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ABSTRACT: It is typically assumed in the empirical aesthetics literature that 
generalizable abstract stimulus attributes like familiarity, fluency, and complexity drive 
preferences. This general nature means that they can, at least in principle, apply to any 
stimulus regardless of its characteristics and sensory modality. However, most studies in 
this tradition are restricted to group-level trends and particular stimulus properties. 
Therefore, they say nothing about amodal or general preferences for particular levels of 
such abstract attributes independently from their characterization at the individual level. 
Moreover, the hypothesis of a general, amodal preference for attributes like complexity 
was not empirically supported and only scarcely tested until we provided empirical 
evidence against it in our Clemente et al. (2021) study. In their quest for empirical 
evidence in favor of a preference for complexity across the auditory and visual 
modalities, Friedman et al. (2024) made two central claims: First, they found it surprising 
that aesthetic sensitivity for visual and musical complexity did not correlate in our study. 
Second, they expressed concerns about the comparability of the musical and visual 
stimuli we used. In this commentary, I show how these claims and the premises on which 
they rely are debatable and how the results of Friedman et al. (2024) support our 
conclusion that stimulus information rather than abstract attributes like complexity drive 
evaluative judgments such as liking. 
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TRADITIONALLY, research in the field of empirical aesthetics has consistently shown that people overall tend 
to prefer stimuli that are more frequent (Zajonc, 1968), processed more fluently (Reber et al., 1998), or 
intermediate in complexity (Berlyne, 1971). Abstract attributes like familiarity, fluency, and complexity can 
refer to stimuli of potentially any nature, domain, and sensory modality. Variations in the stimulus properties 
or the perceptual representations defining these attributes are susceptible to influence evaluative judgments. 
For instance, liking for musical melodies (e.g., Clemente et al., 2022; Pearce, 2018), visual designs (e.g., 
Corradi et al., 2020; Güçlütürk et al., 2016), haptic textures (e.g., Carbon & Jakesch, 2012; Muth et al., 2019), 
flavors (e.g., Giacalone et al., 2014; Lévy et al., 2006), odors (e.g., Kermen et al., 2011; Spence & Wang, 
2018), and many other stimuli may be affected by how complex they are or how complex they are perceived. 
This has led to assume the existence of a general preference for complexity (and other abstract attributes) 
driving evaluative judgments such as liking.  

However, this assumption is unfounded because the hypothesis of a general preference for 
complexity has been disproved (e.g., Rump, 1968) and empirically tested with modern tools when we 
challenged it (Clemente et al., 2021). This confusion stems from two main issues: First, most studies are 
restricted to group-level trends and are, thus, unable to support (or contradict) the existence of amodal or 
general preferences at the individual level. Second, most studies are restricted to particular stimulus 
properties characterizing particular forms of the abstract attribute in question and are, thus, unable to 
generalize to any stimulus property and characterization of the abstract attribute. 
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TESTING A GENERAL PREFERENCE FOR COMPLEXITY 

For an abstract attribute like complexity to generalize across domains and sensory modalities, its impact must 
be independent of its characterization (definition and operationalization) and domain-specific features like 
the dynamic or static nature of the stimuli within individuals. In other words, asserting that people 
(individuals) show a general preference for complexity entails that they (each individual) tend to like or 
dislike stimulus complexity to a similar extent and direction regardless of how complexity is 
operationalized—e.g., whether according to its number of elements or its information content—and the 
nature of the sensory information—e.g., whether dynamic or static, auditory or visual. Otherwise, two 
compatible scenarios are possible: First, general trends might reflect averaging artifacts and, thus, cannot 
inform about the underlying evaluative mechanisms (Clemente, 2021). Second, the impact might be limited 
to particular stimulus properties and not hold across all complexity characterizations—e.g., for stimuli with 
many but redundant events, taking event density or event entropy to define its complexity would yield 
opposed results. Therefore, examining the effects at the individual level and manipulating distinct stimulus 
properties in different sensory modalities are required to properly test the hypothesis of a general, amodal 
preference for complexity. 

In a series of studies (Clemente et al., 2021, 2023a), we manipulated the complexity—and other 
abstract attributes like balance, contour, and symmetry—of Western tonal melodies and static abstract visual 
designs in an idiomatic way, i.e., adequate and meaningful to each domain. Then, we extracted the aesthetic 
sensitivities to complexity in each domain, reflecting the individual responsiveness in liking to variations in 
the stimulus properties manipulated characterizing melodic or visual complexity. The results contradict the 
hypothesis of a general, amodal preference for complexity—and other abstract attributes like balance and 
symmetry—because aesthetic sensitivities to melodic and visual complexity were unrelated. The results 
further suggest inherent divergences not only between the sensory modalities per se but between the stimulus 
properties considered (e.g., number and variety of elements), all of which contribute to the characterization 
of complexity in the literature (Nadal et al., 2010). Such differences in stimulus properties are not mere 
inadvertent confounds (cf., Friedman et al., 2024) but essential to investigate (support or contradict) the 
existence of a general complexity preference. 

INSIGHTS FROM COGNITIVE NEUROPSYCHOLOGY 

Our findings align with current knowledge on the neurobiology of sensory valuation—also known as 
evaluative judgment, hedonic evaluation, and appreciation (Skov, 2019)—which consists of assigning 
hedonic value (e.g., liking) to a stimulus based on its sensory information combined with personal and 
contextual factors (Rangel et al., 2008; Schultz et al., 1997). Hedonic values are responses to projections 
from sensory systems to distributed nuclei in the reward system, modulated by input from the interoceptive 
and executive systems signaling homeostatic state and contextual information relevant to the valuation event 
(Berridge & Kringelbach, 2013, 2015; Pessiglione & Lebreton, 2015).  

The processing of sensory information in the brain is specific to its nature and thus depends on 
properties like its sensory modality and temporal structure. For instance, research shows distinct processing 
of auditory and visual streams (Griffin et al., 2002; Macaluso et al., 2004; Peretz & Coltheart, 2003; Peretz 
& Zatorre, 2005). Even for similar rhythmic structures, Grahn (2012) showed that beat perception is 
optimized for the auditory modality and restricted to certain types of stimuli in the visual modality. In the 
auditory domain, research shows specialization for pitch processing in right auditory networks and a 
complementary specialization for temporal resolution in left auditory networks (Zatorre, 2022). 

In light of these insights, it is unclear how encoding of complexity as a general attribute across the 
auditory and visual systems might lead to (variations in) liking. Instead, as we have seen with curvature 
(Clemente et al., 2023b), each specific complexity characterization (definition and operationalization) 
correlates with different kinds of neural encoding. This suggests that complexity is a construct referring to 
distinct and varied neural events and that conditions imposed by different experimental designs may yield 
different results because such distinct complexity-encoding events may influence liking in different ways. It 
follows that an amodal, general preference for complexity in all its manifestations can hardly be implemented 
at the neural level. 
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RELEVANCE OF STIMULUS INFORMATION IN EVALUATIVE JUDGMENTS 

The neural specificities noted above are difficult to reconcile with general evaluative mechanisms reliant on 
abstract attributes, the definition and characterization of which vary widely in the literature. The case of 
complexity is particularly compelling, as there is a large number of definitions and measures gravitating to 
two main kinds: feature-based and information-based. A brief comment on some of them illustrates the 
breadth and variety of complexity characterizations in the remaining of this section. 

In melodies and other sound sequences, complexity can vary as a result of the number of tones in a 
sequence (Mindus, 1968), rhythm and syncopation (Heyduk, 1975), structural change (Mauch & Levy, 
2011), variety in pitch, note durations, loudness and timbre (Berlyne & Boudewijns, 1971). The Expectancy-
based model (EBM; Eerola & North, 2000; Eerola et al., 2006), or Expectancy-violation model (EV; Eerola, 
2016), and the MUSTK (Clemente et al., 2020) are composite measures of weighted structural features that 
have also been found prominent in the visual modality (Nadal et al., 2010): number (event density) and 
variety and organization of elements (computed as different forms of entropy in the MUSTK). Complexity 
measures are relatively well defined for static images (e.g., Fernandez-Lozano et al., 2019; Jacobsen & Höfel, 
2002; Machado et al., 2015). However, formal measures of dynamic visual complexity are scarce. 

The Information Dynamics of Music (IDyOM; Pearce, 2018) is a well-established framework for 
investigating the impact of information-theoretic properties on the perception and appreciation of music 
(Clemente et al., 2020; Sauvé & Pearce, 2019). It is a system for constructing multiple-viewpoint, variable-
order Markov models for predictive modeling of probabilistic structure in symbolic, sequential auditory 
domains like music. IDyOM acquires knowledge about a domain through statistical learning and generates 
conditional probability distributions representing the estimated likelihood of each event in a sequence, given 
the preceding context and incremental training on the current stimulus. From the conditional probability 
estimates for each event, IDyOM computes Shannon entropy, which reflects the prospective predictive 
uncertainty of the probabilistic prediction given the context, and information content, which reflects the 
contextual unpredictability of the actual event. IDyOM’s architecture is flexible enough to enable the 
computation of information-theoretic measures of any sequence of discrete events.  

In Clemente et al. (2024), we used IDyOM to quantify auditory complexity and, for the first time, 
dynamic visual complexity, providing comparable and generalisable measures of dynamic auditory and 
visual complexity. Interestingly, we found additive (rather than interactive) contributions of rhythmic 
auditory and visual complexity to liking for audiovisual stimuli and visual capture in the perception of 
dynamic stimuli (Spence & Soto-Faraco, 2010). These findings indirectly contradict the hypothesis of a 
general, amodal complexity preference using a complexity characterization across sensory modalities, 
highlighting the implications for evaluative judgments of distinct processing of auditory and visual streams. 

EVIDENCE FOR A GENERAL PREFERENCE FOR COMPLEXITY? 

That the definition and operationalization of complexity and any other abstract attribute are relevant to the 
evaluation of a stimulus is not new (e.g., Nadal et al., 2010). However, and despite notable direct evidence 
against general factors in appreciation (e.g., Rump, 1968, regarding complexity; and Leder et al., 2019, 
regarding symmetry), implicit and explicit claims of universal complexity or symmetry preference are still 
pervasive in the literature and conform to a tradition of thought still prevailing in empirical aesthetics. 

Aligned with this tradition, Friedman and colleagues (2024) sought evidence for a cross-modal 
correspondence. Their timely approach presents important advantages over other research on cross-modal 
correspondences in evaluative judgments: they factored in variability due to participants and stimuli, and 
they considered evaluative judgments at the individual level—i.e., in terms of individual aesthetic 
sensitivities. Crucially, they did not test for a general complexity preference. Instead, they purposely focused 
on stimulus properties susceptible to yield similar evaluative judgments using particular auditory and visual 
stimuli: First, they compared our MUST melodies to their visual equivalent. Second, they used a visual 
entropy assessment aimed to parallel our MUST entropy measures but disregarded the fact that they 
contributed only partially to our MUSTK composite measure, thus enhancing the potentially amodal quality 
of the stimuli. With this setting, they found that people showed preference for particular stimuli varying in 
dynamic complexity across the auditory and visual modalities and for specific characterizations of static 
images and melodies. However, these relationships explained a limited proportion of the variance, which 
suggests that the contribution of other factors to liking was more prominent, and one can argue that very 
special stimuli and measures are required to find a significant association between aesthetic sensitivities to 
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melodic and visual complexity. These limitations prevent their results from characterizing the role of 
complexity as a general, amodal attribute across its multiple definitions and operationalizations. 

Friedman and colleagues’ (2024) study does not seem to provide any compelling evidence that 
liking is determined by an amodal or cross-modal complexity module. Instead, their results concur with 
associations between preferences for other stimulus features across sensory modalities in the literature, such 
as simplicity/harmoniousness versus complexity/inharmoniousness of musical melodies/chords and 
combinations of colors (Palmer & Griscom, 2013; Song et al., 2022). These findings support cross-modal 
correspondences in evaluative judgments only between particular auditory and visual features. Their claim 
for “renewed evidence for cross-modal correspondence in evaluative responses to musical sounds and visual 
images” (Friedman et al., 2024, p. 1) is bound to the specific stimulus properties considered. Their research 
neither necessarily nor sufficiently supports a general, amodal preference for any abstract attribute such as 
complexity. Quite the opposite. Taken together, these studies (Clemente et al., 2021, 2023a; Friedman et al., 
2024; Palmer & Griscom, 2013; Song et al., 2022) contribute evidence for the influence of the definition and 
operationalization of abstract attributes such as complexity on the evaluative judgment of a stimulus. 

CONCLUSION 

It is unlikely that Friedman and colleagues have reconciled our research (Clemente et al., 2021) “with theories 
that posit modality-general individual differences in preference for information differing in complexity (e.g., 
Cacioppo & Petty, 1982), with theories of aesthetic preference that are based on domain-general cognitive 
mechanisms of prediction and processing fluency (e.g., Brielmann & Dayan, 2022), and with other recent 
empirical studies that appear to show quite robust cross-modal commonalities in preferences for complexity 
(e.g., Palmer & Griscom, 2013; Song et al., 2022)” (Friedman et al., 2024, p. 8). On the contrary, the results 
of Friedman and colleagues (2024) support our provocative conclusion that “evaluative judgments of visual 
designs and melodies are not based on abstract representations of balance, symmetry, and complexity, but on 
visual- and auditory-specific instantiations of such attributes” (Clemente et al., 2021, p. 9), with those 
instantiations reflecting specific characterizations (definitions and operationalizations) of such attributes. 
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