be of interest to the specialist
reader for the following reasons. There is a widespread agreement that intuitive physics
is rooted in perceptual experience. However, while it was previously generally accepted
that perceptual experience leads to an inaccurate representation of the physical world, a
recently developed theory inspired by Bayesian cognitive modeling posits that perceptual
experience provides a truthful source of information about the physical world. A core
argument in the theoretical perspective based on Bayesian cognitive models is that many
of the systematic errors that had been documented in the early studies on intuitive physics
were related to the abstract and unrealistic nature of the task. According to this perspective,
because intuitive physics is grounded on everyday life perceptual experience, accurate
intuitive knowledge of physical phenomena would emerge in ecological conditions, that
is, when realistic rather than abstract and simplified stimuli are used, when dynamic
simulations are presented instead of static depictions, and when the task is presented
from a first-person action-oriented perspective rather than from a third-person allocentric
perspective.

After a brief historical introduction to the study of intuitive physics (Section 2), the
present work aims to fill a gap in the literature by providing a careful review of the
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empirical evidence in support or against this claim (Sections 3 and 4). Additionally, in
Section 5, I propose that a domain-general heuristic based on the overgeneralization of
perceptual experience provides a fruitful theoretical framework for the interpretation of
many misconceptions about physical phenomena. Lastly, Section 6 highlights some open
controversies and future directions in research on intuitive physics.

2. A Brief Historical Overview of the Study of Intuitive Physics

Albert Michotte’s ground breaking work on the perception of causality (Michotte
[1946] 1963) can be considered the precursor to psychological studies in the field of intu-
itive physics. In Michotte’s experiments, participants were presented with simple two-
dimensional animations featuring two horizontally aligned squares. In these animations,
one square (A) would initiate movement towards the initially stationary square (B) at a
certain point in time. Upon contact, B would start moving in the same direction as A
had been moving, while A came to a halt. Under specific conditions, observers reported
an overwhelming visual impression that A had caused the motion of B, known as the
launching effect. Michotte extensively manipulated various parameters of the animation,
such as the relative speeds and trajectories of A and B, and even introduced delays during
their contact, to explore how such manipulations influenced observers’ impressions. Oc-
casionally, Michotte also referenced Newtonian laws of collisions to demonstrate that the
launching effect is governed by inherent laws of the visual system, distinct from physical
laws. However, as pointed out by Runeson (1983), Michotte’s focus was primarily on the
visual impressions of causality, disregarding other intriguing aspects of intuitive physics
related to collisions. These aspects include the overall perceived plausibility of different
collisions and the perception of the dynamic properties of the objects involved, such as
their relative masses.

The first investigations into what later on has been called intuitive physics were
conducted by Paolo Bozzi, who examined the visual perception of pendulum motion
and motion along inclined planes (for a recent reprint of a translation of Bozzi’s work,
see Bressan and Gaudiano 2019). In his study on pendulum motion (Bozzi 1958), he
discovered that the period of oscillation that appears most natural to observers is slower
than the physically accurate period. This finding was partially supported by a later study
by Pittenger (1990). Similarly, Bozzi (1959) found that the motion of an object along an
inclined plane perceived as most natural by observers does not align with the physically
correct accelerated motion. Instead, it involves initial acceleration followed by a period
of constant velocity, which corresponds to a uniform velocity motion at a perceptual level
(Bozzi 1989). Furthermore, Bozzi noted a positive correlation between the size (implied
mass) of the object and the velocity perceived as most natural for descent. However, from
a physical standpoint, velocity should be independent of mass if we assume negligible
friction. According to Bozzi (1989), the visual perception of physical events is guided
by intrinsic laws of the visual system that operate independently of physical laws. This
viewpoint bears resemblance to Michotte’s ([1946] 1963) theoretical perspective on the
perception of causality.

Michotte’s contributions significantly shaped research in the field of the visual per-
ception of physical events. Notably, studies in this area differ from conventional intuitive
physics, in that they emphasize visual perception over reasoning processes and conscious
predictions. These vision-focused studies have demonstrated that basic two-dimensional
visual displays can evoke a variety of visual impressions of physical phenomena. These
include bouncing (Vicovaro et al. 2023), braking (Levelt 1962), bursting (White and Milne
1999), generative transmission (White 2015), penetration (White and Milne 2003), pulling
(White and Milne 1997), and shattering (Hubbard and Ruppel 2013). Furthermore, ob-
servers have the ability to extrapolate the dynamic properties of physical objects involved
in mechanical events (Runeson 1983), such as their masses (Runeson and Vedeler 1993;
Runeson et al. 2000; Sanborn et al. 2013) and elasticity (De Sà Teixeira et al. 2014; Paulun and
Fleming 2020; Vicovaro and Burigana 2016; Warren et al. 1987). When physical constraints
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are violated, it can lead to the perception of animated, self-generated motion (Parovel 2023).
Additionally, there is evidence suggesting that certain relatively complex relational proper-
ties of physical events are processed early by the visual system, preceding the involvement
of higher-level cognitive processes (Hafri and Firestone 2021; Little and Firestone 2021;
Wong et al. 2023).

The field of intuitive physics started capturing the attention of cognitive psychologists
towards the late 1970s and early 1980s. During this time, a series of studies brought forth
striking disparities between the fundamental laws of mechanics, such as Newton’s first
and second laws, and people’s performance in simple tasks that assessed their intuitive
understanding of these laws (Anderson 1983; Caramazza et al. 1981; Kaiser et al. 1985a,
1985b, 1986a, 1986b; McCloskey et al. 1980, 1983; McCloskey and Kohl 1983; Shanon 1976;
Yates et al. 1988). This wave of empirical studies gave rise to the development of what
is perhaps the most well-known theory in the field of intuitive physics, known as the
naïve impetus theory (McCloskey 1983); see also Kaiser et al. (1986a). According to the
naïve impetus theory, laypeople’s conceptualization of object motion bears resemblance
to the medieval impetus theory, which posits that an object moves when an impetus is
imparted to it, gradually dissipating and causing a gradual deceleration of the object itself
(McCloskey 1983). As highlighted by Hubbard (2022) and others, impetus transmission
serves as a reasonable heuristic in a world marked by the pervasive presence of friction,
although it contradicts the Newtonian concept of inertia, wherein an object would move at
a constant speed in the absence of external forces in an idealized frictionless world.

Alongside the endeavors of cognitive psychologists, researchers in the field of science
education also made significant contributions in the 1980s by examining the underlying
causes of students’ difficulties in learning physics. It became evident that students’ miscon-
ceptions regarding basic physical phenomena are resistant to change and lead to systematic
distortions in their understanding of the concepts taught in physics courses (Champagne
et al. 1980; Clement 1982; DiSessa 1993; Halloun and Hestenes 1985). Even fourth-year
university physics students, as observed by Sequeira and Leite (1991), could still harbor
misconceptions about fundamental laws governing gravitational motion. To address these
challenges, it became increasingly clear that explicit discussions and the refutation of stu-
dents’ misconceptions is necessary to prevent the distortion and accommodation of new
physics concepts to the existing biased knowledge held by students (Carey 1989; McDer-
mott 1991). By actively confronting and correcting these misconceptions, physics teachers
could enhance the effectiveness of their instruction and facilitate meaningful learning
experiences for their students.

During the 1990s, there was a temporary decline in the interest of cognitive scientists
in intuitive physics. One notable exception was a heated debate surrounding the role
of direct perception and heuristics in visual judgments of the relative masses of objects
involved in collisions (Gilden and Proffitt 1994; Runeson and Vedeler 1993). Additionally,
studies emerged during this period that explored how animations and expertise influenced
participants’ performance in intuitive physics tasks (Hecht and Proffitt 1995; Kaiser et al.
1992; Proffitt et al. 1990). A renewed interest in the field of intuitive physics emerged
in the 2000s, marked by a series of important studies on various topics. These studies
examined laypeople’s intuitive understanding of reflections in mirrors (Bertamini et al.
2003a, 2003b; Bertamini et al. 2010; Croucher et al. 2002; Hecht et al. 2005; Lawson and
Bertamini 2006; Lawson et al. 2007; Savardi et al. 2010), the motion of projectiles (Hecht and
Bertamini 2000; Huber and Krist 2004; Krist 2000; Oberle et al. 2005; Shaffer and McBeath
2005; Twardy and Bingham 2002), the motion of objects along inclined planes (Rohrer
2002, 2003), and collisions (White 2007). These studies built upon the research tradition by
primarily focusing on the psychological foundations of the disparities between intuitive
and scientific physics.

The 2010s marked the emergence of a new approach to studying intuitive physics,
which was based on Bayesian cognitive modeling (Battaglia et al. 2013; Kubricht et al. 2017;
Sanborn et al. 2013; Ullman et al. 2017). This approach involves comparing participants’
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performance in intuitive physics tasks with predictions generated by Bayesian models.
These models combine prior probability distributions based on Newtonian laws with
current perceptual information that is characterized by stochastic noise. The underlying
idea is that the brain stores the correct representations of physical laws as prior knowledge,
which are then utilized in the simulation process, similar to the physics engines used in
interactive video games (Ullman et al. 2017). These Bayesian models account for potential
discrepancies between participants’ performance and predictions based on physical laws
by attributing them to perceptual noise (Battaglia et al. 2013; Sanborn et al. 2013) or the use
of computational shortcuts aimed at reducing processing costs. For example, the simulation
process may selectively focus on certain elements while neglecting others (Bass et al. 2021;
Ullman et al. 2017).

In summary, there has been a shift in the study of intuitive physics since the 2010s.
Earlier research primarily focused on highlighting the discrepancies between laypeople’s
intuitive understanding of physics and the formal scientific laws. However, from the
2010s onwards, there has been an attempt to reconcile intuitive physics with scientific
physics. Bayesian cognitive models have become the mainstream approach in studying
intuitive physics, as evident in recent publications (Bass et al. 2021; Fischer 2021; Fischer
and Mahon 2021; Lau and Brady 2020; Neupärtl et al. 2021). Nevertheless, it is worth
noting that the idea that intuitive physics is influenced by heuristics and biases remains a
topic of discussion and exploration (Bianchi and Savardi 2014; Hecht 2015; Hubbard 2022;
Ludwin-Peery et al. 2021a; Vicovaro et al. 2021; White 2009).

3. A Review of Studies on How Realism Augments Performance in Intuitive
Physics Tasks

One of the key concepts in the Bayesian cognitive simulation models of intuitive
physics, as proposed by Battaglia et al. (2013), is that simulation mechanisms have evolved
to facilitate an effective interaction with the physical environment. According to this
perspective, laypeople internalize accurate representations of physical laws through per-
ceptual experience. These simulation mechanisms are optimized for real-life or real-life-like
scenarios and may not be as effective in abstract reasoning tasks. As a result, accurate
performance in intuitive physics tasks is expected to emerge only when perceptual expe-
rience is involved. For example, individuals are expected to be more accurate in judging
the naturalness of an animation compared to making predictions in static abstract condi-
tions. Fischer and Mahon (2021) have suggested that many errors in physical reasoning
problems can be explained by the mismatch between how these problems are framed and
the native format of inferences generated by cognitive physical engines. These inferences
are grounded in a first-person, action-oriented perspective. Mistakes can occur when
applying this perspective to the abstract and allocentric perspective involved in many
intuitive physics tasks. In summary, Bayesian cognitive simulation models propose that
simulation mechanisms optimized for real-life scenarios contribute to accurate performance
in intuitive physics tasks that involve perceptual experience. However, challenges arise
when applying these mechanisms to abstract reasoning tasks or tasks that require a shift in
the perspective from first-person action-oriented to abstract and allocentric. According to
this perspective, a systematic difference should emerge between intuitive physics tasks that
involve real-life like scenarios, which should be associated with high performance accuracy,
and intuitive physics tasks that involve abstract scenarios, which should be associated with
poor performance.

Bayesian models have been employed to predict participants’ performance across
various physical scenarios, characterized by realistic simulations of everyday life physical
events and by the use of dynamic simulations rather than statistic depictions. These
include the stability of simulated 3D block towers (Battaglia et al. 2013; Hamrick et al.
2011), collision dynamics (Gerstenberg et al. 2012; Lau and Brady 2020; Sanborn et al.
2013; Smith and Vul 2013), liquid dynamics (Bates et al. 2015), ballistic motion (Bass et al.
2021; Smith et al. 2013, 2018), and causal judgments (Gerstenberg et al. 2012; Sanborn
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et al. 2013). Notably, participants consistently demonstrated performance aligned with
the predictions generated by Bayesian simulation models, suggesting an internalized and
accurate representation of relevant physical laws.

Even prior to the emergence of Bayesian cognitive simulation models, empirical stud-
ies had already presented evidence that highlighted the influence of stimulus realism and
real-life scenarios on the performance of laypeople in intuitive physics tasks. For example,
Kaiser et al. (1986b) conducted a study comparing participants’ trajectory predictions in
familiar and unfamiliar situations. They presented participants with scenarios involving a
ball exiting from a curved tube and water exiting from a curved hose. While these situations
were physically identical, participants performed more accurately in the familiar version
of the task compared to in the unfamiliar version. This suggests that familiarity with the
scenario improves performance in intuitive physics tasks. Similarly, Masin et al. (2014)
found that participants had correct intuitive knowledge of the equilibrium of a lever but
poor intuitive knowledge of the equilibrium of hydraulic pressures, despite the formal
equivalence of the underlying physical laws. They argued that the accurate intuitive knowl-
edge of lever equilibrium may be based on perceptual-motor experiences with familiar
activities, such as playing on a seesaw. However, there is no corresponding everyday life
experience that would provide a basis for an intuitive understanding of the hydraulic
pressure equilibrium.

Other studies have suggested that the presence of animation, or motion, can positively
impact the accuracy of participants’ performance in intuitive physics tasks. Shanon (1976)
found that participants who falsely believed that objects fall downward at a uniform
speed were able to correctly judge uniform acceleration as the more natural motion, when
presented with videos of falling objects, but see Vicovaro et al. (2019). Kaiser et al. (1985a)
found that participants were more likely to make incorrect interpretations based on impetus
transmission when presented with static versions of a motion scenario, compared to with
animated versions of the same scenario. In a similar vein, Kaiser et al. (1992) reported that
participants’ responses were more consistent with the predictions from Newtonian physics
when making visual judgments of the naturalness of simulated motion compared to making
cognitive predictions of unseen motion. Hecht et al. (2005) found that using dynamic
simulation and real-life tasks, as opposed to abstract paper-and-pencil tasks, reduced
errors in participants’ understanding of the physical behavior of mirrors. However, it
is important to note that even in ecological experimental situations, systematic errors
persisted (Bertamini et al. 2003b, 2010; Bianchi and Savardi 2012; Bianchi et al. 2015).

Not only visually perceived motion, but also imagined motion and imagined action,
can sometimes lead to performance improvement in intuitive physics tasks. Huber and
Krist (2004) conducted a study where participants were presented with a scenario involving
a sphere falling off a horizontal surface positioned at varying heights from the ground. In
a dynamic version of the task in which participants were able to use mental imagery to
simulate the parabolic falling motion of the sphere, they were able to accurately predict the
time-to-contact based on the surface height alone. In contrast, in a static version of the task
where mental imagery was not used by participants (as shown based on eye movement
analysis), the participants’ estimated time-to-contact was also influenced (incorrectly) by
the horizontal speed of the sphere. Schwartz and Black (1999) found that predictions about
the surface orientation of a liquid inside a glass were more accurate when participants had
to imagine actively tilting the glass compared to when they had to make predictions based
on an abstract conceptualization of the physical situation. Corneli and Vicovaro (2007)
reported that participants made incorrect predictions when asked to reason about friction
between an object and a surface in abstract terms. However, when participants were asked
to imagine pushing the object along the surface, they made correct predictions. These
studies suggest that mental imagery and imagined actions can facilitate intuitive reasoning
about physical situations, potentially providing individuals with a more embodied and
experiential understanding of the underlying physical principles.
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In scenarios involving a collision where an object A, initially in motion, approaches an
object B initially at rest, research indicates that participants often tend to focus on and report
the force exerted by object A on object B. However, they frequently neglect or underestimate
the force exerted by object B on object A, thereby deviating from the principles of Newton’s
third law (White 2007). However, this bias has been shown to be reduced, although not
completely eliminated, when participants are presented with simulated collisions involving
realistic 3D spheres that appear to be made of different simulated materials (Vicovaro 2012,
2018). In these studies, the use of realistic 3D simulations resulted in more accurate
ratings of the perceived naturalness of collisions, which were also more consistent with
the predictions from Newtonian laws, compared to when abstract immaterial shapes were
used (Vicovaro and Burigana 2014).

In summary, the literature that I have reviewed thus far suggests a general positive
correlation between the realism of scenarios and participants’ accuracy in intuitive physics
tasks. However, as I will discuss in the following section, a significant body of research
indicates that errors often occur even when realistic stimuli and scenarios are employed.

4. Exploring Studies Challenging the Notion That Realism Eliminates Fundamental
Misconceptions

In a paper-and-pencil task conducted by McCloskey et al. (1983), participants were
asked to predict the trajectory of a ball released by a carrier moving along a horizontal
path. Surprisingly, about half of the participants incorrectly anticipated that the ball would
fall straight to the ground in a vertical line, disregarding the parabolic trajectory resulting
from the initial horizontal motion. This misconception, known as the straight-down belief,
seems to extend to real-life situations as well. In a subsequent experiment, participants
were instructed to walk along a straight path while holding a ball and release it to hit a
target on the floor. Strikingly, approximately half of the participants mistakenly released
the ball directly above the target, causing it to miss (developmental studies on the straight-
down belief are discussed by Kaiser et al. 1985b; Krist 2000). McCloskey et al. (1983) also
presented participants with videos and animations of a projectile released by a moving
carrier. Surprisingly, once again, about half of the participants reported that the projectile
fell in a straight vertical trajectory rather than a parabolic path. The authors attributed this
misperception to the fact that the presence of the moving carrier produced a distortion in
the perceived trajectory of the target, speculating that this perceptual experience contributes
to the formation of the straight-down belief; see also Kaiser et al. (1985b).

In a study involving a ball-throwing scenario (Hecht and Bertamini 2000), participants
were asked to predict the point in its trajectory where a ball thrown by a human thrower
would reach maximum speed. Despite the fact that the ball would begin to decelerate
immediately after leaving the thrower’s hand according to the laws of physics, participants
inaccurately predicted that the maximum speed would occur at approximately one-third
of the parabolic trajectory. This suggests a belief that the ball continued to accelerate
even after its release. This bias was observed not only in a static version of the task but
also when participants viewed virtual animations of throwing actions. Vicovaro et al.
(2012, 2014) employed realistic throwing animations generated through motion capture
techniques. They found that observers were insensitive to significant manipulations of
both the thrower’s motion and the projectile’s motion.

In a study by Rohrer (2002), participants were presented with two curved wooden
ramps, both initially descending concavely. However, one of the ramps had an additional
concave curvature (dip ramp), while the other had an additional convex curvature (hill
ramp). The participants were instructed to imagine two identical marbles rolling down
each ramp and predict which marble would have the highest speed at a specified target
position. Neglecting the effects of friction, which were negligible in this context, the speed
of a marble at any point on the ramp would be directly proportional to the square root
of its vertical distance from the starting point of descent. Importantly, the slope of the
ramp at that particular point would not impact the marble’s speed. Through a series
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of multiple-choice questions, Rohrer (2002) found that participants falsely believed in
a proportional relationship between speed and slope, known as the slope–speed belief.
This belief suggests that the speed of an object on an incline increases with the slope of
the incline at that point. In a follow-up study, Rohrer (2003) presented participants with
animations of a ball falling down a curved ramp and asked them to assess the naturalness
of different motion patterns. The results demonstrated that the majority of participants
perceived animations depicting a simulated ball moving according to the slope-speed
pattern as more natural compared to animations showing the ball moving according to the
physically correct motion pattern. Therefore, the slope-speed belief is not limited to static
scenarios but also extends to dynamic situations.

In numerous paper-and-pencil tests, it has been observed that laypeople commonly
overestimate the influence of mass on the speed of objects falling vertically downward or
along an inclined plane due to gravitational attraction. They tend to believe that heavier
objects fall faster than lighter objects (Champagne et al. 1980; Halloun and Hestenes 1985;
Karpp and Anderson 1997; Oberle et al. 2005; Proffitt et al. 1990; Shanon 1976; Whitaker
1983). Even university physics students have demonstrated this belief (Sequeira and Leite
1991). This misconception, known as the mass–speed belief (Rohrer 2002), contradicts
Newtonian physics, which states that all objects fall toward the center of gravitational
attraction with the same uniform acceleration in a vacuum (i.e., in the absence of friction).
Vicovaro (2014) found that this misconception persists even when participants are asked
to predict the unseen falling speed of real objects that they can manipulate. To explore
how gravitational motion is perceived, Vicovaro et al. (2019) presented participants with
real-scale simulations of wooden (i.e., heavy) or polystyrene (i.e., light) spheres falling
from a height of approximately two meters. The participants were then asked to rate
the naturalness of each simulated fall. The results revealed that physically impossible
high-speed values were judged as natural for wooden spheres, while physically impossible
low-speed values were judged as natural for polystyrene spheres. Additionally, simulated
motions that were physically incorrect but featured uniform speed were perceived to
be approximately as natural as uniformly accelerated motions. In a second experiment,
Vicovaro et al. (2019) demonstrated that the mass–speed belief also influenced participants’
estimates of the time it took for simulated spheres, with partially obscured trajectories, to
make contact with a surface (see also Vicovaro et al. 2021). It is important to note that if the
effects of air resistance are considered, the mass–speed belief cannot be simply dismissed
as an error. Due to the influence of air resistance, heavier objects tend to fall slightly faster
than lighter ones (Oberle et al. 2005; Vicovaro et al. 2021). However, Vicovaro et al. (2021)
showed that mass still affects the perceived naturalness of falling acceleration, even when
the simulated effects of air resistance are included in the animation. This suggests that even
in highly realistic scenarios, laypeople are susceptible to the mass–speed belief.

Ludwin-Peery et al. (2021a) conducted a study in which participants were shown
videos depicting realistic simulations of two spheres falling. These spheres rolled down
ramps, platforms, and steps or were set in motion by a series of dominoes (for an example:
OSF). Each video played for 2 s before being interrupted, and participants were then asked
to predict which sphere would touch the ground first. The spheres differed not only in their
falling paths (such as rolling on different ramps or encountering steps) but also in other
factors, including speed, distance covered at the moment the animation was paused, and
the presence of obstacles. Surprisingly, the results indicated that participants performed
below the chance level, suggesting that they were unable to accurately reconstruct the
relative timing of the motion of the two spheres.

Hecht (2015) conducted a study using static pictures of vertical rods to investigate
participants’ predictions about the falling time and balancing difficulty of these rods. The
rods could vary in three dimensions: weight, length, and the position of an additional
weight attached at the top or bottom of each rod (see Figure 1, for an example of a scenario
characterized by rods differing in weight). Participants were tasked with predicting which
rod would fall quicker to the ground if both were slightly tipped over simultaneously, as
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well as which rod would be easier to balance. The latter task aimed to tap into participants’
perceptual-motor experiences related to balancing or hefting objects. From a physical
perspective, the falling time of a rod depends solely on the distance of its barycenter from
the ground (i.e., the base of the rod). Balancing difficulty should be inversely proportional
to the falling time, as a shorter falling time provides less time to balance the rod. However,
less than half of the participants provided correct responses in the abstract version of
the task, and even the more concrete version centered on motor experience did not yield
improved performance. In line with the mass–speed belief, slightly over 40% of participants
incorrectly predicted that the heavier rod would fall faster than the lighter rod. Perceptual-
motor knowledge fared even worse, with slightly over 70% of participants incorrectly
believing that the heavier rod was harder to balance, despite the balancing difficulty being
the same for both rods.

Figure 1. Hypothetical wooden and iron rods in the task used by Hecht (2015). Arrows indicate the
hypothetical motion direction, dash lines indicate the hypothetical landing positions. The figure is
reproduced and adapted with the permission of the author.

Croucher et al. (2002) conducted research to explore people’s intuitive understanding
of mirror physics, commonly referred to as naïve optics. They found that a significant
percentage of individuals held the misconception that when a person walks parallel to
a flat mirror, they can see their reflection in the mirror before being directly in front of it
(referred to as an early error). This misconception consistently emerged in both paper-
and-pencil tests and real-life scenarios, with the errors being more pronounced in real-life
situations than in the tests. In another study focusing on laypeople’s understanding of
mirror image size, Lawson and Bertamini (2006) asked participants to estimate the size
of their face’s mirror reflection. A substantial overestimation error was observed, as
participants incorrectly believed that the mirror projection of their face was approximately
the same size as their actual face, whereas it should be half the size (regardless of the
participant’s distance from the mirror). Lawson et al. (2007) further demonstrated that this
overestimation error extended to arbitrary objects, such as bamboo sticks of varying lengths,
and also encompassed images projected on windows. Interestingly, providing perceptual
feedback through the observation of actual projections on mirrors or windows only led to a
modest increase in accuracy for the projection size estimation task (Lawson and Bertamini
2006; Lawson et al. 2007). In the context of naïve optics, Bertamini et al. (2003a) revealed
that people hold incorrect representations of what is visible in mirrors. For example, when
participants were presented with Velazquez’s painting “The Toilet of Venus” (also known
as “The Rokeby Venus”), they erroneously reported that Venus was seeing herself in the
mirror, although this would be physically impossible. This phenomenon, referred to as
the Venus effect, extends beyond paintings to include photographs and realistic everyday
scenarios. It appears to be linked to individuals’ insensitivity to the fact that the portion
of space visible in a mirror varies based on the observer’s position relative to the mirror
(Bertamini et al. 2010; Bianchi and Savardi 2012).
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5. The Role of Heuristics in Laypeople’s Understanding of the Physical World

Despite claims that physical laws are internalized through perceptual experience and
that the use of realistic frames of reference is crucial for accurate performance in intuitive
physics tasks (Fischer and Mahon 2021; Smith et al. 2018), the literature reviewed in the
previous section indicates that even in realistic and familiar physical scenarios, fundamental
mistakes can occur. Some errors appear to be directly linked to perceptual experience.
For example, the straight-down belief seems to be influenced by the fact that an object
released by a moving carrier appears to fall straight down due to the presence of the
moving carrier (McCloskey et al. 1983). In the field of naïve optics, Lawson et al. (2007)
proposed that people tend to significantly overestimate the size of mirror images because
they do not perceive them as images on the mirror surface, but rather they perceive them
as virtual copies beyond the mirror of the corresponding real objects. These virtual copies
are perceived to be the same size as the original images due to a size constancy mechanism.
However, there is a lack of other instances of direct perceptual errors, suggesting that
misleading visual experiences cannot fully explain the wide range of errors observed in the
domain of intuitive physics.

Many misconceptions regarding the motion of objects seem to stem from an overgener-
alization of our perceptual-motor experiences during interactions with physical objects. To
illustrate this, let us consider the perception of kicking a ball from our perspective. Initially,
the action is planned in our mind, generating a sense of agency and willingness. In contrast,
the ball is perceived as passive and inanimate. When the foot makes contact with the
ball, we feel a certain resistance exerted by the ball, which varies based on factors, such
as its mass. If the kick is sufficiently strong and no external factors, like wind, interfere,
the ball moves in the anticipated direction, its speed being directly proportional to the
force of the kick and inversely proportional to the ball’s resistance. Subsequently, the
ball gradually decelerates until it comes to a stop. Scholars have observed that laypeople
interpret mechanical interactions between physical objects in a manner consistent with this
phenomenological framework (DiSessa 1993; Hubbard 2022; Klaassen 2005; McCloskey
1983; White 2009). For example, when presented with a collision scenario involving a
moving object A colliding with a stationary object B, individuals tend to identify A as the
agent and B as the passive object, or the patient. They believe that A imparts a directional
impetus to B, which in turn resists the transmission of this impetus. Consequently, after
the collision, the speed of B is believed to increase as the impetus (i.e., force) from A in-
creases and to decrease as B’s resistance increases. As the impetus gradually dissipates,
B is expected to decelerate until it eventually halts. Thus, there exists a strong parallel
between how laypeople perceive first-person interactions with physical objects and how
they conceptualize mechanical interactions involving inanimate objects. In other words,
it appears that perceptual-motor experiences during personal interactions serve as an
interpretative framework for comprehending mechanical interactions between physical,
non-living objects (i.e., an overgeneralization of perceptual-motor experiences occurs).

Relying on phenomenal experience leads laypeople to believe that when an object
applies or experiences a force in a particular direction, it will move in that direction with
a speed directly proportional to the force (referred to as force as a mover, as discussed
by DiSessa 1993)1. This principle, when (over)generalized, can potentially account for
systematic biases, such as the mass–speed belief and the slope–speed belief. Regarding the
mass–speed belief, Vicovaro et al. (2021) observed that when an object is held in hand, it
exerts a downward force on the hand, with the magnitude of this force directly proportional
to the object’s mass. Consequently, a heavy steel ball exerts a much stronger downward
force than a light polystyrene ball. If the perceived force is used as an indicator of the
object’s falling speed, it naturally leads to the idea that the heavy steel ball falls much faster
than the light polystyrene ball. Similarly, Rohrer (2002) noted that the force exerted by an
object in the direction of an incline is directly proportional to the slope of the incline at that
point. Once again, if force is utilized as a predictor of speed, the observer would believe in a
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direct proportional relationship between the slope and speed, which was indeed observed
in Rohrer’s studies.

It is essential to highlight that the aforementioned errors do not stem from a complete
lack of understanding of physical principles. Instead, they arise from the overgeneralization
of principles that hold true within the context of motor interactions between an individual
and an inanimate object, leading to invalid solutions in other contexts (as also discussed by
Hecht 2001). Overgeneralization errors have also been documented in the field of naïve
optics. Bianchi and Savardi (2014) highlighted that many errors made by observers when
predicting what is visible in a mirror can be attributed to the inappropriate generalization
of their most typical perceptual experiences. For instance, observers often rely on their
typical experience of standing in front of a mirror to predict what would be visible when
they are positioned to the side of the mirror (see also Bianchi and Savardi 2012). Similarly,
some participants mistakenly believe that when they walk parallel to a mirror surface,
the mirror image will initially appear on the opposite side of the mirror and move in the
opposite direction of their walking. These misconceptions likely arise from the erroneous
generalization of the common perceptual experience that the mirror image behaves contrary
to the observer (see also Bianchi et al. 2015).

Overgeneralization errors can be viewed as a type of heuristic. Since the influential
work of Tversky and Kahneman (1974), the term heuristic has been widely employed in
the field of probabilistic and causal reasoning. It refers to simplified reasoning strategies
that individuals use instead of more complex normative probability laws. The adoption of
heuristics is typically attributed to the limited capacities of the cognitive system and the
computational demands of probability laws. For instance, let us consider the assessment of
a potential causal relationship between a source event X (e.g., a specific medical treatment)
and an outcome event Y (e.g., recovery from a specific medical condition). Normatively,
determining the existence or absence of a causal link between X and Y requires applying
Bayes’ theorem, which involves combining the relative frequencies of different events (e.g.,
X & Y, ¬X & Y, X & ¬Y). However, research has consistently shown that laypeople tend to
rely on simplified heuristics in such cases. One common heuristic is to count the relative
frequency of the outcome event Y, disregarding the frequencies of ¬X and Y, as well as X
and ¬Y. Although this heuristic may yield satisfactory results in certain contexts, it is not a
universally valid strategy. Consequently, its usage can lead to a significant overestimation
of the strength of the causal link between the source and outcome events, known as a
causality bias (Blanco et al. 2013).

Overgeneralization errors in intuitive physics and biases in probabilistic reasoning
exhibit some common characteristics. Firstly, both are reasonably accurate in specific
contexts. Secondly, laypeople tend to apply them even when they cannot yield valid
solutions. Thirdly, they allow for significant computational resource savings. As noted by
Hecht (2015), as long as heuristics provide reasonably accurate solutions for the majority of
scenarios encountered in everyday life, there is no compelling reason to abandon them in
favor of more accurate but computationally expensive representations of reality. Bertamini
and Casati (2009) emphasized that heuristics can be viewed as a by-product of efficient
adaptation to the environment in certain cases. For example, research has shown that
waitresses, compared to other populations, are more prone to errors when judging how
the surface orientation of liquid in a glass changes when the glass is tilted (Hecht and
Proffitt 1995). The errors made by waitresses appear to arise from an excessive focus on the
frame of reference provided by the glass, which can be attributed to the significance of this
reference frame in their daily tasks as waitresses.

In this article, our primary focus centers on heuristics concerning object motion,
proposing that they stem from the overgeneralization of perceptual-motor experiences.
However, it is important to acknowledge that there exist other types of heuristics that
are predominantly visual in nature. For instance, Ludwin-Peery et al. (2021a) found that
participants rely on a relatively simple visual resemblance heuristic to determine the most
probable final state of an unstable tower of blocks following its collapse. Moreover, a

150



J. Intell. 2023, 11, 187

recent study conducted by Liu et al. (2023) revealed that visual inputs associated with
object-related geometry, particularly the centroid, are sufficient for accurate predictions
regarding object stability.

From a theoretical perspective, the development of heuristics in the field of intuitive
physics involves a certain degree of knowledge systematization and generalization. The
underlying idea is that perceptual experience is utilized to construct knowledge structures
that encompass various physical phenomena. In his influential theoretical work, DiSessa
(1993) termed these knowledge structures phenomenological primitives or p-prims. Without
delving into details, there exists a debate regarding the size and interconnectedness of
these knowledge structures. On one end, McCloskey (1983) proposed that individuals’
intuitions about motion resemble the structure of a non-Newtonian scientific theory, such
as the Medieval impetus theory, wherein general universal principles coexist with specific
cases and exceptions. On the other end, DiSessa (1993) suggested that people’s intuitions
about the physical world are organized into relatively small and weakly interconnected
knowledge structures, limited in scope to a few specific situations. According to this
viewpoint, intuitive physics lacks the significant systematic nature found in theoretical
science. Yates et al.’s (1988) prototypes theory suggests that the resolution of physics
problems relies on the activation of a prototype representing the specific physical scenario.
These prototypes are acquired through perceptual-motor experiences with the physical
world and stored in long-term memory. Unlike the other theories discussed, the prototypes
theory does not propose a systematic organization of knowledge. Instead, prototypes are
considered isolated fragments of knowledge of which activation is influenced by various
contextual factors, including the perceptual salience of different aspects of a given physical
scenario as determined by the task at hand.

In concluding this section, I would like to highlight that the characterization of intuitive
physics through heuristics is not a novel concept. As mentioned earlier, numerous empirical
findings have been illuminated through this lens. Nevertheless, a comprehensive theoretical
framework encompassing these heuristics remains elusive. In this contribution, I aim to
propose the existence of a domain-general heuristic—specifically, an overgeneralization
of perceptual experience—that can elucidate a wide range of systematic prediction errors
observed in domains, such as collisions, throwing, vertical falling motion, and mirrors.

It is important to acknowledge that the type of perceptual experience evoked during
an intuitive physics task may vary based on specific stimulus features (Yates et al. 1988).
For instance, as discussed in Section 3, participants may disregard the force exerted by a
stationary object on a moving object when presented with a collision between two abstract
shapes (White 2007). However, participants seem to take this backward force into account
when exposed to realistic simulations, particularly when the stationary object appears to be
made of a dense material, like iron (Vicovaro 2018). This latter scenario could potentially
elicit perceptual-motor experiences of rebounding against a massive object, such as a
large stone or a wall. Furthermore, studies conducted within the theoretical framework
of Bayesian cognitive models (Section 4) provide compelling evidence that participants’
judgments and predictions align with Newtonian laws under specific circumstances. While
the validity of internalizing Newtonian constraints may not hold universally, certain
physical laws do seem to be internalized by individuals. Deciphering the factors that
determine when and why the accurate internalized knowledge of physical principles
supersedes the use of heuristics presents an ongoing and significant challenge for theories
of intuitive physics.

6. Current Controversies and Future Directions

Over the past decade, Bayesian simulation models have gained significant popularity.
These models are based on the principle that perceptual experience serves as a reliable
source of information regarding physical phenomena. The closer a scenario resembles
everyday life experiences, the more accurate participants’ judgments and predictions are
expected to be. Fischer and Mahon (2021) express this idea by stating that scenarios
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presented from an egocentric perspective are more likely to yield accurate predictions
compared to those presented from an allocentric perspective (p. 459). However, a consid-
erable body of literature contradicts this claim by demonstrating that systematic errors
can occur even in ecologically valid scenarios (Section 4). Noteworthy examples include
laypeople consistently overestimating the influence of mass on the falling speed of objects.
This tendency persists not only when participants engage in abstract paper-and-pencil
tasks but also when they make predictions about the unseen falling motion of real objects
that they can manipulate (Vicovaro 2014). Moreover, fundamental misunderstandings
about mirror reflections emerge when participants are exposed to both schematic drawings
and real mirrors (Bertamini et al. 2010; Bianchi and Savardi 2012; Croucher et al. 2002).
Furthermore, it is important to note that the allocentric perspective does not necessarily
hinder performance in intuitive physics tasks (Huber and Krist 2004; Kaiser et al. 1992).
Consequently, the notion that a realistic first-person perspective is the key determinant of
response accuracy does not seem to be well-supported by empirical evidence.

In addition to the previous point, it is worth highlighting that Ludwin-Peery et al.
(2021a) have recently challenged the psychological plausibility of Bayesian cognitive models
of intuitive physics through the empirical testing of three core predictions derived from
these models. These predictions are as follows: (1) the mental simulation should effectively
consider all relevant elements of the physical scenarios that contribute to the outcome; (2)
the temporal order of events should be accurately represented and maintained throughout
the simulation; (3) the outcome of the mental simulation process should align with the
principles of normative probability theory. Regarding the first prediction, the authors
found that participants exhibited a poor ability to detect changes in the number and shape
of blocks in a tower when asked to predict its most likely future state following a collapse
caused by poor balancing. In relation to the second prediction, participants were asked to
predict which of two balls would touch the ground first after rolling down a series of ramps
and obstacles. Surprisingly, they tended to reverse the exact order of arrival, indicating
that the mind struggles to perform a faithful simulation of mechanical events that takes
the precise time course into account. Lastly, concerning the third prediction, participants
demonstrated a conjunction fallacy when making predictions about the unseen potential
outcome of a collision between two flying balls. Specifically, they judged the simultaneous
occurrence of two events (e.g., ball X being hit by ball Y and ball X touching the grass) as
more likely than the occurrence of a single event (e.g., ball X touching the grass) alone. As
a result, these findings contradict the predictions made by Bayesian models, revealing that
probabilistic reasoning in the context of simple mechanical events appears to violate the
normative laws of probability (see also Ludwin-Peery et al. 2021b for additional instances
of the conjunction fallacy in the context of simple mechanical events).

Bass et al. (2021) put forth an argument challenging the assumption that a Bayesian
cognitive simulation model necessarily aligns with predictions based on physical laws.
They suggest that individuals might employ a strategy of partial cognitive simulation to
conserve computational resources. This approach entails conducting a detailed physical
simulation solely for the most relevant element of a scenario, while disregarding less signif-
icant elements, even if they might hold importance from a physical standpoint. Drawing
an analogy from physics simulation engines utilized in action video games, these neglected
elements are referred to as sleeping elements (Ullman et al. 2017). Their behavior is simu-
lated only when they become salient within the scenario. According to this perspective, the
perceptual realism of an animation depends on the physical plausibility of the behavior
exhibited by the salient objects, whereas realism is not expected for non-salient elements.
Thus, the differentiation between active and sleeping elements allows for the preservation
of perceptual realism while conserving valuable computational resources. However, two
unresolved issues arise from this viewpoint. Firstly, determining the criteria by which
the cognitive system identifies which elements should undergo Newtonian simulation
and which ones can be considered sleeping elements remain a challenge. Secondly, as
previously discussed in Section 4, instances exist where significant deviations from physi-
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cal predictions are accepted even for obviously salient objects, such as the trajectory of a
thrown ball, the elements that are visible in a mirror, or the speed of a falling object.

Another intriguing debate concerns the role of intuitive physics in everyday motor
interactions with physical objects. Some researchers propose that the cognitive system and
the motor-action-oriented system employ distinct representations of physical phenomena
(Fischer and Mahon 2021; Zago and Lacquaniti 2005). They suggest that while the cognitive
system may rely on sub-optimal heuristic representations of physical laws, motor actions
are driven by accurate internalized representations of these laws and constraints. These
action-oriented representations are cognitively impenetrable, meaning they cannot generate
correct responses in tasks unrelated to action. For example, in relation to the common
misbelief that heavier objects fall faster than lighter objects, it has been shown that this
erroneous belief influences cognitive predictions of unseen falling motion (Vicovaro 2014),
the perceived naturalness of visually perceived falling motion (Vicovaro et al. 2019, 2021),
and the imagined motion of falling objects (Vicovaro et al. 2021). However, Lacquaniti
and Maioli (1989) demonstrated that this belief had no impact on the timing of the manual
interception of vertically falling objects. Participants were able to catch a falling sphere at
the correct moment, regardless of its mass. In general, empirical evidence suggests that
accurate internalized representations of Earth’s gravity play a crucial role in guiding both
the manual interception of vertically falling objects (McIntyre et al. 2001; Zago et al. 2008)
and the ocular pursuit of targets on parabolic trajectories (Jörges and López-Moliner 2019),
although some authors have questioned the necessity of these representations (Baurès et al.
2007; Zhao and Warren 2015).

Supporting the dissociation between action and cognition in intuitive physics, Smith
et al. (2018) conducted a study involving a pendulum scenario. Participants were asked
to draw the path that the pendulum’s bob would take if the cord was cut. They were
presented either with static depictions of a pendulum scenario or with animations stopped
at the moment of cord cutting. Marked discrepancies between participants’ predictions
and the theoretically correct responses emerged in both conditions. However, when a more
action-oriented version of the task was introduced, where participants adjusted the position
of a bucket to catch the ball after the cord was cut or cut the cord to make the ball land
in a bucket, their responses aligned substantially with physics. By analyzing individual
response patterns from participants who took part in both the static and action-oriented
conditions, it became evident that participants relied on different knowledge systems.
Another study by Neupärtl et al. (2021) explored an immersive virtual reality scenario
where participants propelled real pucks varying in mass towards targets at different
distances. In this setting, participants relied on a correct Newtonian model. However, in
a more abstract version of the task presented on a monitor with interactions using key
presses, participants used a simplified heuristic model. In a study conducted by Krist et al.
(1993), it was found that children demonstrated an understanding of the Velocity = D/

√
H

rule when manually propelling a tennis ball along a horizontal surface, to make the ball
land on a target positioned on the ground at a vertical height H from the surface and at
a horizontal distance D from the edge of the surface. However, when asked to predict
the unseen velocity of the ball, they failed to consider the influence of height. The same
disconnect between motor and cognitive abilities was observed in other areas, such as
time, space, and velocity integration (Huber et al. 2003; Wilkening and Martin 2004). At a
more theoretical level, it is worth underlining that the definition of action itself remains
an open question. For instance, Zago and Lacquaniti (2005), Neupärtl et al. (2021), and
Krist et al. (1993) conceptualize action as motor interactions with physical objects, while
Smith et al. (2018) had participants engage with abstract virtual representations of objects.
Consequently, the boundaries of the domain to which this hypothetical action-oriented
knowledge system applies are nuanced.

The hypothesis that motor interactions with physical objects are guided by internalized
representations of physical laws and constraints is undeniably intriguing. It offers an
explanation for the efficacy of these interactions, even when cognitive processes rely
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on heuristics. In simpler terms, one does not necessarily need precise cognitive and
perceptual representations of physical phenomena to successfully adapt to the environment,
as long as actions are guided by accurate internalized representations of physical laws.
Nonetheless, due to the limited number of empirical studies examining motor interactions
with physical objects, further investigation is necessary to delve deeper into this hypothesis.
It is worth mentioning that a dissociation between action and cognition was not observed
in a developmental study that employed a slingshot throw paradigm (Krist 2003), as well as
in a study involving children aged 6 to 12 and adults who were tasked with releasing a ball
onto a target located on the ground while they moved horizontally (Krist 2000). Moreover,
McCloskey and Kohl (1983) found that a curvilinear impetus heuristic could account for
both cognitive predictions and motor interactions involving moving objects.

This review primarily focused on studies involving adult participants, but it is worth
noting that there is a vast and valuable field of research dedicated to the development
of intuitive physics in infancy and childhood. Across a wide range of physical scenarios,
studies have demonstrated that children gradually acquire the ability to predict outcomes
by integrating multiple physical variables using additive, multiplicative, and averaging
rules (Anderson and Wilkening 2014; Hill et al. 2014; Jäger and Wilkening 2001; Léoni and
Mullet 1993; Wilkening 1981; Wilkening and Martin 2004; Vicovaro 2021). Some noteworthy
studies on children’s intuitive understanding of elementary mechanics are discussed in the
remainder of this review. Regarding the understanding of vertical falling motion, research
indicates that the belief that heavy objects fall faster than light objects emerges as early as
5–6 years of age and remains consistent throughout primary school (Hast 2014; Hast and
Howe 2012, 2015). In contrast, concerning motion along an inclined plane, the belief that
heavy objects roll down faster than light objects tends to emerge between the second and
fourth year of primary school, while first-year children hold the opposite belief (Hast 2014;
Hast and Howe 2017). The relative saliency of vertical and horizontal motion components
appears to play a significant role in this gradual transition (Hast 2016). Interestingly, when
children were presented with videos of real balls rolling down an inclined transparent
tube, the physically correct motion pattern, where the light and heavy balls have the same
speed, was perceived as more accurate compared to incorrect motion patterns, such as a
higher speed for either the light or heavy ball (Hast and Howe 2017). Similar results were
found for vertical falling motion (Hast and Howe 2015). Overall, these findings suggest
a potential dissociation between children’s implicit and explicit knowledge, although
caution should be exercised when drawing conclusions. To further examine this claim, it
is important to note that these studies involved presenting participants with two videos
simultaneously—one showing the falling motion of a heavy sphere and the other showing
the falling motion of a light sphere. The videos were either presented at natural speed
(equal speed condition) or with one video slowed down to half its natural speed (different
speed condition). This manipulation resulted in a substantial speed difference between the
heavy and light objects, with one of the objects moving inconsistently with the effects of
Earth’s gravitational acceleration. Given this consideration, it is possible that a scenario
where a heavy object falls faster than a light object (or vice versa) may be perceived as more
natural than an equal speed scenario if a subtler speed manipulation is employed.

In a noteworthy developmental study conducted by Kaiser et al. (1986a), participants
in the age range of 5–12 years and adults were presented with spiral, C-shaped, or straight
tubes placed on the ground. They were asked to predict the trajectory that a ball rolling
inside the tube would follow upon exiting. All participants predicted a straight trajectory
when the ball exited from the straight tube. However, a divergence in responses emerged
for the spiral and C-shaped tubes across different age groups. The majority of children aged
10 to 12 tended to incorrectly predict a curvilinear trajectory, while adults and surprisingly,
the youngest children (5 to 6 years old), tended to predict a physically correct straight
trajectory. In other words, performance accuracy varied with age following a U-shaped
function. The authors suggested that this phenomenon might be attributed to children
initially relying on visual experiences to predict the ball’s trajectory, which led them to find
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the correct solution. However, as their understanding developed, they gradually learned
that objects tend to continue moving in the same direction unless external forces intervene.
Overgeneralizing this reasonable experience-based heuristic led them to falsely believe that
the ball would follow a curvilinear trajectory upon exiting the tube.

A new frontier in research on children’s intuitive understanding of the physical world
involves the construction of neural networks that mimic children’s knowledge of physics.
Notably, studies have shown that neural networks trained with thousands of videos of
real physical motion can learn to predict the future positions of moving objects, even
through unsupervised learning processes (Ehrhardt et al. 2018). Recently, Piloto et al.
(2022) developed a neural network trained with 28 h of observation of 3D scenes depicting
simulated physical events. Following this training, the neural network demonstrated the
ability to predict object behavior based on principles, such as continuity, object persistency,
solidity, unchangeableness, and directional inertia. Importantly, these principles constitute
the fundamental building blocks of infants’ understanding of the physical environment
(Baillargeon 2002). Beyond these core concepts, it would be intriguing to construct neural
networks trained through perceptual-motor interactions with the physical world rather
than the mere observation of physical events. Testing the generalization of knowledge
acquired through perceptual-motor training using new physical scenarios could provide
further insights into the processes underlying the construction of intuitive representations
of the physical world.

7. Summary

Comprehending how the cognitive system constructs a representation of the physical
world is a valuable yet challenging endeavor. It advances our theoretical grasp of human
representation of the external world and holds practical implications, particularly for
enhancing physics education.

This review centered on the hypothesis that intuitive physics relies on simulations
rooted in internalized physical laws, yielding precise solutions in real-life scenarios. I
examined empirical evidence both supporting and refuting this notion. Notably, mis-
conceptions often persist, even in realistic situations involving perceptual judgment or
active interactions with tangible objects. A domain-general heuristic, stemming from the
overgeneralization of perceptual-motor experience with physical objects, was proposed as
a potential explanation for many such misconceptions. However, the precise conditions
under which accurate task-specific knowledge may override this general heuristic remains
a contentious subject necessitating future investigation.

Finally, I underscored the significance of action–judgment dissociations and develop-
mental models based on neural networks as promising research avenues within the realm
of intuitive physics.
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Notes

1 The relationship between object speed and the resistance offered by an object to an applied force is thought to be inversely
proportional. This notion helps shed light on why children often hold the belief that when a fixed force is applied to two objects
initially at rest on a horizontal plane, the lighter object will move faster than the heavier one, and the smallest object will move
faster than the larger one (Hast and Howe 2012).
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Abstract: The history of safety science has seen the flourishing of several models and metaphors
aimed at describing organizational accidents’ dynamics. Metaphors and their graphical representa-
tions are powerful tools to frame risks and adverse events in socio-technical systems; they help in
coping with systemic complexity but can also become a constraint and even bias the understanding of
our environment. This paper aims to investigate how metaphors and their graphical representations
influence the comprehension of organizational accidents, how they could be misinterpreted, and,
as a result, generate misunderstandings of events. To address these questions, we analyze three
paradigmatic accident causation models, typical of three phases in the evolution of models in the last
century, describing how the related metaphors and depictions could influence the perception and
understanding of risk factors. In addition, we present some possible misunderstandings that could
be produced by the metaphor and graphical features of representations, with a particular focus on
safety outcomes. Eventually, we provide a framework with the basic characteristics of an effective
model and metaphor for the description and analysis of organizational accidents in modern complex
socio-technical systems. This framework could be used as a guide for proposing new and more
effective models in safety science.

Keywords: organizational accidents; visual models; metaphors; risk perception; conceptualizing
safety

1. Introduction

Metaphors can be potent instruments for influencing the way we think and look at
our world. Metaphors encompass more than just rhetorical devices used for embellishment
in speech, writing, or representations; they play a crucial role in perception and cognition
(Eppler 2006; Van Hekken and Das 2019; Öztel and Hinz 2001). Metaphors involve the
transfer of information from a familiar domain (referred to as the source domain, or the
vehicle) to a new and relatively unfamiliar domain (known as the destination domain, or
the topic) (Forceville 2006; Tsoukas 1991). By introducing new meanings and reframing
available information, metaphors enable individuals to perceive phenomena or concepts
from alternative perspectives. They prove useful for many purposes, for example, in
simplifying complex ideas, such as explaining electricity as water flowing through pipes
(Gentner and Gentner 1983).

Metaphors are conceptual phenomena through which humans comprehend and ex-
perience aspects of daily existence (Forceville 2006; Lakoff and Johnson 1980; Refaie 2003;
Serig 2006). Consider the commonplace metaphor “time is money,” which conveys the idea
that time is a valuable resource not to be squandered. This metaphor transcends a simple
word comparison (“time” and “money”); it encapsulates the notion that time is a finite
and precious commodity, susceptible to wastage, and deserving of prudent management.
Metaphor goes beyond a mere matter of words; it is a conceptualization; “time” becomes a
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precious resource to safeguard, as it is the human mind that conceives it in such a manner
(Lakoff and Johnson 1980).

As outlined by Coëgnarts and Kravanja (2014), metaphors possess two distinct levels:
A conceptual dimension on the one hand, and a formal expression or manifestation level
on the other. Since metaphors are thought processes, they can be expressed in a whole
range of different forms, such as language, pictures, music, sounds, and gestures (Forceville
2006; Refaie 2003; Serig 2006). According to Forceville (2006), metaphors can be conveyed
either exclusively within one mode (e.g., visual, verbal, aural) or span across multiple
modes (e.g., audio-visual, verbal-visual, or audio-verbal-visual). In monomodal metaphors,
target and source are primarily or entirely conveyed through a single mode, such as the
linguistic expression “argument is a war” (Lakoff and Johnson 1980); on the other hand, in
multimodal metaphors, target and source are each represented in different modes, such as
visual and auditory, like a cat with an elephant snout emitting trumpeting sounds in an
animated film (Forceville 2006).

Although different modes of communication may convey similar meanings, differ-
ences exist in their expressive capacities. For instance, while in language the chronological
dimension of events is expressed by the use of syntax and adverbs (before, after), visual
representations need to use spatial rather than temporal signals; for instance, depicting
a past event as smaller or positioned behind a current event. These distinctions in man-
ifestations can have significant implications for how individuals conceptualize various
phenomena (Refaie 2003).

The field of industrial safety flourishes with metaphors that conceive organizational
phenomena, such as accidents, into tangible terms. Particularly, metaphors have been used
to explain how accidents occur since the beginning of the research field (Le Coze 2019). For
instance, one common metaphor for accidents describes organizational failures as a cascade
of falling dominoes; each domino represents an organizational factor dependent on the
others. This metaphor serves to illustrate how accidents stem from a series of interconnected
causes and has often been accompanied in literature by a graphical representation (Heinrich
1941). Metaphors in safety are useful for conveying a particularly complex idea, such as the
development of accidents. By framing organizational failures in concrete terms, a metaphor
and its graphical representation can effectively communicate abstract or complex concepts
in a more accessible way. From a cognitive standpoint, they can significantly influence how
individuals interpret the corresponding phenomena (Le Coze 2019).

The use of metaphors and their graphical representations for explaining accidents may
also possess several potential drawbacks. For instance, metaphors might overemphasize
similarities between entities that are fundamentally distinct: Metaphors assert that A has
some properties in common with B (e.g., accident development such as falling dominoes);
however, A is not B (in organizations, there are not dominoes, and they cannot be pushed
in one direction or be physically stopped) (Eppler 2006). The juxtaposition of two distinct
aspects (“accidents are like dominoes”) draws attention to the dominant features embodied
by the metaphor, encouraging people to see accidents in terms of sequential and linear
characteristics; simultaneously, it diverts attention from traits that do not align with this
concept, such as the simultaneous occurrence of events or redundancy. Conceptualizing a
phenomenon through metaphorical lenses accentuates specific features while relegating
others to the background. This runs the risk of fostering a selective and incomplete
perspective of the accident, leading to a biased understanding (Barner 2008).

Furthermore, even the adoption of a specific graphical representation of that metaphor
has the effect of guiding the observers’ minds in framing a domain of knowledge accord-
ingly (Refaie 2003). Each graphical representation of the metaphor is a map representing a
landscape from a specific point of view: It highlights some aspects, leaves other aspects in
the background, and completely neglects others (Petridis and Chilton 2019; Ziemkiewicz
and Kosara 2008). Moreover, graphical representations can possess varying degrees of im-
plicitness, and the construction of meaning is jointly negotiated by creators and observers;
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images extend beyond the simple depiction of real events. This means that associative
interpretations can significantly vary among individuals (Refaie 2003).

It is therefore important to understand how the phenomenal experience of metaphors
and their depictions may guide cognition, facilitate some processes, sometimes even
bias them, and could also be the ground for misunderstandings and wrong assumptions
(Morgan 2011).

Given the relevance of metaphors in representing and processing complex data, in this
paper we will focus on the use of metaphors as models adopted to represent what Weick
(1987) defined as a “dynamic non-event”: Safety in complex socio-technical systems. This
paper aims to investigate the influence of metaphors and their graphical expressions on an
understanding of organizational risks and accidents. Specifically, we question:

1. How do metaphors influence the comprehension of organizational accidents?
2. How can the graphical representation of metaphors shape the observers’ comprehen-

sion of accidents?

To address these questions, we will choose three accident models paradigmatic of
the main eras in safety science and analyze them in terms of the effectiveness of their
related metaphors and their visual representations. We will describe how the related
metaphors and graphical representations may influence the understanding of risk factors.
Our investigation will encompass two levels of analysis. First, we will delve into the
influence of metaphorical concepts on the comprehension of accidents. Second, we will
place a focus on the comprehension of accidents through the utilization of formal graphical
expressions of metaphors.

In the subsequent sections, we will initially present a classification and development
of accident models from the safety science literature. In the following sections, we will
present each accident metaphor and its graphical representation, focusing on (1) how
people might conceptualize accidents through the first and second models, and (2) how
the visual characteristics of metaphorical expressions can shape the comprehension of
organizational failures through the second and third models. In each part, we will also
focus on some possible misunderstandings that could be produced by the metaphor and
their visual expressions, with a particular emphasis on safety outcomes.

Eventually, this paper will provide a framework with the basic characteristics of an
effective model and metaphor for the description and analysis of organizational accidents.
This framework could be used as a guide for proposing new and more effective models in
safety science.

2. Accident Metaphors

Current sociotechnical systems are characterized by complex interactions between
operators, teams, technology, the organization, and their physical and social environment
(Reason 1997). They pose an interesting challenge to those involved in their design and
management, but also to safety scientists that try to investigate and model the complex
dynamics occurring in these organizations (Hollnagel 2012; Nuutinen and Norros 2009).
Safe operations are therefore based on the optimal design and management of the several
factors at play (Woods et al. 2010). Metaphors have been employed to address fundamental
challenges in understanding the complexity of sociotechnical systems and conceptualizing
safety. In an effort to visually capture various facets of complex system functioning,
visual representations of metaphors strive to enhance understanding of organizational
events. According to Le Coze (2019), accident metaphors have played a significant role
in establishing safety as an independent field of research, distinct from other disciplines.
As these metaphors have often been conveyed from consultants to professionals or from
managers to operators, they can permeate the very fabric of an organization and become
embedded in its cultural context. These metaphors can be observed in various aspects,
including the investigation processes, the organizational improvement actions, and the
design of training programs (Swuste et al. 2014).
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As stated by Hovden et al. (2010, p. 955), “accident models affect the way people think
about safety, how they identify and analyze risk factors and how they measure performance.
Accident models can be used in both reactive and proactive safety management”. Thus,
the question of how these metaphors affect the perceptions of workers, managers, and
practitioners regarding organizational failures seems to be a central aspect to consider.

Safety science literature provides several reviews about the classification and devel-
opment of accident models, and they generally represent it as an evolution from linear to
complex models (Hollnagel 2004, 2009; Hovden et al. 2010; Lundberg et al. 2009; Pillay 2015;
Roelen et al. 2011; Saleh et al. 2010; Fu et al. 2020). Hollnagel (2004) frames this trend from
linear, or sequential models, to complex linear models, to complex non-linear models. In a
more nuanced framing, Pillay (2015) claims that our understanding of accident dynamics
and prevention has followed several ages, starting from the focus on technology (with
a linear approach to events analysis), to the resilience approach (capable of representing
complex non-linear dynamics).

The models have been proposed according to the technical and organizational nature
of the system they aim to represent. This means that there is not an ideal or all-purpose
model since the systems are different. Moreover, each model would be more suitable
for the specific kind of sociotechnical system it aims to represent; for instance, a model
suitable for the representation of accidents in manufacturing could be ineffective or even
misleading for the healthcare system (Fu et al. 2020; Hollnagel 2008, 2009). In general,
linear models could be suitable for understanding and investigating accidents in linear
systems. As the complexity and interconnectedness of a system’s elements increase, linear-
systemic models may be suitable, and for even more complex systems, non-linear models
could tackle the accident dynamics. However, non-linear models could not be suitable
to represent sequential dynamics if they are more focused on qualitatively describing
the interconnections among elements and not the temporal development of the accident
(Hollnagel 2008).

Although there are many models and metaphors present in safety science, in this
paper we will focus on three models that are representative of the three main phases of
the evolution of safety paradigms and are based on a metaphor (Hollnagel 2008, 2009).
We will apply the above-mentioned research questions to the three models, namely: how
does the metaphor and/or its visual representation guide and bias the comprehension of
organizational accidents?

The evolution of accident models followed the technological and organizational devel-
opment of productive systems, going from simple and linear systems (e.g., the assembly
line) to complex and non-linear systems (e.g., healthcare). The three phases are (Pillay 2015):

1. Simple sequential linear accident models: The basic linear models operate under the
assumption that accidents occur as a result of a chain of interconnected events or
circumstances that occur in a sequential and straightforward manner. Therefore, by
removing one of the causes in this linear chain, accidents can be prevented.

2. Complex linear models: They operate under the assumption that accidents arise from
a blend of hazardous conditions within the system and unsafe actions. These factors
align along a linear trajectory, with those farther from the accident associated with
organizational or environmental actions and those closer to the accident tied to human
interactions. The underlying belief is that accidents can be averted by reinforcing
barriers and defenses.

3. Complex non-linear models: their fundamental assumption states that accidents could
be best understood as outcomes of multiple variables that interact with one another in
real-world settings; only by comprehending the combination and interaction of these
various factors can accidents be genuinely understood and effectively prevented.

To address the two research questions outlined above, we will apply them to three
accident models, paradigmatic of the three phases described by Pillay (2015). Namely, the
domino model for the linear approach (Heinrich (1941), the Swiss cheese model for the
complex linear approach (Reason 1990), and the functional resonance analysis method
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(FRAM) for the complex non-linear approach (Hollnagel 2012). We choose these models
not only because they are representative of the main milestones in the evolution of safety
models but also because they are suitable cases to answer the question of whether the
choice of a metaphor and/or its graphical representation can affect the way people think
about safety phenomena. As argued before, metaphors can be examined at the conceptual
level and at the graphical representation level. In particular, we will argue that the domino
metaphor might affect cognition about safety issues mainly because of its conceptual
nature, while we believe its graphical representation is not relevant to account for potential
cognitive misrepresentations. This model will be analyzed to answer question 1: how do
metaphors influence the comprehension of organizational accidents?

To analyze an example of a combination concerning question 1 and question 2 (how
do metaphors influence the comprehension of organizational accidents? And how can the
graphical representation of metaphors shape the observers’ comprehension of accidents?),
we will show how the Swiss cheese model could foster ineffective cognitive representations
of organizational accidents both for the metaphor per se and the visual instantiation with
which the model has been communicated. Eventually, as a problem concerning question 2,
we will see how the FRAM metaphor is very appropriate and reliable in the description
of organizational accidents, but its visual rendering could be ineffective in favoring the
cognitive representation of the accident dynamics.

2.1. Linear Models: The Domino Metaphor

Sequential models have been developed to explain accidents as a series of events,
offering tools for managers and researchers to identify factors leading to failures (Woods
et al. 2010; Swuste et al. 2014). One of the earliest models to elucidate the precursors of
accidents is Heinrich’s pyramid. Heinrich (1941) proposed that accidents occur as a result
of preceding events, such as near misses or unsafe acts. These events are metaphorically
represented as layers of a pyramid, with the actual injury at the pinnacle. Heinrich’s
original work in the 1930s aimed to establish statistical relationships between major injuries
and other critical safety events, based on data from the insurance industry. According to
Heinrich (1941), the ratios of near misses (i.e., no-injury accidents), minor injuries, and
major injuries would result in a triangular shape (300:29:1) (Figure 1).

Figure 1. Heinrich’s (1941) pyramid. The graphical representation of statistical relationships between
major injuries, minor injuries, and no-injury.

In other words, out of 330 events, 300 would not result in any injury (at the bottom
of the pyramid), 29 would lead to minor injuries (middle layer), and one would result
in a major injury (at the top of the pyramid). Over time, Heinrich’s pyramid has been
modified by various authors. In the book “Practical loss control leadership”, (Bird et al.
1990) presented a pyramid with four layers: the base included 600 unsafe acts, followed by
30 near misses, 10 minor injuries, and finally, at the top, one major injury.
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Heinrich’s pyramid has faced criticism regarding the statistical relationships identified
by the author (Marsden 2017; Yorio and Moore 2018). One of the challenges was the diffi-
culty in retrieving minor injuries data or near misses using the reporting systems available
at that time. Additionally, there is uncertainty about whether the same relationships hold
true in all types of work contexts. Despite these criticisms, the model continues to be
widely used by managers and is included in training materials for workers across various
companies (Dekker 2019).

Studies on accidents and unsafe acts allowed Heinrich (1941) to develop another
metaphor in an attempt to represent the causal link between the bottom of the pyramid
(unsafe acts) and the top (major injury): a set of dominoes that toppled in a chain reaction.

The domino model was the first accident analysis technique used for prevention
(Swuste et al. 2014). It illustrates the sequence of accidents from the initial cause (the first
domino) to the actual failure (the latest domino) (Marsden 2017). When the first domino
falls, it triggers the fall of the second, then of the third, and so on, with the injury being
the final domino to fall. In Heinrich’s graphical representation, each tile represents an
organizational element (Figure 2).

Figure 2. The domino model. A failure in a piece can compromise its stability and make it fall
towards the following piece, activating a chain of causes and effects that ends in the adverse event.

The farthest domino from the incident represents the individual’s ancestry and social
environment. These factors can contribute to undesirable character traits, such as stubborn-
ness or a violent temper, or may restrict educational opportunities. Both inheritance and
environment lead to personal faults, which are represented by the second domino. The
presence of certain personal traits, whether inherent or learned, provides immediate expla-
nations for engaging in unsafe actions. According to Heinrich, these personal characteristics
contribute to unsafe performance, such as standing under suspended loads or removing
safeguards, represented by the third domino. Unsafe acts, in turn, lead to accidents such as
objects falling from heights or individuals getting crushed between machine components,
depicted as the fourth domino. These accidents directly result in fractures, lacerations, and
other injuries, which are the latest domino.

Heinrich viewed the occurrence of an injury as the culmination of a sequence of events.
Injuries depend on an interconnected chain of factors, where each element relies on the
others. Removing any of the multiple components forming this chain prevents the injury
from occurring (Marsden 2017). Heinrich (1941) argued that various factors can break the
chain of events. Supervision and management play a crucial role in controlling employee
actions and preventing unsafe practices. In the domino model, the unsafe acts of workers
are key factors in accident prevention.

According to Heinrich, prevention should focus on eliminating one domino. By break-
ing the chain of events, the latest tile (representing a potential accident) can be prevented
from falling. Through this metaphor, Heinrich establishes a connection between preventive

166



J. Intell. 2023, 11, 199

actions and accidents, providing managers with a theoretical framework for navigating the
complexity of the system.

The metaphor suggests interpreting accident dynamics according to a fixed order, as
in dominoes, where the direction of fall is unidirectional (Woods et al. 2010). This feature
allows users of the model to reconstruct accidents back to the root cause, tracing from the
last fallen domino to the underlying cause (Dekker et al. 2011).

From this metaphor, various accident design tools have emerged, including causal
trees, event trees, and cause–consequence graphs. These graphical representations describe
the linear causal flow of accidents and have been the primary tools in risk management
within organizations for several decades. They have helped managers improve their
understanding of organizational accidents (Hollnagel 2012; Pasman et al. 2018; Svedung
and Rasmussen 2002).

Heinrich is recognized as a pioneer in theories of accident causation, particularly for
his formulation of the theory of accident causation (Marsden 2017). However, these models
have been criticized for being overly simplistic and failing to account for the complexity of
socio-technical systems (Dekker 2002). Despite the criticisms, the domino model continues
to be used today.

How Does the Domino Metaphor Guide (and Bias) the Comprehension of Organizational
Accidents?

The use of the domino metaphor to illustrate a sequence of interconnected failures is
not confined solely to the domain of industrial safety; it finds application among scholars
and professionals across diverse fields, including the study of natural disasters, such as
earthquakes (Pescaroli and Alexander 2015). This metaphor, employing falling tiles one by
one, strives to elucidate how organizational accidents result from a series of interconnected
causes (Marsden 2017).

The spatial dimension inherent to the domino metaphor, symbolized by the dominoes
arranged consecutively, begets a temporal dimension in the conceptualization of events:
The linear alignment of tiles mirrors the chronological sequence of the accident. This
transformation of a spatial attribute (dominoes in a row) into a temporal characteristic of
accidents molds the understanding, framing events in a sequential manner (first one cause
occurs, followed by another).

Moreover, the spatial attribute within the domino metaphor carries an additional
meaning: The interdependence of causes. It is not merely a matter of aligning dominoes;
they must be positioned closely enough to make contact when the preceding tile falls.
Conceptually, this signifies that the causes (the dominoes) rely on one another; the accident
cannot occur unless the preceding causes are interconnected, much like the final domino
cannot fall unless the preceding ones have toppled (Pescaroli and Alexander 2015).

According to Hollnagel (2012), establishing causal connections between events not
only enables the prediction of future scenarios but also facilitates a retrospective analysis.
Since failures occur in a sequence where the accident is only the final event (the latest
domino), it is possible to trace back this sequence to find the cause. This retrospective
analysis enables investigators to mentally reverse time, starting from the latest event and
tracing back to the initial point (Dekker et al. 2011).

The domino metaphor has been valuable as an accident model that facilitates the
analysis of organizational failures. It has provided managers with a simplified framework
to comprehend the complexity of accident precursors and understand the root causes
of accidents (Hudson 2014; Woods et al. 2010). Moreover, its popularity stems from its
potential to disrupt the sequence of accidents by addressing the underlying causal factors
(removing a domino). This has offered a practical way to link accident analysis with
proactive measures aimed at preventing similar accidents in the future (Marsden 2017).

Notwithstanding these advantages of the model, its metaphor possesses some draw-
backs when used to understand organizational accidents, making it susceptible to signifi-
cant misinterpretations. While the model aids investigators in grappling with complexity
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during their analysis, the inherent features of the metaphor can result in an altered and
misleading perspective of the accident.

Two significant drawbacks of the metaphor are due to its sequential nature: Misattri-
bution of causation, and oversimplification. Firstly, the domino metaphor, in addition to
illustrating causal relationships, highlights the gradual compounding of failures, with each
component falling as the result of a previous fall. This metaphor supports the idea that
events unfold gradually, where one event leads to another (Dekker 2005; Hollnagel 2002).
Consequently, the metaphor may suggest that events can be linked together only if one
event directly precedes the other (Hollnagel 2012). For instance, if a nurse treats a patient,
and that patient has an adverse reaction, the operator’s actions may be identified as the
antecedent domino. This trend is typical of the fallacy of post hoc ergo propter hoc, which
involves misattributing the cause of an event that precedes another and considering the
subsequent event as the effect (Woods and Walton 1977).

Secondly, it limits the consideration of multiple simultaneous causes that may have
contributed to the accident. In the case of a medical error, factors such as similar packaging
of medications (Bryan et al. 2021), patient bed switching, lack of coordination, stress,
or other organizational conditions could have induced the error (Di Simone et al. 2020;
Hoff et al. 2004). While the domino model allows investigators to explain the events
preceding the accident with the fall of each tile, it becomes challenging to understand
other organizational or contextual aspects that may have played a role (Dekker 2002). The
linear causal nature of the domino model implies interpreting accidents as the outcome
of a series of clearly identifiable events. In the metaphor, dominoes represent tangible
physical objects with the power to change the system’s state by toppling the next tile.
Consequently, accidents can be analyzed by breaking down the event into its individual
components (the dominoes) (Chen et al. 2020). This decomposition enables investigators to
bring order to complexity and infer which dominoes should be removed to prevent future
failures (Hollnagel 2012). However, the metaphor runs the risk of promoting a mechanistic
and reductionist interpretation of accidents. According to this approach, the functioning
or malfunctioning of a system is explained by the functioning or malfunctioning of its
constituent components, from a reductionist perspective, and the relationship among the
parts is predictable and rigid. This can lead to a symmetry bias (Dekker et al. 2011), wherein
cause and effect are often perceived as symmetrical (i.e., big effects should have had big
causes). For instance, if an operator’s actions lead to an accident, the behavior is often
considered highly negative because a serious consequence must have been caused by
unacceptable conduct such as reckless decisions and unprofessional behavior. The issue
with symmetry bias lies in its failure to account for all the systemic aspects contributing to
an accident. When an operator makes a mistake in a specific context, it does not necessarily
result in an accident. However, if the same mistake is made under different circumstances,
it can indeed lead to harm (Gao and Dekker 2016).

Besides these drawbacks of the metaphor, there are also risks associated with the
improper use of the model, which goes beyond its originally intended descriptive purpose
and delves into post hoc interpretations of the phenomenon. The primary objective of the
model is to identify the interconnected variables contributing to an accident. However,
when investigators engage in retrospective analysis of the event’s causes, they may fall
prey to the distortion induced by hindsight biases. Consequently, this analysis may incline
toward biased interpretations of what occurred rather than offering a completely impartial,
objective depiction of the phenomenon (Dekker 2002). Hindsight bias refers to the tendency
to evaluate an event as more predictable, probable, and inevitable after it has occurred
than before its occurrence (Fischhoff 1975). Consequently, the outcome seems to be the
natural consequence of preceding events (Dekker 2003). Such misinterpretations frequently
arise because possessing knowledge of the precise outcome tends to diminish people’s
capacity to envision various alternative scenarios that could have led to that particular
result. Conversely, awareness of the outcome prompts individuals to identify the sequence
of causes, beginning from the initial state and culminating in the final state, portraying
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this causal chain as the sole plausible explanation for the result (Hudson 2014). This phe-
nomenon has particularly negative implications for the comprehension of human behavior,
encompassing errors and violations. In linear post-event descriptions, people’s actions may
appear unreasonable, triggering questions about why the operators did not realize that
their choices would lead to the accident (Brazier 2018). The problem with this interpreta-
tion is that it is easy to make predictions about what might have happened in hindsight,
whereas the individuals experiencing the events could not have known the outcome of their
actions in advance. In reality, within that specific context and circumstances, it is likely that
their behavior followed a logical course; every action has its underlying rationale, history,
and context. The reconstruction of events in linear sequences can often be far from the
perspective of the operators involved (Dekker 2003). Operators may not have immediately
understood what was happening, for instance, because they did not hear an alarm or were
unable to intervene in time due to the rapid escalation of the situation. Investigators, as
external observers, do not experience these same conditions. They analyze the situation
by considering multiple viewpoints and gathering information from the environment.
This simplifies the real conditions of uncertainty and ambiguity in which operators work
(Hollnagel 2012). In reality, within complex systems, variables are so interdependent that
even a slight variation in the system can have substantial consequences. Accidents can
occur even when operators are performing their routine actions, which they typically do. In
some cases, these actions might lead to failures, while in others, they might lead to success,
depending on the specific situations and conditions (Dekker et al. 2008). As a result, the
application of the linear model exposes investigators to the potential pitfall of interpreting
events through the lens of hindsight. This, in turn, poses the risk of oversimplifying the
complexity of the accidents, thereby overlooking the systemic and organizational factors
that might have played a role in the error or violation (Hollnagel and Woods 2017). Indeed,
the domino model encourages the pursuit of causes characterized by a direct cause-and-
effect relationship; as previously emphasized, the tiles touching each other in this metaphor
symbolize the interdependency of causes. The retrospective quest for the causal sequence
ceases when no further backward linear relationships are identified, meaning when an
active cause that can elucidate the activation of the sequence is absent. From this stand-
point, anything lacking a direct cause-and-effect relationship is excluded from the model.
Contextual factors that might contribute to errors and violations are often omitted from
the sequence because they do not constitute directly observable causes of the accident. For
instance, in the case of an inadvertent mix-up of two medications, it is more common to
attribute the active cause to a nurse’s inattention or intentional violation rather than to a
contextual factor such as the resemblance in packaging. This contextual aspect, associated
with issues in the organization of medication management, does not qualify as an active
cause; rather, it represents a risk condition that manifests only in specific circumstances
(such as when the nurse is rushed or under stress). As a result, the domino model can
lead to the attribution of accident-triggering causes to human actions, as workers’ behavior
constitutes an active cause and is immediately observable within the sequence, in contrast
to other latent systemic conditions that interact with various risk factors.

The domino metaphor, with its linear characteristics, is at risk of being applied rigidly
to the complex and dynamic context of safety, leading to two potential organizational
threats: Blaming workers for organizational accidents and orienting improvement actions
only towards operators. Firstly, an excessive allocation of accountability to individuals
involved in accidents represents a significant risk as it perpetuates a blame culture within
organizations, where the primary focus is on finding a responsible party whenever an
accident occurs (Dekker et al. 2011). This trend is well documented in numerous acci-
dent reports. An analysis conducted by Holden (2009) on 27 major aviation accidents
revealed that in 26 out of 27 cases (96%), pilots or flight crew were deemed to be the main
causes of the failures. This approach to interpreting organizational failures, as described
by Reason (2000), is referred to as the person approach. It assumes that errors or viola-
tions primarily stem from factors such as inattention, lack of motivation, negligence, or
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imprudence, thereby attributing the causes of accidents mainly to individuals. The blame
approach is highly detrimental to systems, as it leads to analyses that pay little attention to
organizational factors and overly focus on individuals. This poses a significant risk as it
diverts the investigation’s primary objective, which is to understand the causes of events,
towards a search for a culprit. The main motivation behind analyzing an event should be
to comprehend the underlying dynamics, not to identify and punish someone, following
the logic of eliminating “bad apples” (Dekker 2017). Placing blame restricts learning about
the system as it prevents the identification of systemic issues that could contribute to an
accident (Catino 2008).

Secondly, since the model tends to identify primary causes of accidents in humans,
it may lead managers to focus preventive interventions solely on frontline workers, over-
looking underlying risky organizational conditions, such as conflicting or impractical
procedures for specific situations, organizational pressures to expedite work, or miscom-
munication between managers and operators (Hollnagel 2021). Failure to address these
aspects puts the system at risk of accidents (Reason 1997).

2.2. Complex Linear Models: The Swiss Cheese Model

The Swiss cheese model is an evolution from linear accident models, as it offers an
explanation for accidents as a concatenation of multiple failures (Reason 1990). It shifts the
focus from a single causal factor to a broader set of factors, including managerial aspects.
The model recognizes that accidents are the result of a complex interplay of various factors,
both active and latent, that can originate from different levels of the organization (Reason
1997). Reason employs this metaphor to explain the dynamics of organizational accidents.
According to this model, organizations are equipped with defensive barriers. Due to the
inherent complexity of the real world, these barriers are not flawless and may possess
weaknesses. Reason classifies these weaknesses into two categories: Latent failures and
active failures. Latent failures encompass all managerial aspects that may harbor critical
issues, such as poor management decisions or flawed technological design. On the other
hand, active failures refer to errors or violations committed by frontline workers. In the
graphical representation, the safety barriers are depicted as slices of cheese, while the active
and latent failures are represented as holes in these slices, which is why the metaphor is
referred to as the “Swiss cheese model” (Figure 3).

Figure 3. A generic representation of the Swiss cheese model.

The outline of the slices has been changed over time and has increasingly taken on
a defined physical form; compared to the first version of the metaphor (Reason 1990), in
which the barriers were simple two-dimensional rectangles, in 1997 (Reason 1997) they
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took on a three-dimensionality through the shading in the holes and in the outlines, and
then became distinguishable slices of cheese in 2000 (Reason 2000). The 2000 version of
the model was aimed at a medical audience. Recognizing that the medical target audience
had less familiarity with human factors than other publics such as aviation (Larouzée
and Le Coze 2020), Reason introduced a better graphical version of the model that closely
resembled Swiss cheese, with increased thickness.

The number and labeling of the slices have changed over the years, and it is possible
to find many instances of the same model; however, the basic elements are recurrent.
Proceeding backwards along the timeline ending in the adverse event, immediately before
the accident there is the slice representing the physical and procedural defenses (e.g.,
procedures, personal protective equipment, safety lockout, etc.). Before that, there is the
slice of unsafe acts produced by operators (e.g., an error or a violation in a procedure). These
acts may be performed because of the influence of the preceding slice, which represents the
psychological preconditions for errors and violations (e.g., high workload, poor training,
toxic leadership, etc.). The preconditions are favored by the last slice, which represents
the organizational and management level, where bad decisions could be made, poor rules
could be designed, and deviant organizational cultures could be fostered.

Typically, the presence of holes in the slices does not lead to an accident, as they are
usually misaligned. However, an accident can occur when all the holes align across the
slices, thus forming a trajectory for the mishap; that is, when all the organizational and
individual factors interact and contribute to the outcome. It is a step further with respect
to the Domino model since the holes represent potential failures and dormant conditions
that might interact in the future and have negative outcomes. The binary representation
of the domino’s tile (either upright, i.e., fully functioning aspect, or fallen, i.e., broken or
malfunctioning aspect) is overtaken by the concept of holes, underperforming or risky
conditions, that, in order to contribute to the accident, need to align and interact in a
specific time and place. The holes in the slices closest to the event symbolize the active
failures, as they represent the unsafe acts of the workers or equipment failures. On the
other hand, the holes in the slices furthest from the event represent the latent conditions,
which encompass organizational and managerial issues that exist upstream and that have
created the conditions for the development of the risk into an accident. This powerful
graphic representation (i.e., a solid matter characterized by scattered holes) aims to convey
the concept of the simultaneous interaction of organizational, contextual, and individual
factors (Larouzée and Le Coze 2020).

2.2.1. How Does the Swiss Cheese Metaphor Guide (and Bias) the Comprehension of
Organizational Accidents?

The Swiss cheese metaphor is used to provide an explanation of organizational fail-
ures and weaknesses inherently present in any sociotechnical system. According to the
metaphor, organizational failures have a history that can span a considerable time frame
and are not solely attributed to unsafe actions by workers (Reason 1990).

We believe that the Swiss cheese model’s metaphor has several issues concerning both
its metaphor per se and its visual representation. From a metaphorical standpoint, the
conceptualization of accident dynamics is based on several metaphorical features that play
a role in shaping the understanding of the accident. One of the most effective insights of
the model is the notion of “latent failures”, distinct from those of “active failures”, but all
symbolized as holes in the slices of cheese. The metaphor helps people to understand that
in case of an accident, focusing on the nearest hole (the human) is not enough, and it is
better to trace back along the chain of latent factors. This is why, for Reason, intervening
on the individual is limited: It would change the specific slice, but if the holes at other
levels persist, someone else will be destined to repeat the same errors. In this case, we are
dealing with organizational accidents (Reason 1997), that is, mishaps in which the factors
that generate the adverse event are to be sought in the latent conditions within the system
and not just in human behavior.
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The holes in the metaphor are entities with their own ontological consistency, repre-
senting erosions of healthy parts of the system. Consequently, they epitomize imperfection
as an inherent and even typical attribute of the system. It is worth noting that holes do not
inherently signify threats; rather, it is their arrangement (the alignment) that dictates the
occurrence of an accident (Reason 2000).

The Reason model has been widely adopted as a standard in safety studies and
practices. It has contributed to accident investigation and, most importantly, has enabled
the design of preventive interventions. However, the model has not escaped criticism
(Reason et al. 2006). Some have noted its superficiality in the metaphor of slices and holes,
arguing that it may be effective as a broad concept but is limited for practical application
to real accidents (Luxhøj and Kauffeld 2003; Luxhøj and Maurino 2001; Shappell and
Wiegmann 2000). Additionally, the model has been criticized for being rigid and linear
(Dekker 2011).

For instance, the vision of holes in safety barriers is based on the dichotomy of normal
and pathological, right and wrong. According to this model, there are no “good” holes,
but they represent dangerous elements in the system. For instance, a violation should
be described as a hole since it is a deviation from a procedure (safety barrier). However,
sometimes violations are produced to avoid a bad outcome or are the necessary adaptation
to the contingent situation; violations can contribute to system flexibility and enhance
safety rather than compromise it. A notable example is the case of US Airways Flight 1549,
which experienced bird strikes shortly after takeoff, leading to the loss of both engines. The
crew quickly decided that the best action was an emergency landing in the Hudson River,
despite the tower’s instructions suggesting a return to LaGuardia. This violation proved
effective and saved the lives of all passengers and crew; on the other hand, following the
procedure would have resulted in a fatal crash since the airplane was flying too close to the
ground to safely reach the airport (Eisen and Savel 2009).

The simplistic representation of some organizational conditions and people’s actions
as holes is also exposed to the limitations of hindsight; this is because erroneous actions are
only identified after the manifestation of the outcomes. Before the adverse event occurs, it
is possible that some holes (risk conditions) are not visible, so without knowledge of the
outcome, such conditions are not considered a risky aspect of the system. Only after the
accident will investigators, by retracing the event, actually be able to ascertain that there
were elements of risk; this revelation occurs because, in hindsight, it becomes evident that
these elements indeed contributed to the accident (Dekker 2010).

In addition, safety, according to the model, derives from solid barriers represented
by the slices that contain the risk, and accidents result from the accumulation of multiple
failures, each represented as a hole in the cheese slices. However, reality is more complex:
An error is not absolute but exists only in relation to other factors. Especially in complex
socio-technical systems, accidents may occur not because of holes, but because of dysfunc-
tional interactions among system factors (Hollnagel 2014). Sometimes, the accident may
be caused not by a violation, a fault, or a mistake, but it may be due to just a dangerous
relationship between two or more factors that, taken in their isolation, are completely
safe. What is risky, therefore, is not the hole but its interaction with different organiza-
tional conditions. For example, a good procedure may become risky in some conditions,
with some operators, and with some tasks. Each of them may be considered healthy and
well-performing, but their combination could lead to an accident.

Beyond the biases that could be triggered by the conceptualization of the model as a
sequence of solid slices scattered with holes, there is also another drawback: People could
go further and come to conclusions that were not in the intentions of the author. A flawed
and superficial interpretation of Reason’s model would see the metaphor as a more evolved
version of the domino chain of events, priming the observers to simply shift blame from
frontline operators to managers, perpetuating the search for a more remote and elusive
cause. This could hinder the investigation by focusing on factors that are so general as to
be elusive, such as organizational culture. For instance, it is undeniable that the Chernobyl
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incident can also be interpreted in the context of the political and economic collapse of the
Soviet Union, or that the accidents of the Space Shuttle Columbia and Challenger were
influenced by the competition between the United States and the USSR in space exploration
and NASA’s cost containment policies. However, as Reason (1997) himself has emphasized,
perhaps the pendulum has swung too far, shifting from a person-centered approach to
a systemic approach where nobody is accountable for the outcomes. There is a risk that
interpreting incidents as the sole expression of organizational pathologies compromises a
correct holistic view, which should start with individuals and analyze the contexts (Young
et al. 2004). Therefore, a true systemic reading does not seek blame in the organization,
corporate, or national culture but investigates the conditions at all levels and studies their
complex interactions.

2.2.2. How Can the Graphical Representation of Swiss Cheese Model Shape (and Bias) the
Observers’ Comprehension of Accidents?

Larouzée (2017) emphasizes the effectiveness of the Swiss cheese model’s graphical
representation in facilitating its adoption and dissemination within organizations. This
simple yet powerful depiction breaks down a familiar object such as Swiss cheese into
slices, enabling observers to grasp the complexity of the model more easily. As a result,
it has gained widespread popularity, so that it is considered a common language for
understanding accidents among safety professionals (Perneger 2005).

When the metaphor of Swiss cheese takes on a visual form, it assumes distinct charac-
teristics: In the depiction, slices become physical elements that are very tangible (there are
shadows, well-defined outlines, and a sense of depth). In the past, the concept of barriers
in the field of safety has been associated with the idea of separating risks from objects
or people that could be affected by those risks. According to the perspective of energy
and barriers, accidents occur as a result of uncontrolled energy discharge. While some
authors have emphasized that barriers can include less directly physical elements, such
as alarm systems, many others have preferred to consider barriers in their tangible and
physical forms. It is not coincidental that in numerous contexts, the primary actions taken
to reduce risk involve physical barriers, such as railings, constrained paths, and hurdles
(Rosness et al. 2004). On the conceptual level of the metaphor, slices of cheese represent
safety barriers, which are not only physically tangible elements (such as a physical wall
separating a moving machine from a worker) but also encompass less tangible aspects
such as safety procedures or workers’ actions (Reason 2000). While conceptually these
barriers pertain to elements ranging from the physical to the more abstract, their physical
concreteness in the Swiss cheese depiction might influence how viewers perceive and
interpret them. For instance, a study by Perneger (2005) indicated that participants in the
research were able to correctly describe the model and the meaning of the slices but did not
recognize safety procedures as barriers because they were perceived as abstract and less
concrete than the physical and observable barriers.

There are other important characteristics of slices of cheese that can guide the compre-
hension of accidents: Their shape and spatial arrangement. First, in the graphical version,
slices take on a defined shape; they are rectangular and uniform in size. However, in
everyday experience, the dimensions of slices of cheese vary based on how the cheese is
cut, potentially appearing more elongated, flattened, or featuring rounded corners, among
other possibilities; these slices can exhibit substantial dissimilarities from one another. Yet,
when depicted graphically, all slices are rendered identical, prompting several intriguing
questions regarding how observers might perceive this uniformity: Does this uniformity
among the slices suggest that safety within organizations is characterized by uniformly
standardized safety barriers? If a slice of a distinct shape (e.g., smaller) were depicted com-
pared to another, would it imply that this particular barrier offers lower safety protection?
Secondly, as Refaie (2003) argued, the visual communication mode employs spatial visual
elements to delineate the temporal dimension, particularly the chronology of events. For
instance, it represents elements farther in the past as positioned behind those closer in time.
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In the Swiss cheese metaphor representation, slices are intentionally depicted one after the
other to convey the notion that accidents have a history, which could extend back quite
some time. Nonetheless, arranging the slices in this sequential manner raises additional
inquiries: Do accidents exclusively occur when this precise alignment of barriers takes
place? Considering that accidents happen when holes align, could a safety-improving
intervention involve modifying the spatial placement (either higher or lower) of the slices to
prevent the alignment of holes with adjacent slices? The perceptions of observers within the
graphic representation of this metaphor continue to be uncharted territory in the existing
literature. Consequently, significant questions await exploration.

The graphical representation of the model introduces certain elements while not
including others from the verbal metaphor. Another effect of the depiction in guiding
comprehension of accidents is due to its static nature while aiming to represent highly
dynamic phenomena. Reason (1997, p. 9) claimed that the “Swiss cheese” metaphor is best
represented by a moving picture, with each defensive layer coming in and out of the frame
according to local conductions. Particular defenses can be removed deliberately during
calibration, maintenance, and testing, or as the result of errors and violations. Similarly,
the holes within each layer could be seen as shifting around, coming and going, shrinking
and expanding in response to operator actions and local demands”. Unfortunately, these
crucial features could not be inferred by simply looking at the model; practitioners could
interpret the metaphor too literally and think about the system levels as static layers (the
slices), corrupted by static, and easily recognizable dysfunctions (the holes).

Two significant criticisms have been directed at Reason regarding his metaphorical
expression: The utilization of an arrow to symbolize the temporal dimension and the
portrayal of latent and active failures. Reason’s graphical representation has faced criticism
due to the risk of promoting a mechanistic viewpoint when it comes to comprehending
accidents. One of these features is the inclusion of an arrow in the illustration to chronolog-
ically depict the steps leading up to the accident. The arrow represents the temporal and
spatial alignment of the failures, i.e., their concurrence in the causation of the accident. A
misinterpretation of the Reason model might regard this arrow as a mere evolution of the
traditional domino chain of events.

Reason always stated that there is an inherent difference between latent failures and
active failures; however, they are visually represented with the same shape: The hole in
the slice. In the early version of the model (as described by Reason in 1990), a graphical
distinction was made between latent failures (managerial), and active failures (unsafe acts).
Latent failures were depicted as darker ellipses within rectangles, while active failures were
represented as rounder and clearer ellipses. This graphical distinction allowed observers
to understand the differences between the two types of failure. However, in more recent
graphical iterations of Reason’s model, the visual elements of latent and active failures do
not differ (Reason 1997, 2000).

In conclusion, the Swiss cheese metaphor, as it is visually represented, activates a
frame that may bias operators and practitioners in looking for a linear and sequential chain
linking visible holes (i.e., faults, errors) at every level of the system. Its effectiveness in
analyzing accidents could still be of some value, but it would be very limited in its heuristic
power to guide the analysis of complex socio-technical systems before accidents occur.

2.3. Complex Non-Linear Models: The Functional Resonance Analysis Method (FRAM)

The evolution of sociotechnical systems and the increase in complexity and interac-
tivity of the elements and functions pushed researchers in safety science to develop new
models and methods to tackle the unprecedented challenges. From the 2000s, the literature
flourished with proposals that aimed at changing the paradigm towards so-called system
resilience by means of complex non-linear models (Le Coze 2022; Saleh et al. 2010). Pillay
(2015) defines this era as a “sophisticated” approach since it is based on concepts drawn
from the sciences of complexity. New terminology and new theoretical frames of reference
are introduced. Resilience is proposed as the organizational cornerstone for safety and is
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defined as the capacity of a system to maintain its functions before, during, and after unex-
pected perturbations (Hollnagel et al. 2006). Accidents are considered emergent properties,
i.e., events that are generated by the complex interaction of the elements of the system
(technological, procedural, human, organizational, physical, etc.). This holistic approach
highlights the relationship between functions rather than looking for specific and localized
failures. According to this perspective, the single elements may even be considered safe,
while the mishap could be due to their interaction.

Hollnagel (2012) uses a metaphor drawn from physics, the concept of resonance, to
describe the interaction among functions. In physics, resonance refers to a phenomenon that
occurs when an external force or frequency matches the natural frequency of an object or
system. When resonance occurs, the object or system vibrates with a significantly increased
amplitude, often resulting in enhanced oscillations or vibrations. In structural engineering,
resonance can lead to excessive vibrations that can cause damage to buildings or bridges.

These organizational elements resemble vibrating strings, moving back and forth
around the optimal operational line. In other words, each function oscillates and has some
degree of variability (for instance, operators could follow a procedure more or less strictly).
Under specific conditions, the combination of various frequencies and variabilities creates
functional resonance, which amplifies the signal, transforming it from weak to strong and
eventually leading to an accident. As a result, the occurrence of an adverse event is seen
as an emergent property resulting from the intricate interaction and resonance among
different components of the system. It is not about direct cause-and-effect relationships,
but rather the synergistic effect of diverse elements that greatly magnify the outcome. If the
system exhibits strong connections, resonance quickly propagates throughout the entire
system and can lead to its collapse.

In addition, rather than representing functions as binary (correct/wrong, function-
ing/broken, etc.), the resilience approach analyzes the variability of the system’s functions,
and rather than investigating the events only when they went bad, it focuses attention also
on how and why things usually go well (Dekker 2011; Dekker et al. 2011).

A number of systemic models have been proposed under the framework of resilience
and complexity: e.g., the systems theoretic analysis model and processes model (STAMP)
(Leveson 2004), the functional resonance analysis method (FRAM) (Hollnagel 2012), and
the Accimap (Rasmussen 1997). They all share the same principles, and their visual
representations (and metaphors) are usually aimed at depicting the complexity of nodes
and connections representing the system’s functions. For the purpose of this analysis, we
will focus on the FRAM method, since it is clearly related to a visual representation and is
one of the most used by researchers.

The FRAM method moves away from linear cause-and-effect relationships. Instead, it
emphasizes the non-linear nature of system behavior, where interactions between functions
can have disproportionate effects on outcomes. In addition, the FRAM model aims to
enhance system resilience by identifying potential points of vulnerability or failure. It helps
in understanding how variations in system functions can either contribute to or mitigate
the consequences of adverse events.

Overall, the FRAM method provides a systemic and dynamic perspective on complex
systems, emphasizing the interdependencies and interactions between functions, variabil-
ities, and outcomes. It offers a way to analyze and manage system performance with a
focus on resilience and the prevention of adverse events.

Hollnagel has repeatedly pointed out that the FRAM is a method rather than a model,
even though this distinction is not always respected among researchers since the initial
definition of this approach explicitly presents it as a model (Hollnagel and Goteman 2004).
The reason may be due to its visual output, which aims at representing the intricate web of
relations among the functions. Each function is analyzed from six perspectives:

(a) Input: the starting point of the function; what the function receives to begin its activity.
(b) Output: the result of the function.
(c) Preconditions: conditions that must be in place before the function can be performed.
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(d) Resources: what the function needs to have in order to be executed.
(e) Time: time constraints that limit the function.
(f) Control: how the function is monitored and controlled.

The analysis takes into account each function and how its six aspects could have
interacted with other functions in order to resonate in an adverse event.

The visual result of FRAM could be quite complex, given the high number of functions
analyzed, the numerous interactions among their aspects, and the intricacy of the connec-
tions represented as lines linking nodes (see, for instance, O’Hara et al. 2020; Lee et al. 2020)
(Figure 4).

 
Figure 4. A simplified representation of the visual output of FRAM.

How Does the Graphical Representation of the FRAM Metaphor Guide the
Comprehension of Organizational Accidents?

While the functional resonance analysis method (FRAM) has been generally well-
received, there have been some discussions and critiques regarding its complexity
(Underwood and Waterson 2012; Dallat et al. 2019; Patriarca et al. 2020). However, it
is worth noting that these critiques do not necessarily undermine the method’s overall
value and applicability. The conceptual metaphor, related to the physical phenomenon of
resonance, is accurate in highlighting the crucial aspects of accident dynamics. However, its
graphical representation might show some drawbacks. We will focus here on the critiques
concerning the complexity of interpretation of the visual output, leaving behind other
critical aspects that are not strictly related to the effects of the visual representation on users’
cognitive processes.

The model aims at representing complex and non-linear interactions among the
system’s functions. Hollnagel did not choose a concrete metaphor for his model; he
rather adopted the notion of resonance, trying to convey the idea of accidents as the
combination of multiple interactions among functions that follow a non-linear path. This
means that small local interactions could result in high resonance on a global scale. The
graphical representation is rather abstract and could not help practitioners understand these
phenomena. Each function is designed as a hexagon, given its six properties (input, output,
preconditions, etc.), and each property could be linked to one or more other properties of
one or more other functions. This visual representation guides the analyst in taking into
account the fundamental aspects of each function; however, the method does not provide
a guide for listing the functions and locating them in the space. As stated by Patriarca
et al. (2017), the FRAM is not able to visually reproduce the functional hierarchy of a
system (from the global functions to subsystems, to function units and single components).
All the functions are represented on a flat surface, and it is not possible to infer their
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hierarchical relationship. Specifically, “even though FRAM is a well-established method
to evaluate non-linear functional interactions among system components, it currently
lacks guidance for how to represent large systems, whose descriptions require many
interacting and coupled functions. One could argue that this problem could be limited by
the differentiation in background and foreground functions, obtaining multiple ‘simple’
models where the background functions of a model are analysed as foreground functions
in another one. However, this strategy may cause the lack of a system wide perspective
and generate issues in linking different models and understanding the whole complexity.
Furthermore, the FRAM functions’ positioning in the space does not have a particular
meaning, since the method gives the analyst freedom to place them everywhere, lacking a
standard representation” (Patriarca et al. 2017, pp. 10–11).

Another constraint of the FRAM is discussed by Salehi et al. (2021), who argue that
it is not helpful in capturing and visualizing the variability of functions, an aspect that
is a cornerstone of the approach. The authors propose to enrich the method with the
capacity to visualize and understand the qualitative and quantitative characteristics of
functional variability.

In general, one of the main criticisms of FRAM from a graphical point of view is
related to its complexity (Rad et al. 2023). The users cannot grasp patterns and have insights
looking at the intricate web of connections among dozens of functions, and the visual
representation should be decomposed into layers or functional levels in order to facilitate
the understanding of the dynamics (Patriarca et al. 2017).

3. A Framework for Developing Models of Organizational Accidents

As we have seen, accident causation models are not only tools but rather frames
through which we can look at organizational dynamics. Our reflection upon models should
now take into account three main actors: safety scholars (who develop more and more
sophisticated models), safety practitioners (who need to adopt the models to understand
accidents and promote safety in their workplace), and workers (who daily cope with
operational challenges at the “front-line”, and perceive and manage risks thanks to the
cultural frames shared in their workplace).

The flourishing of theories and models of the last decades has not been followed by
an update of safety practitioners’ methods for accident investigation and analysis. While
scholars tried to develop accurate and comprehensive models and metaphors to capture the
challenging nature of complex socio-technical systems, safety practitioners were reluctant
to adopt new frames for investigating organizational accidents. According to Leveson
(2011), the linear cause–effect model is predominant in accident reports, and the line of
inquiry usually stops too early in the supposed chain of responsibility. Systemic models,
although scientifically sound, seem to be less preferred by professionals, which refer to the
sequential representation of accidents still available in the practitioner-focused literature
proposed by national safety institutions and safety boards (Okstad et al. 2012; Roelen et al.
2011; Salmon et al. 2012). In particular, in some operational domains, the Swiss cheese
model may still be considered the cutting edge of accident modeling (Roelen et al. 2011).
On the other hand, even when practitioners claim to know more sophisticated models,
they are considered too difficult to apply because they require a considerable amount of
theoretical background and are usually much more time consuming to learn and apply
(Ferjencik 2011; Johansson and Lindgren 2008; Underwood and Waterson 2013, 2014).

The gap between research and practice seems wide, and the proposal of new and more
sophisticated models could be useless if we do not understand the reasons behind this
neglect by practitioners. In an interesting study to investigate this gap, Underwood and
Waterson (2013) compared safety practitioners and researchers against their awareness,
adoption, and usage of five accident causation models (from linear to systemic): Fault tree,
Swiss cheese, Accimap, STAMP, and FRAM. The differences in model awareness were
remarkable, in particular concerning the systemic non-linear models (Accimap, STAMP,
and FRAM), which were neglected by more than 60% of the practitioners. Notwithstanding
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that researchers generally have some awareness of sophisticated models, both they and the
practitioners declare a preponderant adoption of the fault tree model (related to the domino
model) and the Swiss cheese model. The lack of awareness may be due to the sources of
information that, for the systemic and more advanced models, are scientific conferences
and peer-reviewed journals. Practitioners do not primarily update their knowledge and
working methods through the sources used by researchers. In addition, the adoption
of methods is mainly based on their usability (54% of responses), while their validity
was mentioned only by 27% of respondents. Therefore, if the model is considered too
conceptual, difficult to understand, or hard to apply, the practitioners will prefer a well-
known method. Moreover, if accountability or blame drives the inquiry, more linear models
could be preferred since they are quicker and easier to find the scapegoat or weak link
in the chain. Other reasons could hinder the usage of systemic models, such as access to
subject matter experts, the need for resources to carry on investigations at a deeper level,
access to considerable amounts of data or access to sources that are not easy to inquire
about, and the organizational safety culture.

If “sophisticated” models such as FRAM, albeit accurate and more tuned for systemic
dynamics, are not adopted in favor of more usable and understandable linear models, we
expect that safety practitioners may still be reading their work environment with those
linear frames of reference.

If we notice a gap between scholars and practitioners in the most favored models, the
literature is completely oblivious to the third kind of stakeholders we mentioned before:
Workers. It is not clear how the models adopted by safety practitioners can influence the
perception of risks and the behavior of front-line operators. We believe this line of research
deserves further investigation, and we hypothesize that a shared metaphor among safety
practitioners and workers should be necessary to develop a safety culture.

Do we need a new model? We could say “no” and “yes”. Namely, we do not need
new accident models since the sophistication and theoretical rigor of the currently available
models are undisputable. But we need models that could maintain the systemic nature
of the non-linear approaches while overcoming their usability limitations and graphical
effectiveness.

Following Hovden et al. (2010) suggestion, any new safety model and metaphor
should be based on the following criteria:

1. create the ground for a shared interpretation of accidents through a simplified de-
scription of the relevant phenomena;

2. provide a tool for framing and communicating safety issues to all levels of an
organization;

3. enable people to analyze the accident, preventing personal biases and opening the
door for effective solutions;

4. guide investigations in terms of which data to collect and analyze and how to pro-
cess them;

5. highlight and facilitate the analysis of interactions between factors and conditions
behind an accident.

In other words, the above-mentioned criteria pertain to the model’s effectiveness in
facilitating the analysis, the communication, and the investigation of a safety-relevant event.

Since the models and metaphors should represent complex dynamics in socio-technical
systems, they should be able to facilitate practitioners in developing system thinking in
accident analysis. The visual features of the models and metaphors are therefore important
since they guide (and sometimes bias) the reflection on organizational accidents and risk
assessment.

In Table 1, we list some tenets to guide the design of metaphors aimed at facilitating
system thinking in accident analysis (Rad et al. 2023; Underwood and Waterson 2014).
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Table 1. A framework for organizational accidents model design.

Feature Rationale Model’s Functions

System structure Complex systems are often hierarchically
organized

The model should be able to:

• represent the different levels of system
• represent their relationships
• highlighting the different functions (from the goals of

the organizational level, to the functions of the “sharp
end”)

• represent the boundaries of the system, distinguishing
it from its environment

System components
relationships

Accidents are emergent properties of the
system several components

The model should be able to:

• promote a holistic approach to the analysis
• represent the several components
• represent components’ relationships
• integrate technical, organizational, and human factors
• represent their inter-relations and intra-relations

System behavior Socio-technical systems dynamically
balance production and protection

The model should be able to:

• represent equifinality (where a given end state can be
achieved by means of multiple starting points)

• represent multifinality (a given starting point can
produce several outputs);

• represent the dynamic adaptations to internal and
external perturbations

• represent their position in relation to the safety
boundary

4. Conclusions

More research is needed on the relationship between the visual features of a model
and the cognitive processes that are promoted by its graphical characteristics, and even
the conceptual metaphor that is chosen to describe organizational accidents. In this paper,
we reported the current evidence concerning possible effects, biases, and even misunder-
standings based on the accident metaphors used for three paradigmatic accident causation
models: The domino model, the Swiss cheese model, and FRAM. They represent an in-
teresting abstraction progression: The domino model literally represents the linear chain
reaction of causes and effects; the Swiss cheese model is based on a concrete metaphor
(the slices of cheese and the holes), but requires the user to have a bit more abstraction in
representing hole movements and the concept of alignment. Finally, the FRAM does not
use any concrete metaphor; rather, it tries to visualize the physics concept of resonance
linking the edges of hexagons, representing the system’s functions. We addressed issues
concerning these models, guided by two questions: How do metaphors influence the
comprehension of organizational accidents? And how can the graphical representation
of metaphors shape the observers’ comprehension of accidents? Specifically, the domino
model metaphor in itself, more than its graphical representation, can guide (and bias)
cognition about organizational accidents. The Swiss cheese model shows drawbacks both
as a metaphor and concerning the way it has been visually represented. The FRAM model,
on the other hand, is a solid metaphor whose graphical representation has some criticalities.

We may say that the more ambitious and sophisticated the models, the less concrete
their metaphor is. This impoverishment in the visual component may be due to the very
nature of the phenomena they aim to represent, which are less concrete than tools, people,
and physical spaces, and are more abstract, such as interactions, functions, emergent
properties, etc. However, we argue that this drift towards the abstraction of metaphors
and impoverishment of visual representations may have at least two drawbacks. First, the
effectiveness of metaphors is weakened since the destination domain (i.e., the ineffable
complexity of modern systems) cannot be understood thanks to the link with a familiar
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source domain (the visual features of the model) if the source domain is too abstract and
complex in itself. Second, the models must be used by practitioners, and if they are too
complex to use and communicate, they lose effectiveness.

The choice of a specific metaphor is a positioning of the authors about the phenomenon
they want to describe. It tells how they look at the phenomenon, what they want to high-
light, and what they discard as irrelevant. Metaphors cannot represent all the characteristics
of a phenomenon, just like a map does not represent all the territory. It is a matter of choice.
Therefore, the problem is not that accident metaphors reduce the complexity of the reality
they want to describe, but that this reduction does not discard essential aspects and does
not bias cognition about safety issues. The challenge for scholars is to choose a metaphor
that is able to highlight the relevant dynamics of organizational accidents while neglect-
ing irrelevant aspects. The metaphor becomes the tool guiding the comprehension and
management of safety in complex socio-technical systems. In this paper, we argue that
an informed choice should take into account not only the metaphor per se but also its
graphical representation.

Researchers lead the models towards a good level of accuracy, while safety practition-
ers working in organizations pull towards usability. Nonetheless, if we consider accident
causation models not only as a good tool to analyze an accident but also as a framework to
promote safety and foster prevention, we need to introduce a third party: The people in
the organization that are not technically in charge of analyzing and investigating accidents
but are the real actors of safety. They define strategies, apply procedures, organize environ-
ments, adapt rules to contingent situations, notice potential threats, make decisions, plan
actions, and interact with automation and other people inside and outside the system. All
these actions and thoughts should take place within a common framework, representing
system dynamics and helping people to be proactive and sensitive to risks.

Complexity is studied by researchers, accidents are investigated by risk managers,
and safety is conducted by people within the organization in their everyday actions. We
believe that one of the reasons for the Swiss cheese model’s worldwide success is that it
was easy enough to be used as a framework for every worker in the system and usable
enough to represent the course of events. However, systems’ complexity has grown, and,
as claimed by resilience scholars, today we need models that can tackle the non-linearity of
systems, an aspect that is not very well represented by Reason’s model.

Therefore, we claim that a good model should balance the three characteristics of
being accurate in representing systemic dynamics, being usable for safety analysts, and
being effective for sharing safety messages within the system. The challenge for a metaphor
is to satisfy these three aspects at the same time.

Safety is an emergent property of a system where the most flexible elements are the
people operating within and around it. If they can share a common perspective on a
system’s dynamics and can understand how accidents occurred in the past, they can learn
from experience and foster resilience.
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Abstract: The aim of this article is to shed light on how sensory perceptions are communicated
through authentic language. What are the language resources available to match multimodal percep-
tions, and how do we use them in real communication? We discuss insights from previous work on
the topic of the interaction of perception, cognition, and language and explain how language users
recontextualise perception in communication about sensory experiences. Within the framework of
cognitive semantics, we show that the complexities of multimodal perception are clearly reflected
in the multifunctional use of words to convey meanings and feelings. To showcase the language
resources employed, we base our findings on research on how architects convey their perceptions of
built space. Two main patterns emerge: they use multimodal expressions (soft, bland, and jarring) and
descriptions of built space through motion (the building reaches out, or routes and directions such as
destination, promenade, route, or landscape in combination with verbs such as start and lead) in which
case the architect may either be the observer or the emerged actor. The important take-home message
is that there is no neat and clear a priori link between words and meanings, but rather “unforeseen”
patterns surface in natural production data describing sensory perceptions.

Keywords: architecture; built space; vision; hearing; smell; taste; touch; motion

1. Introduction

In his book, The senses considered as perceptual systems, James J. Gibson (1966) presents
his radical, pioneering ideas about the senses and perceptual systems. He rejected the
current mechanistic stimulus-response formula and established the foundation of ecological
psychology as a field. His ideas are nicely illustrated in his example of a fire.

[A fire is] a terrestrial event with flames and fuel. It is a source of four kinds of stimulation,
since it gives off sound, odor, heat and light [. . . ] One can hear it, smell it, feel it, and
see it, or get any combination of these detections, and thereby perceive a fire. [. . . ] For
this event, the four kinds of stimulus information and the four perceptual systems are
equivalent. If the perception of fire were a compound of separate sensations of sound,
smell, warmth and color, they would have had to be associated in past experience in order
to explain how any one of them could evoke memories of all the others. (Gibson 1966,
pp. 54–55)

The issue of ecological science is very topical in contemporary research, not only in
psychology but also in neighbouring fields such as in those language science approaches
that see language and cognition as embodied and grounded in perception. The question,
then, is how is it possible for human beings to arrange everything in manageable forms
for it not to become “one great blooming, buzzing confusion” (James 1890, p. 462). This
becomes more complex if we consider that it does not only concern perception but also
cognition and communication through language. Even today we know very little about
how these systems interact with one another, and research on how sensory experiences
and meanings are conveyed in authentic communication is scarce, even though much of
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the current research operates on the basis that cognition and communication are largely
shaped by our sensorimotor and perceptual systems and by our bodily interactions with
the world (e.g., Barsalou 2020; Connell and Lynott 2010; Lakoff and Johnson 1980, 1999;
Louwerse and Connell 2011; Pecher et al. 2003, 2004; Spence 2020; Tomasello et al. 2018;
Turatto et al. 2004; Pecher and Zwaan 2005; Shapiro and Spaulding 2021; Zwaan 2014).

Providing a review of previous work on sensory–motor perceptions in the language
sciences and beyond, we explore how those experiences are shared in human communica-
tion and then take a special look at architectural communication. We synthesize findings
based on our research during more than two decades on how architects experience space
through the lens of how they communicate their experiences and thinking through lan-
guage. Our choice of topic is motivated by the issues raised by Gibson above, namely, how
are the compounds of experiences afforded by space described by architects? We aim at
showing in what way their descriptions reflect the perceptual experiences in terms of the
language resources at their disposal. The domain of architecture is appealing since it is
commonly considered to be a spatio-visual profession—a view that architects, in general,
are not entirely satisfied with. While admitting that vision is a critical sense in their profes-
sion, they also insist that architecture has a firm, highly multi- and intermodal grounding
in sensorimotor experiences and the perceptual system. Being aware of the visual bias
towards built space, the Royal Academy of Arts in London organized an exhibition called
“Sensing Spaces. Architecture Reimagined” in 2014, an event launched with the aim of
making visitors think about their experiences with built space. Consider the introduction
to the leaflet given to visitors:

How does the room you’re sitting in make you feel? What is it about the soaring roof
of a railway station, the damp odour of a cellar, the feel of worn stone steps beneath
your feet, the muffled echo of a cloister or the cosy familiarity of your lounge that elicits
glee, misery, fear or contentment? We’ve tasked seven architects with reawakening our
visitors’ sensibilities to the spaces around them—bringing to the fore the experiential
qualities of architecture.1

The role of sensory perceptions in people’s understanding of space is stressed through-
out the official guide to the exhibition, where the organizers quote Royal academician
Colin St John Wilson’s claim that “knowing how to ‘see space’, or how to be spatially
attuned, is an ability with which we are all born”, and this knowing how to “see space”
involves “a wide range of sensual and spatial experiences” such as “roughness and smooth-
ness, warmth and cold, being above or below, inside, outside, in between, exposed or
enveloped.” If, as Wilson and many others claim, architecture must be felt to be understood,
our exploration of how architects make use of language to talk about built spaces may serve
as a suitable domain. Another motivation for selecting architecture and how architects
communicate their work is that we are thereby able to highlight the challenge of expressing
meanings about sensory perception in communication about built space. Architects are
obliged to talk about their ideas and their conceptualisations of space not only to other
architects but also to people outside the field. In other words, architects are language
users like everybody else and, hence, our exploration of the language of architects can be
extended to describe and theorize about word meanings in language more generally.

Our discussion is organized as follows. In Section 2, we give an account of the role
of sensory perceptions in the language sciences and the approach known as embodied
cognition. Section 3 is devoted to discussing how architects use language to describe
built spaces, particularly the way sensory experiences in those spaces are communicated.
This section is divided into three parts: the first gives a summary of the production data
we used for our case study of architectural communication. The next section deals with
descriptions related to how language resources are employed to describe sensory properties
of built space, and the third focuses on aspects related to motion and built space. Section 4
concludes the article.
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2. The Advent of Embodied Cognition

In the latter part of the 1900s, the received theory of meaning in the language sciences
was the amodal symbolic approach based on logic, formal semantics, and computer science
(for general outlines of the main theoretical developments, see Gärdenfors 2000, pp. 33–56;
Geeraerts 2010). Amodal approaches to conceptual knowledge hold that knowledge
representations are abstract symbols that are completely disconnected from systems of
sensory perception and motor action. This means that understanding the meaning of an
expression in language only requires access to the abstract symbolic system, and how those
symbols can be manipulated by explicit rules to form meaning in language (Fodor 1975).
There were also structuralist approaches to meaning in language that argued that meanings
are not substantial, but meanings of words are in the relations between words (Lyons 1977).

Both of those approaches remain but have, in many areas of semantics, been usurped
by the embodied cognition approach to meaning in language. This theoretical conception
is the foundation on which the broad framework of cognitive linguistics is based. It rejects
amodal, disembodied views and instead embraces the idea that the pairing of language
and cognition is grounded in patterns of our bodily constitution and our perception of
the world (Talmy 2000, 2003; Tomasello 2008). Cognitive linguistics is an approach that
sees human thinking as ultimately motivated by our corporeal experiences in and with the
world, and this is reflected in the way we use language to communicate those experiences.
These ideas have not only attracted a lot of theoretical attention, but they have also resulted
in a fair amount of empirical work in philosophy, linguistics, psychology, and cognitive
science (e.g., Barsalou 2020; Beveridge and Pickering 2013; Bianchi et al. 2017; Borghi and
Cimatti 2010; Caballero and Paradis 2015, 2020; Damasio 1989; Gärdenfors 2018; Gibbs
2006, 2011; Goldberg et al. 2006; Hartman and Paradis 2021; Kemmerer 2015; Pecher and
Zwaan 2005; Lakoff and Johnson 1980, 1999; Paradis et al. 2013; Speed and Majid 2020;
Varela et al. 2017).

Central to the cognitive linguistics school of thought is the idea that language is
a structured collection of meaningful categories or lexical concepts, which are formed
based on our experiences in the world. The way we perceive and understand the world
around us is the way we express ourselves and vice versa. Categories help language users
to manage knowledge in a way that reflects the needs of human beings, and research
based on comparisons across languages demonstrates that there are both commonalities
and differences between languages (e.g., Geeraerts 2018; Jędrzejowski and Staniewski
2021; Koptjevskaja-Tamm and Nikolaev 2021; Koptjevskaja-Tamm 2022). This means
that meanings are to some extent subjective, view-pointed, and sensitive to individual,
situational, and linguistic contexts. Yet not all aspects of conceptual knowledge are of
equal weight in meaning making. Only parts of a knowledge base that are relevant to the
contextual situation and to the interlocutors involved need to be activated and made salient
(Langacker 1987, pp. 158–61; Paradis 2015a). For instance, the spatio-visual representation
we have of an orange is that it is roundish and its colour is orange. We recognize the texture
or the peel and the feeling of eating an orange, its sweet smell and sweet–sour taste. We
know that they are a type of fruit that grows on trees and can be used in a wide range
of dishes or eaten fresh. These factors all represent core meaning aspects shared by most
speakers in our culture. Those qualities are generic and characteristic, while there is also
idiosyncratic knowledge such as Sheila’s father used to grow oranges in his garden and her
sister loved oranges. Those are peripheral aspects at the outskirts of the range of centrality
factors lacking in the conventionalized form-meaning coupling of orange/ORANGE. They
are peripheral and private and not intrinsic to the representation of the entity, while all the
perceptual aspects are central to the notion of orange. However, not all of them need to be
always made salient in communication.

Despite the foundational importance of perceptual experiences and our bodily con-
figuration, it is fair to say that cognition has been given the better part in explanations of
how we construe meanings in most work in the language sciences (but see the work on the
role of the perceptual system in meaning making by Caballero et al. 2019; Hartman and
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Paradis 2021; Paradis 2015b). This situation calls for more attention to the foundational
idea that the two sides of expressions, i.e., language form and meaning/cognition, are
experientially grounded and constrained by our physiological, sensory–motor constitution,
which constitutes the prerequisite and the constraints of our use of language, as nicely put
by Shapiro and Spaulding (2021).

A lake thought re-activates areas of visual cortex that respond to visual information
corresponding to lakes; areas of auditory cortex that respond to auditory information
corresponding to lakes; areas of motor cortex that correspond to actions typically associated
with lakes (although this activation is suppressed so that it does not lead to actual motion),
and so on. The result is a lake concept that reflects the kinds of sensory and motor
activities that are unique to human bodies and sensory systems. Lake means something
like “thing that looks like this, sounds like this, smells like this, allows me to swim within
it like this.”

Indeed, a substantial body of research on sensory meanings suggests that cognition
and language are structured in a cross-modal way, which, in turn, is a consequence of the
fact that the world, to a substantial degree, is perceived in a cross-modal way that includes
the entire sensory–motor system (Caballero and Paradis 2015; Gibson 1966; Sathian and
Ramachandran 2020; Winter 2019). However, much more research on the role of perceptual
experiences and language is needed. It is true that some research has currently been carried
out with the use of a wide range of empirical methods ranging from data-driven statistical
methods (e.g., Hörberg et al. 2020), discourse analytical and semantic corpus methods
(Caballero et al. 2019; Caballero and Paradis 2020), behavioural experiments of different
kinds (Bianchi et al. 2011, 2013, 2017; Lynott et al. 2020; Paradis et al. 2009) and brain
research (e.g., Hörberg et al. 2020; Olofsson et al. 2020; Pulvermüller 2005). A good deal of
this research also includes combinations of methods (e.g., Paradis and Willners 2011; van
de Weijer et al. 2014).

An important insight from research in language, cognition, and perception is that
words do not have a set meaning but evoke meanings when they are used in human commu-
nication (Paradis 2015a). For instance, soft is a form that ranges over all five basic sensory
domains, VISION, HEARING, SMELL, TASTE, and TOUCH, as in soft colours, soft music, soft
smell of elder, soft taste of vanilla, and soft texture of cotton wool (Lynott et al. 2020; Paradis
2015b), and beyond these meanings soft may also be used to describe human personality, a
softhearted person. Moreover, observations have been made about descriptions of AUDITION

where MOTION is recruited to describe the perceptual experiences in a soundscape such
as the intertwining of sound and motion in he slammed his way through the door and the
door buzzed open (Caballero and Paradis 2020) and motion in descriptions of space as in
examples such as the trail climbs 1000 meters and roads or the mountain range go from Mexico to
Canada (Matlock 2010; Matlock and Bergmann 2015; Talmy 1983, 2000).2 This flexibility of
meaning application in language use is what we expand on in this article with a focus on
spatial descriptions by architects. What is built space for them?

A topic closely related to this flexibility of meaning related to sensory expression
such as soft is that they may form antonymic relations of opposition along the dimen-
sions that connect them, such as soft–hard (TOUCH, VISION, and HEARING), soft–bright
(VISION and HEARING), soft–sonorous (HEARING), soft–grainy (TOUCH and VISION), and
soft–bitter (TASTE). Construals of antonymy of individual adjectives constrain their meaning
application in one or another sensory domain in a systematic way (van de Weijer et al.
2023). For SMELL, for instance, soft and hard would not be a good pair of antonyms, but
soft–sharp would. In previous approaches alluded to at the beginning of this section, the
researchers’ focus was either on setting up such pairings as idealized models of language
structures without paying attention to speakers’ behaviours and language use (e.g., Lyons
1977) or with a focus on formalization of a range of predetermined words and the analysts’
interpretations of them (e.g., Kennedy and McNally 2005). In contrast, what approaches
to language in the cognitive framework contribute is that pairings of forms and mean-
ings are dynamic and sensitive to context. When two lexical items are used to express
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opposition in discourse, they become firmly instantiated in a given conceptual dimension
(Paradis and Willners 2011).

Finally, yet another type of research that is important for insights about form–meaning
flexibility that has been carried out is work using large-scale statistical elicitation techniques
of participants’ assessments of individual words in isolation, and their meaning potentials
across the senses and their assessments of the proportionality of the sensory modalities in
the meanings of each word. Lynott and Connell (2009, 2013) measured speakers’ percep-
tions of sensory meaning ranges of words (adjectives and nouns) that might be associated
with one or more interpretations, e.g., thin, yellow, glowing, and dark, and calculated the pat-
terns of the strength of association to the five sense modalities. The participants were asked
to indicate to what extent they experienced something to be, say, thin “by feeling through
touch”, “hearing”, “seeing”, “smelling”, and “tasting” on a scale from 0 (not at all) to 5
(greatly). They showed that most of the words tested (423 adjectives and 400 nouns) were
associated with more than one sense modality. There was also a follow-up on this technique
in a much larger study, The Lancaster Sensorimotor norms, where many more words were
added, as well as interoception and motor meanings (Lynott et al. 2020). They made use
of Amazon’s Mechanical Turk platform to measure the strength of 39,707 English lemmas.
These norming studies are valuable resources for work on knowledge representation in
different fields and for conceptual representations for the language sciences as is research
on patterns of language use across different contexts and genres (Louwerse 2018; Caballero
and Paradis 2018, 2020).

With this description of previous work on perception, cognition, and language, we
now proceed to investigate how this pans out in architects’ production data, namely, in
how architects describe built space to their interlocutors.

3. Explaining Built Space

In this section, we describe the ways in which architects use language to share the
experiences afforded by built spaces. This is a challenging endeavour in that, although
explaining what buildings (and other artefacts such as sculptures or paintings) look like
appears to be reasonably straightforward, describing what they smell or feel like might
be a more challenging undertaking. We start by describing the data sources on which
our account is based and then proceed to take a close look at how architects conceive of
sensory–motor properties of built space through the lens of how they communicate their
perceptions to others. With the goal of highlighting how perceptions are recontextualised
and shared by architects, our analysis focuses on the semantics of examples from data sets
compiled for different projects over two decades as described in the next section.

3.1. Data

The data used in this article are of two types. On the one hand, unless otherwise indi-
cated, we make use of a corpus of 150 texts (120,000 words) retrieved from print magazines
written by and for architects and enjoying a high status within the community (Architectural
Record, The Architectural Review, Architectural Design, Architecture, Architecture Australia,
and Architecture SOUTH) and architecture websites such as arcspace.com, archdaily.com,
architizer.com, and architectmagazine.com (for more information, see Caballero 2006, 2009,
2017, 2020). On the other hand, we also use data from a project conducted by architect
Hernan Casakin (Ariel University, Israel) with 60 MA students of TU Delft where Rosario
Caballero collaborated in the analysis and classification of the metaphorical language used
by the students in the task. These were organized into twenty teams of three members
each and the teams were asked to redesign the entrance area of the faculty to make it
more enjoyable. Starting from the assumption that architecture students would be visually
biased, the groups were given both textual and visual stimuli to see which of these was
more helpful in the generation of design ideas. All the sessions were filmed and recorded.
The students were asked to discuss their work aloud as they drew the sketches and to
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provide a short report at the end of the task (for a detailed discussion, see Casakin 2019).
The oral data used in Section 3.2. belong to the transcriptions of those sessions.

3.2. Word Meanings within and across Sense Modalities

Architects are often considered visual thinkers given the weight of drawing in their job
and the role of images (pictures, 3D models, etc.) in the design process, and the importance
of the final appearance of buildings. However, as has already been hinted at, their language
is not exclusively instantiated in meanings of words of vision. Consider for instance,
“the Sonoran desert around Tucson is visually fragile—easily thrown into imbalance by
a jarring building”, where the tactile descriptor, fragile, and an aural descriptor, jarring,
in this context are not about touch or sound but about visual properties of the space, as
clearly indicated by visually. Inasmuch as lay people hear, smell, and feel the various spaces
involved in their daily routines, public as well as private, architects also say that their work
is, indeed, multisensory/multimodal, and that vision engages the other senses as well
(Rasmussen 1959; Bloomer and Moore 1977; Pallasmaa [1996] 2005; Zumthor [1998] 2006;
Seamon 2007). Indeed, architectural descriptions make use of expressions such as craggy,
fluid, enveloping, clammy, loud, warm, bland, stuffy, or crisp in order to communicate the
sensory properties of buildings, i.e., to express what buildings feel like in a form that their
users can understand and, ideally, also relate to through their senses (Caballero and Paradis
2013; Caballero 2009, 2017, 2020).

The most conspicuous case of cross-modal expressions in architecture is the use of
primarily aural descriptors to portray visual experiences, as illustrated by the expressions
in bold in (1)–(3).

1. Juxtapositions of sleek finishes [inside the building] such as citrus-colored partitions
and tiny halogen spotlights feel cacophonous against the rough timber walls and
columns.3

2. Tucked behind two refurbished cottages that now serve as flexible office and guest
quarters, [the house] is a cacophony of pitched roofs, steel awnings and crisp eyelid-
like window hoods.

3. [Chief architect] recalls, “They said, ‘Maybe this building could be a little quieter.’”
[And they] set to work defining just what “quiet” could mean, esthetically speaking.
“We talked a lot about trying [. . . ] to make it a quiet place.” That discussion soon
led to ideas of garden, the metaphor that began to inform their design studies. [. . . ]
nonliteral notions of garden did more to germinate this inventive building’s abstract
qualities as a salve for the sensory whipping delivered by its suburban context. [. . . ]
The building’s main event is inside [. . . ] the architects created an alternating rhythm

of angled surfaces to bounce light and disperse sound. [. . . ] the sparsely landscaped
lawn was [. . . ] a way to buffer the noise, both aural and visual, that is certain to kick
in when the adjacent corner lot becomes a gas station or convenience store.

The reverse is also true, namely, the use of visual and tactile descriptors to refer to
sound, as shown in examples (4)–(6).

4. Since concert halls are large open spaces, they present opportunities for sound abra-

sions and acoustic glare.
5. The zigzag channels are made from aluminum that is perforated to achieve acoustic

transparency [. . . ] the most unusual feature [is] as a set of velour curtains that hang
between the acoustically transparent skin of the auditorium and the concrete outer
wall.

6. Acoustic shadow created by Podium Building; as a result of the angle created between
the source and podium edge, a portion of the facade is acoustically shaded.

Examples (4) and (5) evoke the representations of aural phenomena critical in the
design of buildings devoted to performances such as theatres and concert halls through
visual and tactile expressions. Glare is used to evoke the harsh quality of sound inside a
building caused by walls or surfaces that are too flat and/or too smooth and transparency
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is the ability of sound waves to pass through certain materials and be absorbed in space
rather than bounce off or echo in it. In (4), abrasion from the domain to touch is used to
refer to aural effects in buildings. Finally, example (6) describes sound effects in terms of
visual shadow and shade.

From a language science point of view, the highly important take-home message of
the various descriptions of the perceptual affordances of the sensescapes of built space and
their effects on human engagement with them is the dynamic cross-modal descriptions. The
examples put the spotlight on the high degree of malleability in word meanings in different
contexts in authentic communication, in both the polysemous cross-modal use of form and
meaning in communication as well as the use potential that expressions in language evoke
more than one interpretation at the same time. This is evident in cacophonous in (1), which
describes both the visual and textural properties of an interior space, and quiet, rhythm, and
noise in (3), which evoke both aural and visual information. In fact, an architect would
argue that rhythm also conveys textural properties inherent in the manipulation of light by
means of structural and ornamental elements, as apparent in Figure 1, showing a photo of
the Museum of the University of Alicante (MUA).

 

Figure 1. Museum of the University of Alicante (MUA). Photograph property of the authors.

In other words, although mainly concerned with sight, word meanings from the
domain of sound are also used to communicate spatial properties accessed through touch.
This is because spatial sequences and patterns such as spatial rhythm or choreography
ultimately endow built spaces with a textural or tactile “feel”, even if such patterns are first
accessed through our eyes. Thus, the use of aural language by architects is clearly cross-
modal in that word meanings, typically of sound experiences, convey meaning referring to
the sight and touch of built spaces to provoke the perception of hearing, sight, and touch.
In fact, in architecture, the notion of texture covers both the tactile and visual quality of the
surfaces of buildings, as explained by Roth and Rasmussen in their lecture notes, “Texture
and Light in Architecture”, for the Introduction to Architecture course offered at Çankaya
University.

7. Texture has various meanings [. . . ] Optical texture could be given by the organization
of architectural elements, such as windows, doors, solids or voids. The repetition of
elements creates a pattern that is observed as an optical texture. Tactile texture on
the other hand could be given by building materials, such as concrete, brick, stone,
glass, steel etc. [You can achieve both, as] In Baker House, in addition to a visual
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rhythm, Alvar Alto has used rough clinker brick to be able to give the building a
tactile texture. Moreover, he had the bricks laid in a random pattern to add visual
texture. [www.archplea121.cankaya.edu.tr] (accessed on 1 January 2023)

Accordingly, students are trained from the very beginning to pay attention to texture
in their projects, as shown in examples (8) and (9) where MA students of architecture and
urbanism discuss space in the preliminary stages of an assigned project.

8. S1: Yes and also with this [taps image provided a visual stimulus] . . . with this thing
is the idea of . . . of a soft and hard places. S2: yes it’s like soft this is more of soft

[points to sketch they’re drawing] S1: yeah there you have more hard and here have
maybe this . . . S3: and why would we split it up in soft and hard. . . it could be
scattered around? S1: yeah yeah . . . like the main [inaudible] so this one would be
hard anyway otherwise. . .

9. [student takes visual stimulus] four was interesting ‘cause it seem like, er, this contrast
between very dense, this compact cluster [draws a cluster plus some scattered dots],
but then it’s like a very contrast with this very open area, so this show contrast
between density and then open [inaudible] which is more expansive

What is interesting here is that the students make use of property descriptors such as
soft, hard, dense, and compact which also evoke touch in their visual descriptions of space.
The visual meanings are invoked by the arrangement of spaces, portrayed in a way that
suggests that space is a malleable entity susceptible to being manipulated in various ways
(see Caballero 2006, 2009, 2017 in this respect).

So far, we have shown how meanings of words are employed to describe various
spatial aspects in architecture with examples retrieved from different communicative
contexts in architectural discourse (architectural reviews, lecture notes, and students’
interactions). Some such terms are grouped in Table 1, where they are sorted according to
the main source and target domains involved in their use in the data.

Table 1. (Cross)sensory language.

SOURCE SENSE → TARGET SENSE

SOUND → SIGHT
quiet, mute(d), grandiloquent, hushed, jarring, cacophony, cacophonous, discordant, noise, tone
down, resonate
SOUND → SIGHT + TOUCH
rhythm, rhythmic, beat, melody, orchestrate, choreograph

SIGHT → SOUND
transparency, glare, shadow/shade

TOUCH → SOUND
abrasions
TOUCH → SIGHT
crisp
TOUCH → TOUCH + SIGHT
coarse, coarseness, grain, warm, warmth, cold, cool, fragile, hard, soft(en), light(en), tactile, coarse,
weight, heavy, sharp

TASTE → SIGHT
bland, insipid

Table 1 offers a summary of cross-modal use and thereby points to the dynamics of
meaning making in authentic production data. The table also highlights the importance
of meanings other than vision, both for the design and experience of built spaces. Indeed,
as pointed out already by both James (1890) and Gibson (1966), our experiences of the
world are not monomodal, i.e., our senses do not work in an isolated, discrete manner
but are highly interactive. In the case of architecture, where vision is critical, other sen-
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sory experiences also play important roles, as explained in a blog from Virginia Tech by
Kristen Long.

10. Texture can make or break a structure or building when it comes to design. It can be
a crucial part or architecture, creating pattern or rhythm and allowing the viewer to
believe the piece moves through space. Textures create a different experience; they
allow more than one sense to be used at once by just “seeing” it. Textures allow
viewers see the building as well as imagine how it would feel. [https://blogs.lt.vt.
edu/kristen3/2013/02/08/texture-in-architecture] (accessed on 1 January 2023)

While highlighting the multimodal quality of spatial experiences, Long also brings up
one of the most recurrent experiential domains used by architects in their work, namely,
motion. Motion is a complex, multisensory domain already noted by the classics (e.g.,
Aristotle and the scholastics after him). It was regarded as a common sensible or primary
quality whereby humans deal with complex data by combining sensory and cognitive
processes/activity.4 This dynamic, interactive approach to architecture is characterized by
Yudell (1977, p. 59), who claims that “all architecture functions as a potential stimulus for
movement, real or imagined”, a statement motivating his belief that basic architectural
experiences have a verb form. In the next section, we discuss the use of motion to describe
built space.

3.3. Fictive Motion and Built Spaces

As accounted for elsewhere (Caballero 2009, 2017, 2020; Caballero and Paradis 2013,
2015), architects often present built space in dynamic terms, i.e., as if moving in various
ways which, of course, goes against the very essence of architecture, i.e., stability and
immobility. Consider the following review of the national museum of contemporary art
(Kiasma) in Helsinki.

11. The [. . . ] volume becomes the dominant form reaching out to the natural landscape.
[. . . ] to the west are the information/ticket desk, the museum shop and a cafe which
opens out onto a public terrace and the reflecting pool. A steel framed glazed canopy
extends out from the vertical fissure [. . . ] A ramp climbs up the curved east wall of
the void, arriving at the critical crossing point [. . . ]. Suites of enfilade double-height
galleries step up the building in four split levels [. . . ] The underlying order of the
building cannot be understood from a single vantage point, but unfolds cinematically
as you move through a landscape of interior space. This is an architecture of prome-

nade, yet without a prescribed or privileged route. Multiple lifts, stairs and ramps
combine with the split-level galleries to create many possible itineraries. Passage
between rooms occurs in a zigzag trajectory [. . . ]. Circulation always returns to the
central orienting void. [. . . ] the wall also rotates from a 9.5-degree outward tilt at
its southern end [. . . ]. The north end of the building twists towards the west [. . . ]
Much of the daylight in the building [. . . ] is diffused by translucent glass which
both intensifies the weak Nordic light and imparts a sense of quiet abstraction and
detachment from the life of the city. So movement through the building becomes an
introverted journey.

Here the building and some of their elements are described as reaching out, climbing,
stepping, or twisting in their sites, and as having itineraries, promenades, or routes inside. The
use of meanings of motions to depict static entities is variously known as fictive motion
(Talmy 1988, 1996, 2000; Matlock 2004, 2017), abstract, or subjective motion (Langacker 1986,
2000; Matsumoto 1996) or, more comprehensively, non-actual motion (Zlatev et al. 2010;
Blomberg and Zlatev 2014), and is often found in descriptions of household things such as
cables or hoses and also of structures designed for human motion, whether this requires a
vehicle (e.g., roads) or our own bodies (e.g., buildings). In (11), this dynamic portrayal is
achieved through verbs such as reach out, open out, extend, climb, arrive, step up, unfold, rotate,
and twist, which describe what those spaces look like. The descriptions are concerned with
their physical properties through sight. The variety of motion meanings involved in the

192



J. Intell. 2023, 11, 129

descriptions also suggests that choice of verb meanings is determined by the characteristics
of the space itself. Meanings of words such as reach out and extend describe long, horizontal
spaces, while verticality is depicted by meanings such as climb or step up. Consider, for
instance, the captions of some of the images in a review of Massimiliano Fuksas’ Maison
des Arts in Bordeaux.

12. The massive warehouse runs along the north side of site.
13. The roof cantilevers towards the street through two traffic lights.
14. The green prism crouching.

While all three expressions of motion are concerned with the external appearance of
the building, run emphasizes the building’s length in combination with the absence of
obstacles, which implies a reference to spatial fluidity, cantilever profiles the horizontal
projection of a beam or cantilever in the roof of the building, and crouch emphasizes the
size and/or bulk of the building.

Word meanings instantiated in the domain of motion in spatial descriptions invoke
dynamism, innovation, and graphicness, while verb meanings such as lie, sit, rest, stand, or
rise are static and passive. Many of the verbs used as descriptors come with a flavour of
human activity and personification of built space. Architectural descriptions often offer
depictions with properties of liveliness such as hunker, ease, sweep, sprawl, inch out, clamber,
or unfurl and thereby provide an even more dynamic portrayal. Examples (15)–(17) show
how some such verbs are used.

15. The garden, which rambles into the house through a number of small courtyards, is
an apt reminder of how a home should be occupied.

16. The interior open library wraps around staff spaces, a large community room, small
meeting spaces and building services.

17. This sumptuously landscaped park in Santa Monica includes [. . . ] ramps that clamber

over a drought-defying fountain, and [. . . ].

The most extreme case in this respect involves action verbs such as cantilever above
and rake, bunch, ramp, cascade, scissor, funnel, fan, or corbel, to mention but a few of them
found in architectural texts. By way of illustration, consider examples (18)–(21).

18. Customers descend to the store from the parking levels by elevators or by stairs that
scissor down through the three-story space.

19. At north and south ends are stands for hardier (and poorer) fans, unshaded and
raking up at a steep angle.

20. Here, the walls curve gently backwards until they get to the seventh floor, where they
crank quite severely back to obey planning profile rules.

21. The driveway slips in under the west courtyard wall and then ramps up steeply to
the entrance level.

In cases such as these, particles such as down, up, or in express direction of movement,
which add shape (topology) to the descriptions through the verbs of action, e.g., scissor,
rake, or crank. In other words, while the particles backwards and back express the direction
of motion in (20), curve and crank specify the shape of the walls. The fact that architec-
ture students often replicate such uses further points to their ubiquity in architectural
communication, as shown in these examples from the Delft experiment.

22. I think you should combine these two into one design because it’s also the same shape
like it starts very small and then curves around . . .

23. so [starts drawing boxy things] what I thought is sort of a box was coming out of the
plinths, it was sticking through, the entry is maybe is here, and in the box there is the
canteen...

24. so I kept this as the entrance to the building and sloping out [students start a discus-
sion on entrances to the building].

The uses discussed so far suggest a visual metaphor that may be formalized as FORM IS

MOTION whereby particular layouts or appearances of form (the metaphorical targets) are
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seen as reminiscent of the kind of movement encapsulated in the motion meanings of the
verbs (the metaphorical sources). Put differently, the description of spatial arrangements
and topologies draws upon our more basic understanding of particular ways of moving
(for a thorough discussion, see Caballero 2009, 2017, 2020).

Another use of motion meanings points to the role of architecture as a stimulus
for movement. This point was raised by Yudell and further described by well-known
architects within the architectural canon such as Bloomer and Moore and Pallasmaa. Thus,
Bloomer and Moore (1977, pp. 86–88) describe the temple complex at Monte Alban (Mexico)
as follows.

The temple complex [. . . ] seems to have been built around the act of climbing. There,
thousands of feet above the valley floor, a flat plaza was made from which each temple
was entered, up a flight of steps, then down, then up again higher to the special place. To
arrive at the largest temple, one went up, then down, then up, then down, then farther up
again. [. . . ] getting there is all the fun. (Italics in the original)

A similar view underlies (Pallasmaa [1996] 2005) claim that architecture is best appre-
ciated as we interact with it, i.e., as we move inside buildings, but he is more explicit about
the embodied, cross-modal quality of the whole event:

I confront the city with my body; my legs measure the length of the arcade and the
width of the square; my gaze unconsciously projects my body onto the facade of the
cathedral, where it roams over the mouldings and contours, sensing the size of recesses
and projections; my body weight meets the mass of the cathedral door, and my hand
grasps the door pull as I enter the dark void behind. I experience myself in the city, and
the city exists through my embodied experience. The city and my body supplement and
define each other. I dwell in the city and the city dwells in me.

Similar aspects are revealed in the education guide for the Sensing Spaces exhibition,
where some of the architects’ works are described as follows.

25. Chinese architect Li Xiaodong is not seen or experienced as an object in space. Instead,
it builds upon the sequential experience of visiting the Academy—via courtyard, town-
palace, grand staircase and Beaux-Arts gallery [. . . ] Experienced as a choreographed
one-way route, the timber frame is [. . . ] An acrylic raised floor is illuminated by LEDs,
and plywood-lined niches provide accents along the route, culminating in [what the
architect likens to] a Zen garden [. . . ] presented as the final scene on a route that the

architect likens to ‘a walk through a forest in the snow at night’. [. . . ] In this place,
visitors are invited on a journey of discovery and to sense that alternative worlds run

alongside their path and intersect with it. They can experience the different spaces,
from the narrow passageways and intimate niches, to the expansive Zen garden.
[. . . ] this is an unfolding story that is best moved through slowly and appreciated
over time.

This explicit focus on dynamics and interaction is further reinforced by some of the
questions included in the exhibition leaflet and education guide, which point to a change
from an ocular-centric way of experiencing architecture to a more enactive, sensory one.

1. Describe what you experienced walking through this installation.
2. Did you feel differently in the passageways and niches?
3. How did you react when you emerged in the Zen Garden?

Such an approach asks for a broader use of language resources and a more inclusive
theoretical framework that takes seriously authentic human communication as well as
humans’ encounters with the world around them when describing built space.

In descriptions of fictive motion, we do not only find motion in expressions conveyed
by verbs, but we also find the abundant use of motion expressed by nouns. Some such
nouns refer to sense spaces in terms of circulation, promenades, routes, itineraries, or trajectories,
first illustrated in example (11) and present in (25) and are, of course, recurrently brought
up by the Delft’s students when discussing their projects.
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26. one of my first ideas and my favourite one was [. . . ] different, er, paths, so, actually,
to make this as the pathways and then have hills in between them, so to create like
a hills landscape that would define different spaces that would become much freer
and more playful] and give opportunities for use.

27. ST 3 starts drawing on ST2’s sketch and says: what I got from this was something
different actually, er, what I got was like this centre point also this sort of axis . . . that
comes up and from here I got this central axis, secondary axis here . . . so it’s more
like directionality with a frame circulation [. . . ].

28. ‘cause this is more a, a, a route, also from this side and, I don’t know, what I see here
like city facilities but more, is more about the route and the, the orientation of the
paths which are going into, er, which are letting you in the building”

29. ST1: “I really thought literally of the rollercoaster and saw this element going up and
down and around.

30. S1: You said two things about navigation . . . I think that is forced navigation S3: if
you have activities then that is the circulation that you want to reach” [3 clarifies the
other idea and 1 agrees]. S2: if you make a connection to the park and it’s good to put
these trees also in this. . . pathways [. . . ] you have other ways of entering this public
space [. . . ] you can also like dictate one major access that all the flows go through.

All the above examples illustrate an interactive scenario whereby moving inside a
building is presented as an imaginary, virtual tour within and along its sense spaces,
variously referred to as paths, pathways, axes, routes, and even hills (26), and where architects
must ensure ease of circulation (27, 30), orientation (28), or navigation (30) for the building’s
future users.

A final use of motion language in architectural discourse is more genre oriented, i.e., is
typical of the texts known as architectural reviews and devoted to describing and assessing
a noteworthy building, both in specialized magazines and good quality newspapers. In
addition to discussing the aesthetic, technical, and constructive properties of architectural
projects, a well-crafted review also attempts to translate a holistic experience of buildings
into words, which often starts from an assessment of their visual properties to gradually
guide the readers through their inner spaces, taking them on a tour that is often used as a
blueprint for how to organize the commentary (Caballero and Paradis 2013). This is the
case of a review of the Luxor theatre in Rotterdam, introduced as “a rich internal landscape
of interacting layers that combines contingencies of site with the rituals of theatre going”,
an experience described in the following terms:

31. Depositing their coats at the counter to the left, [people] turn to start on one of
the three batteries of stairs rising to higher levels, going to left or right depending
on destination. As they rise through the building, each new stair invites them to
the next stage of the promenade until they find the appropriate level for their seat.
Unprecedented is the delightful sloping route along the south edge on top of the lorry
ramp, which is treated as a series of very long steps [...]. It winds irresistibly round,
gathering more stair connections as it goes, and culminates in a double-level bar and
restaurant [...]. Further stairs within this volume lead to an upper bar level and to a
whole additional foyer leading back the other way to another bar above the entrance.
The sequence of spaces–every bit a contrived promenade architecturale–is enriched
by careful framing of views with various scales of window. Like the Philharmonic
in Berlin [...] it provides a kind of internal landscape of interacting layers where the
people of Rotterdam can parade in their finery to see and be seen, creating a theatre of
the interval almost as important as that of the stage.

The passage features the two main types of fictive motion discussed in this article:
firstly, we find the use of motion verbs such as rise, go, and wind to represent the illusion of
movement created by the external appearance or arrangement of some building elements
(e.g., stairs), and secondly, we find places and paths that in some way or another involve or
entail motion such as destination, promenade, route, or landscape in combination with verbs
such as start and lead to recreate some of the real motion experiences afforded to its future
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users. In other words, the text does not describe a scene, but an imaginary, prospective one
where readers are offered a virtual tour of the Luxor theatre by means of motion language
used to (a) describe the looks and function of the building’s various spaces, (b) help readers
imagine what experiencing its spaces may actually feel like, and (c) act like some sort of
blueprint for organizing the description in a coherent and engaging way.

4. Conclusions

The aim of this article was to expound on how language is used to share experiences
of sensory–motor perceptions through language with special focus on natural language use
by architects. The focus of much research on sensory perceptions has centred on vocabulary,
naming, and codability and not on how speakers in fact use language in authentic commu-
nication to describe sensory experiences. The contribution of this article, where we review
previous literature and provide a case study of communication about built space by architects,
is to draw attention to the multifunctionality of word meanings in language and to point
to the non-trivial linking of words and meanings in actual communication. Perception is
multimodal as stated by Gibson’s (1966) example in the Introduction and this multimodality
and flexibility is reflected in meaning making in language use. This is an insight that becomes
evident if we go out of our way to also explore production data in the wild.

Based on a synthesis of data from decades of research on the topic, we are in a
position not only to show how meaning is created through language, but also the basic
characteristics of descriptions of built space by architects. We show that two main types
of perceptual descriptions afforded by built space are prominent: One is the properties
related to SIGHT, SOUND, TOUCH, and TASTE, where the multifunctionality of the sensory
descriptors is found to be highly flexible in terms of meaning application. For instance, the
use of words that at first blush may be considered as cues to SOUND in fact refer to SIGHT

(e.g., quiet, muted, and discordant). Likewise, expressions that at first may be considered
expressions that refer to SOUND (e.g., glare, transparency, and shade) or TOUCH are often used
to describe SIGHT (e.g., crisp, coarse, and warm). These descriptors are primarily expressing
experiences of states, which is natural since built space represents something stative and
stable.

However, the other characteristic of perceptual descriptions of built space is instan-
tiated in the domain of MOTION, and hence the stative and stable nature of built space is
portrayed in a dynamic way. In the descriptions where MOTION is involved, the architect
may take one out of two possible positions in terms of perspective. The architect may
describe built space from the point of view of an observer and built space then is described
as if it were a dynamic entity. These descriptions are personifications, i.e., buildings have
animate properties (e.g., verb expressions such as built space reaches out to the natural
landscape, climbs up, unfolds, runs along, hunkers, crouches, and wraps around, as well as with
nominal descriptions to a similar effect such as paths, destinations, promenades, and routes). In
addition to this observer perspective, we also find descriptions where the architect is an
agent moving through built space describing personal experiences while moving around
(e.g., I confront the city with my body; my legs measure the length of the arcade and the width of the
square; my gaze unconsciously projects my body onto the facade of the cathedral, where it roams over
the mouldings and contours). In this case, the reader experiences the space through the bodily
experiences of the architect, infusing life into the description of the feelings of MOTION,
SIGHT, and TOUCH.

The language of architects is a relevant domain because it not only points to the critical
role of language in the work of architects as opposed to folk ideas about architecture as
an exclusively technical and/or graphic craft (consider, for instance, the many architect–
client interactions involved in any design, or the reviews of notorious buildings in quality
newspapers and specialized publications), but it also provides a window into the ways and
the wordings that people in general use to share perceptions through language. That is,
the flexibility of the use of words across modalities to evoke meanings that speakers may
regard as alien to those domains, if asked out of context. To be able to explain how we share
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perceptual impressions through language, (i) a theoretical framework such as cognitive
semantics that takes seriously the grounding of meanings in the body and the senses, (ii) a
focus on authentic language, and (iii) an appreciation of the dynamics of meaning making
and use of language resources are necessary components.

Through this contribution, we also want to broaden the perspective and point to the
importance of research on language use in authentic communication. The expressions
discussed in this article are not peculiar expressions that belong to a specific domain or pro-
fession, but expressions that are used in the same dynamic ways in human communication
more broadly. This multifunctionality of words that range over several domains points to
the human inclination towards cognitive ecology and the entailing dynamics of language.
Knowledge of how meanings in language are cued is not only essential for researchers in
the language sciences and for work related to semantic analysis but is highly relevant for
researchers in other fields where natural language is used and conclusions are drawn from
language data.
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Notes

1 https://www.royalacademy.org.uk/exhibition/sensing-spaces (accessed on 1 January 2023).
2 Clearly, there are also meanings in language that are less sensory than the meanings we deal with here, for instance, more abstract

shell concepts such us “idea”, “politics” “news” and the like.
3 Unless otherwise indicated, all the examples discussed in this chapter belong to the 150-text corpus described at the beginning of

this section.
4 In De Anima, Aristotle offered a view of motion as a complex, holistic sense referred to as common sensible and encompassing

physical properties indirectly perceived by more than one sense. This classical notion is revamped by contemporary anthropolo-
gists (Howes 2009, 2010) and literary scholars (Heller-Roazen 2007) claiming the existence of a holistic sense called common sense,
which unifies and coordinates the other—acknowledged—five senses and their physical instantiations or expressions.
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Abstract: The Gestalt psychologists’ theory of insight problem-solving was based on a direct paral-
lelism between perceptual experience and higher-order forms of cognition (e.g., problem-solving).
Similarly, albeit not exclusively, to the sudden recognition of bistable figures, these psychologists
contended that problem-solving involves a restructuring of one’s initial representation of the prob-
lem’s elements, leading to a sudden leap of understanding phenomenologically indexed by the
“Aha!” feeling. Over the last century, different scholars have discussed the validity of the Gestalt
psychologists’ perspective, foremost using the behavioral measures available at the time. However,
in the last two decades, scientists have gained a deeper understanding of insight problem-solving
due to the advancements in cognitive neuroscience. This review aims to provide a retrospective
reading of Gestalt theory based on the knowledge accrued by adopting novel paradigms of research
and investigating their neurophysiological correlates. Among several key points that the Gestalt
psychologists underscored, we focus specifically on the role of the visual system in marking a discrete
switch of knowledge into awareness, as well as the perceptual experience and holistic standpoints.
While the main goal of this paper is to read the previous theory in light of new evidence, we also
hope to initiate an academic discussion and encourage further research about the points we raise.

Keywords: insight problem-solving; “Aha!” moment; pupillometry; Gestalt; perception; attention;
creativity; neurophysiology

1. Introduction

The scientific understanding of insight problem-solving originates from the Gestalt
psychologists in the early 20th century. Before the Gestalts, the prevailing viewpoint posited
that the human mind inherently establishes associations during trial-and-error learning,
leading to a mode of reproductive thinking. When confronted with commonplace problems,
individuals would merely reproduce solutions that they had previously correlated with
successful outcomes by expanding, or modifying, their existing associations, implying
the absence of genuinely novel creations (Thorndike 1911). Gestalt psychologists, instead,
theorized that insight problem-solving unfolds through a paradigm of productive thinking.
Within this framework, problem-solvers would overcome conventional associations and
perceive problems through an entirely novel lens (Köhler 1925; Wertheimer 1959). These
novel solutions emerge together with an abrupt sensation of apprehending, also termed
an “Aha!” moment. For Gestalt psychologists, insight manifests as the transition from
a state of uncertainty regarding the achievement of a problem’s objective to an in-depth
comprehension of the problem itself and thus its attendant solution (Maier 1940) in an
off–on matter, as a whole, or as “Gestalt”.

In his seminal work, Wolfgang Köhler (1925) documented a chimpanzee’s attempts to
access out-of-reach bananas. Fortuitously, the chimpanzee managed to see the crates in its
cage as potential building blocks for a makeshift staircase. By stacking and ascending the
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assembled crates, the chimpanzee successfully accessed the bananas. Köhler concluded
that the chimpanzee’s reorganization of information in its visual field is what permitted the
emergence of an insightful solution. The sudden off–on switch into awareness aligns with
phenomena such as figure–ground reversals, in which “elements at one moment are seen as
one unity, and at the same moment, another unity appears with the same elements” (Ellen
1982, p. 324). This perspective underscores the interplay between Gestalt’s problem-solving
outlook and the foundational principles of Gestalt perceptual experience. This parallelism
becomes especially cogent when a cognitive problem and its solution are provided with
pictorial representations, in geometric or graph-theoretic forms. For example, this is the
case of the problems discussed by Max Wertheimer (1959) in the book Productive Thinking.
In such contexts, the discovery of a solution to a problem materializes as the emergence of
an ordering or reordering between the elements in the pictorial representation, which (at
an abstract level) is comparable to the emergence of a perceptual organization on an array
of optical stimuli. Indeed, the Gestalt psychologists argued that perceptual experience is an
active and dynamic process involving the mind’s inherent tendency to organize sensory
information into coherent forms. To them, this process is not restricted to perception but
expands also to the way in which we solve problems and how we experience the emergence
of a solution as a whole (Köhler 1925; Wertheimer 1959).

Until recently, most of the academic discussions in support of, or in contrast to, the
Gestalt theory on insight problem-solving have been based on behavioral studies. Those
studies allowed fundamental steps forward in the cognitive understanding of problem-
solving. However, it is thanks to neurophysiological results and new methodological
paradigms, such as the use of self-reports when studying insight (Bowden et al. 2005;
Kounios and Beeman 2009, 2014), that Neo-Gestalt theorists of insight (as termed by
Weisberg 2018) have been able to ground with neurophysiological evidence the view of
insight as a special process, which is more in line with its initial conception.

Further, considering the renewed interest in their theory (e.g., Mungan 2023) in this
review, we aim to retroactively interpret some core points of the Gestalt psychologists on
insight based on what we have learned from its study in the field of cognitive neuroscience.
While Neo-Gestalt (or Neuro-Gestalt) theories provide a step forward in our understanding
of insight problem-solving, a comprehensive review of this parallelism is still lacking.

We focus on three main points that were raised by the Gestalt theorists and read them
considering novel evidence. First is the role of perceptual experience in problem-solving
cognition. Was the parallelism between bistable figures and insight problem-solving
warranted? Second is the holistic approach. What has recent research discovered about
the idea that solutions to problems sometimes come to mind in an off–on manner? Third,
while not explicitly, the Gestalt psychologists did assume that the solution to problems
comes “with sudden clarity” (Köhler 1925; Wertheimer 1959). Can we see in this statement
a proto-assumption that insightful solutions might be characterized by a perception of
higher accuracy?

2. The Role of Perceptual Experience in Problem-Solving Cognition: Was the
Parallelism between Bistable Figures and Insight Problem-Solving Warranted?

A critical link between perceptual experience and the physiological markers of insight
problem-solving is provided by the study of pupil dilation. As we mentioned, one of
the central ideas of the Gestalt psychologists was that the recognition of bistable figures,
in terms of object interpretation, can rise suddenly following a reconfiguration of the vi-
sual constituents into a new, integrated Gestalt. Analogously, during problem-solving,
a solution can unexpectedly emerge holistically, triggered by a reinterpretation of the
constituent elements of the problem (Köhler 1925). Both instances entail a restructuring of
the problem’s elements or figures, facilitating the emergence of a solution, or perception,
into conscious awareness. This restructuring is phenomenologically marked by sensations
of surprise, satisfaction, and pleasure, often articulated through the exclamation “Aha!”
(Danek and Wiley 2017). When exposed to instances of perceptual and conceptual ambigu-
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ity, such as when confronted with bistable figures or attempting to unravel the solution
to a problem, individuals tend to seek a recognizable structure within their perceptual or
imaginative frameworks, akin to deciphering “connecting the dots” puzzles (Salvi et al.
2020). Undergoing an insight experience involves an underlying top-down subconscious
reorganization of stimulus attributes, wherein the coherence of this configuration promptly
engages conscious awareness (Salvi 2023).

Crucially, the question that arises pertains to whether this parallelism between percep-
tual experience and insight problem-solving is merely an illustrative analogy or whether the
two share deeper commonalities. Nearly a century after Köhler’s investigations, research
has unveiled that this parallel between visual perception and insight problem-solving
is, indeed, grounded in markedly similar behavioral proxies as physiological correlates.
Laukkonen and Tangen (2017) demonstrated that observing a bistable version of the Necker
cube (vs. two alternating cubes) can lead to more insights when solving following verbal
problems that require reorganization. In a similar vein, Bianchi and colleagues found
that prompting individuals to “think in opposites” in visuospatial problems encouraged
insights more than an overt hint at the problem (Bianchi et al. 2020). Specifically, the authors
showed how the prompt to think in terms of opposites fosters a representational change
in problem-solving by extending the search space. Together, these studies demonstrated
cross-modal facilitation of perception to insight problem-solving.

When confronted with bistable figures, individuals undergo a phenomenon known as
“perceptual rivalry”, wherein their visual perception oscillates between various potential
interpretations, instead of remaining constant on a single one (e.g., as seen in the Necker
cube effect). Neurophysiological studies have indicated that participants’ pupil diameter
increases immediately before they declare engaging in perceptual reorganization (Einhäuser
et al. 2008). Specifically, investigations have observed a rise in average pupil diameter to
greater than baseline before conscious recognition of bistable visual stimuli (Einhäuser et al.
2008; Kietzmann et al. 2011).

Based on the above-mentioned results, Salvi et al. (2020) demonstrated that pupil size
increased with a 60.5% likelihood in trials resolved through insight (with peak dilation
occurring around 200 milliseconds before individuals declared experiencing an insight,
i.e., during the “Aha!” moment). The change in pupil dilation was observed regardless of
insight accuracy, corroborating the idea that false insights have the same phenomenology
as accurate insights (Danek and Wiley 2017; Laukkonen et al. 2020). In this experiment,
the authors demonstrated that the two switches (the figurative and the conceptual one)
are both associated with the same “corollary” behavioral response (i.e., pupil dilation) and
thus that the Gestalt hypothesis is valid.

Further, the observed increase in pupil dilation suggests a potential involvement of the
locus coeruleus–norepinephrine (LC-NE) system in association with the “Aha!” experience.
Pupil dilation serves as an indirect marker of noradrenergic activity, which is associated
with creativity, cognitive flexibility in problem-solving, and the functional integration of the
overall attentional brain system. Various studies have highlighted the role of noradrenergic
activity in these processes (Beversdorf et al. 1999; Campbell et al. 2008; Corbetta et al. 2008;
Coull et al. 1999; de Rooij et al. 2018; Sara 2009). In our cognitive system, attention and
consciousness fulfill separate roles and are linked to distinct brain structures, but they
maintain a pronounced interconnection (Koch and Tsuchiya 2007). Structures such as the
LC and the amygdala play crucial roles in notifying and alerting frontal cortical regions
to redirect ongoing processing toward the significance of new stimuli or concepts (e.g.,
Duncan and Barrett 2007). The LC-NE system, specifically, has a designated function of
interrupting current functional networks and, by triggering a “reset” in target structures,
fosters the development of new networks by redirecting attention (Sara and Bouret 2012).
A similar redirection of attention toward a particular thought occurs when individuals
experience an “Aha!” moment, in which an insightful idea suddenly breaks into their train
of thought, refocusing their attention on a potential solution to a problem.
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While further exploration is needed (and encouraged as a purpose of this review)
to fully elucidate the implications of this physiological response in both perceptual and
problem-solving tasks, so far these studies have substantiated Gestalt psychology’s concep-
tualization of insight problem-solving being akin to the reorganization of bistable figures.
Moreover, they have provided evidence that the experience of insight is characterized by
a non-continuous process, as the pupillary response could serve as an indicator of the
transition from unconscious to conscious awareness (Laeng and Teodorescu 2002). While
the outcomes of Salvi et al. (2020) have already been replicated by Becker et al. (2021),
capturing the precise instant at which an idea materializes remains a multifaceted endeavor.

Thus far, it has been established that the shift in pupil size is observed approximately
200 milliseconds before individuals press a button to signify the occurrence of an “Aha!”
moment. The variation in pupil size likely represents a physiological marker that may
precede, follow, or coincide with the transition into awareness of the outcomes of uncon-
scious processes (Salvi 2023). In summary, evidence from contemporary empirical work
has demonstrated that the conceptual parallelism between ambiguous figures and insight
problem-solving share physiological biomarkers, as well as a cross-modal facilitation of
these two processes, suggesting a deeper link.

3. The Holistic Approach: What Has Recent Research Discovered about the Idea That
Solutions to Problems Sometimes Come to Mind in an Off-On Manner?

The Gestalt School of Psychology was grounded in the idea that perceptual experiences
are holistically organized, meaning that sensory stimuli are spontaneously organized into
meaningful and holistic patterns rather than perceived as isolated elements.

Using Koffka’s (1935, p. 176) words: “The whole is something else than the sum
of its parts, because summing is a meaningless procedure, whereas the whole-
part relationship is meaningful”. Similarly, insight problem-solving is processed
in a discrete off–on manner, and when solutions to problems emerge, they do so
as a “whole”, and the solver cannot retroactively report the reasoning process
that led him or her to the solution.

Metcalfe (1986) monitored the evaluation of participants regarding their proximity to
arriving at a solution, measured as “warmth”. The findings revealed that, in the context of
insight problems, the perception of warmth did not escalate until the final 10 s before the
solution was reached, demonstrating how those solutions occur abruptly as a whole. In
contrast, when dealing with analytic solutions, the warmth ratings demonstrated a more
gradual increase over time. Additionally, Metcalfe investigated the types of responses
that participants provided based on whether warmth ratings increased incrementally or
suddenly. It was observed that responses connected to abrupt surges in warmth (indicative
of insights) were more frequently correct compared to responses associated with gradual
increments in warmth (representative of analytical problem-solving).

The neurophysiological findings documented in the problem-solving literature have
consistently demonstrated the presence of two distinct levels of information processing
when individuals generate ideas. The first level is characterized as continuous, explicit,
and conscious, while the second level is discrete and implicit and operates below conscious
awareness. This duality is reflected in the differentiation between problem-solving through
analysis, which involves a gradual and explicit step-by-step approach to finding a solution,
and problem-solving through insight, which involves a sudden shift in cognitive states, in
which the solver transitions from a state of not knowing to a state of suddenly knowing the
solution holistically (Jung-Beeman et al. 2004; Smith and Kounios 1996). Specifically, among
other results, the intersection of multiple research techniques has revealed a sequence of
events that has enabled scientists to pinpoint a specific moment occurring within the last
560 milliseconds before people report having an insight (including gamma activation over
the right temporal lobe and pupil dilation) (see Salvi 2023 for a review; Jung-Beeman et al.
2004; Salvi et al. 2020). These findings have solidified the nature of insight problem-solving
as a discrete off–on phenomenon also in terms of its accessibility to consciousness (Smith
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and Kounios 1996). When individuals solve problems through insight, indeed, they lack
access to intermediate knowledge because this information is processed below the threshold
of conscious awareness. Consequently, insights do not provide any intermediate results.
Without meaningful potential solutions to guess, those who rely on insight processing
tend to run out of time rather than make errors of commission. In contrast, step-by-step
problem-solving unfolds gradually and within conscious awareness, allowing participants
to access partial information on which they can base a guess before the response deadline.
This process often leads to more errors of commission and a lower likelihood of timing out
(Kounios et al. 2008; Salvi et al. 2016).

Further evidence of this all-or-none rise of the problem solution was provided by
Laukkonen et al. (2021), who used a dynamometer to track the intensity of the insight expe-
rience. Their results showed that participants instinctively (i.e., without explicit instruction)
exerted greater pressure on the dynamometer in a single slope of pressure (as a whole)
during “Aha!” Experiences, and the magnitude of the “Aha!” experience corresponded to
the accuracy of the solutions (see the final section for a discussion of accuracy).

Although it is challenging to capture the shift into awareness that characterizes an
insight, researchers have been able to utilize advancements in techniques to identify physi-
ological measures that might overlap with insight emerging into awareness. As mentioned
above, during both perceptuals and conceptuals associated with having an insight, the
pupils dilate (Einhäuser et al. 2008; Salvi et al. 2020), and pupil dilation has been argued to
be a proxy for the switch from unconscious to conscious states (Bijleveld et al. 2009; Chap-
man et al. 1999). That said, insights are ineffable; capturing the exact instance when the
ideas burst into awareness might be ambitious at this time and with the current techniques,
but it is worth posing this question to encourage future investigation.

The premise of holistic perceptual experiences was of keen interest to the Gestalt
School of Psychology. Indeed, the all-or-none quality of the perception of bistable figures
grounded the Gestalts’ perspective on insight problem-solving as a comprehensive ex-
perience. Contrary to the process of solving problems in an analytical, stepwise fashion,
insights are characterized by their sudden appearance into awareness as a whole. Recent
methodological advancements have begun to reveal physiological indicators of the sudden
awareness associated with insight problem-solving. While capturing the precise moment
at which an insight enters awareness remains a challenging endeavor with present method-
ologies, these advancements provide evidence of a subjective, as well as a physiological,
indication of a holistic switch when an insight solution is found.

4. The Gestalt Psychologists Assume That the Solution to Problems Comes “With
Sudden Clarity.” Can We See in This Statement a Proto-Assumption That Insightful
Solutions Might Be Characterized by a Perception of Higher Accuracy?

When confronted with a question, a natural inclination might be to think step-by-step
about problem elements to obtain a solution (Danek 2018). However, in cases of insight,
this effortful strategy is absent, and a solution springs to mind with clarity and conviction
about its correctness (Danek and Wiley 2017). Why should we trust such thoughts that
have no accessible preceding analytical steps? In this last section, we discuss insights in
terms of their adaptive function to select the simplest and most fitting solution and how
this solution might be captured by a neurocomputational theory of insight (Laukkonen
et al. 2023).

The hallmark of insight, according to Gestalt theory, is its suddenness and clarity.
People experience a sudden shift in understanding, often warranted by problem-solving
accuracy (Danek and Wiley 2017; Salvi et al. 2016; Laukkonen et al. 2021; Webb et al. 2016).
A validated line of research has demonstrated that insights tend to be more accurate, and
this accuracy holds across several different task domains: compound remote associates
problems (CRAs; Salvi et al. 2016; Laukkonen et al. 2021), anagrams (Salvi et al. 2016), rebus
puzzles (Salvi et al. 2016), line drawings (Salvi et al. 2016), and magic tricks (Danek et al.
2014; Hedne et al. 2016).
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When considering the subjective, affective experience of insight, “correct solutions bring
about a sensation of closure and satisfaction” (Danek and Salvi 2018, p. 485). Conversely, in the
case of incorrect solutions, certain elements might be absent or fail to harmonize, leading to an
incomplete sense of the Gestalt. This divergence is also evident in the subjective assessments
of solvers’ solution experiences: Danek and Wiley (2017) demonstrated that correct solutions
elicit a more pleasurable feeling than incorrect ones. This experience of achieving a Gestalt,
followed by pleasure, bears similarity to comprehending jokes and metaphors. Analogous
to grasping a joke, gaining insight involves delving into alternative meanings and concepts
that then suddenly align into a unified whole, triggering the “Aha!” moment (or a burst of
laughter). Notably, neuroscientific investigations reveal that the brain circuitry implicated in
insight is also pivotal for recognizing remote semantic relationships, metaphors, and alternate
meanings (for a review, see Kounios and Beeman 2014).

The Gestalt school noted the proclivity for humans to perceive complex sensory
information in the simplest, most meaningful, and most complete way. In simple terms, the
law of Prägnanz is a case of cognitive parsimony: a principle asserting that our cognitive
systems prefer economical and elegant representations of reality (Koffka 1935; Wertheimer
1923). Sudden insights exemplify this principle, as they succinctly encapsulate the most
pertinent and likely solution. A recent study supports this conclusion: Korovkin et al. (2021)
designed an experiment using the 10-penny problem. This problem has two types of correct
solutions: one that forms a symmetrical (holistic) Gestalt and the second, which does not
fit into simple schemes or symmetric forms. Their results demonstrated that symmetrical
(holistic) solutions have a higher subjective rating of both the “Aha!” experience and the
“feeling of elegance” than asymmetrical solutions. According to the authors, the “holistic
solutions which are presumably encoded by schemes lead to greater certainty about the
correctness of the answer, since the scheme allows one to trace a path to a goal state within
the mental lookahead” (Korovkin et al. 2021, p. 623). As Danek and Kizilirmak put it,
“Essentially, Korovkin et al. (2021) demonstrate that the “Aha!” experience is determined
by features of the solution—and not by features of the problem. Although the problem
remained the same, the resulting solution experience, measured by a number of rating scales
[. . .], differed, depending on which type of solution was found” (Danek and Kizilirmak
2021, p. 610).

The finding that insight solutions tend to be more correct than those without insight
bears on important questions about a possible adaptive nature of insights (Salvi 2023;
Laukkonen et al. 2023).

One way to elucidate the processes involved in insight is through the purview of
predictive processing, which is based on the intuitive idea that surprise governs learn-
ing (Friston et al. 2017; Laukkonen et al. 2023). In simple terms, this perspective takes
that, because the brain does not have unlimited access to the information in the external
environment, it must create a cognitive model based on inferences (Friston 2009). When
our predictions of a world state are incorrect, we then update our models of the world
to support adaptive behavior. Correction of false inferences—or prediction errors—is
important for model updating to refine beliefs and expectations (Feldman and Friston 2010).
Crucially, in the context of the sudden rise of an insight into awareness, Bayesian model
reduction may be involved in the identification of the most parsimonious and best-fitting
solution to a problem, as argued by Laukkonen et al. (2023). This goal is achieved via
a restructuring among someone’s existing hypotheses, explanations (Friston et al. 2016a,
2016b), or initial representation of the problem. This Bayesian model selection is an act
of discrete processing that permits a restructuring to take place, ultimately resulting in a
discovery at a higher-order level of sentience (Friston et al. 2017).

This notion finds resonance in physiological processes, in which the minimization of
model error is mediated by neurotransmitters, such as dopamine (Feldman and Friston
2010; Haarsma et al. 2021). In this way, a sudden insight might arise when the amalgamation
of previously separate and loosely related pieces of information is selected as a coherent
and parsimonious solution. The feelings of pleasure and confidence immediately after
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insight is realized may also be captured by the dopaminergic signaling that occurs during
prediction errors (Tik et al. 2018; Oh et al. 2020; Salvi et al. 2015, 2021). The moment
of insight is associated with increased activation in brain networks relating to salience
signaling (Kounios et al. 2006; Kounios and Beeman 2009, 2014; Becker et al. 2021). In
this way, dopamine signaling may be integral to the heightened confidence and affective
experience of emerging insight (Danek and Wiley 2017; Laukkonen et al. 2023; Salvi 2023).

These findings complement the behavioral and neurophysiological literature discussed
in the previous sections. On the observational level, individuals demonstrate behaviors,
such as gaze aversion, pupil dilation, and increased frequency and duration of eye blinks
(Salvi et al. 2015, 2020; Salvi and Bowden 2016). This disengagement of external atten-
tional processing is thought to encourage the integration of conceptual disparate thoughts,
allowing for an insight to emerge. Nevertheless, until recently, neurocomputational per-
spectives to explain the processes by which the brain can integrate information into a
previously unsolved problem have been lacking. Implicit reorganization via a reduction
in prediction errors, in the absence of new visual inputs, provides an apt framework to
understand the behavioral, neurocomputational, and phenomenological experience of
insight problem-solving (Laukkonen et al. 2023).

In summary, the characteristics of insight problem-solving, to be at once holistic,
sudden, and more accurate than non-insight solutions, have perplexed researchers since
the Gestalt psychologists initially formulated their perspectives on the topic. The feelings
of clarity, reward, and satisfaction that accompany insights pose the question: why do we
trust these sudden insights so confidently? Here, we provide some preliminary answers to
this question. Recent advances in neurocomputational research have shed light on how
information can be reconfigured into a holistic solution that appears suddenly, without
subjective effort or visual or external cues. By reducing prediction errors by internal
inferential strategies, insights may rise to awareness. Further, the feelings of reward
associated with an “Aha!” moment can be characterized by the implication of dopaminergic
signaling associated with prediction errors within this framework.

5. Conclusions and Future Directions

The Gestalt psychologists introduced a novel perspective on problem-solving con-
ception. In lieu of the prevailing view by which learned associates dictate the success of
solution finding, they advanced the notion that solutions can arise from a sudden and
holistic restructuring of problem elements, similar to the way in which bistable figures are
holistically recognized. However, the extent to which these parallels between perceptual
experience and problem-solving provided a useful comparison, or instead illuminated
something more critical about how information is processed more generally, has been
debated for a long time (e.g., Weisberg and Alba 1981; Weisberg 1986). In recent years, ad-
vancements in cognitive neuroscientific techniques have begun to provide further evidence
to answer these questions. This integration of phenomenologically inspired observations
(such as those of Gestalt Psychologists, as well as recent developments discussed in the pre-
vious sections of this article) and cognitive neuroscience has illuminated the multifaceted
nature of insight problem-solving and its underlying cognitive and neural processes.

Both the recognition of bistable figures and the sudden rise in insight into awareness
are associated with an increase in pupil dilation. This marker is diagnostic of insights; thus,
we could also use it to study insight when self-reporting of “Aha!” experiences is possible
(for example with children or primates) (Salvi 2023). Further, the results of eye movement
and EEG studies have led to the proposal that insights require a sensory-gating process to
pull attention from the external environment toward internally oriented cognition (for a
review see Kounios and Beeman 2009, 2014; Salvi 2023).

What is the role of crowded and uncrowded visual environments in insight problem-
solving? Can this knowledge help us to find ways to facilitate insight occurrence? Further,
does this physiological response signify a pivotal temporal juncture in the shift to con-
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scious awareness? Is this small temporal window the instant when an idea switches into
awareness? Can we draw deeper conclusions from what is, so far, only speculation?

Recent neurocomputational perspectives have advanced knowledge about how, in
the absence of further visual or external input, a holistic reconfiguration of information
emerges as a sudden insight. Here, we have tried to highlight how insights embody
the concept of cognitive parsimony, integrating complex information into coherent and
succinct solutions. Evidence from both subjective reports and physiological data have
begun to illuminate the time course of insight problem-solving and reveal its discrete
manner. Unlike analytical problem-solving, we have highlighted evidence of insight
problem-solving emerging into awareness in an off–on, holistic manner. This approach
harkens back to the Gestaltist principle of Prägnanz: humans prefer simple and recognizable
forms of information. While the Gestalt psychologists primarily focused on visual forms,
we have extended this understanding to the conceptual level. Insights carry with them
feelings of certainty, clarity, reward, and satisfaction (Danek and Wiley 2017; Webb et al.
2016), posing interesting questions about why we trust these insights with such conviction.
They spring to mind without any conscious effort or awareness, yet we are confident about
their accuracy. By integrating neurocomputational perspectives (Laukkonen et al. 2023;
Friston et al. 2017) with behavioral and physiological indicators of insight problem-solving,
researchers have been granted a deepening understanding of the phenomena along levels
of analysis. In the absence of new information, is the brain capable of integrating extant
knowledge into new configurations to encourage insightful solutions?

As we navigate this juncture of century-old theories and modern cognitive neurosci-
entific evidence, several promising avenues for future research emerge. For example, while
much evidence points toward its involvement, the particular role of dopamine and its
associated circuits remain unclear. Along these lines, the parameters for which a solution
is selected are underspecified, and computational models could address this issue with
normative models of decision making.

In summary, we have traced the influence of the Gestalt psychologists on modern
conceptions of insight problem-solving. This synthesis between historical tenets of Gestalt
psychology and contemporary cognitive neuroscience underscores the multifaceted nature
of insight problem-solving. By encouraging interdisciplinary approaches, they hopefully
hold the potential to illuminate the intricate interplay among perception, cognition, and
insight problem-solving.
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Abstract: Feeling with our conspecifics and understanding their sentiments and intentions is a
crucial part of our lives. What is the basis for these forms of social understanding? If individuals
ground their understanding of others’ thoughts and feelings in their own perceptual and factual
experiences, it could present a challenge to empathize and mentalize with those whose reality of
life is significantly different. This preregistered study compared two groups of participants who
differed in a central perceptual feature, their visual abilities (visually impaired vs. unimpaired;
total N = 56), concerning their social understanding of others who were themselves either visually
impaired or unimpaired. Employing an adjusted version of the EmpaToM task, participants heard
short, autobiographic narrations by visually impaired or unimpaired individuals, and we assessed
their empathic responding and mentalizing performance. Our findings did not reveal heightened
empathy and mentalizing proclivities when the narrator’s visual abilities aligned with those of
the participant. However, in some circumstances, cognitive understanding of others’ narrations
benefitted from familiarity with the situation. Overall, our findings suggest that social understanding
does not mainly rely on perceptual familiarity with concrete situations but is likely grounded in
sharing emotions and experiences on a more fundamental level.

Keywords: empathy; theory of mind; social understanding; communication; visual impairment;
sharing perceptual experience

1. Introduction

There can be significant differences in the realities of life between any two individuals.
Even those living door-to-door will have markedly different experiences in their surround-
ings. For example, when walking to the bus stop, most residents would naturally notice
street signs, church steeples, or brightly painted houses they pass on their way. However, if
one of the neighbors happened to be visually impaired, they would probably experience the
same route through the texture of the pavement, the babbling of a fountain, and the smell
of bread from the bakery. As a result, the mental representations these individuals form
of their neighborhood presumably differ. After all, our cognitive representations are not
isolated from our sensory and motor systems but are, on the contrary, innately ‘grounded’
in perceptual experiences (Barsalou 2010; Kiefer and Barsalou 2013; Pecher and Zwaan
2005). Social cognition is also significantly influenced by our history of (inter)personal
encounters and occurrences, which form the basis for our understanding of concepts like
emotions, intentions, and beliefs (Bowlby 1973; Rokita et al. 2018; Vygotskij and Cole 1978).
For instance, anyone who has ever been in a passive-aggressive argument will get the true
message of a snarky ‘It’s nothing.’ when they overhear it in someone else’s quarrel and
correctly infer the speaker’s dissatisfied emotional state. But what happens if one is trying
to understand the perspective and feelings of another person whose reality of life and way
of experiencing the environment distinctly differs from one’s own?

In the present study, we will focus on the impact of a similar vs. dissimilar reality
of life on two central components of social understanding: empathy, which refers to

J. Intell. 2024, 12, 2. https://doi.org//10.3390/jintelligence12010002 https://www.mdpi.com/journal/jintelligence211



J. Intell. 2024, 12, 2

mirroring another person’s feelings (De Vignemont and Singer 2006; Singer and Lamm
2009), and theory of mind (ToM), i.e., reasoning about other people’s mental states (beliefs,
intentions, etc.; Frith and Frith 2005, 2006; Ho et al. 2022). These functions have been
shown to be distinct in terms of neural networks, modulators, and the types of training
they benefit from (Kanske et al. 2015; McDonald et al. 2022; Trautwein et al. 2020). Both,
however, seem to be facilitated by similarities shared between the interaction partners: a
number of studies report stronger empathic responses toward individuals belonging to
the same ingroup, e.g., regarding ethnicity or political ideology (Gutsell and Inzlicht 2012;
Neumann et al. 2013; Tarrant et al. 2009; Vanman 2016), as well as for individuals sharing
similar values or internal conflicts (Heinke and Louis 2009; Nelson et al. 2003). Beyond
personality and attitudes, some studies focused specifically on similarity in experiences
and found heightened levels of sympathy and concern when participants had gone through
similar life experiences as the person they encountered, for instance, giving birth to a child
(Hodges et al. 2010), becoming a victim of sexual assault (Barnett et al. 1987), or suffering
from teenage acne (Batson et al. 1996). Although research regarding a ’similarity benefit’
for ToM is not as extensive and conclusive, there are some indications that individuals find
it easier to take another person’s perspective when they have had similar past experiences
(Gerace et al. 2015) and that ToM performance is improved among individuals who belong
to the same ethnic group or nationality (Gönültaş et al. 2020; Zhu et al. 2023). This pattern
of results could be taken to suggest that people are particularly prone and capable of
empathizing and mentalizing with those who share a similar reality of life.

On the other hand, humans’ social understanding would be severely limited if it
depended on having the exact same experiences as their interaction partners. Most of us
have probably, at one point or another, adopted the perspective of someone vastly different
from ourselves (e.g., an alien character in a sci-fi movie). In line herewith, studies have
reported participants taking the perspective of individuals who lived through situations
that they themselves could never encounter, such as biologically female participants taking
the perspective of a man suffering from testicular cancer (e.g., Van Boven and Loewen-
stein 2005). Likewise, people also empathize with members of an outgroup, with studies
indicating a reduction or even absence of ingroup bias when relevant norms are activated
(Tarrant et al. 2009) or when there was extensive prior contact with the relevant outgroup
(Cao et al. 2015; Zuo and Han 2013). So, if—as these observations suggest—humans pos-
sess the necessary bases for empathy and ToM toward all kinds of others, to what extent
does social understanding need to be grounded in concrete, corresponding experiences? For
emotional states, the key might be to recognize immediate signals of a particular emotion
in our interaction partner. If you come across a student crying outside the lecture hall, you
probably feel for them despite not knowing the reason for their distress. And even upon
learning that they just ripped their pants in front of the whole auditorium—something you
were fortunate enough to never encounter yourself—you can probably draw on your own
memories of running against doorframes or accidentally hitting ‘reply all’ on an email to
imagine the wave of embarrassment and humiliation that would cause. In such instances,
empathic resonance might be based on one’s own experience with the emotion rather than
familiarity with the specific situation. But how about the simulation of more complex
mental states, such as predicting the confusion of a person with severe hearing impairment
when you dwell on the dangers of electric cars in pedestrian zones?

In order to effectively investigate and differentiate the potential grounding of social
understanding, it is essential to study empathy and ToM not in isolation but within contex-
tually rich settings. While many studies in the past have employed simplified and arbitrary
stimuli, such as cartoon faces or isolated image details of the eye area, there has been
increasing demands for the incorporation of more realistic and dynamic stimuli (Lehmann
et al. 2019; Schilbach 2015; Schilbach et al. 2013) and the grounding of study designs in
ecologically valid contexts (Osborne-Crowley 2020; Shamay-Tsoory and Mendelsohn 2019).
In the present study, we employed naturalistic social stimuli that offered comprehensive
contextual grounding to investigate the effect of similar vs. dissimilar realities of life. Specif-
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ically, we focused on a basic feature that profoundly influences how individuals perceive
and experience their environment, namely, visual abilities. In our society, numerous facets
of everyday life are inherently designed to accommodate individuals with unimpaired
vision. This encompasses aspects such as mobility, occupational requirements, access to
information, and social interactions. While visual cues play a pivotal role for the majority
of the population, individuals with visual impairments undergo significantly different
experiences in their lives and face specific challenges (Brown et al. 2014; Riazi et al. 2016).
We therefore pose the following question: do individuals exhibit enhanced empathy and
ToM performance toward others whose visual ability (impaired vs. unimpaired) matches
their own? To investigate, we conducted an experiment on two groups of participants,
one with and one without visual impairment, who listened to autobiographic narrations
from others with and without visual impairments. We based our experimental design on
the EmpaToM (Kanske et al. 2015), a validated paradigm measuring empathy and ToM
performance. Rather than the original short video stimuli, we presented audio clips that
featured individuals narrating brief episodes from their everyday lives. Crucially, the
narrations were told from the perspective of either a person with visual impairment or
without visual impairment. Subsequently, participants answered questions regarding their
own emotional states and related to the content of the narrations, allowing us to calculate
empathic resonance and ToM performance.

Considering the body of research reporting enhanced social understanding between
individuals who share an ingroup or similar experiences (Batson et al. 1996; Gönültaş et al.
2020; Hodges et al. 2010; Tarrant et al. 2009; Vanman 2016; Zhu et al. 2023), one could
anticipate comparable advantages (i.e., enhanced empathic responses and mentalizing per-
formance) when the narrators’ visual abilities match those of the participants (Hypothesis
A). On the other hand, processes of social understanding are flexible, and humans can
feel for and comprehend the perspective of individuals who are vastly dissimilar to them
(Cao et al. 2015; Van Boven and Loewenstein 2005; Zuo and Han 2013). Hence, irrespective
of the (mis-)match in visual abilities, participants might accurately and equally understand
the narrator’s perspective and empathize with them (Hypothesis B). We think that the
results of the present study will also provide some information regarding the level at which
grounding influences social understanding. Support for Hypothesis A, i.e., enhanced
social affect and cognition when visual (dis)abilities are shared, would indicate that social
understanding clearly benefits or even depends on the sharing of concrete experiences that
are shaped by one’s reality of life. By contrast, support for Hypothesis B, i.e., unimpeded
empathizing and mentalizing by different visual abilities, would suggest that social under-
standing relies on more basic modes of sharing, such as familiarity with the emotional and
mental states per se (e.g., sadness, embarrassment) that are recognized in basic features of
the narrators’ voices.

2. Materials and Methods

This study and its hypotheses were preregistered on the Open Science Framework
(https://doi.org/10.17605/OSF.IO/2S9DR). It was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the
University of Würzburg (Vote GZEK 2023-22). All subjects gave their informed consent for
inclusion before they participated in the study.

2.1. Sample

We recruited a total of 63 adult participants, comprising 32 individuals with visual im-
pairment and 31 with unimpaired visual abilities. One of the participants decided to drop
out after the initial trials, while in a separate instance, we had to terminate the procedure
due to technical difficulties. Five participants were excluded because there were serious
doubts about their understanding of the task, either due to statements made during the
debriefing (2 participants) or due to notably high error rates following our preregistered
criteria of more than two standard deviations above the sample mean (3 additional partici-
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pants). This left us with a final sample of 56 participants (age range = 20–72, mean age =
46.2, 50% female).

The subsample of 29 visually impaired individuals (age range = 21–70, mean age = 44.7,
52% female) was recruited through multiple channels, including associations for the blind,
as well as word-of-mouth referrals. All participants had visual acuity of 0.15 or less, with
14 individuals reporting total blindness. In the case of most individuals within the sample
(19 participants), the respective visual impairment had been present since birth. The sub-
sample of 27 visually unimpaired individuals matched the demographic characteristics of
the visually impaired subsample (age range = 20–72, mean age = 47.9, 48% female) and
was recruited through the university’s online recruiting platform, personal contacts of the
researchers, and local internet groups. Before participating, all subjects confirmed that
they did not meet any of the exclusion criteria, i.e., that they did not suffer from hearing
impairment, had not undergone any neurological or psychiatric treatment in the past two
years, were not taking medications that could potentially affect their cognitive abilities,
and had not been diagnosed with an intellectual disability. All participants spoke German
as their native language. They received financial compensation for their participation.

2.2. Study Materials

Our design was based on the EmpaToM task (Kanske et al. 2015), which utilizes short
video clips in which actors depict individuals (in the following referred to as narrators)
recounting short autobiographic stories from their everyday lives. These narrations (10 to
15 s in length) either deal with neutral (e.g., hobbies, work routines) or negative topics
(e.g., sickness, loss; Valence manipulation) and give rise to a question either requiring ToM
(asking about mental states that have to be inferred) or factual reasoning (asking about
facts that have to be inferred; Question Type manipulation). Each narrator contributes four
stories, one for each combination of conditions (Valence × Question Type). After every
narration, a rating of the current affect (Affect Rating; ‘How are you feeling?’) and the
performance in the ToM/factual reasoning question (Accuracy, Reaction Time) are recorded.

The present study deviated from the original procedure in two ways (for a schematic
trial procedure, see Figure 1). Firstly, we exclusively used audio tracks without accompany-
ing visual stimuli to ensure equal accessibility of information to all participants, irrespective
of their visual impairment. Secondly, we modified and expanded the existing pool of narra-
tions to represent perspectives from both individuals with and without visual impairment
(for examples of narrations, see Supplement S1). For narrators without visual impairments,
we selected and isolated the audios of existing narrations from the EmpaToM that centered
around activities or descriptions only accessible to individuals with unimpaired sight (e.g.,
driving a car, playing pantomime, describing subtle facial expressions, etc.). In some in-
stances, we combined narrations originally told by different narrators or composed entirely
new narrations, which we then had (re-)recorded. Additionally, we generated new material
for ten visually impaired narrators (four narrations each, according to the four conditions).
These narrations were inspired by firsthand accounts of everyday experiences that visually
impaired individuals shared with one of the authors. In addition, individuals with visual
impairments provided feedback concerning the plausibility of the narrations. We adapted
the accounts to match the existing stories in terms of format and emotional intensity of the
topics. Both in narrations by visually unimpaired and impaired narrators, it was possible
to identify the narrator’s visual abilities. However, while the visual impairment was the
central focus of some narrations (e.g., describing an accident leading to a loss of vision),
it played an important but less essential part (e.g., affecting the likelihood or emotional
impact of experiences) or an incidental role in others. This deliberate choice was made to
construct an ecologically valid range of experiences and avoid reducing visually impaired
narrators to their impairment or to mainly passive ‘victims’. Additionally, we ensured
that the ToM and factual reasoning questions did not significantly differ from the existing
questions concerning key linguistic features (e.g., number of words, past tense, conditional
sentences). The narrations were impersonated and recorded by amateur actors. From the
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total pool of 80 stories by 20 narrators, we curated 6 stimuli sets of 40 stories (10 narrators)
each, ensuring an equal ratio of visually impaired and visually unimpaired, as well as
male and female narrators. Additionally, we made sure that stories with high thematic
similarities (e.g., injuring another person in a car accident) were not presented together in
any set. Participants were randomly assigned to one of these sets.

Figure 1. Schematic trial procedure. Trials were exclusively presented in auditory format. Instructions
were delivered by the same female voice throughout the trials. Narrations were voiced by one of
a total of 20 narrators and had either neutral or negative content (Valence manipulation) and gave
rise to a question that required ToM or factual reasoning (Question Type manipulation). Participants
gave their responses using a keyboard with marked keys.

In order to assess the comparability between the original EmpaToM narrations/questions
(individuals without visual impairment) and the newly developed narrations/questions
(individuals with visual impairments), we conducted an online pilot study (see Supplement
S2 for detailed information). We recruited a total of 30 visually unimpaired participants
from the platform Prolific (www.prolific.co, accessed on 9 June 2023), with one participant
being excluded from data analysis due to their response accuracy falling below chance
level (final sample: mean age = 31.2, 55% female). Each participant completed 40 trials
of the EmpaToM paradigm, where the narrations were presented as audio clips, while
the instructions and questions were presented in written form. A 2 × 2 × 2 repeated-
measures Analysis of Variance (ANOVA; Visual Ability of Narrator × Valence × Question
Type) revealed no main effect or interaction indicating significant differences between stories
by narrators with visual impairment (new narrations) and without visual impairment
(original narrations) regarding the affect rating (Main Effect Visual Ability of Narrator and
Interaction Valence × Visual Ability of Narrator: F < 1). However, questions linked to
stories from visually impaired narrators (new stories) were answered with significantly
higher accuracy than those from visually unimpaired narrators (Main Effect Visual Ability of
Narrator: F(1,28) = 58.31, p < .001). In response to these findings, we adjusted the difficulty
of several questions from the newly or re-recorded narrations.

2.3. Procedure

The experiment was programmed and conducted with PsychoPy, version 2022.2.5
(Peirce et al. 2019). To create equal conditions for all participants, instructions and questions
were presented exclusively via audio recordings featuring a German-speaking, young,
female voice. Laptops (Lenovo, Dell, Medion) were specifically prepared with raised
markings on three keys (F, J, and Ö on a German standard keyboard) and over-ear head-
phones. Data collection took place either in the university’s rooms or at locations more
easily accessible to the participants (e.g., their homes). The participants took part in the
study individually or, at most, two at a time.

As part of the instructions, participants were made aware that they would be presented
with narrations from individuals both with and without visual impairments, under the
pretense that these stories were compiled from previous studies. They were asked to
concentrate on the content of the narrations while being informed that their task was not
to determine whether a specific narrator had visual impairments or not. Subsequently,
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participants received instructions on how to utilize the marked keyboard to provide their
answers. For questions requiring a rating, the marked keys represented the endpoints of a
seven-point scale (left: −3, middle: 0, right: 3), while the two unmarked keys in between
the marked keys represented the middle points (e.g., the first unmarked key on the left:
−2, the second unmarked key on the left: −1, etc.). For multiple-choice questions, the
marked keys corresponded to the three answer options (left: A, middle: B, right: C). After
practicing the use of the keyboard, participants proceeded to complete two practice trials.
If they had no questions, the experimental trials started, presented in randomized order.

Each trial (Figure 1) was initiated by a beep, followed by the narrator’s name. Partici-
pants then heard the audio clip once (10–15 s). Afterward, they rated their affect (‘How
are you feeling?’) on a scale from −3 (‘very bad’) to +3 (‘very good’) (Affect Rating). Next,
participants were asked to select the correct statement about the narration’s content out of
three options. Identifying the correct option required either factual reasoning (‘It is true,
that. . .’) or ToM (e.g., ‘Anna thinks, that. . .’). If needed, participants had the opportunity to
listen to the options once more by pressing the space bar. We recorded whether participants
answered the question correctly (Accuracy) as well as their response time (Reaction Time)
in trials in which they provided the correct answer after hearing the options once. Finally,
participants were asked to indicate their level of familiarity with the situation on a scale
from −3 (‘not at all familiar’) to +3 (‘very familiar’) (Familiarity Rating). After participants
had completed all 40 trials, they were asked about their assumptions regarding the purpose
of the study. They were then debriefed and thanked for their participation.

2.4. Design and Analysis

We performed 2 × 2 × 2 × 2 mixed ANOVAs including the following factors: Visual
Ability of Participant (visually unimpaired vs. impaired) as between-factor and Visual
Ability of Narrator (visually unimpaired vs. impaired), Valence of the narration (neutral vs.
negative), and Question Type (ToM vs. factual reasoning) as within-factors. We conducted
separate analyses for the three dependent variables, Affect Rating, Accuracy, and Reaction
Time, and examined significant interaction effects using additional ANOVAs and t-tests.
We applied Bonferroni–Holm correction to t-tests exploring the same effect to adjust for
alpha inflation.

We also conducted a similar four-factorial ANOVA for the variable Familiarity to assess
whether narrations from the perspective of visually impaired individuals were indeed
perceived as more familiar by participants who were visually impaired themselves and
vice versa. In addition, we computed correlations between familiarity ratings and affect
ratings within negative trials, as well as between familiarity ratings and accuracy overall.

Following the main analyses, we conducted a series of exploratory analyses to examine
whether specific characteristics within our sample or our stimulus material significantly
influenced or distorted the results. Firstly, we reran the main analyses, excluding the five
participants who had correctly guessed the study’s aim in order to eliminate potential biases.
Secondly, we explored potential differences among the visually impaired participants in
our sample with regard to the duration of their impairment (congenital vs. acquired)
and reconducted the main analyses, including only the 19 participants of this subgroup
whose impairment was congenital. Additionally, we investigated the potential impact
of heterogeneity in our narrations regarding the centrality of visual abilities (for a more
detailed explanation, see Supplement S5). To this end, we conducted additional analyses,
excluding 26 out of the 80 narrations where the narrator’s visual abilities were incidental to
the described events and did neither enable nor substantially influence the experience.

All analyses were conducted using R, version 4.2.2 (R Core Team 2022), in conjunction
with the packages rstatix (Kassambara 2022) and afex (Singmann et al. 2023).

3. Results

The data presented in this study are openly available on the OSF (https://doi.org/10
.17605/OSF.IO/V2WQY).
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3.1. Affect Rating

Confirming the effectiveness of our empathy induction, we found a strong main effect
of Valence, F(1,54) = 259.89, p < .001, ηp

2 = .83, with lower affect ratings following negative
(M = −1.35, SD = 1.16) compared to neutral narrations (M = 0.81, SD = 0.72; see Table 1
for an overview). Critically, and contrary to Hypothesis A, empathic resonance was not
enhanced when participants shared the visual experience with the narrators, as reflected in
the absence of a three-way interaction between Visual Ability of Participant, Visual Ability
of Narrator, and Valence, F < 1 (see Figure 2). There were no main effects of Visual Ability of
Participant or Visual Ability of Narrator, and no two-way interaction between Visual Ability
of Participant and Valence or between Visual Ability of Narrator and Valence, all Fs < 1.
Hence, the visual abilities of the participants and of the narrators did not systematically
affect empathic responding.

Table 1. Means and standard deviations of Affect Rating (left) and Response Accuracy (right) by
Visual Ability of Participant, Visual Ability of Narrator, Valence of Narration, and Question Type.

Affect Rating: Mean (SD) Accuracy: Mean (SD)

Overall
Unimpaired
Participants

Impaired
Participants

Overall
Unimpaired
Participants

Impaired
Participants

Overall −0.27 (0.83) −0.38 (0.67) −0.17 (0.96) 0.75 (0.10) 0.78 (0.10) 0.73 (0.09)

Unimpaired
Narrators −0.27 (0.84) −0.39 (0.68) −0.16 (0.96) 0.70 (0.13) 0.74 (0.13) 0.66 (0.12)

Neutral Valence 0.79 (0.74) 0.70 (0.54) 0.87 (0.88) 0.67 (0.17) 0.74 (0.15) 0.60 (0.16)
ToM 0.53 (0.88) 0.38 (0.75) 0.67 (0.98) 0.66 (0.22) 0.73 (0.22) 0.59 (0.20)

FR 1.04 (0.79) 1.01 (0.60) 1.07 (0.94) 0.67 (0.2) 0.75 (0.16) 0.60 (0.21)

Negative Valence −1.32 (1.20) −1.47 (1.03) −1.19 (1.34) 0.73 (0.16) 0.75 (0.16) 0.72 (0.16)
ToM −1.34 (1.23) −1.41 (1.08) −1.28 (1.36) 0.82 (0.18) 0.83 (0.17) 0.82 (0.20)

FR −1.31 (1.22) −1.54 (1.02) −1.10 (1.36) 0.64 (0.25) 0.67 (0.25) 0.61 (0.24)

Impaired Narrators −0.27 (0.86) −0.37 (0.67) −0.17 (1.01) 0.81 (0.11) 0.82 (0.11) 0.80 (0.11)

Neutral Valence 0.83 (0.84) 0.75 (0.54) 0.91 (1.06) 0.82 (0.13) 0.81 (0.15) 0.83 (0.12)
ToM 0.51 (0.96) 0.50 (0.66) 0.52 (1.19) 0.81 (0.16) 0.82 (0.17) 0.81 (0.15)

FR 1.16 (0.88) 1.00 (0.61) 1.30 (1.06) 0.83 (0.19) 0.80 (0.20) 0.86 (0.18)

Negative Valence −1.37 (1.15) −1.49 (1.00) −1.26 (1.29) 0.79 (0.14) 0.83 (0.12) 0.76 (0.14)
ToM −1.10 (1.15) −1.23 (1.01) −0.98 (1.27) 0.80 (0.18) 0.85 (0.15) 0.76 (0.20)

FR −1.64 (1.25) −1.75 (1.05) −1.54 (1.42) 0.78 (0.18) 0.81 (0.16) 0.76 (0.19)

ToM = Theory of Mind; FR = Factual Reasoning.

Some additional effects unrelated to our hypotheses were found: the main effect of
Question Type reached significance, F(1,54) = 11.68, p = .001, ηp

2 = .18, with participants
giving slightly lower affect ratings in trials involving ToM reasoning (M = −0.35, SD = 0.89)
than in trials requiring factual reasoning (M = −0.19, SD = 0.80). This is in line with
earlier findings (Kanske et al. 2015), as is the interaction between Valence and Question
Type, F(1,54) = 67.85, p < .001, ηp

2 = .56. Specifically, previous studies employing the
standard EmpaToM have reported that affect ratings in the neutral condition tend to be
lower for ToM trials than those for factual reasoning trials, with no significant differences
in the negative condition. Our study replicated this pattern for narrations by visually
unimpaired narrators, i.e., stories that were adapted from the original EmpaToM with
little or no changes, F(1,55) = 21.18, p < .001, ηp

2 = .28. For narrations from visually
impaired narrators, i.e., newly generated stories, we observed an interaction, F(1,55) = 55.09,
p < .001, ηp

2 = .50, in the form of (in terms of absolute values) stronger affect ratings for
factual reasoning trials compared to ToM trials in both valence conditions, i.e., lower
ratings in negative trials, t(55) = 6.19, p < .001, d = 0.83, and higher ratings in neutral trials,
t(55) = 6.55, p < .001, d = 0.88. This was reflected in a significant three-way interaction of
Visual Ability of Narrator × Valence × Question Type, F(1,54) = 15.90, p < .001, ηp

2 = .23,
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as well as a significant two-way interaction of Visual Ability of Narrator × Question
Type, F(1,54) = 8.63, p = .005, ηp

2 = .14. As indicated by a small, but significant four-way
interaction, F(1,54) = 6.39, p = .014, ηp

2 = .11, the visually impaired subsample deviated
from the described pattern specifically for negative stories told by visually unimpaired
narrators by reporting less negative affect after factual reasoning compared to ToM trials,
t(28) = 2.15, p = .040, d = 0.40. No other interactions reached significance (all ps > .405).

Figure 2. Mean affect ratings given by visually unimpaired and impaired participants (left/right plot)
after neutral and negative narrations (left/right two columns in each plot) by visually unimpaired and
impaired narrators (dark gray/light gray columns). Error bars indicate standard errors. Horizontal
brackets indicate pairwise comparisons: n.s.: p >= .05. In addition to the pairwise comparisons
highlighted in the figure, affect ratings did not differ between unimpaired and impaired participants
for any of the Narrator and Valence conditions (all ps > .05).

3.2. Response Accuracy

Participants answered the questions about the narrations with a mean accuracy of
0.75 (SD = 0.10; see Table 1), indicating that performance was not at the ceiling, similar to
earlier implementations of the task (Kanske et al. 2015; Tusche et al. 2016). Also in line with
earlier findings, the four-factorial ANOVA revealed a significant main effect of Question
Type, F(1,54) = 7.18, p = .010, ηp

2 = .12, as ToM questions (M = 0.78, SD = 0.11) were slightly
easier than factual reasoning questions (M = 0.73, SD = 0.13). This effect was only present
for negative narrations by visually unimpaired narrators (‘old’ stories from the original
task), t(55) = 4.71, p < .001, d = 0.63, all other ts < 1, reflected in significant interactions
between Question Type × Visual Ability of Narrator, F(1,54) = 6.58, p = .013, ηp

2 = .11,
and Question Type × Valence, F(1,54) = 11.99, p = .001, ηp

2 = .18, as well as a significant
three-way interaction, F(1,54) = 5.52, p = .023, ηp

2 = .09.
Concerning our novel manipulations, we observed a small main effect of Visual Ability

of Participant, F(1,54) = 4.80, p = .033, ηp
2 = .08, with slightly lower overall accuracy in the

visually impaired (M = 0.73, SD = 0.09) than in the unimpaired group (M = 0.78, SD = 0.10).
In addition, the main effect of Visual Ability of Narrator, F(1,54) = 37.73, p < .001, ηp

2 = .41,
indicated higher accuracy for narrations by visually impaired narrators (newly created
narrations; M = 0.81, SD = 0.11) compared to visually unimpaired narrators (old narrations;
M = 0.70, SD = 0.13). This effect was more pronounced for neutral than for negative
narrations, resulting in a significant interaction Visual Ability of Narrator × Valence,
F(1,54) = 7.26, p = .009, ηp

2 = .12.
Critically and contrary to expectations of better mentalizing/reasoning performance

when the visual abilities of participant and narrator matched (Hypothesis A), the factors
Visual Ability of Participant and Visual Ability of Narrator did not interact, F(1,54) = 3.17,
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p = .081, ηp
2 = .06. There was, however, a significant three-way interaction between Vi-

sual Ability of Participant, Visual Ability of Narrator, and Valence, F(1,54) = 9.14, p = .004,
ηp

2 = .14, pointing toward the predicted effect when participants with visual impairments
listened to neutral narrations of unimpaired speakers (see Figure 3). Post hoc t-tests com-
paring the visually impaired and unimpaired subsamples indicated that visually impaired
participants displayed notably lower accuracy for neutral narrations by unimpaired in-
dividuals, t(54.0) = 3.41, p = .005, d = 0.91, while performance did not significantly differ
between the groups for negative narrations or narrations by visually impaired individuals,
ps > .160. No other main effects or interactions reached significance, ps > .200.

Figure 3. Mean response accuracy for visually unimpaired and impaired participants (left/right plot)
for questions about neutral and negative narrations (left/right two columns in each plot) by visually
unimpaired and impaired narrators (dark gray/light gray columns). Error bars indicate standard
errors. Horizontal brackets indicate pairwise comparisons: n.s.: p >= .05, **: p < .01.

3.3. Reaction Time

Reaction times were analyzed for trials with correct responses in which participants
had listened to the answer options only once. We observed a main effect of Visual Ability
of Participant, F(1,53) = 5.78, p = .020, ηp

2 = .10, with slower reaction times for visually
impaired (M = 2.14, SD = 0.95) compared to visually unimpaired participants (M = 1.65,
SD = 0.47) (for an overview see Table 2). Additionally, answering questions about narra-
tions from visually unimpaired narrators took longer (M = 2.03, SD = 0.95) compared to
narrations by visually impaired narrators (M = 1.76, SD = 0.75), F(1,53) = 7.86, p = .007,
ηp

2 = .13. Hence, effects on reaction times were consistent with accuracy findings, ren-
dering a speed–accuracy tradeoff unlikely. No other main effects or interactions reached
significance (all ps > .166).
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Table 2. Means and standard deviations of Reaction Time in s (left) and Familiarity Rating (right) by
Visual Ability of Participant, Visual Ability of Narrator, Valence of Narration, and Question Type.

Reaction Time: Mean (SD) Familiarity Rating: Mean (SD)

Overall
Unimpaired
Participants

Impaired
Participants

Overall
Unimpaired
Participants

Impaired
Participants

Overall 1.90 (0.79) 1.65 (0.47) 2.14 (0.95) −0.48 (1.06) −0.92 (1.01) −0.08 (0.96)

Unimpaired
Narrators 2.03 (0.95) 1.72 (0.63) 2.34 (1.11) −0.76 (1.09) −0.83 (1.03) −0.70 (1.15)

Neutral Valence 2.02 (1.02) 1.65 (0.63) 2.37 (1.19) −0.31 (1.19) −0.36 (1.11) −0.26 (1.28)
ToM 2.06 (1.67) 1.67 (0.99) 2.42 (2.07) −0.19 (1.23) −0.24 (1.11) −0.14 (1.35)

FR 1.98 (1.14) 1.62 (0.76) 2.32 (1.33) −0.43 (1.43) −0.48 (1.41) −0.38 (1.47)

Negative Valence 2.06 (1.22) 1.79 (0.87) 2.32 (1.44) −1.21 (1.21) −1.29 (1.27) −1.14 (1.17)
ToM 1.97 (1.37) 1.68 (1.25) 2.24 (1.44) −1.21 (1.38) −1.31 (1.38) −1.12 (1.41)

FR 2.12 (1.77) 1.90 (1.28) 2.34 (2.13) −1.21 (1.30) −1.27 (1.33) −1.16 (1.29)

Impaired Narrators 1.76 (0.75) 1.58 (0.46) 1.93 (0.93) −0.21 (1.26) −1.02 (1.09) 0.55 (0.87)

Neutral Valence 1.85 (0.84) 1.67 (0.52) 2.03 (1.03) 0.35 (1.45) −0.80 (1.05) 1.42 (0.78)
ToM 1.83 (1.24) 1.66 (0.74) 1.99 (1.57) 0.39 (1.46) −0.70 (1.14) 1.41 (0.87)

FR 1.88 (1.09) 1.67 (0.84) 2.07 (1.27) 0.30 (1.62) −0.90 (1.25) 1.43 (0.98)

Negative Valence 1.67 (0.91) 1.51 (0.60) 1.82 (1.11) −0.76 (1.31) −1.24 (1.26) −0.32 (1.21)
ToM 1.56 (1.20) 1.40 (0.46) 1.71 (1.6) −0.48 (1.55) −1.16 (1.40) 0.15 (1.44)

FR 1.77 (1.22) 1.61 (0.97) 1.93 (1.42) −1.04 (1.32) −1.31 (1.37) −0.79 (1.24)

ToM = Theory of Mind; FR = Factual Reasoning.

3.4. Familiarity Rating

In order to conduct manipulation checks and exploratory analyses, participants rated
their familiarity with the recounted situation in every trial. The four-factorial ANOVA on
these ratings showed a significant main effect of Valence, F(1,54) = 78.62, p < .001, ηp

2 = .59,
as all participants considered neutral narrations as more familiar (M = 0.02, SD = 1.12) than
negative ones (M = −0.99, SD = 1.19; see Table 2). The significant main effect of Question
Type, F(1,54) = 7.08, p = .010, ηp

2 = .12, was due to higher familiarity ratings for narrations
in the ToM condition (M = −0.37, SD = 1.12) compared to the factual reasoning condition
(M = −0.60, SD = 1.10). This latter effect was only significant for negative narrations by
visually impaired narrators, t(55) = 3.48, p = .004, d = 0.46, all other ps > .435, resulting in a
significant three-way interaction of Valence × Visual Ability of Narrator × Question Type,
F(1,54) = 5.92, p = .018, ηp

2 = .10.
Concerning our main manipulations, participants with visual impairment gave overall

higher familiarity ratings, F(1,54) = 10.36, p = .002, ηp
2 = .16 (M = −0.08, SD = 0.96 vs.

M = −0.92, SD = 1.01), and narrations by visually impaired narrators were rated more
familiar, F(1,54) = 34.37, p < .001, ηp

2 = .39 (M = −0.21, SD = 1.26 vs. M = −0.76, SD = 1.09).
As predicted, these factors interacted, F(1,54) = 64.31, p < .001, ηp

2 = .54. Visually impaired
participants gave markedly higher familiarity ratings for stories by narrators who were
themselves visually impaired compared to those who were not, F(1,28) = 92.65, p < .001,
ηp

2 = .77. Visually unimpaired participants showed an according matching advantage
(higher familiarity with narrations from unimpaired speakers), but only in the neutral
condition, t(26) = 2.73, p < .022, d = 0.53, and not the negative one, t < 1. This weaker
matching effect in visually unimpaired participants was reflected in a significant three-
way interaction of Visual Ability of Participant × Visual Ability of Narrator × Valence,
F(1,54) = 23.20, p < .001, ηp

2 = .30 (see Figure 4), as well as a significant two-way interaction
of Visual Ability of Participant × Valence, F(1,54) = 7.78, p = .007, ηp

2 = .13. No further
interactions reached significance (ps > .103).
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Figure 4. Mean familiarity ratings given by visually unimpaired and impaired participants (left/right
plot) after neutral and negative narrations (left/right two columns in each plot) by visually unim-
paired and impaired narrators (dark gray/light gray columns). Error bars indicate standard errors.
Horizontal brackets indicate pairwise comparisons: n.s.: p >= .05, *: p < .05, ***: p < .001.

For exploratory purposes, we conducted correlation analyses on the trial-by-trial
data to examine connections between familiarity with a specific situation and our main
dependent variables. We found that higher familiarity ratings were neither associated with
lower affect ratings after negative trials, r(1118) = −.03, p = .283, nor with higher accuracy,
r(2238) = .01, p = .618. Overall, participants did not display higher levels of empathy or
reasoning proficiency when they were familiar with a given situation. Because familiarity
ratings differed markedly between visually impaired and unimpaired participants, we
additionally performed separate analyses for the two participant groups. Among visually
unimpaired participants, higher familiarity ratings in negative trials were linked to slightly
lower affect ratings, r(538) = −.21, p < .001, suggesting a heightened emotional response to
familiar situations. We observed no comparable effect for the visually impaired subsample,
r(578) = .06, p = .121. In contrast, higher familiarity ratings showed a small positive
correlation with response accuracy in visually impaired, r(1158) = .06, p = .046, but not
unimpaired participants, r(1078) = −.02, p = .489. The latter effect, though notably small,
seems in line with the reduced accuracy that visually impaired participants achieved for
neutral narrations by visually unimpaired speakers.

3.5. Exploratory Analyses

In the following, we will report the results of three additional analyses: (a) excluding
participants who guessed the goal of the study, (b) including only congenitally blind
participants, and (c) including only narrations in which visual impairment was substantial
or essential to the narration. We will focus on the effects relevant to our hypotheses, i.e., a
potential advantage for social understanding if visual abilities match between participant
and narrator. Concerning empathy, i.e., Affect Rating as dependent variable, this effect
should manifest in a significant interaction of Visual Ability of Participant × Visual Ability
of Narrator × Valence. Concerning Theory of Mind, i.e., Response Accuracy, it should
be reflected in a significant interaction of Visual Ability of Participant × Visual Ability
of Narrator. For Response Accuracy, we will also provide details on the interaction of
Visual Ability of Participant × Visual Ability of Narrator x Valance, where significant
differences were noted in the main analysis. A full overview of the results is available in
the Supplements (Supplements S3–S5).

We reconducted the main analyses after excluding the five participants who correctly
guessed the study’s aim. The overall, non-significant pattern of results regarding a potential
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matching effect persisted for both Affect Rating, F(1,49) < 1, and for Response Accuracy,
F(1,49) = 2.12, p = .152, η2

p = .04, while the three-way interaction of Visual Ability of
Participant × Visual Ability of Narrator × Valence for Response Accuracy remained
statistically significant, F(1,49) = 7.72, p = .008, η2

p = .14. The same was true for a second
exploratory analysis, which included only the 19 participants whose impairment was
congenital (vs. acquired) in the visually impaired subgroup: we found no interactions
indicating an overall matching effect (Affect Rating: F(1,44) < 1; Response Accuracy:
F(1,44) = 2.36, p = .132, η2

p = .05), but a significant interaction of Visual Ability of Participant
× Visual Ability of Narrator × Valence for Response Accuracy, F(1,44) = 12.35, p = .001,
η2

p = .22.
Furthermore, we repeated the main analyses, excluding 26 narrations in which the

narrator’s visual abilities were incidental to the described events. Compared to the analyses
including the complete stimulus set, the pattern relevant to our hypothesis remained
unchanged, meaning that we observed no significant overall matching advantage for
Affect Ratings, F(1,54) < 1, or Response Accuracy, F(1,54) = 2.82, p = .099, η2

p < .05. For
Response Accuracy, the three-way interaction of Visual Ability of Participant × Visual
Ability of Narrator × Valence was again highly significant, F(1,54) = 17.26, p < .001, η2

p < .24.
This consistency also persisted in additional analyses focusing specifically on a subset of
narrators, in whose narrations the centrality of visual abilities was particularly pronounced
(see Supplement S5).

4. Discussion

Understanding another person’s perspective and emotions involves complex and in-
tricate processes, yet humans often master this challenge successfully. What underpins this
remarkable capacity for empathizing and mentalizing? Some would argue that individuals
ground their understanding of another person in their own perceptual and life experiences
(e.g., Barsalou 2008; Dimaggio et al. 2008; Gallese and Goldman 1998; Meltzoff 2007). But
to what degree do experiences need to be familiar? Our study compared two groups of par-
ticipants differing in a central feature, namely, their visual ability, in terms of their empathy
and cognitive perspective-taking with narrators who were themselves visually impaired or
unimpaired. Overall, our results did not reveal consistent benefits in empathic responses
and ToM performance when the narrator’s visual abilities (and, therefore, presumably, their
life experiences) aligned with those of the participant. Hence, firsthand familiarity with
a specific situation is not a necessary precondition for social understanding. To elaborate
on this overall conclusion, it is worth taking a more differentiated look at the two core
components of social understanding, empathy and ToM, and how they were shaped by the
visual ability manipulations in the present study.

4.1. Empathy

Replicating earlier implementations of the EmpaToM, participants reported more
negative affect after negative than after neutral narrations (Kanske et al. 2015; Tholen
et al. 2020; Tusche et al. 2016). This finding demonstrates that the novel and auditory-only
adaptation of the task can successfully induce empathy, i.e., the sharing of another’s affect
(De Vignemont and Singer 2006). Critically, empathic responding in the present study
did not depend on the (mis-)match of visual abilities between participant and narrator
(supporting Hypothesis B). All participants exhibited robust and comparable empathic
reactions irrespective of their own and the narrator’s visual abilities, i.e., regardless of
whether the scenario could potentially occur in their own reality of life. Therefore, affective
responses did not depend on firsthand experience with the described situation (Danziger
et al. 2009; Lamm et al. 2010).

On what grounds was empathy elicited in participants, if not through recollection of a
similar (painful) experience? Taking into account humans’ ability to recognize emotions
from a variety of cues, such as facial expressions, body posture, gaze, or (as in our case)
vocal information (Dael et al. 2012; Ekman and Friesen 1971; Scherer 1986), it seems
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likely that participants discerned immediate emotional cues in the narrations, whether
these signals were obvious, like sobbing, or more subtle variations in tone of voice and
speech pattern. Historically, voice processing has been studied in much less depth and
detail than face processing (Schirmer and Adolphs 2017). However, especially for highly
changeable social information such as emotions, voice cues can be crucial (Young et al.
2020), potentially even surpassing visual cues in their significance for empathic accuracy
(Kraus 2017). In our study, emotional signals conveyed through voice cues were powerful
enough to overshadow the relevance of the participants’ specific experiences and the
narrator’s personal characteristics and group belongingness for empathically simulating
the narrator’s emotional state. Using realistic and rich auditory stimuli might have also
contributed to the divergence of our results from studies reporting a ‘similarity benefit’ in
empathy, many of which used written information (e.g, Heinke and Louis 2009; Nelson
et al. 2003; Tarrant et al. 2009).

4.2. Cognitive Understanding

In our auditory-only adaptation of the EmpaToM, participants’ response accuracy
for ToM and factual reasoning was 78% and 73%, respectively, suggesting that similar to
past studies employing the original EmpaToM (Kanske et al. 2015; Trautwein et al. 2020;
Tusche et al. 2016) the interpretability of our results was not compromised by ceiling effects.
Overall, we did not observe general advantages for ToM (as the cognitive component of
social understanding; Frith and Frith 2005, 2006) or factual reasoning when the narrator’s
visual abilities aligned with those of the participant (supporting Hypothesis B). Hence,
even though their realities of life differ in various and meaningful ways, people with and
without visual impairments managed, on average, to understand each other’s narrations
and correctly deduce related facts and mental states.

However, in specific conditions, a mismatch in life experiences seems to have been
detrimental to successfully understanding the other person’s narration. Our subsample of
visually impaired participants encountered more difficulties in accurately comprehending
neutral stories when the narrator did not share their visual impairment. This effect was
observed for both ToM and factual reasoning, and it is therefore unlikely that it stemmed
from a specific challenge related to mentalizing. Instead, the lack of experience regarding
specific situations may have impeded an exact understanding of the circumstances. This
could also provide an explanation for why this effect emerged exclusively for neutral
narrations: while negative narrations more often centered on common human experiences
such as loss, rejection, failure, or illness, neutral narrations revolved around specific jobs,
ventures, daily routines, or hobbies, potentially requiring more in-depth knowledge about
the topics. Why, then, did we not observe a similar effect in visually unimpaired participants
when they listened to narrations by visually impaired speakers in the present study? One
possibility is that the overall lower difficulty of the trials involving visually impaired
narrators might have prevented a corresponding effect for visually unimpaired participants.
Taken together, like empathy, cognitive perspective-taking appears to be possible even
when an interaction partner recounts situations that one has not personally experienced
(e.g., Van Boven and Loewenstein 2005). However, unlike empathy, understanding the
details and mental states involved in another’s experience may, in some circumstances,
benefit from recognizing and remembering a similar situation oneself (Buckner and Carroll
2007; Dimaggio et al. 2008; Gerace et al. 2015).

4.3. Perceived Familiarity of the Narrations

Finally, participants rated how familiar they were with the recounted situation in every
given trial. While visually impaired participants perceived narrations by visually impaired
individuals on average as more familiar than those by narrators without visual impairment,
visually unimpaired participants showed less consistent differences in familiarity ratings
between visually impaired and unimpaired narrators. Since participants were not provided
with an explicit definition of ‘familiar’ in this context, their criteria might have systemat-
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ically differed. It is reasonable to expect that visually impaired individuals may have a
heightened awareness of their group identity, given their membership in a minority group
(Brewer 1991; Brewer and Weber 1994; Sekaquaptewa et al. 2007; Smith and Leach 2004).
Consequently, they might have assessed similarity on the group level, perceiving narrators
who belonged to their group as more closely aligned to their own reality of life. In contrast,
visually unimpaired participants likely did not consciously identify themselves as part
of a specific group during participation and therefore might have focused on the level of
concrete situations for their evaluation of familiarity. Given that even within the EmpaToM
narrations by sighted individuals, there is a wide range of demographic characteristics and
life circumstances, visually unimpaired participants might have considered these to be just
as dissimilar to their own specific life as narrations by visually impaired narrators.

Overall, the subjective degree of familiarity with a situation showed only small cor-
relations, if any, with empathic resonance and mentalizing/factual reasoning accuracy:
visually unimpaired participants were slightly more affected by negative incidents they
were personally familiar with, while visually impaired participants showed a tendency
toward better reasoning in situations they knew themselves. Together with the previ-
ously outlined effects of shared visual abilities on social understanding, these findings
demonstrate that people, overall, have a stable tendency to empathize and mentalize with
others even when they are notably different from themselves. However, shared personal
experience can benefit social understanding in some situations.

4.4. Limitations

The present study did not control or measure how much attention participants paid
to the visual abilities of the narrator as they listened to the narration. It is possible, for
instance, that some participants categorized narrators based on their visual (dis-)ability in
every trial. Even though we instructed participants to focus on the content of the narrations
instead of the narrators’ visual ability, a rating conducted in our pilot study indicated
that approximately 89% of participants thought, at least to some extent, about whether
narrators were visually impaired or not. Some participants, hence, may have approached
the narrations with an element of preoccupation or preconception.

An additional limitation of the present study is the inherent impossibility of encap-
sulating something as complex and extensive as a person’s reality of life within a few
brief narrations. Our narrations only covered a small portion of what constitutes and
distinguishes the everyday experiences of visually impaired and unimpaired individuals.
Additionally, people’s lives diverge in countless ways, also among individuals sharing
significant similarities like visual impairment. Even though our newly generated narrations
were based on real-life experiences of visually impaired individuals, they were finalized by
a team of researchers without visual impairments, and they cannot represent the reality and
experiences of every person falling within that broad category. Another noteworthy aspect
concerning our narrations is the inclusion of narrations where the narrator’s visual abilities
only played an incidental part. This decision was meant to reduce repetition and fatigue
in participants as well as to implement comparable and realistic ranges of experiences in
narrators with and without visual impairments. Of course, this could potentially diminish
the effects of group differences, given that the essence of the narration revolved around
experiences shared by both groups. However, exploratory analyses suggested that, in our
study, the match of visual abilities between participant and narrator did not significantly
affect empathic responses or cognitive understanding, even when the visual abilities or
impairments were central to the described events. Since this observation in our study
was post hoc, future research should systematically manipulate this aspect to draw more
reliable conclusions.

Furthermore, our study’s generalizability and interpretability are constrained by the
modest sample size of only 30 participants per group as well as the diversity within the
visually impaired participant group, encompassing both individuals with congenital and
acquired visual impairments. It is worth considering that the duration of the impairment
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might affect both an individual’s life experiences and performance across various tasks.
Previous evidence suggests differences between people with congenital and acquired visual
impairment, e.g., regarding neurological and perceptual processes as well as mental health
(e.g., Büchel et al. 1998; Choi et al. 2019; Monegato et al. 2007; Qin et al. 2015), though
there are no conclusive results regarding aspects of social cognition (e.g., Adenzato et al.
2006; Ardito et al. 2004). The inclusion of both groups in our study might carry the risk of
conflating differential effects for these subgroups, although exploratory analyses did not
yield clear empirical evidence supporting this concern. Given that congenitally impaired
individuals constituted two-thirds of our participants and the results remained consistent
when excluding participants with acquired impairments, it is conceivable that our findings
were predominantly influenced by this group. Consequently, our interpretation may
primarily apply to individuals with congenital impairments. Due to the small number
of participants with acquired visual impairment in our study, we are cautious to make
conclusions about their similarities or differences compared to congenitally impaired
participants in the examined processes. Together with the previously discussed limitations,
this clearly points out the need for further research including larger samples and more
diverse measures of social understanding.

5. Conclusions

Despite these limitations, we believe that our study allows some interesting initial
conclusions. Firstly, empathy remained unaffected by whether or not visual abilities were
shared between participants and narrators, suggesting that affective responses did not rely
on perceptual familiarity with specific situations but were grounded in the recognition
and simulation of emotional states. Through emotional signals in our auditory stimuli,
participants might have been able to efficiently recognize the narrator’s emotional state
and to empathize based on their familiarity with the emotion per se, transcending the
specific context. Second, while ToM performance and factual reasoning were not generally
shaped by the match or mismatch between individuals’ realities of life, visually impaired
participants encountered greater difficulty in discerning facts and mental states from
neutral narrations when they stemmed from a person with a divergent reality of life. This
observation indicates that in certain cases, cognitive inferences and perspective-taking are
facilitated by or grounded in personal experience with comparable situations. Hence, in line
with a distinction between empathy and ToM that has been suggested by both neurological
and behavioral studies (Kanske et al. 2015; McDonald et al. 2022; Trautwein et al. 2020),
the effect of shared visual abilities differed between empathy and cognitive understanding.
Overall, however, our findings underscore the notion that individuals have the capacity
to compensate for discrepancies in perceptual experiences and specific circumstances and
derive their social understanding from more basic, fundamental shared experiences and
emotions. In the grand scheme of things, being familiar with the relevant psychological
states seems to hold more importance for empathizing with and understanding others than
having experienced the same event or incident oneself. So even though our neighbor might
walk the streets differently than we do, this does not seem to impede our understanding
when they tell us about their notion of leaving the house on a crisp autumn morning.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article//10.3390/jintelligence12010002/s1. S1: Examples of narrations by visu-
ally unimpaired and impaired narrators; S2: Results from the online pilot study; S3: Main analyses,
excluding participants who correctly guessed the study aim; S4: Main analyses, including only partic-
ipants with congenital/acquired impairment in the visually impaired subsample; S5: Exploratory
analyses regarding the importance of visual abilities in the narrations.
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Gönültaş, Seçil, Bilge Selçuk, Virginia Slaughter, John A. Hunter, and Ted Ruffman. 2020. The Capricious Nature of Theory of Mind:
Does Mental State Understanding Depend on the Characteristics of the Target? Child Development 91: E280–98. [CrossRef]

Gutsell, Jennifer N., and Michael Inzlicht. 2012. Intergroup differences in the sharing of emotive states: Neural evidence of an empathy
gap. Social Cognitive and Affective Neuroscience 7: 596–603. [CrossRef]

Heinke, Miriam S., and Winnifred R. Louis. 2009. Cultural Background and Individualistic–Collectivistic Values in Relation to
Similarity, Perspective Taking, and Empathy. Journal of Applied Social Psychology 39: 2570–90. [CrossRef]

Ho, Mark K., Rebecca Saxe, and Fiery Cushman. 2022. Planning with Theory of Mind. Trends in Cognitive Sciences 26: 959–71. [CrossRef]
Hodges, Sara D., Kristi J. Kiel, Adam DI Kramer, Darya Veach, and B. Renee Villanueva. 2010. Giving Birth to Empathy: The Effects of

Similar Experience on Empathic Accuracy, Empathic Concern, and Perceived Empathy. Personality and Social Psychology Bulletin
36: 398–409. [CrossRef]

Kanske, Philipp, Anne Böckler, Fynn-Mathis Trautwein, and Tania Singer. 2015. Dissecting the social brain: Introducing the EmpaToM
to reveal distinct neural networks and brain–behavior relations for empathy and Theory of Mind. NeuroImage 122: 6–19. [CrossRef]

Kassambara, Alboukadel. 2022. Rstatix: Pipe-Friendly Framework for Basic Statistical Tests (R package version 0.7.2). Available online:
https://CRAN.R-project.org/package=rstatix (accessed on 22 December 2023).

Kiefer, Markus, and Lawrence W. Barsalou. 2013. Grounding the human conceptual system in perception, action, and internal states.
In Action Science. Edited by Wolfgang Prinz, Miriam Beisert and Arvid Herwig. Cambridge: The MIT Press, pp. 381–407.

Kraus, Michael W. 2017. Voice-only communication enhances empathic accuracy. American Psychologist 72: 644–54. [CrossRef]
Lamm, Claus, Andrew N. Meltzoff, and Jean Decety. 2010. How Do We Empathize with Someone Who Is Not Like Us? A Functional

Magnetic Resonance Imaging Study. Journal of Cognitive Neuroscience 22: 362–76. [CrossRef]
Lehmann, Konrad, Lara Maliske, Anne Böckler, and Philipp Kanske. 2019. Social Impairments in Mental Disorders: Recent

Developments in Studying the Mechanisms of Interactive Behavior. Clinical Psychology in Europe 1: e33143. [CrossRef]
McDonald, Brennan, Anne Böckler, and Philipp Kanske. 2022. Soundtrack to the social world: Emotional music enhances empathy,

compassion, and prosocial decisions but not theory of mind. Emotion 22: 19–29. [CrossRef]
Meltzoff, Andrew N. 2007. ‘Like me’: A foundation for social cognition. Developmental Science 10: 126–34. [CrossRef]
Monegato, Maura, Zaira Cattaneo, Alfredo Pece, and Tomaso Vecchi. 2007. Comparing the Effects of Congenital and Late Visual

Impairments on Visuospatial Mental Abilities. Journal of Visual Impairment & Blindness 101: 278–95. [CrossRef]
Nelson, Donna Webster, Cynthia T. F. Klein, and Jennifer E. Irvin. 2003. Motivational Antecedents of Empathy: Inhibiting Effects of

Fatigue. Basic and Applied Social Psychology 25: 37–50. [CrossRef]
Neumann, David L., Gregory J. Boyle, and Raymond C. K. Chan. 2013. Empathy towards individuals of the same and different

ethnicity when depicted in negative and positive contexts. Personality and Individual Differences 55: 8–13. [CrossRef]
Osborne-Crowley, Katherine. 2020. Social Cognition in the Real World: Reconnecting the Study of Social Cognition With Social Reality.

Review of General Psychology 24: 144–58. [CrossRef]
Pecher, Diane, and Rolf A. Zwaan. 2005. Grounding Cognition: The Role of Perception and Action in Memory, Language, and Thinking, 1st ed.

Cambridge: Cambridge University Press.
Peirce, Jonathan, Jeremy R. Gray, Sol Simpson, Michael MacAskill, Richard Höchenberger, Hiroyuki Sogo, Erik Kastman, and Jonas

Kristoffer Lindeløv. 2019. PsychoPy2: Experiments in behavior made easy. Behavior Research Methods 51: 195–203. [CrossRef]
Qin, Wen, Yun Xuan, Yong Liu, Tianzi Jiang, and Chunshui Yu. 2015. Functional Connectivity Density in Congenitally and Late Blind

Subjects. Cerebral Cortex 25: 2507–16. [CrossRef]
R Core Team. 2022. R: A Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing. Available

online: https://www.R-project.org/ (accessed on 22 December 2023).
Riazi, Abbas, Fatemeh Riazi, Rezvan Yoosfi, and Fatemeh Bahmeei. 2016. Outdoor difficulties experienced by a group of visually

impaired Iranian people. Journal of Current Ophthalmology 28: 85–90. [CrossRef]
Rokita, Karolina I., Maria R. Dauvermann, and Gary Donohoe. 2018. Early life experiences and social cognition in major psychiatric

disorders: A systematic review. European Psychiatry 53: 123–33. [CrossRef] [PubMed]
Scherer, Klaus R. 1986. Vocal affect expression: A review and a model for future research. Psychological Bulletin 99: 143–65. [CrossRef]

[PubMed]
Schilbach, Leonhard. 2015. Eye to eye, face to face and brain to brain: Novel approaches to study the behavioral dynamics and neural

mechanisms of social interactions. Current Opinion in Behavioral Sciences 3: 130–35. [CrossRef]
Schilbach, Leonhard, Bert Timmermans, Vasudevi Reddy, Alan Costall, Gary Bente, Tobias Schlicht, and Kai Vogeley. 2013. Toward a

second-person neuroscience. Behavioral and Brain Sciences 36: 393–414. [CrossRef] [PubMed]
Schirmer, Annett, and Ralph Adolphs. 2017. Emotion Perception from Face, Voice, and Touch: Comparisons and Convergence. Trends

in Cognitive Sciences 21: 216–28. [CrossRef] [PubMed]
Sekaquaptewa, Denise, Andrew Waldman, and Mischa Thompson. 2007. Solo status and self-construal: Being distinctive influences

racial self-construal and performance apprehension in African American women. Cultural Diversity & Ethnic Minority Psychology
13: 321–27. [CrossRef]

Shamay-Tsoory, Simone G., and Avi Mendelsohn. 2019. Real-Life Neuroscience: An Ecological Approach to Brain and Behavior
Research. Perspectives on Psychological Science 14: 841–59. [CrossRef] [PubMed]

Singer, Tania, and Claus Lamm. 2009. The Social Neuroscience of Empathy. Annals of the New York Academy of Sciences 1156: 81–96.
[CrossRef]

227



J. Intell. 2024, 12, 2

Singmann, Henrik, Ben Bolker, Jake Westfall, Frederik Aust, and Mattan S. Ben-Shachar. 2023. Afex: Analysis of Factorial Experiments
(R package version 1.2-1). Available online: https://CRAN.R-project.org/package=afex (accessed on 22 December 2023).

Smith, Heather J., and Colin W. Leach. 2004. Group membership and everyday social comparison experiences. European Journal of
Social Psychology 34: 297–308. [CrossRef]

Tarrant, Mark, Sarah Dazeley, and Tom Cottom. 2009. Social categorization and empathy for outgroup members. British Journal of
Social Psychology 48: 427–46. [CrossRef]

Tholen, Matthias G., Fynn-Mathis Trautwein, Anne Böckler, Tania Singer, and Philipp Kanske. 2020. Functional magnetic resonance
imaging (fMRI) item analysis of empathy and theory of mind. Human Brain Mapping 41: 2611–28. [CrossRef] [PubMed]

Trautwein, Fynn-Mathis, Philipp Kanske, Anne Böckler, and Tania Singer. 2020. Differential benefits of mental training types for
attention, compassion, and theory of mind. Cognition 194: 104039. [CrossRef] [PubMed]

Tusche, Anita, Anne Böckler, Philipp Kanske, Fynn-Mathis Trautwein, and Tania Singer. 2016. Decoding the Charitable Brain: Empathy,
Perspective Taking, and Attention Shifts Differentially Predict Altruistic Giving. Journal of Neuroscience 36: 4719–32. [CrossRef]
[PubMed]

Van Boven, Leaf, and George Loewenstein. 2005. Empathy gaps in emotional perspective taking. In Other Minds: How Humans Bridge
the Divide between Self and Others. Edited by Bertram F. Malle and Sara D. Hodges. New York: Guilford Press, pp. 284–97.

Vanman, Eric J. 2016. The role of empathy in intergroup relations. Current Opinion in Psychology 11: 59–63. [CrossRef]
Vygotskij, Lev S., and Michael Cole. 1978. Mind in Society: The Development of Higher Psychological Processes. Cambridge: Harvard

University Press.
Young, Andrew W., Sascha Frühholz, and Stefan R. Schweinberger. 2020. Face and Voice Perception: Understanding Commonalities

and Differences. Trends in Cognitive Sciences 24: 398–410. [CrossRef]
Zhu, Tingyu, Lijin Zhang, Ping Wang, Meiqiu Xiang, and Xiujuan Wu. 2023. The influence of in-groups and out-groups on the

theory-of-mind processing: Evidence from different ethnic college students. Cognitive Research: Principles and Implications 8: 5.
[CrossRef]

Zuo, Xiangyu, and Shihui Han. 2013. Cultural experiences reduce racial bias in neural responses to others’ suffering. Culture and Brain
1: 34–46. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

228



MDPI AG
Grosspeteranlage 5

4052 Basel
Switzerland

Tel.: +41 61 683 77 34

Journal of Intelligence Editorial Office
E-mail: jintelligence@mdpi.com

www.mdpi.com/journal/jintelligence

Disclaimer/Publisher’s Note: The title and front matter of this reprint are at the discretion of the Guest

Editors. The publisher is not responsible for their content or any associated concerns. The statements,

opinions and data contained in all individual articles are solely those of the individual Editors and

contributors and not of MDPI. MDPI disclaims responsibility for any injury to people or property

resulting from any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

mdpi.com ISBN 978-3-7258-5142-3


