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Abstract
Background: Perceiving an image evokes a variety of reactions in the viewer. However, not only
what is recognized in an image influences the perceiver, but also how an image is presented
impacts the reaction to the image. To contribute to the understanding of the relationship between
an image’s presentation and how this affects the reaction to it, is the aim of this doctoral thesis. To
do so, over the course of three studies presented in the form of three manuscripts, we investigated
the effect of a basic image feature (color saturation), the context in which an image is perceived, as
well as the effect of image type (whether the image is presented as a photograph or a graphic
representation) on the responses to an image.
Methods: In each manuscript, we followed a similar path of investigation: We manipulated a
particular aspect of how an image is presented and examined the effects of that specific factor on
the viewer’s response to the image. In each of the manuscripts presented here, we collected data
on different responses to images: from directly measurable dimensions such as naming duration
and correct naming, to liking, to more complex aesthetic responses, and to emotions perceived in
an image. The design of each study was individualized to properly answer the research question.
Results: The results presented in the three manuscripts show that the color saturation—a basic
image feature—and the context in which an image is presented influence responses to an image.
More specifically, manipulated color saturation affects the liking as well as specific aesthetic
reactions to digitally reproduced paintings, but to a different extent for art experts and lay people.
We also showed that the affective interpretation of art photographs seen in the context of other
photographs is influenced by the valence of these other photographs. But not only neighboring
images lead to a change in judgment; The evaluation dimension also affects the emotion perceived
in an image. However, whether an image is presented as photograph or graphic representation
does not influence naming performance, especially when both types of images include favorable
image properties such as color, texture, and shading.
Conclusion: The results presented in this thesis underline the importance of image presentation,
as it influences reactions to images. This is also reflected in the practice of image making, where
the focus is not only on the creation of the image itself, but likewise on its presentation.
Moreover, our results show that not all the factors investigated and manipulated in our studies
influence viewer responses in the way we expected. Similarly, in image practice, the designer often
assumes—based on his or her expertise—that the viewer’s response can be implicitly predicted.
However, the results of our studies show that this is not always the case. Therefore, there is a need
to empirically investigate reactions to how an image is presented. Especially in visual
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communication, where an unambiguous message of the image is intended, the combination of
practical image making and empirical investigations could be of added value.

Keywords: Image processing, Image Features, Pictorial Context, Image Types, Experimental
Studies
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Introduction
What we see in images emotionally moves us, intellectually challenges us, or sometimes even
changes our view of the world. But not only what we recognize in an image influences us, but
more fundamentally how an image is presented has an impact on our response to an image. Color
panels applied on a canvas in an artwork by Mark Rothko could have a purely informative and
illustrative function, but how and in what context these colors are presented move viewers to tears
and evoke complex emotional reactions (Pelowski, 2015).
The aim of this dissertation is to contribute to our understanding of how various of those howfactors affect image processing. In accordance with a stimulus-oriented approach (Wassiliwizky &
Menninghaus, 2021, p. 439), which assumes that the viewer’s aesthetic experience is influenced by
how a stimulus appears, this thesis focuses on investigating basic image features, the pictorial
context in which an image is seen, and the type of an image. Basic image features describe formal
characteristics of an image such as color saturation, symmetry, or complexity. Pictorial context is
defined as spatial and temporal environment of an image, which consists of other images. Image
type refers to the technique used to create an image and categorizes an image as, for example, a
photograph, drawing, or graphic representation. By analyzing these factors, my co-authors and I
aim to show the importance of how an image appears on the reactions evoked in the perceiver.
Complementing this, we also examine how responses to these effects vary as a function of
interindividual differences.
The theoretical background of this thesis is structured in two main parts: In the first part,
Processing Images, the field of empirical aesthetics, a model of art perception as well as a selection
of studies examining the encounter with art images are briefly presented. In the second part,
Naming Images, the theoretical background of images in a clinical context and the use of images in
aphasia are briefly described. The first two studies presented in this thesis are based on the
theoretical background summarized in the first part and examine reactions to art images. The
third study is based on the theoretical background presented in the second part. Concluding the
chapter on the theoretical background, the aim of this thesis and the three research questions will
be discussed. Subsequently, the results of the three studies are presented separately in the form of
three manuscripts. In the last section of this thesis, the findings presented in the manuscripts will
be discussed and positioned in a larger context within empirical research on image processing and
the practice of image-making.
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Theoretical Background

Processing Images

Empirical research on art perception was firstly conducted and described by Gustav Theodor Fechner
in Vorschule der Ästhetik (Fechner, 1876) as one of the first experimental disciplines in psychological
science. Since these early beginnings and the extension of investigations by Berlyne in the 1970s
(Berlyne, 1970, 1972, 1973), the discipline of empirical aesthetics has long been neglected. More
recently, however, empirical aesthetics has been established as a field of research in cognitive science,
driven in particular by new methods in neuroscience, which have also given rise to the subfield of
neuroaesthetics. Building on the humanist tradition, empirical aesthetics attempts to contribute to
the revealing of how we interact with artistic stimuli. Investigations in this field are concerned with
exploring cognitive, emotional, behavioral, and physiological responses to aesthetic1 experiences such
as in art, literature, theater, or music by using empirical methods from the natural sciences
(Wassiliwizky & Menninghaus, 2021)2.

Models of Art Processing
In recent years, several models of art processing have been proposed in the domain of empirical
aesthetics (Chatterjee, 2011; Graf & Landwehr, 2015; Locher et al., 2010; for an overview, see
Pelowski et al., 2016). One of the first and most influential is the model of aesthetic appreciation and
aesthetic judgments by Leder, Belke, Oeberst, and Augustin (2004). The model understands the
perception of art as information processing3 and includes bottom-up as well as top-down phases of
art processing. The model proposes the elaboration of five stages that subsequently lead to an
aesthetic judgment of the visual art based on the evaluation of the cognitive mastering and an
emotional reaction to the image as a by-product of the process.

In this thesis, the term aesthetics denotes a combination of the richness of sensory perceptions with an evaluative judgment.
We thereby rely on the quote of Menninghaus et al. (2019, p. 173): “aesthetics (…) entails a special judgmental focus on aspects
under consideration that are subjectively perceived as pleasing to our senses and/or cognitive capacities”.

1

2 No distinction is made in this thesis between the terms art images and images in general. Both terms are used to refer to all
types of intentionally created images.
3 Information processing describes humans as information interpreters, ambiguity solvers, and extrapolators, and thus capable
of solving a problem given insufficient information and drawing useful conclusions from given information
(Informationsverarbeitung, Dorsch Lexikon der Psychologie).
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The Vienna integrated model of top-down and bottom-up processes in art perception (VIMAP) proposed by
Pelowski et al. (2017) expands on the model of Leder et al. (2004) and provides a differentiated
overview of behavioral, cognitive, and emotional responses evoked by the perception of art. The
VIMAP (Pelowski et al., 2017) proposes five main processing stages based on the first four stages in
the model of Leder et al. (2004) (see Fig. 1 in the Appendix) as well as two later stages. Stage 1 is
described as pre-classification, a state prior to encountering the artwork. This stage is influenced by
several factors that can affect the forthcoming cognitive experience. These are, for example, the
context in which the art is seen, the viewer’s expectations towards the stimuli, his personality, or his
current mood. When the artwork is encountered, stages 2, 3 and 4 are proposed that involve mostly
automatic, bottom-up processing. Stage 2, described as perceptual analysis, is characterized by a rapid
(approximately 100ms) analysis of basic image features. Stage 3 is defined as implicit memory
integration resulting from the first visual impression of the image. At this stage, basic formal image
features are grouped to form visual patterns. The information extracted from the artwork during the
previous stages is then further processed on stage 4, the explicit classification. The first impression of
the image is now associated with the context and the memory of the viewer. At this stage, a deliberate
engagement with what is seen takes place: What the image shows can be verbalized, and meaning is
assigned to what is seen. Stage 4 is also described as an evaluation of emotion, allowing the viewer to
switch to an aesthetic (form focused) or pragmatic (content focused) approach. Stage 5, cognitive
mastery, is described as a cognitive (top-down) process merging cognitive and affective information.
The viewer combines the information gathered in the prior stages and forms a coherent meaning of
what he or she sees in the attempt to create evaluations and associations. The phases of the model are
described as occurring in a linear succession which may return to earlier phases in the course of
processing and whose elements are partially connected by feedback loops.
The most significant addition of the VIMAP (Pelowski et al., 2017) over the model proposed by
Leder et al. (2004) is the description of five specific outcomes resulting from the seven processing
stages. The different outcomes are based on two checks: A schema congruence check, which involves
the expectation of cognitive mastery and a self-relevance check which is described as the viewer’s
importance to the self. Depending on whether these checks result in a high or low assessment, this
will lead to different outcomes. Outcome 1 is characterized as a low arousal state and evokes little
emotion. Outcome 2 results in an experience of novelty that can involve pleasure, confusion, or even
feelings of sublimity and awe. In outcome 3 the viewer experiences a sense of flow, harmony, and
emotional resonance. However, if self-relevance is high and, at the same time, schema congruence is
low this will lead to stage 6, secondary control. This stage is described as the awareness of the
insufficiency of one’s schema and an attempt to reduce the discrepancy between high self-relevance
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and low schema congruence. Processing this stage will result in outcome 4, if the need to cope is low,
characterized as negative feelings such as anger, shame, and sadness. But if the need to cope is high,
the process will go on to stage 7, self-knowledge, metacognitive evaluation, resulting in outcome 5,
which denotes a transformative experience accompanied by feelings of epiphany, catharsis, and awe
(see Fig. 1 in the Appendix).

Factors Influencing Image Processing
In the encounter with images, a variety of factors influence their evaluation (Pelowski & Specker,
2020). Without claiming to be exhaustive, image-related, context-related, and viewer-related factors
form the most important categories of influencing variables. According to Pelowski et al. (2017),
factors related to the image itself are processed on the second, third, and fourth stages of the VIMAP.
Contextual and viewer-related factors influence image processing throughout the entire process.
Studies investigating the effect of these three groups of influencing factors are briefly described in the
following sections.
Image-related factors. In the interplay between an image and its viewer, image-related factors play a
fundamental role in how art images are experienced. Besides factors concerning the image itself,
image-related factors also include basic image features characterized as formal aspects of an image.
Image features such as the color palette used in the image (Fedorovskaya et al., 1997), the saturation
of color (Camgöz et al., 2002, 2004; Ireland et al., 1992), the contrast observed in an image (Dongen
& Zijlmans, 2017), the complexity (Berlyne, 1970; Birkin, 2010; Bradley et al., 2007), or the
symmetry of figures (Gartus & Leder, 2013; Leder et al., 2019; McManus, 2005) have been shown to
affect the evaluation and reactions to images. These basic image features are processed bottom up and
within the first 100ms of encounter with an image (stage 2, perceptual analysis of the VIMAP,
Pelowski et al., 2017). As such, they can be understood as a primary influencer of the initial and
subsequent “continuous affective evaluation” inherent to processing art (Leder et al., 2004, p. 492)
and thus directly influencing final evaluations.
Context-related factors. The context in which the viewer sees the image affects image processing on
all stages as proposed by the VIMAP (Pelowski et al., 2017). Context can thereby include a variety of
aspects (for an overview, see Pelowski & Specker, 2020). The social context in which the viewer finds
himself e.g., if the image is perceived alone or together with others (Gerger et al., 2011) affects its
evaluation. The physical context, that is, whether the image is seen and evaluated in a museum or
gallery, in a laboratory setting, at home, or in an urban context (Gartus et al., 2015; Gartus & Leder,
2014; Pelowski, Forster, et al., 2017) changes the aesthetic response. Likewise, the titling and the
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knowledge provided on an image (Szubielska et al., 2019; Szubielska & Sztorc, 2019) as well as the
presumed knowledge of whether an image is art or not influences its evaluation (Gerger et al., 2014;
Pelowski, Gerger, et al., 2017; Wagner et al., 2014).
Viewer-related factors. In the encounter with an image, the viewer is the sensing, acting, and
processing agent. To this extent, a multitude of viewer-related factors influence the encounter with
an image. The expectations the viewer has to his or her encounter with an image (Gerger et al., 2014;
Pelowski, Gerger, et al., 2017), the viewer’s current mood (Leder et al., 2004), or his or her
personality (Fayn et al., 2015; Silvia et al., 2015; Silvia & Nusbaum, 2011). These factors influence the
subsequent processing of the image even before it is seen and on all subsequent stages of the process
(VIMAP; Pelowski et al., 2017). A further influence is how important it is to the viewer to interact
with an image, to understand and appreciate it (Packer & Ballantyne, 2002). Related to this, the
expertise of the viewer is crucial in the process of art image processing. Whereas laypersons have been
shown to focus on basic aspects of an image like the colors used and the figures depicted, experts
tend to focus on conceptual factors and historical meaning (e.g., Belke et al., 2010; Paasschen et al.,
2015; P. J. Silvia, 2013; Weichselbaum et al., 2018).

Measuring Reactions to Art Images
As with all empirical research on latent constructs, a central question for studies in the field of
empirical aesthetics lies in the form of response measurement. Reactions to art images have been
examined along several dimensions in the past, a few of which are described in the following
sections.
Liking. The aim of many studies in the field of empirical aesthetics is to measure hedonic
responses as a reaction to an art image. The model proposed by Leder et al. (2004, p. 492)
describes one outcome dimension of processing an artwork as “aesthetic judgment,” which
typically manifests itself in questions concerning how much an artwork is liked. Subsequently,
different formulations have been used to assess aesthetic judgements: Liking (Dolese et al., 2005;
Gartus & Leder, 2013), aesthetic pleasantness (Arielli, 2012; Vessel et al., 2018), preference
(Mullennix et al., 2018), or beauty (Tousignant & Bodner, 2014, 2018; Wagner et al., 2014) which
only allow a vague approximation between the measurements, but nevertheless often show a high
correlation (for a definition and differentiation of terms like aesthetic judgement, aesthetic
appreciation, or aesthetic evaluation etc. see Wassiliwizki and Menninghaus, 2021).
Although liking and related ratings are used in many studies, these dimensions map a rather
general reaction and may not be able to capture the fine-grained and subtle responses that may
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arise in the encounter with an image (Silvia, 2009; Wassiliwizky & Menninghaus, 2021). In
addition, especially modern art has qualities that cannot be reduced to impressions of beauty and
harmony, as is often assumed in psychological research on aesthetics. Therefore, the reduction to
the measurement of liking in empirical aesthetics needs to be questioned. This does not mean that
liking cannot be a valuable indicator of a general aesthetic response to a stimulus, but it should be
assessed in combination with other dimensions to allow conclusive statements about the
encounter with images (e.g., Brieber et al., 2015).
Aesthetic reactions based on the VIMAP outcomes. A variety of responses beyond liking can be
measured as reactions to the encounter with an image. As an example, the VIMAP (Pelowski et
al., 2017) proposes five outcomes that describe specific affective responses in addition to
physiological, behavioral, and artwork appraisal factors. In this respect, evaluations along these
dimensions can provide information about the outcome of viewing an image. Outcome 1 is
described as “facile” or “default” and may be assessed as feedings of boredom. Outcome 2 can be
measured by asking about feelings of novelty and provoking new insights. Being moved may be
assessed in outcome 3 as these reactions are considered as evoking harmony, flow, and emotional
resonance. Outcome 4 describes negative feelings as a reaction to an image, leading the perceiver
to re-classify an image as non-art or to end the interaction with the image. The highest outcome of
the VIMAP (Pelowski et al., 2017), outcome 5, describes a transformational process evoked by the
image where feelings of awe, flow, and catharsis may be experienced and measured. Interest has
been shown to be a basic aesthetic reaction to art (Silvia, 2013) and may be described as a
component of several outcomes of the VIMAP (Pelowski et al., 2017, p. 98).
Emotions perceived. If we assume that one of the primary purposes of art (images) is to touch us
emotionally (Berlyne, 1973), then the measurement of affective responses to images is an essential
concern (for an overview on aesthetic emotions, see Menninghaus et al., 2019). Also, in Leder’s
model of aesthetic appreciation and aesthetic judgments (2004), “aesthetic emotions” are referred
to as the second dimension of response to art. These are often assessed via considerations based on
basic positive or negative valence or arousal.
Physiological reactions in general (e.g., Krauss et al., 2019), or tears (Pelowski, 2015), and chills
(Silvia & Nusbaum, 2011; Wassiliwizky et al., 2015) in particular, have been operationalized in
the past as forms of emotion in response to art. The VIMAP (Pelowski et al., 2017, p. 99) describes
outcome 3 as a reaction of emotional resonance towards an image. The model proposes a
differentiation between depicted and felt emotion. It thereby refers to the perception of an
emotion depicted in the image that can resonate in the viewer. Such a distinction between
perceived and felt emotion is also proposed by Gabrielsson (2001). He argues for distinguishing
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between the emotional response itself and the emotion perceived. Felt emotion is thereby
described as a genuine emotional reaction to the aesthetic stimulus. Emotion perceived is
characterized as a perceptual-cognitive process that does not necessarily emotionally affect the
person. An evaluation of the stimuli regarding the emotion perceived requires the viewers to
evaluate the emotions he or she discerns in the stimuli regardless of what he or she currently feels.

Naming Images

Investigating reactions to images is not only a concern in empirical aesthetics, but also in a clinical
context. Accordingly, images may not only be examined regarding their effect on aesthetic
reactions, but also regarding their usefulness as experimental stimuli. Naming images is a
common paradigm and valid method used to investigate unimpaired (e.g., Bates et al., 2003;
Glaser, 1992; Kohnert, 2004) as well as impaired language processing (e.g., Cotelli et al., 2007;
Cuetos et al., 2005; Howard et al., 1985; Kohn & Goodglass, 1985; Laine et al., 1997). As such,
images are attributed an important role in assessing the viewer’s language abilities. To diagnose
the severeness of aphasia, naming images is a common part of standardized and psychometrically
validated language tests (e.g., Aachener Aphasie Test; Huber et al., 1983; Boston Naming Test;
Kaplan et al., 2001; Bielefelder Aphasie Screening; Richter et al., 2006). Aphasia defines a language
disorder due to a brain injury (Huber et al., 2006) whereby the following areas of language are
affected: linguistic restrictions in oral and written language production (linguistic expression and
writing) as well as in oral and written language comprehension (auditory comprehension and
reading) (Schneider et al., 2012). As aphasia patients have relatively well-preserved cognitive
abilities to process images (Brown & Thiessen, 2018), the use of images is not only relevant for
diagnosis but also offers wide-ranging possibilities in aphasia treatment (e.g., to train language by
naming words presented as images). To name an object depicted in an image, however, the image
must first be correctly recognized (Heuer, 2016). Thus, the quality of the image can enhance or
limit the ability of aphasia patients to recognize represented terms and concepts and consequently
influences naming performance.
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Image Type
Brown and Thiessen (2018) consider the image type—along with other beneficial factors like
richness of detail shown in the image, composition, and layout of images—to be influential when
it comes to assessing naming responses. In this thesis, the term image type refers to the technique
used to create an image (e.g., drawing, photograph, painting). Each image type can be further
differentiated: For example, drawings can vary in terms of their level of generalization (from very
detailed as in scientific illustrations to generalized and reduced as in pictograms) or photographs
can be colored or black-and-white.
Traditionally, several types of images that imply different qualities are used in aphasia therapy and
diagnostics. They are usually characterized as drawn or photographic stimuli. Drawings mostly
refer to a heterogeneous group of black-and-white or colored line drawings. In line drawings the
depicted figure is outlined with a black line and presented on a white background, in colored line
drawings the outlines are black and the surfaces are colored. Stimuli characterized as photographs
include all styles of colored or black-and-white photographic images, showing objects or persons
embedded in a scene or cropped and shown on a plain background.

Measuring Image Naming
Compared to aesthetic reactions to images that are mostly latent, measuring naming performance
based on terms shown in an image may seem comparably evident. Measuring naming
performance has been established as a reliable and valid measure of language processing (Alario et
al., 2004) in various fields of neuro- and psycholinguistics. To correctly do so, stimulus material
must be linguistically controlled with respect to parameters such as word frequency, familiarity,
and word length. Because if the depicted words are not comparable along these dimensions, it
cannot be said with certainty what the measured effects reflect. Extending the method of
measuring naming performance to measure naming speed (in milliseconds), also called naming
latency or naming duration, has been applied in language processing research (Bachoud-Lévi et
al., 1998; Bates et al., 2003, 2003; Székely et al., 2005). Naming latency is defined as the
measurement of the time between the presentation of a stimulus (a written word, an image, a
spoken word, or a sentence) and the start of a spoken response, where onset is defined acoustically
(Rastle & Davis, 2002, p. 307).
The correctness in naming a term shown on an image varies and must be defined depending on
the scope of the study. Thus, different degrees of correctness can be specified and studied:
“absolutely correct” if the response given fits exactly the intended term, “extended correct” if the
reaction is a synonym or a diminutive of the requested term, or “not correct” if the term does not
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fit the presented stimulus (Widmer Beierlein et al., 2021). This differentiation is particularly
relevant for studies in the field of aphasia research compared to how correctness is handled in
practice.

Aim of this Thesis

Given the importance of images in our media saturated environment this thesis aims to
investigate the presentation of images and its effects on reactions to images. The three manuscripts
that will be discussed in the following chapters are based on the theoretical background presented
in the previous chapter.
Models of art perception provide frameworks for empirical research investigating aesthetic
reactions to images (Belke & Leder, 2006). As such, the VIMAP (Pelowski et al., 2017) directly
forms the construct upon which the study presented in Manuscript 1 is built on, whereas the
investigated factors of Manuscript 2 can also be situated here, but the study does not directly base
its research questions on the model. In the first manuscript of this thesis, image-related as well as
viewer-related factors were examined and reactions to art images were measured using linking
ratings and compared to specific outcomes proposed by the VIMAP (Pelowski et al., 2017). In
Manuscript 2 we investigated context-related as well as viewer-related factors and measured
emotion perceived (Gabrielsson, 2001) in art photographs. In Manuscript 3 of this thesis, naming
correctness and naming latencies (Rastle & Davis, 2002) were measured while terms to be named
were depicted in two different image types.

Research Questions
Considering the impact images have on our behavioral, cognitive, and emotional responses, it is not
surprising that some research exists on factors influencing these processes (Pelowski & Specker,
2020). The abundance of related research originating from empirical aesthetics as well as related
disciplines provided us with a rich foundation on which to conduct further research on the effects of
image-related, context- and viewer-related factors on responses to art images (Manuscript 1 & 2).
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However, there are still unexplored aspects and therefore we address the following research
questions.

Color Saturation and its Impact on the Aesthetic Reaction to Art Images
(Manuscript 1)
Many people see a work of art for the first time or even solely as a digital reproduction on a
computer screen rather than as an original. This places high demands on the digital reproduction
of images itself, especially those that were not produced digitally (e.g., paintings). But
fundamentally, questions arise about how basic image features of digitally reproduced images
impact the viewer’s perception and how these reactions differ from reactions to the originals.
Besides size and materiality, color saturation is one aspect that changes considerably in digitally
reproduced art images compared to the original artwork. Color saturation is considered a basic
image feature that influences image processing from the first few seconds of encounter. To that
day, research on the effect of basic image features on the reactions to images has focused on
aspects like symmetry (Gartus & Leder, 2013; Leder et al., 2019; McManus, 2005), contrast
(Dongen & Zijlmans, 2017), the complexity of the image (Berlyne, 1970; Birkin, 2010; Bradley et
al., 2007), or the effect of color saturation in the image in general (Camgöz et al., 2002, 2004). So
far, there has been no research on how color saturation affects the evaluation process of digitally
reproduced art images in experts and laypersons. By manipulating color saturation, the first
research question of this thesis examines the influence of basic image features on aesthetic
responses to images:
RQ 1: How does color saturation in digitally reproduced paintings affect liking as well as specific aesthetic
reactions in expert and lay viewers?

Pictorial Context and its Influence on the Emotion Perceived in Art Photographs
(Manuscript 2)
When we perceive images, they are never seen in isolation. Whether in a museum where images
are hung side by side, in a magazine where images are displayed on a double page spread, or on a
screen where multiple browser windows show different images simultaneously, images are seen in
the context of other images. At the same time, it has been shown that the context in which images
are perceived has a powerful impact on the cognitive, emotional, and behavioral response to the
image (Pelowski & Specker, 2020). Therefore, when images are viewed in a pictorial context it
may affect the emotional reaction to an image. In this thesis, we refer to pictorial context as a spatial
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and temporal environment of an image, which consists of images shown side by side or in a
sequence (Cohn, 2013, 2015).
Images viewed in direct neighborhood have been shown to influence the perception of a
particular image, increasing or decreasing its aesthetic evaluation (Arielli, 2012; Mullennix et al.,
2018; Tousignant & Bodner, 2014, 2018). However, how pictorial context affects the emotional
reaction towards an image has not yet been assessed. Considering the ubiquity of contextual
influences on the interaction with images, understanding context as neighboring images was the
aim of the second research question:
RQ 2: How does the pictorial context influence the emotion perceived in art photographs?

Compared to research on images in the field of empirical aesthetics, image-related aspects receive
comparably little attention in aphasia research. Although the importance of this research gap has
been pointed out repeatedly (Brown & Thiessen, 2018; Heuer, 2016), there are only a few studies
to date that have investigated the effect of image type in people with aphasia. This is the aim of
the study presented in Manuscript 3.

Image Type and its Effect on Naming Performance in Persons with and without Aphasia
(Manuscript 3)
The diagnosis and severity of aphasia as well as the therapy that usually follows are based in large
part on naming images. At the same time there is still uncertainty regarding which image type is
the most favorable for naming tasks in the context of aphasia (Brown & Thiessen, 2018). The
current heterogeneity of available visual stimuli poses a particular difficulty for language
therapists in providing appropriate pictorial material to their patients. While few studies have
demonstrated effects of image type on naming performances (Benton et al., 1972; Bisiach, 1966),
others have not (Corlew & Nation, 1975). Some studies have detected favorable effects of reduced
drawings on the production of one-word responses (Ma et al., 2009). Others, investigating effects
of image type on communication behavior, have shown that if colored photographs were
compared to line drawings and pictograms, photographic stimuli evoked better communication
performance (Griffith et al., 2014; Ho et al., 2005). However, there is evidence that specific image
features like color, texture, or shading positively affect naming performance of objects in adults
without neurological deficits (e.g., Biederman & Cooper, 1992; Johnson et al., 1996; Naor-Raz et
al., 2003; Palmer et al., 1981; Therriault et al., 2009).
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To this date, there has been hardly any investigation comparing stimuli drawn on computer
(referred to here as graphic representations) that contain favorable image features such as color,
texture, and shading with colored photographs on their effect on naming performance in persons
with and without aphasia. The third research question was formulated to shed more light on the
effects of image type on naming performance:
RQ 3: How do graphic representations and photographs affect naming latencies and naming correctness in
persons with and without aphasia?

The results of these tree investigations are presented in the form of three manuscripts. All
manuscripts are summarized in the following chapters and can be found as complete manuscripts in
the Appendix.
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Summary of Manuscripts

Manuscript 1: Aesthetic Evaluation of Digitally
Reproduced Art Images
Aim of the Study and Contribution
Art images are more and more perceived as digital reproductions on a computer screen instead of as
originals in a museum or gallery. Thereby it is obvious that digital reproductions of art differ in
various aspects from the original artworks. Besides the general image quality, the materiality, or the
size of the artwork, the most evident change is in the representation of color. However, the effects of
subjectively varying color saturation on the evaluation of digitally reproduced art have not been
investigated in detail yet. Therefore, the planned contribution of this study was to compare the
evaluation of digital reproductions of expressionist and impressionist paintings manipulated to have
a high color saturation vs. a saturation similar to the original. The impact of viewing time and
expertise were also investigated, two other aspects that may impact the perception of art in online
contexts. The dimensions studied were linked to the VIMAP (Pelowski, et al., 2017).

Methods
A 2 x 2 x 2 quasi-experimental mixed-subject design was used to systematically examine the effects of
color saturation (high vs. original) and viewing time (100ms vs. unrestricted viewing time) as within
subject factors as well as viewer expertise (art experts vs. laypersons) as between subject factors. The
dependent variables were “liking” as well as six specific aesthetic reactions derived from the VIMAP
(Pelowski et al., 2017) outcomes. The experiment consisted of two blocks (blocks 1 and 2) presented
in the same order for all participants and followed by an art questionnaire. Sixteen digitally
reproduced color photographs from impressionistic and expressionistic artworks as well as the same
images with increased saturation were used as stimuli. Participants were randomly assigned to one of
the two different sets of 16 images (containing eight originals and eight manipulated versions of the
same paintings). In block 1, each of the images were shown for 100ms followed by a slider displayed
on the screen, asking participants to indicate how much they liked the image. In block 2 the same 16
images were shown for an unlimited period of time. In addition to the liking slider, six dimensions
(“being-moved”, “insight”, “surprise”, “boredom”, “interest”, “confusion”) derived from the VIMAP
(Pelowski et al., 2017) outcomes were rated. Seventy-two lay art viewers and 75 art experts
participated in the experiment.
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Figure 1: Example of the stimuli used in the study. On the left the digitally reproduced painting with saturation matching the
original artwork and on the right with 60% increase in saturation. Marie, fille du peuple by Amadeo Modigliani (1918), online
collection of the Kunstmuseum Basel.

Results
A repeated-measures ANOVA revealed a significant main effect for saturation (p = .047, η2p = .027),
with highly saturated images liked more than the original ones across all participants. No
significant main effects were found for either expertise (p = .510, η2p = .003) or viewing time (p =
.093, η2p = .019). Post-hoc analysis within the expertise groups revealed that the effect was driven
by a significant saturation effect in the laypersons group (p < .001, η2p = .168) whereas there was no
such effect in the expert group (p = .412, η2p = .009).
Regarding the specific aesthetic outcomes, significant main effects of saturation were observed for
“surprise” (p < .001, η2p = .324), and for “interest” (p = .016, η2p = .039), indicating that the
manipulation in saturation affected how surprising and interesting participants found the images.
Similarly, saturation manipulation significantly affected “boredom” (p = .001, η2p = .076), and
“confusion” (p < .001, η2p = .087), suggesting that participants found increased-saturation images
less boring but more confusing. Significant main effects were also found for expertise on
“surprise” (p = .020, η2p = .037), “interest,” (p = .046, η2p = .027), “being moved,” (p = .022, η2p =
.035), and “confusion” (p = .047, η2p = .027). Experts not only reported more surprise and interest,
and felt more moved, but also more confused.
Furthermore, we used Pearson correlation to investigate the consistency of liking ratings between
the very short (100ms) and the unrestricted viewing time for original and manipulated saturation
for each expert or layperson. Experts’ liking of original and manipulated images correlated less
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strongly between viewing times (roriginal = 0.694, p < .001; rmanipulated = 0.730, p < .001) than laypersons’
liking (roriginal = 0.831, p < .001; rmanipulated = 0.835, p < .001).

Discussion and Conclusion
The findings in Manuscript 1 show that although a significant main effect was detected, effects
due to the manipulation of color saturation were rather small. However, for laypersons, the
increase in color saturation led to more positive assessments of the images. More specifically,
ratings on interest, confusion, surprise, and boredom were affected—to different extents for
experts and laypersons. Laypersons found images with increased saturation more interesting,
whereas saturation manipulation did not influence experts’ interest for the image. Laypersons
experienced images with increased saturation as more moving but experts felt less moved. Experts
rated original and manipulated images as boring to a similar degree, whereas laypersons found the
original images more boring. Finally, experts rated images with increased saturation as more
confusing, whereas, for laypersons, increased saturation did not influence how confused they felt.
Furthermore, we showed that laypeople’s first impression of a painting is strongly consistent with
their preference for the artwork when there is sufficient time to view and evaluate it. At the same
time, art experts are not quite as consistent in their judgments during very short perception times
compared to unrestricted viewing time. These results are particularly important, not only to show
the differences in effects based on the evaluative dimension, but also to show how manipulations
of saturation affect perception differently depending on the viewer’s experience. Thus, when it
comes to digitally reproducing an artwork, increasing or decreasing the color saturation of the
digitally reproduced image must be carefully investigated depending on who will look at the
image.
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Manuscript 2: Images Influencing Images:
How Pictorial Context Affects the Emotional
Interpretation of Art Photographs
Aim of the Study and Contribution
Manuscript 1 showed the effect of color saturation on the aesthetic evaluation of digitally reproduced
art paintings. The aim of the study presented in Manuscript 2 was to investigate the pictorial context
an image is seen in. As images are never seen alone, it seems obvious that other images seen
juxtaposed to a particular image will influence the emotion seen in this image. To investigate this,
two related studies were conducted. In Study 1, the emotion perceived in art photographs (“target”
images) was compared to when images were presented on their own versus when seen in
juxtaposition with negatively or positively valenced non-art (“context”) images. Additionally, the
influence of the artwork’s perceived ambiguity was analyzed. In Study 2, the effect of the perceiver’s
expertise and the formal similarity between the images were examined as moderator variables on the
rated valence of the target image when seen paired with a context image.

Methods
For Study 1 an extended 2x2 experimental design was used with presentation mode (solo vs. paired)
and valence of the juxtaposed image (positive vs. negative) as factors. Additionally, two different
presentation-order conditions were designed (ambiguity first vs. valence first). Study 1 consisted of
two main blocks: in block 1 target images were presented alone and in block 2 target images were
presented juxtaposed with context images. The dependent variables were ambiguity and valence of
the image in the solo presentation and perceived valence in the paired presentation. Study 1 included
106 participants. The stimuli in Study 1 and 2 consisted of horizontal format photographs depicting
landscapes and scenes (See Fig. 2a & 2b). Color photographs of fine art by contemporary Western
artists were defined as target images. Context images were selected from the OASIS Image Set (Open
Affective Standardized Image Set; Kurdi et al., 2017) and consisted of (non-art) color photographs.
Context images used were pre-rated as either having a negative or a positive valence.
Study 2 utilized a 2 x 2 x 2 quasi-experimental design to understand the effects of formal similarity
(formal similarity vs. no formal similarity) and valence of the context image (positive vs. negative) as
within subject factors and expertise (design experts vs. laypersons) as between subject factors. Study 2
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showed target and context images side by side and consisted of two main blocks. In block 1 the
formal similarity between the target and context images was rated (See Fig. 2b). In block 2 the
perceived emotion of the target image was evaluated. One hundred and seventy-eight persons
participated in Study 2, of which 56 persons were defined as experts.

Figure 2a: Example of stimuli presentation in the paired, formally similar, negative condition. Target image on the left:
Thomas Keller, Ohne Titel, from the series Häuser – Where Distance Lives, 2004–2010, www.thkeller.com; paired with a
negatively valenced context image that is formally similar on the right; OASIS Image Set, Flood 3.

Figure 2b: Example of stimuli presentation in the paired, formally not similar, negative condition. Target image on the left,
context image on the right; OASIS Image Set, Explosion 2.

Results
In Study 1, we calculated Pearson correlation between the ambiguity of the target image and the
changes in valence from the presentation of single images to pairwise presentation. But no
significant correlation was found (positive condition, r = 0.026; negative condition, r = −0.014).
However, as shown in Figure 3, the order in which participants rated ambiguity and valence
resulted in the artworks being rated differently in the paired condition.
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In order to analyze change in valence ratings of the target images when they were presented alone
compared to with a context image, 95% Highest Density Intervals (HDI) were computed. In Study
1, an overall contrast effect was observed: Target images were rated more negatively when paired
with a positively valenced context image (mode = −0.24, HDIlow = −0.47, HDIhigh = −0.01) and
more positively when presented with negatively valenced context images (mode = 0.26; HDIlow <
0.01, HDIhigh = 0.52) than when seen alone. However, when taking the rating order (ambiguity
first vs. valence first) into account, the effect changed for the valence first condition: There was a
slightly negative effect size (mode = −0.05, HDIlow = −0.42, HDIhigh = 0.33) when the target images
were presented with negatively valenced context images (assimilation effect). When the context
image was positively valenced, the target images were rated slightly less positive in the paired
condition compared to the single-image condition (mode = −0.17, HDIlow = −0.5, HDIhigh = 0.16)
(contrast effect). In general, a negative effect size indicates a more positive rating when the image
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Figure 3: Mean ratings and standard deviation for valence over all stimuli when presented alone in the valence-first condition
(orange) and the ambiguity-first condition (red) and when presented paired with a context image (green).

In Study 2, the effect of formal similarity on the perceived emotion of the target images was
investigated. Assimilation effects were observed in the negative conditions (target images paired
with negatively valenced context images were rated as more negative than when seen alone) and
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contrast effects were observed in the positive condition (target images paired with positively
valenced context images were rated as more negative than when seen alone). Similarly to Study 1,
the effect was more pronounced when the target image was seen paired with a negative context
image (formally similar condition, mode = −1.57, HDIlow = −2.69, HDIhigh = −0.59; not formally
similar condition, mode = −1.84, HDIlow = −3.06, HDIhigh = −0.71) than when the artwork was
paired with a positively valenced context image (formally similar condition, mode = −0.56, HDIlow
= −1.28, HDIhigh = 0.15; not formally similar condition, mode = −0.82, HDIlow = −1.63, HDIhigh =
−0.07). As in Study 1, a negative effect size indicates a more positive rating in the solo condition.
Formal similarity between the target and context images did not have a substantial effect.

Discussion and Conclusion
The findings in Manuscript 2 clearly show that neighboring images influence the affective
interpretation of art photographs: The emotion perceived in the artwork contrasted away from or
assimilated toward the valence perceived in the context image. More specifically, negative images
exerted a stronger influence on neighboring images than positive ones did. In Study 1, an overall
contrast effect was found: Images shown with a negatively valenced context image were perceived to
be more positive than if they were seen alone, whereas images shown with a positive context image
were rated more negatively than when rated alone. When the ratings were separated into valence-first
and ambiguity-first conditions, a slight tendency for an assimilation effect in the negative condition
and a contrast effect in the positive condition was discovered when valence was rated first (Fig. 3).
This pattern was also found in Study 2, where the results revealed even larger effects.
The results in Manuscript 2 suggest that if a cognitive context (such as the evaluation dimension) in
which an art image is viewed is made salient, it will have an influence on the evaluation of the image.
Our results therefore suggest that the evaluative dimension should be considered as part of the
pictorial context which contributes to the affective interpretation of an image.

26

Manuscript 3: Naming Images in Aphasia:
Effects of Graphic Representations and Photographs
on Naming Performance in People with and without
Aphasia
Aim of the Study and Contribution
Manuscript 1 and 2 investigated effects of basic image features and pictorial context on aesthetic
reactions in adults without neurological deficits. The goal of this final study presented in Manuscript
3 was to explore the effect of image type in a clinical population and to compare their responses to
naming performance in a control group. Naming images is a common paradigm for investigating
language processing in persons suffering from aphasia. However, there is uncertainty regarding
which image type is the most appropriate for this task. The aim of the third manuscript is therefore
to clarify the role of image type on naming performance in persons with and without aphasia. This
was done while applying favorable image features like color, texture, and shading to both image
types investigated. Naming responses (naming correctness and response latencies) to two image types
(graphic representations and photographs) that were created for the study or selected from
professional image databases were compared.

Methods
Using a 2 x 2 x 2 quasi-experimental design, naming correctness and naming latencies were measured
in eight different conditions: Terms of nouns and verbs depicted as colored photographs vs. as
graphic representations as within subject factors and language abilities (persons with aphasia vs.
control group of persons without aphasia) as between subject factors. Hundred and twenty-eight
images of linguistically controlled German-language terms were developed by professional designers
based on photographs. In both image types, the graphic representations as well as the photographs,
nouns and verbs were depicted using favorable image features like color, texture, and shading (See
Fig. 4). The images were presented in pseudo-randomized sequences on a tablet and all reactions
were recorded by a specially programmed application. Thirty-three persons with aphasia (PWA) and
33 age matched participants of the control group (CG) participated in the study.
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Figure 4: Depiction of the verb “diving”. On the left as photograph (iStockPhoto.com, 487542208, 2015),
on the right as graphic representation.

Results
The data was analyzed using generalized linear mixed models (GLMM). Naming differences
between persons with aphasia and the control group was significant with participants in the
control group naming concepts significantly more correctly than persons with aphasia (Z =
-9.210, p < .001). There was also a significant difference regarding word class: Nouns were named
significantly more correctly than verbs (Z = -5.712, p < .001). Our analysis showed no significant
difference in naming correctness and latencies between photographic stimuli and graphic
representations (Z = -0.012, p = .967) (Fig. 5).
However, when comparing graphic and photographic stimuli in persons with aphasia only,
graphic stimuli were named more correctly on average, especially when naming verbs. But this
difference was below significance level (See Fig. 5, right column): MGraphic = 56.0, SD = 18.5 vs.
MPhoto = 53.7, SD = 21.0. The mean of naming verbs correctly was also higher when the terms were
presented as graphic representations than if they were depicted as photographs: MGraphic = 49.2, SD
= 22.4 vs. MPhoto = 48.6, SD = 21.0.
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Figure 5: Naming correctness over all eight conditions: photographs vs. graphic representations, nouns vs. verbs, persons with
aphasia (PWA) vs. participants in the control group (CG).

Discussion and Conclusion
The two types of images examined in the study presented in Manuscript 3 did not have a significantly
different effect on naming performance. Based on the results of Manuscript 3, it was shown that
when graphically drawn images are created with features that favor naming performance they can be
named as correctly and as fast as photographs. Thus, graphic representations can be used alongside
photographs in aphasia therapy and diagnosis. However, our results suggest that naming correctness
in persons with aphasia could be supported by depicting verbs as graphic representations. This is
especially interesting, as depictions of verbs are underrepresented (for some exeptions see, Akinina et
al., 2015; Khwaileh et al., 2018; Spezzano & Radanovic, 2010; Tabak et al., 2010). But further research
is needed to evaluate if reduced and translated depictions—defined as graphic representations in our
study—could be an advantage for showing verbs to be named in aphasia diagnostic and therapy.
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General Discussion

Relating the Results of this Thesis to the
Practice of Image Making

Over the course of three manuscripts, three research questions were examined in this thesis. The
aim of these investigations was to improve our understanding of how the presentation of an
image affects our response to it. We investigated the impact of basic image features, the pictorial
context in which an image is seen, and the type of an image on the viewer’s reaction.
The first empirical study described in Manuscript 1 provided evidence that a basic image feature
such as color saturation has the potential to shape our reaction to an image. As such, the findings
substantiate the importance of how-factors in the design of images. It is therefore not surprising
that the image making process focuses not only on the creation of the image itself, but more
importantly on how what is shown is modulated and shaped in an image. Studying the how of an
image has been a central aspect in training future visual communication designers at the Basel
School of Design4 since the 1960s (e.g., Hofmann, 1985). The emphasis of this tradition lies since
then on learning and training practical image making skills and perceptual ability to understand
how the meaning of an image can be altered by manipulating formal image features such as color,
contrast, or size. More recently, the method of practice-led iconic research (Renner, 2010; Renner et
al., 2017b, 2017a) has been described as a possibility to systematically investigate how specific
image features affect the perceived meaning of an image. This method is based on the approach
developed at the Basel School of Design and proposes the creation of image-series in which one
image feature at a time is slightly modified. By producing images that differ from each other in
only one aspect (e.g., color or size) this approach of practice-based image research allows the
designer to practically and subjectively examine—by comparing several images—how an image is
changed according to how it is presented.
In Manuscript 2, we examined the effect of the pictorial context on the perceived emotion in an
image. Our results clearly showed that images seen in the context influence the affective
interpretation of an image, provoking assimilation as well as contrast effects. These results on the
effect of pictorial context on the emotion perceived in an image extend findings showing that

Since the 1960s, The Basel School of Design has broadly influenced graphic design and contributed to making Swiss graphic
design internationally known as a distinctive style of visual communication.

4
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neighboring images influence the aesthetic evaluation of an image (Arielli, 2012; Mullennix et al.,
2018; Tousignant & Bodner, 2018, 2018). These findings demonstrate the importance of
consciously designing not only the image itself but also to consider in what context an image is
presented. In visual communication as well as in curatorial disciplines (Flacke, 2016; Samara,
2007), time and effort is thus justifiably spent on showing images in an appropriate surrounding
because the interpretation of a same image can be modulated by showing it in a new and unseen
constellation. This in turn allows the designer or curator to willingly manipulate the context of an
image in order to change the intended meaning of an image. Additionally, our results showed
that not only do clearly distinguishable factors such as neighboring images influence the viewer’s
response, but latent constructs such as the evaluation dimension also affect image processing. For
the practice of image presentation, this implies that the title of a publication or the name of an
exhibition itself can have an influence on the evaluation of an image.
In Manuscript 3, we examined the effect of image type and its impact on naming performance.
Our results showed that whether a term was presented as a photograph or as a graphical
representation did not affect naming performance significantly. We showed that if an image is
made by using basic image features that facilitate recognition and naming (color, shading, texture,
etc.), image type has no significant effect on naming performance in individuals with and without
neurological deficits. This mirrors results of previous research (Corlew & Nation, 1975) and
contrasts with those that show (Benton et al., 1972; Bisiach, 1966) or expect (Heuer, 2016) an
effect of naming performance due to different image types. Based on our results, it can be
assumed that not the classification into a specific image type has a relevant impact but more
precisely the integration of basic image features into the image that favor recognition and naming.
Knowing more about the suitability of graphic representations alongside photographic stimuli
now allows difficult-to-photograph objects or activities to be created as graphic representations by
trained designers.

The Value of Combining Practice based Image Creation and Empirical Investigations
on the Perceivers Reaction
In the studies presented here, several aspects of how an image is presented have been shown to
influence the viewer’s response, while others did not. In Manuscript 2—alongside with examining
the pictorial context—we manipulated formal similarity (Arnheim, 1957; Cohn, 2013, 2015)
between the images as a factor expected to moderate the juxtaposition effect. But we could not
identify any effects due to formal resemblance between the images in our study. On the contrary,
formal similarity even showed to be a hindrance in this context. In other words, the pairs of
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images that were not formally similar influenced each other more than those that were formally
similar. This is in contrast to studies showing that similarity as belonging to the same category
(Herr et al., 1983) or images from the same painter (Dolese et al., 2005) influenced the effect on
neighboring images. Thus, although similarity between images is a premise for contrast and
assimilation effects (Fechner, 1876; Mussweiler, 2003), our results suggest that similarity may
signify image aspects other than formal relatedness. In Manuscript 3 we investigated the effect of
image type on naming performance. Although we expected to find a difference in naming
correctness and naming latencies based on different image types (as suggested by studies that have
found such differences: Bisiach, 1966; Benton, 1972), we did not find such an effect.
Thus, the manipulation of factors how images are presented can lead to unexpected results, which
then open further questions. This highlights the importance of investigating the effects of howfactors on the viewer, also in the process of image making. According to Renner (2017a), the
practice of image making, and especially practice-led iconic research could be extended through
the empirical evaluation of the perceiver’s genuine reactions to the images (p. 22). Since it cannot
be assumed that reactions to images can be unambiguously anticipated entirely based on practical
expertise in image making nor solely on earlier empirical studies, integrating empirical research
on viewer reaction into the image-making process could take the creation of images further. In
other words, if the perceivers’ reaction to the images could be brought back into practical image
creation to inform the designer, images that correspond to both the designer’s intent and the
viewer’s understanding could be developed with more precision. This does not mean that all types
of images should be created using such an approach. Images that have an unexpected effect on the
viewer and thus evoke new, unfamiliar reactions serve an expectation in several artistic contexts.
However, a combined investigative approach could be beneficial in visual communication, a field
that aims to produce functional and aesthetic visual artifacts. Especially images that are intended
to achieve an unambiguous purpose, such as to be used in aphasia diagnostics and therapy, could
thus be produced more purposefully.

Limitations
The studies presented here improve our understanding on how specific image aspects influence
our reaction towards an image. However, important limitations need to be addressed. A
fundamental limitation with which many studies in the field of empirical aesthetics research must
deal with is the fact that reactions evoked by images shown on a screen and in an experimental
context cannot be fully compared to the experience evoked by an original image in its original
context (e.g., Brieber et al., 2015; Gartus & Leder, 2014). In Manuscript 1, we wanted to present a
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setting that came close to viewing images on a screen, but in Manuscript 2 we aimed to recreate
the encounter of images in a pictorial context such as that experienced in a museum. Thus, the
results we found in Manuscript 2 should be replicated in front of originals in a museum or gallery
context in order to clearly show the importance of pictorial context on the emotional reactions to
art photographs.
Similarly, in Manuscript 1, we investigated the effects of saturation manipulation on liking as well
as on other specific aesthetic dimensions derived from the VIMAP (Pelowski et al., 2017).
However, ratings on liking as well as on those aesthetic dimensions were not pronounced. This
could be related to the fact that images seen on a computer screen and in a lab setting generally do
not generate as high ratings as images perceived in a museum context (Pelowski et al., 2017). It is
therefore possible that an investigation in front of originals could lead to different or more
defined results.
Finally, a limitation to our results presented in Manuscript 3 regards the inclusion of favorable
image features into our stimuli. As we included favorable image features to representations of
nouns and verbs equally, it remains unclear which image features were particularly beneficial to
the naming of actions and which were relevant to the naming of objects. Further studies could
therefore examine image features (e.g., color, shading, texture) separately to determine their
influence on the naming of different word classes.

Conclusion
The results presented in this thesis demonstrate the influence of basic image features, the context
in which an image is seen, and the type of image on image processing. Some of these aspects
obviously influence the viewer’s reactions to an image and other do not. This is especially relevant
because images are conceived for a variety of purposes in our image-rich everyday lives. Therefore,
it is important to understand the multiple and varied influences of subtle and sometimes even
latent image presentation aspects that affect aesthetic and emotional responses or even naming
performance, and to consciously integrate this knowledge into the image creation process.
In addition, a connection between empirical research and practice-based image research could add
value to future investigations on image processing as well as to the process of image creation. If
empirical investigations are provided with meaningful images and with questions relevant to the
practice of image making, and empirical research in turn empirically investigates the experience of
the viewer, a better understanding of the psychological mechanisms underlying the perception of
an image could be gained as well as support the creation of meaningful images.
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Appendix
Figure 1
M. Pelowski et al. / Physics of Life Reviews 21 (2017) 80–125
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Fig. 1. The Vienna Integrated Model of top-down and bottom-up processes in Art Perception (VIMAP). Main cognitive model and processing
stages is shown in the center (white boxes). Outcomes shown in blue boxes. Leftmost column (in grey) shows personality and self related elements
that influence specific stages or processing sequences. Primary opportunities for feedback and re-looping through the model noted by upward facing
arrows from output boxes. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Most people encounter art images as digital reproductions on a computer screen instead
of as originals in a museum or gallery. With the development of digital technologies, highresolution artworks can be accessed anywhere and anytime by a large number of viewers.
Since these digital images depict the same content and are attributed to the same artist
as the original, it is often implicitly assumed that their aesthetic evaluation will be similar.
When it comes to the digital reproductions of art, however, it is also obvious that
reproductions do differ from the originals in various aspects. Besides image quality,
resolution, and format, the most obvious change is in the representation of color. The
effects of subjectively varying surface-level image features on art evaluation have not been
clearly assessed. To address this gap, we compare the evaluation of digital reproductions
of 16 expressionist and impressionist paintings manipulated to have a high color saturation
vs. a saturation similar to the original. We also investigate the impact of viewing time
(100 ms vs. unrestricted viewing time) and expertise (art experts vs. laypersons), two other
aspects that may impact the perception of art in online contexts. Moreover, we link these
dimensions to a recent model of aesthetic experience [the Vienna Integrated Model of
Top-Down and Bottom-Up Processes in Art Perception (VIMAP)]. Results suggest that
color saturation does not exert a major influence on liking. Cognitive and emotional aspects
(interest, confusion, surprise, and boredom), however, are affected – to different extents
for experts and laypersons. For laypersons, the increase in color saturation led to more
positive assessments of an artwork, whereas it resulted in increased confusion for art
experts. This insight is particularly important when it comes to reproducing artworks
digitally. Depending on the intended use, increasing or decreasing the color saturation of
the digitally reproduced image might be most appropriate. We conclude with a discussion
of these findings and address the question of why empirical aesthetics requires more
precise dimensions to better understand the subtle processes that take place in the
perception of today’s digitally reproduced art environment.
Keywords: expertise, digitized artworks, subjective aesthetic evaluation, VIMAP, color saturation, evaluation time

1

December 2020 | Volume 11 | Article 615575

Reymond et al.

Evaluation of Digitally Reproduced Art

INTRODUCTION

To date, only a few studies have investigated the influence
of color saturation on the liking of digitized images of art. To
address this gap, we provide empirical evidence of the relation
between color saturation, expertise, and viewing time. The present
study compares high-quality digital color reproductions of
impressionist and expressionist works with matching versions
of the same paintings with increased saturation. The effect of
color saturation is assessed with regard to both general hedonic
liking and various aesthetic outcomes tied to later processing
stages (Pelowski et al., 2017). Based on the existing studies on
the aesthetic evaluation of art (e.g., Leder et al., 2004; Pelowski
et al., 2017) and, more specifically, on digitized reproductions
of art (e.g., Locher and Dolese, 2004; Siri et al., 2018), we present
the results of a quasi-experimental study of 75 art experts and
72 comparably inexperienced viewers of art.
In our results, we demonstrate that color saturation does
not exert a major influence on liking. Cognitive and emotional
aspects (interest, confusion, surprise, and boredom), however,
are affected. As such, our findings suggest that the evaluation
of more specific aesthetic reactions is needed to clearly depict
the effect visual variables may have on the evaluation of digitized
art images. Moreover, we show that color saturation affects
viewers differently depending on their expertise in the field
of art. While laypersons are positively influenced by increased
color saturation, high saturation has a negative influence on
experts’ evaluations. Also, and in contrast to previous studies
(e.g., Kirk et al., 2011; Commare et al., 2018), we show that
art experts are less consistent in their aesthetic judgments
compared to laypersons. In particular, if they have time to
do so, art experts tend to review their initial judgments given
after viewing an artwork for a restricted period of time.
Investigating the effect of color saturation in digitized images
on the evaluation of art may enable us to further highlight
differences in the assessment processes of art experts and
laypersons. Furthermore, our findings may encourage art museums
and galleries to carefully adjust the color saturation of digitized
art images they use on websites or as merchandising products.

Perceiving digitally reproduced images has become an
indispensable part of our media-suffused everyday life. Digital
reproductions specifically play a significant role in people’s
encounter with works of art. For many viewers, their first
encounter with an artwork does not take place in front of
the physical artifact in a gallery or museum. Artworks are
rather often first perceived as reproductions presented in a
digitized form, selected, and compiled by a search engine on
the Internet. Such reproductions resemble the original – more
or less – and are often thought to be identical to the original
artwork. But, digital reproductions of the same painting may
differ in several ways, as shown in Figure 1: size, quality,
resolution, and color can all vary considerably.
In digital reproductions, color is one of the image features
expected to differ the most (Strickland et al., 1987; Eschbach
and Kolpatzik, 1995; Yang and Rodriguez, 1995; Hu, 2007),
especially in web-based presentations of art (see Figure 1).
According to recent models of art processing (e.g., Leder et al.,
2004; Graf and Landwehr, 2015; Pelowski et al., 2017; for an
overview, see Pelowski et al., 2016), the color of an image may
play a significant role in how art and its online reproductions
are experienced. These surface-level features are among the first
aspects viewers perceive upon encountering an artwork, are
processed in a largely bottom-up fashion, and shape all subsequent
stages of the aesthetic experience. Color saturation, in particular,
stands out as one of the key components. As one of the three
primary dimensions of the human experience of color, along
with hue and brightness (Palmer and Schloss, 2015), saturation
is processed during the first few milliseconds upon perceiving
an image, and therefore likely impacts both our initial assessment –
is it beautiful, do I like it? – and all following cognitive and
affective processes. This raises the question of whether viewers
of digitally reproduced images notice a subjective difference in
color saturation, and to what extent this affects the aesthetic
assessment of art images viewed online.

FIGURE 1 | Google search “Monet, Soleil levant” (Accessed July 7, 2020).
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RELATED WORK

whether original or manipulated (including low sharpness, low
saturation, and low contrast) digital photographs are preferred
and showed that higher color saturation is perceived as a
characteristic of higher image quality. Fedorovskaya et al. (1997)
analyzed the colorfulness of digital images and demonstrated
that slightly more colorful images were preferred compared
to the original images (Fedorovskaya et al., 1997, p. 110).
The aesthetic quality of digital images affects the attractiveness
of websites and subsequently influences viewer behavior (Hong
et al., 2004; Li et al., 2014). Regarding the aesthetic evaluation
of color on websites, Seckler et al. (2015) showed that blue
hues and intermediately to highly saturated colors (together
with low complexity and high symmetry) were most preferred.
Contrary to this, Skulmowski et al. (2016) found that higher
saturation did not lead to a greater preference in website
evaluation. They claimed that, depending on the content of
the website, color saturation had a negative effect. Skulmowski
et al. (2016, p. 386) attribute this effect to the fact that saturated
colors are characteristic of rather untrustworthy websites such
as those of the yellow press, leading users to perceive very
colorful websites as less credible. Reinecke et al. (2013, p. 7)
offered a further differentiation by showing that education
makes a difference in the assessment of color: “Participants
with a doctorate were most negatively affected by high
colorfulness, although participants with a higher education
preferred websites with a similarly low colorfulness.”

In the following, we summarize existing research on the aesthetic
processing of digitized art images. We also provide an overview
of empirical research on color saturation, viewing time, and
the relative expertise of the viewer, from which we derived
the research questions for our study.

Aesthetic Evaluation of Digitized Art

The differences between original artworks and different
reproductions, including digitized art images, have been
empirically studied (Berns, 2001; Locher et al., 2001; Locher
and Dolese, 2004). Siri et al. (2018), for example, examined
both the implicit sensorimotor and explicit cognitive responses
of viewers when they observed artworks as originals in their
physical form or as high-definition digital reproductions, both
within a museum context and presented in the same size.
Although there was no visible difference between originals
and reproduced images in terms of physiological values,
participants explicitly gave higher emotion scores to original
artworks than to digital reproductions. In contrast, no significant
differences were found with regard to participants’ judgment
of color intensity and the aesthetic evaluation of digital and
original works of art (Siri et al., 2018, p. 217). Locher et al.
(1999) compared the perception of three different medial formats
of the same artworks: originals, projected slides, and digital
images viewed on a computer screen. They found that participants
who viewed the reproduced images were aware that they were
contemplating a reproduction and focused their attention on
the performance and skills of the painter. Moreover, Locher
et al. (1999, p. 128) reported that study participants directed
their remarks almost exclusively to the art and not to the
medium or to the interaction between art and medium. These
results specifically show the ability of viewers to adapt to the
medium an artwork is presented in Locher et al. (1999, p. 129),
therefore, conclude that it is possible to designate “pictorial
sameness” between originals and reproduced art images.

Color Saturation and the Aesthetic Evaluation of Art

Models of aesthetic perception (e.g., Leder et al., 2004; Pelowski
et al., 2017) describe a rapid initial perceptual analysis during
which we perceive, process, and perhaps integrate the surface
properties of an image such as color into our general reactions
(Seckler et al., 2015; Skulmowski et al., 2016). The color
saturation of an artwork can be understood as a primary
influencer of the initial and subsequent “continuous affective
evaluation” inherent to processing art (Leder et al., 2004, p. 492)
and thus often directly influencing final evaluations (Arnheim,
2000; Schloss and Palmer, 2011; Nascimento et al., 2017).
Pownall and Graddy (2016) found that the saturation of color
significantly increases the price an artwork achieves at an
auction. By contrast, studies that have manipulated the lighting
of art images (Boust and Ezrati, 2006; Pelowski et al., 2019),
which changes the perceived color temperature of an artwork,
revealed no difference in aesthetic evaluation.
Due to the mixed evidence, it is unclear to what extent
saturation – a feature that can be easily changed in digitally
reproduced art images – affects aesthetic evaluation. It is, thus,
not yet possible to sufficiently explain the influence of saturation
on either the initial assessment or subsequent cognitive and
emotional processing of digitized art images.

Aesthetic Assessment and Color
Saturation

When it comes to saturation preference in general, studies
have shown that Western adults prefer more saturated colors
over less saturated colors, provided the color is not “too vivid”
(Granger, 1955, p. 15; see also Valdez and Mehrabian, 1994;
Camgöz et al., 2002; Palmer and Schloss, 2015). These preferences
lead to an increased attention to colored stimuli (Camgöz et al.,
2004; Skulmowski et al., 2016). The perception of color can
be described along three primary dimensions (Palmer et al.,
2013): hue is characterized as the color’s tone, brightness as
the lightness of the color, whereas color saturation refers to
the relative purity or intensity of the color (Valdez and Mehrabian,
1994; APA Dictionary of Psychology, 2020).

Aesthetic Evaluation and Time

According to cognitive models of the perception of art
(Leder et al., 2004; Pelowski et al., 2017), short-time elaborations
take place within the first stage of aesthetic perception and
consist of processing surface-level properties of the image as

Color Saturation in Digitized Images

Saturated colors are also preferred when it comes to the
evaluation of digital images. Tinio and Leder (2009) investigated
Frontiers in Psychology | www.frontiersin.org
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a purely bottom-up visual analysis. A deeper and top-down
elaboration of the content and meaning of an image then
arguably follows with a longer perception time.

prior knowledge and expertise impact the cognitive evaluation
of an image but hardly play a role in the early stages of
perceiving it. By contrast, a recent study by Pelowski et al.
(2020) suggests that differences between laypersons and experts
already occur at the level of bottom-up processing. They found
that persons with greater knowledge of art-like kitsch paintings
(which were designed to have bright, highly saturated colors)
less when they perceived them for 500 and 6,000 ms compared
to when they initially saw them for 100 ms. Experts liked
colorful pictures less over longer durations presumably because
they switched from focusing on low-level color features to
more historically or contextually based assessments. Interestingly,
the differences in evaluation between laypersons and experts
were already apparent in the 100 ms observation condition.

Comparing Short vs. Long Viewing Times

Studies have shown that aesthetic judgments are made very
quickly (Verhavert et al., 2018). Research on the aesthetics of
websites has revealed that users evaluate the attractiveness of
a website within the first 50 ms of encounter and that this
rapid evaluation remains consistent over longer perception times
(Lindgaard et al., 2006; Tuch et al., 2012; Skulmowski et al., 2016).
According to models of aesthetic perception (Leder et al.,
2004; Pelowski et al., 2017), the time an art image is presented
should play a role in evaluation, but the effect may only become
apparent in later phases of the cognitive and top-down evaluation
of the image and would not be discernible during the bottom-up
stages of perception (Pelowski et al., 2017). In an examination
designed by Smith et al. (2006), participants were presented
a work of art for 1 s. Participants remarked afterward that
they had barely noticed the image they had seen so briefly.
But, bipolar scale-based ratings (e.g., pleasant/unpleasant or
simple/complex using the semantic differential technique; Osgood,
1964) from this short viewing time did not significantly differ
from ratings with a longer viewing time. Augustin et al. (2008)
suspected that even a 50 ms viewing time would be sufficient
to become aware of the content of an art image.

Aesthetic Reactions Beyond Liking

The target of most studies in the field of empirical aesthetics
is to focus on measuring hedonic responses. For example, the
model outlined by Leder et al. (2004, p. 492) describes the
outcomes of perceiving an artwork as an “aesthetic judgment,”
which is typically manifested in questions concerning how
much an artwork is liked or its relative beauty or quality, all
of which often show a high correlation. But there are other
possible targets beyond this. Leder also notes “aesthetic emotions,”
which are often assessed via considerations based on basic
circumplex models (Russell, 1980) of positive or negative valence
or arousal. In assessing the impact that color saturation, viewing
time, and expertise might have on judging digital art
reproductions, there are also several specific aesthetic reactions
that may be empirically observed.

Aesthetic Evaluation and Expertise

There is evidence that experts and laypersons differ in their
aesthetic judgments (Eysenck, 1972; Winston and Cupchick,
1992; Reinecke et al., 2013; Weichselbaum et al., 2018). “Extensive
training (or lack thereof)” (Leder et al., 2019, p. 111) in
contemplating, questioning, and creating images exerts an
influence on assessing artworks.

The Vienna Integrated Model of Top-Down and
Bottom-Up Processes in Art Perception

The Vienna Integrated Model of top-down and bottom-up
processes in Art Perception (VIMAP) proposed by Pelowski
et al. (2017) expands on the model of Leder et al. (2004) and
further differentiates how the process of aesthetic perception
results in distinct experiential outcomes. VIMAP offers a
differentiated model of the behavioral, cognitive, and emotional
reactions evoked by perceiving art. Five possible outcomes are
proposed and can be circumscribed as follows: Outcome 1 is
characterized as a low arousal state and evokes little emotion.
Outcome 2 consists of an experience of novelty that can result
in pleasure, confusion, or even feelings of sublimity and awe.
Outcome 3 is when the viewer experiences a sense of flow,
harmony, and emotional resonance, whereas in Outcome 4,
negative feelings, including anger, shame, and sadness, are more
salient. Outcome 5 denotes a transformative experience
accompanied by feelings of epiphany, catharsis, and awe.
Following these outcomes, it seems that questions such as “Is
the image interesting for you?,” “Are you touched by the image?,”
or “Does the image confuse you?” need to be asked in order
to differentiate the complex reactions to an image. We, therefore,
defined six items for our study that query one characteristic
emotional or cognitive dimension of viewing art using the
Aesthetic Emotions Scale (Aesthemos; Schindler et al., 2017).

Consistency in Aesthetic Evaluation

Recent studies have investigated the consistency of expert
judgments. Commare et al. (2018, p. 388) investigated the
perceived complexity of artworks in laypersons and art experts.
Their results showed that experts were far more consistent in
assessing perceived complexity than laypersons when asked to
evaluate the complexity of an artwork at two different times.
Kirk et al. (2011) investigated the influence of sponsorship on
subjective preferences for paintings. They showed that art
expertise mitigated the influence of monetary favors in evaluating
works of art. In comparison, judgments made by laypersons
were favorably influenced by sponsoring, whereas experts’
judgments were more consistent with their personal judgments.

Expertise and Viewing Time

Expert and lay judgments are affected by viewing time. Höfel
and Jacobsen (2003) showed that laypersons’ evaluation of
beauty remained consistent over a few days, but this stability
decreased with increasing time. According to models of aesthetic
perception (Leder et al., 2004; Pelowski et al., 2017), viewers’
Frontiers in Psychology | www.frontiersin.org
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Aesthemos (Schindler et al., 2017) was developed in order to
measure manifold reactions to art, film, literature, music, and
other art forms with a focus on emotional reactions.
According to VIMAP, the emotional and cognitive elaboration
of an artistic stimulus occurs at a later stage than the purely
visual evaluation of the stimulus that happens within the
first 100 ms of perception. The influence of color saturation
on emotional and cognitive reactions to an image should
thus be assessed only when the image is processed top-down
and can be perceived for an unlimited time. With regard to
the relative expertise of the viewer, models of aesthetic
perception (Leder et al., 2004; Pelowski et al., 2017) offer
little indication of whether expertise or a lack thereof may
exert an influence on aesthetic evaluation at particular levels
of art perception.

saturation), expertise (art experts vs. laypersons), and viewing
time (100 ms vs. unlimited).

Participants

Seventy-two psychology students from the University of Basel
[56 female, 15 male, and 1 preferred not to answer; Mage = 23.24,
SD = 5.27, and range = 19–50; all lay viewers of art as assessed
via post study interviews the Vienna art interest and art
knowledge questionnaire (VAIAK); Specker et al., 2020] and
75 art-history students from the University of Basel and the
Academy of Art and Design at the University of Applied
Sciences and Arts Northwestern Switzerland (47 women, 25
men, and 3 preferred not to answer; Mage = 27.25, SD = 7.42,
and range = 18–62; considered to be relatively expert viewers
of art) participated in the experiment. Participants were asked
to inform the experimenter about any vision impairments that
were not corrigible to normal with glasses or contact lenses.
Participants were also asked to inform the experimenter if
they had an abnormal color vision. One participant stated
that he could only see with one eye and was therefore excluded
from the analysis.
Participants were compensated with course credit or monetary
compensation (about USD 15). All participants were asked to
provide signed informed consent and were informed that they
could quit the study at any time and that all data collected
in the study would be evaluated anonymously. The study was
conducted in accordance with the ethical guidelines of the
University of Basel.

Summary and Research Questions

Digitally reproduced art images are said to be similar to the
originals, especially when it comes to specific aesthetic qualities
of the image like color intensity, yet a difference is visible in
terms of emotional reactions (Locher et al., 1999; Siri et al.,
2018). Previous research has shown that higher saturated
digitized images are preferred over less saturated ones (Tinio
and Leder, 2009). Moreover, color – as a basic cue in visual
perception (Palmer and Schloss, 2015) – has a strong impact
on whether viewers like art stimuli (Pelowski et al., 2017).
As a further factor, the time a visual artifact is perceived
influences how it is evaluated (Pelowski et al., 2017). In addition,
the level of expertise may modulate the assessment of an
artwork (Commare et al., 2018), but this modulation may
differ according to the level of processing (Pelowski et al.,
2017). Based on previous research (Camgöz et al., 2004; Reinecke
et al., 2013; van Dongen and Zijlmans, 2017), we argue that
the augmented saturation of digitized reproductions of paintings
will increase liking and show an influence on the general
variety of outcomes as theorized by VIMAP. This effect should
differ between laypersons and art experts. Our research questions
can be condensed as follows:
Compared to laypersons, we expect art experts to be less
influenced by the manipulation of the image surface (i.e., color
saturation), whereas laypersons’ liking of digitized images will
be influenced by color saturation.
Moreover, the effect of color saturation on liking will be more
strongly influenced by viewing time in the case of experts
than in the case of laypersons, as predicted by models of the
cognitive processing of aesthetic stimuli (Leder et al., 2004;
Pelowski et al., 2017).
We further expect that the manipulation on color saturation
will be more visible with regard to specific emotional reactions
(“boredom,” “interest,” “insight,” “confusion,” “being moved,”
and “surprise”) than with regard to liking.

Stimuli

The stimuli consisted of 16 high-quality digital color photographs
(100 dpi) of paintings from the impressionistic and expressionistic
periods of the beginning of the twentieth century, including
landscape pictures, portraits, still lives, and groups of figures
(see Supplementary Table A1 for a full list of the artworks,
artists, and links to the retrieved paintings). Nine of the original
paintings were in the possession of the Kunstmuseum Basel
and were downloaded from the online collection of the museum’s
website.1 The remaining seven paintings were from other art
museums or private collections and were downloaded from
the website of the respective museum or auction house. As
such, these images were expected to represent the authoritatively
most faithful reproductions of the original paintings’ contrast
and color saturation.2
Expressionistic and impressionistic paintings were selected
because these styles are known for using color as a formative
pictorial element (Alscher, 1968). We deliberately chose original
artworks that feature a muted color palette and low color
saturation (see Figure 2 for an example). The fact that high
saturation is usually recognized as a distinguishing feature of
https://kunstmuseumbasel.ch/en/collection/collectiononline
The color conformity of the digital reproductions with the original works was
checked. The images owned by the Kunstmuseum Basel were evaluated by the
authors themselves in terms of color conformity; for the remaining images,
the individual museums or auction houses were asked to confirm the color
correspondence.
1
2

MATERIALS AND METHODS
The study followed a quasi-experimental mixed-subject design.
The independent variables were saturation (original vs. manipulated
Frontiers in Psychology | www.frontiersin.org
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No other light sources were present, except two ceiling windows,
which prevented direct light from entering the room. The
experiment was programmed in Unipark (2017) and presented
on 21.5 in iMac monitors (resolution: 1,920 × 1,080 px,
19.541 × 18.730 in). Viewing distance was about 23.7 in,
resulting in a visual angle of ~48°.
Before starting the experiment, participants were requested
to give informed consent, to provide demographic information,
and to confirm that they had understood the instructions.
Moreover, participants were instructed to indicate after
completion of the study whether they had recognized any of
the images and if so, which ones. However, less than five
participants noted that at least one of the images appeared
familiar to them. Hence, we did not pursue this further. The
study duration was about 30 min on average.
The experiment consisted of two blocks (blocks 1 and 2)
presented in the same order for all participants and followed
by an art questionnaire. Pilot tests indicated that evaluating
the complete set of 2 × 16 images was too taxing, so participants
were randomly assigned to one of the two different sets of
16 total images (containing eight originals and manipulated
versions of the same paintings). The presentation order of the
stimuli was fully randomized. Participants were not informed
that image saturation had been manipulated.

FIGURE 2 | Example of an art image with saturation matching the original
and with increased saturation. On the left, the photograph of the painting
Marie by Modigliani (1918), as it was presented in the online collection of the
Kunstmuseum Basel. On the right, the same image with a 60% increase in
saturation.

impressionistic and expressionistic style (Alscher, 1968) allowed
us to increase color saturation in a way that would not appear
overly artificial or incongruous to art experts (Boust et al., 2006).
In addition to the original versions of the 16 images, we also
created a matched set of the same 16 paintings but with
increased color saturation (leading to a final stimulus set of
32 images). Both the original and manipulated images were
scaled to have an identical height of 800 px. Figure 2 shows
a digital photograph of an original artwork and an example
of the results of the image manipulation procedure.
All of the manipulations were performed by the first author
using Adobe Photoshop CC (version 19.1.4, www.adobe.com)
and conducted individually for each image. In consultation with
the research team, saturation values were increased between 50
and 80% linearly on the whole image (see Supplementary Table A2
for more detailed information on the manipulations). This
range was chosen to ensure that the changes to color saturation
were clearly visible at first glance but were also moderate enough
to avoid overly colorful-looking images, which risk being
perceived as garish (Fedorovskaya et al., 1997). Note that
we were specifically interested in viewers’ subjective responses
rather than assessing objective colorimetric thresholds of the
saturation level.

Block 1: 100 ms Viewing Time and Liking

Participants were presented with each of the 16 images (in
addition to one repeated image shown twice to measure the
test-retest reliability; see results). Each image was shown on
its own for 100 ms (Pelowski et al., 2017, 2020), centered on
a white background. As shown in Figure 3, each image was
preceded by a fixation cross on a white background for 2,000 ms
and followed by a black-and-white noise mask for 1,000 ms.
After the noise mask, a slider was displayed on the screen,
asking participants to indicate how much they liked the image.
Participants were instructed to note their first impression of
the image and to indicate their liking as quickly as possible
so as to assess their initial response to the image’s low-level
visual features (i.e., its saturation). This procedure was repeated
for all images in the set.

Block 2: Unlimited Viewing Time, Liking, and
Specific Aesthetic Reactions

The same 16 images were shown for an unlimited period of
time. Again, each image was shown on its own, centered on
the top of the screen. Participants were instructed to take
their time and to view each painting for as long as they wished.
Upon scrolling down, participants had access to the questionnaire.
Participants could thus continue viewing the image while
answering the questions. Participants again indicated their liking
on a rating slider and clicked a “Next” button to access the
next image.

Procedure

Participants (psychology students, hereafter “laypersons,” and
art-history or design students, hereafter “experts”) viewed the
images in a lab setting, ensuring that they saw the images
under the same monitor settings for color and brightness and
the same ambient lighting. Five computers were used for the
study, arranged in such a way that participants could not see
what was on the other screens. The screens of all five computers
were uniformly calibrated (using the Apple Display Calibrator
Assistant). The brightness of the screens was set to maximum
and the automatic adjustment to brightness was switched off.
The ceiling lighting always switched on during the experiment.
Frontiers in Psychology | www.frontiersin.org

Measures

We collected measurements on three different scales during
the three phases of the experiment. Blocks 1 and 2 contained
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FIGURE 3 | Example sequence of image presentation for block 1 (100 ms viewing time) of the study. Images are cropped for legibility purposes.

a liking slider to rate the stimuli presented. In addition to
the liking slider, 12 items to measure six dimensions of the
aesthetic evaluation were presented in block 2. During the
third phase and before the study was completed, art expertise
was assessed.

Art-Expertise Questionnaire

Finally, after completing the study, participants were asked
to list as many painters as they could name within 60 s, a
technique which has been previously employed (e.g., Krauss
et al., 2019) to provide a quick estimation of relative art
expertise or knowledge. Additionally, participants rated their
interest in art via the 11-item “interest” battery from the
VAIAK (Specker et al., 2020).

Liking

To measure participants’ liking of an artwork on blocks 1 and
2, a rating slider was displayed below the image offering the
possibility to rate the digitized paintings from 0 to 100 (0 = “not
at all,” 100 = “very much”).

RESULTS
All participants completed all portions of the study. The testretest reliability, as measured by the repeated images in block
1, showed that all image ratings had good reliability (total
r = 0.884, p < 0.001, n = 147). Thus, all data were retained
for analysis. For all statistical tests throughout the paper, we used
an alpha level of 0.05. Due to the exploratory nature of the
study, no adjustments for multiple comparisons were performed.
As expected, VAIAK (Specker et al., 2020) scores indicated
that experts (art-history and design students) scored significantly
higher on art interest (M = 5.345, SD = 0.963, range = 2.18–6.82)
than laypersons [M = 3.107, SD = 0.962, range = 1–5.36;
independent sample t-test t(145) = 14.094, p < 0.001]. Experts
were also able to list significantly more painters within 60 s
(M = 6.45, SD = 3.189, range = 1–14) than laypersons [M = 4.54,
SD = 2.222, range = 1–12; t(140) = 4.089, p < 0.001].

Specific Aesthetic Reactions

In block 2, in addition to the liking slider, 12 items [5-point
Likert-type scale ranging from “not at all” (1) to “very” (5)]
from the Aesthemos (Schindler et al., 2017) were displayed
in randomized order under the image. Two items for each of
the following six dimensions were defined: “being moved,”
“boredom,” “confusion,” “insight,” “interest,” and “surprise.” These
dimensions were chosen as they reflect the five outcomes
described in the VIMAP (Pelowski et al., 2017). “Boredom”
resembles outcome 1 (“facile, default”), “surprise” corresponds
to outcome 2 (“novelty, insight”), “being moved” is considered
a characteristic of outcome 3 (“harmony, flow, emotional
resonance”), “confusion” reflects outcome 4 (“negative, abort”),
and “insight” corresponds to outcome 5 (“transformation”).
The dimension of “interest” was not attributed to a specific
outcome posited by VIMAP, as it is argued to occur on different
outcome levels of the model. Yet, it was included to measure
a basic reaction to art (Silvia, 2013). Items were reworded
into present tense (from past tense in the original Aesthemos
questionnaire), as participants were asked to rate their feelings
upon viewing the image.
Frontiers in Psychology | www.frontiersin.org
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To evaluate the effects of saturation, expertise, and viewing time
on image liking, a repeated-measures ANOVA was calculated.
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Saturation (original vs. manipulated) × viewing time (100 ms vs.
unrestricted) were defined as within-participant factors and
expertise (experts vs. laypersons) as a between-participant factor.
Supplementary Table A3 lists descriptive statistics for each
image per viewing time and color saturation conditions.
A significant main effect was detected for saturation
[F(1,145) = 3.995, p = 0.047, η2p = 0.027], with more highly
saturated images liked more than the original ones across all
participants. No significant main effects were found for either
expertise [F(1,145) = 0.436, p = 0.510, η2p = 0.003] or viewing
time [F(1,145) = 2.860, p = 0.093, η2p = 0.019]. The results
did reveal, however, a significant interaction between
expertise × saturation [F(1,145) = 10.214, p = 0.002, η2p = 0.066].
Compared to experts (original images: M = 49.835, SD = 14.463;
manipulated images: M = 49.162, SD = 15.034), laypersons
liked more saturated images (M = 49.382, SD = 14.856) over
less saturated images (M = 46.460, SD = 15.172). Figure 4
displays mean liking across the eight conditions.
Moreover, we found a significant three-way interaction
between saturation × viewing time × expertise [F(1,145) = 7.636,
p = 0.006, η2p = 0.050]. Post hoc comparisons within the
expertise groups showed that the effect on liking was driven
by a significant saturation effect in the laypersons group
[F(1,71) = 14.309, p < 0.001, η2p = 0.168] but not in the
experts group [F(1,74) = 0.682, p = 0.412, η2p = 0.009]. Viewing
time had no significant impact on laypersons’ liking
[F(1,71) = 1.662, p = 0.202, η2p = 0.023] or on art experts’
liking [F(1,74) = 1.334, p = 0.252, η2p = 0.018].

Liking correlations between 100 ms vs. unrestricted viewing
times were high overall, indicating that liking ratings remained
relatively stable. However, experts’ liking of original and
manipulated images correlated less strongly between viewing
times (roriginal = 0.694, p < 0.001, n = 75; rmanipulated = 0.730,
p < 0.001, n = 75) than laypersons’ liking (roriginal = 0.831,
p < 0.001, n = 72; rmanipulated = 0.835, p < 0.001, n = 72).
Overall, both art experts’ and laypersons’ liking ratings were
more consistent for the manipulated images.
To further visualize the relationship between liking ratings,
Figure 5 displays the mean ratings for each participant
(individual dots) between the 100 ms and the unrestricted
viewing times (y- and x-axis, respectively) for both laypersons
and experts (red and blue dots, respectively) and between
the original saturation (Figure 5, left side) and the manipulated
saturation (right side) conditions. Dots above the 45° line
indicate that a participant reported higher image liking in
the 100 ms condition; dots below the line indicate that
participants reported higher liking in the unrestricted
condition; those appearing exactly on the line were liked
equally across conditions.
Mean ratings over all images show that laypersons were
more consistent in their judgments across both viewing times
(100 ms: M = 47.338, SD = 15.207; unrestricted: M = 48.504,
SD = 15.089) than experts, who appeared to increase their
liking rating, when there was more time to process the
image (100 ms: M = 48.817, SD = 15.863; unrestricted:
M = 50.180, SD = 14.522). An independent sample t-test
revealed a significant difference between the two groups
[t(145) = 0.1331, p = 0.042, η2p = 0.011]. Furthermore,
experts took longer to view and evaluate the images in the
unrestricted time condition (block 2). Experts spent around
62.44 s (median) per image, whereas laypersons only spent
around 44.72 s (median). As requirements for a t-test were
not met (variance homogeneity and normal distribution were
violated), a nonparametric test was calculated: a WilcoxonMann-Whitney test revealed a significant difference between

Consistency in Aesthetic Judgments for Experts
and Laypersons Over Different Viewing Times

To analyze the consistency of liking ratings between the very
short (100 ms) and the unrestricted viewing time for original
and manipulated saturation, we report correlations (Pearson
product-moment) between the viewing times for each expert
or layperson. Pearson correlation was chosen because image
liking was rated on a continuous scale from 0 to 100 (Bortz, 2013).

FIGURE 4 | Mean liking for the eight conditions (saturation: original vs. manipulated, viewing time: 100 ms vs. unrestricted, and expertise: experts in art or design
vs. laypersons).
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FIGURE 5 | Correlation between image liking and viewing time – 100 ms (y-axis) and unrestricted (x-axis) – for experts and laypersons. Liking scores for original
saturation are on the left and for manipulated saturation on the right.

DISCUSSION

the groups (z = −5.33, p < 0.001, n = 147), with an effect
size of r = 0.44, which according to Cohen (1992) corresponds
to a large effect.

An innumerable variety of digitized art images can be found
online that may differ substantially from the original in terms
of several features, even though they show the same image content
and are attributed to the same artist. We conducted a study that
reflects a similar encounter with digitally reproduced art. Our
focus was to manipulate color saturation (using a matched condition
of both high-fidelity versions and increased-saturation versions
of the same paintings) – an image component that substantially
varies in digital reproductions of art images on the Internet
(Eschbach and Kolpatzik, 1995; Yang and Rodriguez, 1995) – and
to examine the effect of this surface-level image feature on liking
and more specific aesthetic reactions in lay and expert viewers.

Saturation, Expertise, and Specific
Aesthetic Reactions

To study the effect of saturation in more detail, we investigated
six dimensions of aesthetic reactions (block 2) that cover
aesthetic assessments beyond basic liking. Table 1 shows the
mean ratings for the six specific aesthetic reactions across
all expertise and saturation conditions (see also Figures 6–8).
To analyze the effects of saturation and expertise, repeatedmeasures ANOVAs (saturation, within-participant; expertise,
between-participant) were calculated for each scale individually.
As listed in Table 2, significant main effects of saturation
were observed for “surprise” and for “interest,” indicating that
participants deemed more saturated images more surprising
and interesting (see Figures 6–8). Similarly, saturation
significantly affected “boredom” and “confusion,” suggesting
that participants found increased-saturation images less boring
and confusing. Significant main effects were also found for
expertise on “surprise,” “interest,” “being moved,” and “confusion.”
Experts not only reported more surprise and interest, and felt
more moved, but also more confused.
Moreover, significant saturation × expertise interactions were
found for all dimensions, except “surprise” and “insight.” With
regards to “interest,” laypersons found images with increased
saturation more interesting, whereas experts found them less
interesting. A similar pattern was observed for “being moved”:
laypersons found images with increased saturation more moving,
and experts felt less moved. In contrast, with regard to “boredom,”
experts rated original and manipulated images to a similar degree,
whereas laypersons found the original images more boring. Finally,
concerning “confusion,” experts rated images with increased
saturation as more confusing, perhaps because the colors did not
match their expectations of the artistic style or of similar art,
whereas, for laypersons, increased saturation did not have an effect.
Frontiers in Psychology | www.frontiersin.org

The Influence of Saturation on Aesthetic
Judgments

We found a main effect for color saturation – more saturated
images were liked relatively more when compared withinparticipants – that extended across both expertise levels and
both during short and unrestricted viewing times. The results
reflect earlier findings that saturated colors are preferred in
general (e.g., Palmer and Schloss, 2015 on saturated colors in
general; Seckler et al., 2015 on colors on websites) and underline
the argument that the manipulation of saturation exerts an
effect on the evaluation of an image. This finding is particularly
important when it comes to reproducing art images digitally –
which are then to be used, for example, in a virtual gallery
or museum, in an online art catalog or as a merchandising
material and souvenirs. As our study has shown, an increase
in color saturation affects viewers differently depending on
their expertise. Since laypersons seem to judge images primarily
by their surface texture, increasing the color saturation has a
positive effect on their assessment of an artwork. For art experts,
who are used to working with images and who focus mainly
on the content and meaning of a work, increasing the saturation
has the opposite effect and can lead to confusion.
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TABLE 1 | Descriptive statistics for specific aesthetic reactions of art experts and laypersons, for original and manipulated saturation.

Item
Insight
Being moved
Interest
Confusion
Surprise
Boredom

Experts

Laypersons

All

(n = 75)

(n = 72)

(n = 147)

Saturation

M

(SD)

M

(SD)

M

(SD)

Original
Manipulated
Original
Manipulated
Original
Manipulated
Original
Manipulated
Original
Manipulated
Original
Manipulated

2.34
2.28
2.30
2.22
2.85
2.84
1.80
2.05
2.14
2.41
2.19
2.14

(0.59)
(0.66)
(0.66)
(0.68)
(0.66)
(0.67)
(0.52)
(0.68)
(0.57)
(0.60)
(0.53)
(0.55)

2.13
2.14
1.98
2.08
2.55
2.74
1.73
1.77
1.90
2.22
2.33
2.13

(0.63)
(0.62)
(0.58)
(0.57)
(0.61)
(0.58)
(0.54)
(0.55)
(0.56)
(0.63)
(0.69)
(0.62)

2.24
2.21
2.15
2.15
2.70
2.79
1.76
1.91
2.02
2.31
2.26
2.14

(0.61)
(0.64)
(0.64)
(0.63)
(0.65)
(0.63)
(0.53)
(0.64)
(0.57)
(0.62)
(0.62)
(0.58)

Item scores range from 1 to 5.

FIGURE 6 | Interaction diagrams for “insight” and “being moved.” The diagrams show the direction of the effects for each dimension between the original color
saturation and the manipulated color saturation, comparing experts and laypersons.

Our results may also further refine the difference between
originals and digital reproductions. Although we used and
investigated the aesthetic evaluation of two versions of digitized
art images, our results provide more information on the aesthetic
evaluation of digital art images. If “faithful high-quality digital
reproduction of works of art could be as arousing as the original
works of art” (Siri et al., 2018, p. 201), the color saturation of
the digitally reproduced artwork must correspond exactly to
the original in order not to influence the image’s appearance.
At the same time, and against our expectations, our results
show that increased saturation had a quite small effect on liking.
These results are in contrast to earlier investigations (van Dongen
and Zijlmans, 2017) that demonstrated the effect of contrast
as a surface-level manipulation on the evaluation of artworks.
Perhaps the manipulation of contrast addresses a different level
of processing than the manipulation of saturation. While image
saturation and contrast are typically subsumed under the same
processing level (perceptual analysis; Leder et al., 2004;
Frontiers in Psychology | www.frontiersin.org

Pelowski et al., 2017), they are distinct image properties that
may have different effects on the liking of an artwork. It should
also be noted that participants in our study only liked the
images to a moderate extent. In other words, they did not
have strong feelings about the images, and saturation manipulation
only subtly affected their aesthetic judgments. It remains to
be seen to what extent saturation manipulation would impact
aesthetic processing for images that viewers strongly like or dislike.
Our findings also differ from studies on the effects of color
saturation on the evaluation of websites, which have shown the
manipulation of saturation to possess a strong effect (Seckler et al.,
2015). It may be argued that art images require a more nuanced
and elaborate evaluation than webpages, which might explain the
differences in results. Nevertheless, our findings are more in line
with the results of Boust and Ezrati (2006), who found that
although different lighting conditions alter the color appearance
of artworks, viewers’ assessment of artworks remained consistent
across different color conditions. Boust and Ezrati (2006, p. 6)
10
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FIGURE 7 | Interaction diagrams for “surprise” and “boredom.” The diagrams show the direction of the effects for each dimension between the original color
saturation and the manipulated color saturation, comparing experts and laypersons.

FIGURE 8 | Interaction diagrams for “interest” and “confusion.” The diagrams show the direction of the effects for each dimension between the original color
saturation and the manipulated color saturation, comparing experts and laypersons.

argue that this may be due to “relational color constancy,” suggesting
that the relation of colors within the painting is more influential
than the absolute value of color. This lack of a substantial effect
was also noted by Pelowski et al. (2019), who found very small
effects from different color temperatures of lighting on the assessment
of artworks.

past studies on the influence of context (e.g., Kirk et al., 2011),
which have shown that expertise might tend to insulate against
large impacts on appraisals of art from alterations to the image
surface. This might also be explained by the relative attention
to both low-level surface features of art – including saturation – and
more top-down, art-historical aspects, since experts potentially
give more emphasis to the latter features when evaluating art
(e.g., see Pelowski et al., 2020). Such a result was suggested
by the three-way interaction between saturation, expertise, and
time in the present study.
Our study also produced interesting findings with regard
to viewing time. The lack of difference in liking ratings following
both the 100 ms and open-ended viewing duration conditions
(and in fact a high correlation between ratings at the level of
individual viewers and individual artworks) supports the
argument that saturation is one of the features of images that
may be processed first, almost immediately following viewing

Effects of Expertise and Time

Differences between our results and previous studies of color
saturation in digital images could be related to expertise. For
example, Seckler et al. (2015) did not distinguish in their
study between web-design experts and laypersons. In our study,
although all participants tended to prefer saturated images in
general, art experts were comparatively less influenced by
manipulations of the image surface, whereas laypersons seemed
more susceptible to the colors of an image when indicating
how much they liked it. This result itself is in keeping with
Frontiers in Psychology | www.frontiersin.org
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TABLE 2 | Results of the repeated measures ANOVA on saturation, expertise, and specific aesthetic reactions.
Saturation
Item

Expertise
F

η2p

Insight
Being moved
Interest
Confusion
Surprise
Boredom

0.507
0.099
5.918
13.745
69.582
11.934

0.003
0.001
0.039
0.087
0.324
0.076

Item
Insight
Being moved
Interest
Confusion
Surprise
Boredom

F
0.856
7.405
7.265
6.782
0.440
4.177

η2 p
0.006
0.049
0.048
0.045
0.003
0.028

*

p

Item

0.478
Insight
0.754
Being moved
0.016*
Interest
0.000**
Confusion
0.000**
Surprise
0.001*
Boredom
Saturation × Expertise
p
0.357
0.007*
0.008*
0.010*
0.508
0.043*

F

η2p

p

3.177
5.327
4.037
4.007
5.575
0.493

0.021
0.035
0.027
0.027
0.037
0.003

0.077
0.022*
0.046*
0.047*
0.020*
0.484

Significant at p < 0.05; **Significant at p < 0.001.

an image. This is in line with the findings of Lindgaard et al.
(2006) and suggests that a rapid assessment of visual artifacts
not only applies to websites but also to digitized images of
paintings when expertise in this field is low. In accordance
with cognitive models of aesthetic perception (Leder et al., 2004;
Pelowski et al., 2017), a very short viewing time affords only
bottom-up perceptual analysis, in which surface-level properties
of the image such as saturation are processed and assessments
of the image content are not yet included.
Interestingly, one could argue based on our results that,
despite its small effect size, saturation may have an impact
when considered at the level of basic hedonic (i.e., liking)
responses, which may not themselves change or may even
inform subsequent analyses. Laypersons’ first impression of an
image is in strong accordance with their liking of the artwork,
even when there is enough time to contemplate and evaluate
it. At the same time, as suggested above, our results also show
that art experts are not quite as consistent in their liking of
judgments in very short vs. unrestricted viewing times. This
is in contrast to Commare et al. (2018), who found that experts
exhibit more consistency in complexity judgments than
laypersons. Our findings support the claim, predicted by the
models of Leder et al. (2004) and Pelowski et al. (2017), that
expertise affects the evaluation of an image, but only at a
later (top-down) stage of processing. Our results suggest that
when expertise is low, the assessment of an image at a later
stage of processing is consistent with the first impression and
the evaluation of the image’s surface-level characteristics. But
if expertise and background knowledge in this area is more
pronounced, it is activated at a later stage and revises the
initial, bottom-up visual impression of the perceived image.
This is further supported by the fact that experts took significantly
more time than laypersons to view and evaluate the images
in block 2. This suggests that experts revise their judgments
when there is enough time to process the artwork and that
they take their time to do so, potentially indicating that experts
ground their evaluation more on the content of the image
than on surface features, such as saturation. These results are
Frontiers in Psychology | www.frontiersin.org

in line with the study conducted by Pelowski et al. (2020),
which found that experts might engage in more top-down
processes to evaluate an image when there is more time available
and thus might reassess low-level features.
Additionally, investigating the perceived visual complexity
of the artworks may serve to further differentiate image processing
between different levels of expertise and viewing times: for
instance, visual complexity and colorfulness have been found
to shape viewers’ first impressions differently, depending on
their age and education level, respectively (Reinecke et al.,
2013). Moreover, experts and laypersons perceive the complexity
of images differently, with the former tending to appreciate
higher perceived complexity more (Reber et al., 2004).

Liking vs. Aesthetic Reactions

The present study supports previous theoretical arguments about
aesthetic reactions or features of aesthetic experience beyond
basic hedonic liking. As our results show, the effects of saturation
manipulation only became apparent when participants were
asked to rate their aesthetic reactions to the artworks.
Alternatively, our findings reveal that aesthetic reactions
indicating an outcome paraphrased by easy-to-achieve positive
or also negative sensations on VIMAP showed significant effects.
Interestingly, the specific dimensions we looked for in our
study showed significant differences according to the
manipulation of saturation, and they also revealed differences
between experts’ and laypersons’ evaluations of the images.
As shown in Figures 6–8, color saturation influenced various
aesthetic reactions in laypersons, and they exhibited more
differences in their ratings than experts. The dimension
“confusion” revealed a crucial aspect: color saturation hardly
influenced experts’ judgments regarding their interest or boredom
while viewing the image and instead led to an irritation when
the color intensity was augmented. Experts were more moved
by the image, had more interest in it, and experienced a more
pronounced sense of insight compared to laypersons. This
indicates that, with regard to these aesthetic reactions, art
12
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experts cannot be swayed by surface manipulation of an image.
Experts did, however, react to a change in color intensity by
showing more confusion and surprise.
It should also be noted that the observed effect sizes were
rather small. In line with the VIMAP stages of higher-order
cognitive processing (Pelowski et al., 2017), we did not anticipate
particularly pronounced differences for these dimensions, especially
because we expected it to be unlikely that people experience
such strong emotional reactions to digital reproductions of art
images they see on a computer screen – particularly in a laboratory
setting with a sequence of viewed artworks (Pelowski et al.,
2017). This explains why both “being moved” and “insight” –
which are attributed to outcomes 3 and 5 on the VIMAP,
respectively, and are characterized by strong emotional responses
and described with feelings of flow or transformation – were
not affected by color saturation.
More generally, we argue that in studies of empirical aesthetics,
the dimension of liking may not be precise and differentiated
enough to adequately reflect and evaluate the perception of
art images. In our study, the evaluation of liking could not
reflect the diverse dimensions of perceiving an image that
were affected by manipulating color saturation, neither in the
perception of experts nor in that of laypersons. Including more
differentiated and specific factors than liking gave a more
detailed impression of the effect of color saturation on the
perception of an artwork. We conclude that asking only about
the liking of an artwork is not specific enough to evaluate
responses to an art image. More research is needed to carefully
examine the processes occurring in interaction with art and
to analyze specific aesthetic reactions in detail.

statistical power by using more images and recruiting more
participants to assess whether our results can be replicated
and whether our study overlooked specific effects.
In line with previous works (Valdez and Mehrabian, 1994;
Camgöz et al., 2002; Palmer and Schloss, 2015), we expected
that increasing saturation would increase liking. We also assumed
that this effect would be more pronounced for laypersons, whereas
experts would be more influenced by the content of the image
(Commare et al., 2018; Pelowski et al., 2020). That is why
we selected images of paintings with a muted color palette and
increased their color saturation. For future work, it would
be interesting to examine whether images that originally have
very saturated colors are liked less when the saturation is reduced.
Next, while we asked participants to indicate at the end of
the study whether any of the presented images were familiar
to them, we did not measure (perceived) familiarity. Future
studies on the effects of color saturation should consider
including familiarity as a covariable, as it is a known predictor
of image liking (Leder et al., 2004).
In our study, we wanted to investigate the effect of altered
saturation as an image feature that often varies unintentionally
in digitally reproduced art images on the Internet. In that
context, however, images are rarely seen in isolation. The isolated
presentation of images in the present study may thus be seen
as a limitation in recreating the real situation of how images
are seen on the Internet. To investigate the effect that juxtaposed
images have on each other is the content of our next study.
In summary, it can be said that whenever a digitized
artwork is downloaded from the Internet, the choice of a
single version of color saturation out of countless variations
exerts an influence on the reception of the image and thus
needs to be controlled carefully.

Limitations and Future Work

In the following, we address the main limitations of our
work and discuss avenues for future work. First, our study
employed only a small range of artistic styles (impressionism
and expressionism) and a limited pool of viewers. Findings
might differ for other image contents or styles, especially
if color plays a substantial role in the artwork (e.g., in
“Kitsch” artworks, Pelowski et al., 2020). Other aspects of
viewers may also have important modulating influences (e.g.,
Leder et al., 2004). We expect that measuring the current
emotional state not only before briefly viewing an image
but also before viewing it for an unlimited amount of time
could have further contributed to answering the questions
in our study. Further limitations to our study may include
the homogeneous sample – mostly female participants aged
20–25 took part in our experiment. As it is known that
women have a slight preference for pastel colors, a study
with more male participants could provide further insights
on the effects of color manipulation, given men’s preference
for saturated colors (Palmer and Schloss, 2015).
Moreover, while comparable to other studies in empirical
aesthetics (Locher et al., 1999; Boust and Ezrati, 2006; Siri
et al., 2018), the number of images was kept relatively low to
minimize participant burden. This trade-off resulted in lower
statistical power, which may increase the risk of a Type II
error (i.e., false negatives). Future studies should increase their
Frontiers in Psychology | www.frontiersin.org
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Images Influencing Images: How Pictorial Context Affects the
Emotional Interpretation of Art Photographs

Abstract
Images are never seen in isolation. Instead, they are perceived within a spatial and temporal
tapestry of neighboring images. What impact do other images have on our emotional response
toward a particular image? Answers to this basic question have vital implications for a range of
fields—especially for visual communication and for art, where resources are invested in arranging
images within a visual context. Previous studies have provided mixed results, suggesting that
juxtaposed images may lead to contrast or assimilation processes increasing and decreasing our
liking of an image. But how specific image features in neighboring images (image’s ambiguity or
formal similarities between images) modulate our affective interpretation of an image has almost
never been explored. In Study 1, we compared the emotion perceived in art photographs (“target”
images) when displayed on their own versus when displayed in juxtaposition with negatively or
positively valenced nonart (“context”) images. Additionally, we analyzed the influence of the
artwork’s perceived ambiguity. In Study 2, we examined the effect of the perceiver’s expertise and
the formal similarity between the images on the rated valence of the target image. Our results show
that the emotion perceived in the artwork contrasted away from or assimilated toward the valence
perceived in the context image depending on which evaluative dimension was activated. Moreover,
the influence of negative contextual material on the target image’s valence was more pronounced.
We conclude by saying that the evaluative dimension is part of the pictorial context that influences
the affective interpretation of an image.
Keywords: emotion perceived in art photographs, juxtaposition, context, ambiguity, formal
similarity
Running Head: Images influencing images
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Images Influenced by Images: How Pictorial Context Affects the
Emotional Interpretation of Art Photographs

Introduction
“Whatever the artist may do, however, he cannot avoid showing his surface in the midst of other
surfaces of an environment. A picture can only be seen in a context of other non-pictorial surfaces.”
James J. Gibson in the Ecological Approach to the Visual Perception of Pictures, 1978

Images can emotionally move us, intellectually challenge us, or sometimes even change our
view of the world. But images are never perceived in isolation. They are rather always experienced
embedded in a context. Contextual information such as the physical space in which a work is
encountered (e.g., Gartus et al., 2015), the information provided next to the artwork (e.g., Cupchik
et al., 1994; Szubielska & Sztorc, 2019), or the judgments of others (e.g., Lauring et al., 2016)
influences the aesthetic experience of an image (for an overview on contextual influences on art
perception, see Pelowski & Specker, 2020). Specifically, and expanding on the quote by Gibson,
wherever we look at images—whether on the street, on a screen, or in a book—they are always
accompanied by myriad other visual artifacts: the context in which images are encountered consists
of other images. This is especially true for art, where images are most often seen in a gallery or
museum and encountered within a specific progression of other images.
The value, and perhaps one of the purposes, of art is to touch us emotionally (Pelowski et
al., 2020). At the same time, how images influence the perceived emotional interpretation of
neighboring images is a complex phenomenon, involving a multitude of aspects (e.g., influences
can be based on formal features of the image like format, color, and style or content-related factors
like the image statement and emotional expression). This poses a unique challenge for professionals
that deal with the presentation of (art) images. Curators and gallery owners spend time and effort
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arranging images next to each other for exhibitions and online museum tours (e.g., Flacke, 2016),
and designers put a lot of thought into how to present images on double-page spreads in catalogues,
books, and newspapers (e.g. Samara, 2007). At the same time, professionals who study and work
intensively with the presentation of images are (implicitly) aware of interaction effects between
images, and they compose image series in order to intensify, contradict, or change their evaluation
and message (Ganz & Thürlemann, 2010; Hofmann, 1985; Reymond, 2013). The knowledge gained
from our study thus supports curators in their aim to shape encounters with art in exhibition
contexts, and it may enable designers to employ the interplay of images in visual design more
consciously to afford an intended effect. This will in turn impact the emotions experienced as part
of our interaction with (art) images. However, there is a lack of empirical studies examining the
effect of pictorial context and the modulating effect of specific image features on the emotion
perceived in an image. Even more, existing studies have led to contradictory results, which
indicates a need for more controlled and targeted research on images’ impacts on other images and
the resulting affective interpretations. This is the aim of the present paper.

Pictorial Context and its Impact on Perceived Emotions
In this paper, pictorial context refers to the spatial and temporal environment of a stimulus
consisting of images shown next to each other or in a sequence (Cohn, 2013, 2015). Contextual
information—often presented as images—has been shown to influence the perception of emotions
in faces (Barrett et al., 2011): for example, an expression of disgust paired with a muscled body was
interpreted as a proud face, which shows that the emotions perceived in images of faces are
interpreted according to the context in which they are encountered (Aviezer et al., 2008). At the
same time, a photograph of a fearful face is evaluated as more fearful surrounded by an image
depicting a threatening situation than in a happy or neutral situation (Righart & de Gelder, 2008). In
film, the influential power of sequential images is known as the Kuleshov effect (Kuleshov, 1974;
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Mobbs et al., 2006): the affective interpretation of identical moving images of a face is changed by
the sequence viewed before it containing highly emotional material. Recent studies have replicated
the Kuleshov effect by demonstrating that the perceived valence and arousal of moving images
showing neutral faces depended on previously viewed scenes (Calbi et al., 2017), and faces seen in
a negative or positive context elicited higher valence and arousal reactions than faces in neutral
contexts (Mobbs et al., 2006). In a study on the perception of a work of art, the facial expressions of
two depicted figures were judged on the basis of the context in which they were seen: manipulating
the position of a fearful figure affected the perceived emotional interpretation of another figure in
the same image (Marian & Shimamura, 2012).
Similarly, images accompanying textual news reports in mass media have been shown to
systematically influence the (emotional) understanding of the written message (Price et al., 1997).
Images can serve as frames for interpreting neighboring text, since they use various rhetorical
means—metaphors, illustrations, symbols—that graphically capture the essence of an event
(Rodriguez & Dimitrova, 2011, p. 51). The emotional valence of a picture placed next to a text
influences the subsequent cognitive processing of information such “that reactions to featured
photographs shift the primarily text-based perceptions and evaluation of issues in the direction
suggested by the photographs” (Gibson & Zillmann, 2000, p. 355).

Perceptual Processes Underlying the Impact of the Pictorial Context
The influence of the pictorial context on the perception of an image can be explained as a
categorization of neutral faces according to the emotions attributed to the context (Calbi et al.,
2017) or as a visual frame used to interpret the meaning of text (Rodriguez & Dimitrova, 2011).
Specifically, two processes have been proposed:
First, images that are seen after very favorably rated images are perceived as less favorable.
In that case, the perceived image (target image) forms a contrast to the image that is seen in the
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context (context image). Paintings from Goya’s tapestry period were liked more when they were
seen after works from his dark period (Dolese et al., 2005); beauty ratings for a set of moderately
beautiful photographs of buildings were higher after viewing a set of less beautiful pictures
(Tousignant & Bodner, 2014); and abstract paintings were rated more beautiful when paired with
less beautiful paintings (Tousignant & Bodner, 2018).
This effect of stimuli contrasting away from contextual stimuli was described by Fechner's
principle of aesthetic contrast (Fechner, 1898 in Allesch, 2018). Fechner’s principle describes a
hedonic contrast. It distinguishes between positive hedonic contrasts, when a stimulus is rated better
after seeing a contextual stimulus, and negative hedonic contrasts, when a stimulus is evaluated as
worse after perceiving a contextual stimulus (Dolese et al., 2005). Parducci’s range-frequency
model (1965) provided an explanation for Fechner’s principle of aesthetic contrast and aligns it with
some general psychological heuristics such as the anchoring effect (for an overview, see Furnham
& Boo, 2011). Parducci (1965) proposed that a stimulus will be rated on a fictitious rating scale
relative to other recently rated stimuli and that both the range (distance between the most positive
and most negative stimuli) and the distribution of recently rated stimuli has an influence on how a
stimulus is rated. That is, an extremely positive or negative context stimulus will push the target's
rating down or up and so provoke contrast effects. Also, if the other stimuli are evenly distributed
(vs. not evenly distributed), a neutral stimulus will be placed closer (vs. more far away) to the
middle of the rating scale.
Second, an image may assimilate toward an image seen before or next to it. Images that
were preceded by highly negative IAPS (International Affective Picture System; Lang et al., 1997)
context images assimilated toward the negative context images (Mullennix et al., 2018). When
rating the pleasantness of an artwork, contrast effects occurred when the artwork was presented next
to contextual stimuli that were formally similar to the target but clearly aesthetically inferior to it.
Assimilation effects were registered when the contextual stimulus was aesthetically similar to the
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target stimulus (Arielli, 2012). Assimilation effects were also found based on participants’ tendency
to repeat the previous response (Chang et al., 2017; Kondo et al., 2012). Pegors et al. (2015)
showed an assimilation effect to previous evaluations, but at the same time the stimulus qualities
that participants had viewed in the preceding trial had a contrasting effect on the judgment of the
current stimulus.
Several models have been proposed to describe the effects of assimilation and contrast
(Förster et al., 2008; Schwarz & Bless, 1991). One of them is Mussweiler’s (2003) selective
accessibility model. Mussweiler’s model is based on a three-stage process: the selection of a context
stimulus to which the target stimulus will be compared, the comparison between the two, and the
evaluation of the comparison. Applied to images, this suggests that perceived similarity between a
target image and context image facilitates assimilation, that is, the target image is rated as more
similar to the context image. Conversely, perceived dissimilarity between two images facilitates
contrasting evaluations, in which the target image is perceived as more different from the context
image.
Some studies have shown that negative stimuli have a more pronounced effect on
subsequent ratings of stimuli than positive ones. In a study by Calbi et al. (2017), presenting happy
or fearful faces before neutral faces had a clear effect on the assessment of the neutral faces, but
only in the fear condition. Similarly, Mullennix et al. (2018) only found an assimilation effect when
target images were shown next to negative image material and not when they were paired with
positive images. This effect may be explained with the motivated attention theory (Bradley et al.,
2003; Lang et al., 2013; Schupp et al., 2004). Cues indicative of danger and fear evoke response
facilitation compared to neutral stimuli and motivate a defensive attitude, which become manifest in
avoidance and heightened vigilance (Bradley et al., 2012). The comparably stronger impact of
negative image material is consistent with the negativity bias, which explains this effect as a
function of evolutionary adaptation (Baumeister et al., 2001; Vaish et al., 2008).
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Curators and designers have an interest in presenting artworks in a way that supports,
challenges, or contradicts the images’ inherent meanings and in evoking genuine emotional
reactions to them. By using formal analogies or contrasting contents, they shape interactions
between images, creating possibilities of influence between pictures that stand side by side. But this
knowledge largely remains tacit, based on curators’ and designers’ many years of experience and
practical work with images. A better understanding of which processes underlying the effects of
pictorial context are activated under which circumstances may therefore help inform curatorial
decisions and facilitate teaching novice image practitioners.

Present Studies
We investigated two distinct factors that might account for how pictorial context shapes
viewers’ emotional attributions in images. In Study 1, we examined the role of ambiguity on
perceived emotion in juxtaposed images. In Study 2, we investigated formal similarity between
images as a potential moderator for how pictorial context impacts viewers’ evaluation of art
photographs. We did this by measuring the emotion perceived in a target image when participants
were confronted with an emotionally negative or emotionally positive context image compared to
when the target image was viewed on its own.

Study 1: The Effect of Ambiguity on Valence Ratings in Juxtaposed Presentation
Ambiguity refers to when multiple meanings are attributed to an object and the meaning
varies depending on the information, context, and interaction between an observer and an object
(Gaver et al., 2003). In images, cognitive ambiguity is a visual experience that elicits multiple
interpretations (Jakesch et al., 2013). Since works of art exhibit semantic instability (Jakesch &
Leder, 2009; Muth et al., 2015), they are predisposed to be affected by contextual influences.
According to Herr et al. (1983), contextual information can be activated as a prime. If the prime is
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moderately extreme, “it is the ambiguity of the target that determines whether assimilation or
contrast effects emerge” (p. 334).
The aim of Study 1 was therefore to investigate the extent to which image ambiguity
moderates the influence of the pictorial context—in the form of negatively vs. positively valenced
context images shown in juxtaposition—on the emotional attribution of a target image.

Method
Participants. Study 1 included 106 participants recruited via Prolific (prolific.co; mean age
= 26.3, SD = 7.3, 38 female, 66 male, two nonbinary). This sample size was informed by a
simulation study using the BEST package (Kruschke & Meredith, 2021). We used the default priors
to estimate a required sample needed for excluding artworks with unreliable ambiguity ratings (i.e,
ambiguity ratings with an SD > 1 on a 7-point Likert-type scale). For Study 1, this resulted in a
recommended sample size of n ≥ 54 per group for a between-participant design.
All participants had normal or corrected-to-normal vision as well as normal color vision.
Participants received monetary compensation (about US$2) for enrolling in the study. Both studies
were approved by the ethics committee of the University of (anonymized for peer review).
Stimuli. Photographs depicting landscapes and scenes were used as stimuli for both studies.
The focus of our study was to examine the affective interpretation of images seen with negatively or
positively valenced context images. However, we did not include context images that were likely to
elicit strong emotions (e.g., mutilated bodies or dangerous animals), because we wanted to
investigate a more realistic situation of images that could be presented side by side (for studies
using highly emotional stimuli, see Mullennix et al., 2018). We therefore excluded images showing
humans and animals.
The stimuli in Study 1 consisted of 20 target images and 20 context images. The target
images were horizontal format high-quality (150 dpi) digital color photographs of fine art by
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contemporary Western artists (see “Art Photographs” for a full list of the artworks, artists, and links
to the retrieved photographs in the repository:
https://osf.io/ptfqe/?view_only=f8be94e99d074065b74d1e1c8b34e5f3.). The images were
downloaded from the artist’s own website, from museum’s websites, or from auction houses. As
such, the images were expected to represent the most faithful reproductions of the original
photograph’s contrast and color (Reymond et al., 2020). Context images were selected from the
OASIS Image Set (Open Affective Standardized Image Set; Kurdi et al., 2017) and consisted of
horizontal format (nonart) color photographs. We used context images that were prerated as either
having a negative (mean valence = 1–2.5 / 7) or a positive (mean valence = 5.5–7 / 7) valence.
Prerated arousal values were included in the analysis as a covariable.
Participants were not informed about the provenance of either set of photographs (i.e., they
were not informed whether the images were categorized as art or not). We did this for two reasons:
first, to obtain more pronounced valence ratings, as it is known that images classified as nonart
receive more extreme valence ratings (Gerger et al., 2014; Leder et al., 2014; Pelowski, et al.,
2017a). Second, and more importantly, we did not label them as art so as to avoid establishing two
categories of stimuli, art images and nonart images, which could introduce potential confounding
factors (Dolese et al., 2005; Zellner et al., 2003, 2009).
The target images were displayed next to context images, as it has been shown that the
effect is more pronounced if the images are shown juxtaposed rather than sequentially (Khaw &
Freedberg, 2018; Tousignant & Bodner, 2018). Ten target images were shown paired with 10
negatively valenced context images (OASIS, Kurdi et al., 2017), and another 10 fine-art
photographs were paired with 10 positively valenced context images.
Procedure. The experiments were designed using Unipark software (Unipark, 2017). After
providing informed consent, participants were informed that they would view images and be asked
to rate them. Study 1 consisted of three blocks presented in the same order for all participants.
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Block 1 contained two subblocks (Block 1a [ambiguity rating] and Block 1b [valence rating]). The
subblock order was counterbalanced across subjects. In both subblocks, participants were presented
each of the 20 target images alone. All images were shown centered on a white background for an
indefinite amount of time, and participants could take as long as they wished to look at and rate the
image (Arielli, 2012; Dolese et al., 2005; Mullennix et al., 2018). After answering the question
presented underneath the image, participants clicked “Continue” at the bottom of the page to see the
next image.
In Block 2, participants were asked to provide demographic information (age, gender) and to
indicate whether they were professionally involved in assessing or creating images (i.e., as
designers, curators, photographers, etc.). We asked participants to state their current affect
(PANAS; Thompson, 2007) as well as their tolerance to ambiguity (MSTAT-II; McLain, 2009).
Block 2 was also defined to distract participants from their ratings in Block 1.
Block 3 began with the instruction that now two images (a target image and a context
image) would be presented side by side and that one of the two images (the target image) should be
evaluated in terms of perceived emotion. Following this, participants saw 10 target images paired
with 10 formally similar OASIS images (Kurdi et al., 2017) with negative valence and 10 target
images paired with formally similar OASIS images with positive valence. Participants could view
the target and context images for as long as they wanted. All the image pairs were shown one after
another in a randomized order. To make sure that participants rated the valence of the target image
and not the context image, a black bar (4 px) was placed under the target image. Whether the target
or the context image was placed on the left or on the right was fully randomized.
Finally, participants were asked to indicate if they had recognized any of the photographs (to
control for effects of familiarity) and to state if they had answered the questions conscientiously. On
average, it took participants about 15 minutes to complete the study.
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Measures. We collected measurements on five different scales during three phases of our
first study. In Block 1 and 3, ratings were made using a slider displayed beneath the image(s). In
Block 1a participants were asked to indicate how ambiguous (0 = “not at all,” 100 = “very much”)
they perceived the displayed image to be. Ambiguity was described as “to what extent an image
allows for multiple interpretations and meanings” (Jakesch et al., 2013; Muth et al., 2015). In Block
1b, participants were asked to state the emotion they perceived in the photograph (0 = “very
negative,” 100 = “very positive”), regardless of the emotion it aroused in them (Gabrielsson, 2001;
Kallinen & Ravaja, 2006).
In Block 2, we used the PANAS short version (Positive and Negative Affect Schedule;
Thompson, 2007) to assess positive and negative affect, since the perception of art is influenced by
the perceiver’s affective state (Konečni & Sargent-Pollock, 1977; Leder et al., 2004). Eight items
(“ambiguous stimuli in general,” “insoluble/illogical/irreducible/internally inconsistent stimuli”) of
the MSTAT-II questionnaire (McLain, 2009) were used to measure participants’ tolerance toward
ambiguous stimuli.
During the last phase of the study (Block 3), participants rated the emotion they perceived in
a target image next to a context image, regardless of the emotion it aroused in them on a scale from
0 (“very negative”) to 100 (“very positive”). For all the ratings on images, participants were asked
to note their first impression in order to assess their initial response to the image.

Results and Discussion Study 1
The complete analyses and data are available at:
https://osf.io/ptfqe/?view_only=f8be94e99d074065b74d1e1c8b34e5f3. For the analysis, we utilized
R 4.1 (R Core Team, 2021) and additional packages for data handling (Comtois, 2021; Pedersen,
2020; Wickham et al., 2019) and Bayesian analysis (Bååth, 2015; Kruschke & Meredith, 2021). We
opted for a Bayesian approach due to the absence of clear confirmatory hypotheses. We opted for
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computing highest density intervals (HDIs) to estimate the most probable effect sizes for the effects
of interest. Compared to a frequentist approach, which usually computes the probability of the data
given the null hypothesis, P(D|H), the Bayesian approach computes the probability of the
hypothesis given the observed data and prior beliefs, P(H|D) (Dienes, 2008). We therefore used
Bayesian inferences to estimate the probability of certain effect sizes given our data.
Descriptive Statistics. The descriptive analysis of the short version of the PANAS (Positive
and Negative Assessment Scale; Thompson, 2007) showed that participants scored generally low on
negative affect (M = 1.57, SD = 0.93) and medium on neutral and positive affect (M = 3.28, SD =
1.13). Similarly, participants indicated a moderate tolerance for ambiguous stimuli in general
(MSTAT-II G, M = 3.95, SD = 0.7; MSTAT-II I, M = 3.36, SD = 1.25). None of the participants
indicated they knew any of the presented stimuli; two participants indicated that they were unsure if
they knew a stimulus, but they did not correctly guess what the stimuli were.
Main Analysis. To explore our first question—how the ambiguity of the target image
moderates the effect of the context image—we compared the ambiguity ratings with the valence
ratings. We also examined whether the order in which the images were rated (i.e., ambiguity first
versus valence first) affected participants’ ratings. No meaningful correlation was found between
the ambiguity of the target image and the changes in valence from the presentation of single images
to pairwise presentation (positive condition, r =.026; negative condition, r = −.014).
However, as shown in Figure 1, the order in which participants rated ambiguity and valence
resulted in the artworks being rated differently in the paired condition. When ambiguity was rated
first, participants changed their valence ratings more strongly from the solo presentation to the
pairwise presentation. Furthermore, when the images were judged first for their ambiguity and then
for their valence, the effect of juxtaposition produced contrast effects for both the positive and the
negative conditions. When the valence of the images was judged first, a slight tendency to an
assimilation effect was observed in the negative condition. The overall effect was more pronounced
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when the target images were seen next to negative image material than next to positively valenced
images (Fig. 1).

Figure 1: Mean ratings and standard deviation for valence over all stimuli when presented alone in the valence-first
condition (orange) and the ambiguity-first condition (red) and when presented paired with a context picture (green).

To answer our second question—Does the presence of a juxtaposed context image influence
the emotion perceived in a target picture?—we compared the valence ratings in the single-image
condition to the paired condition. First, we applied Bayesian analysis to estimate the size of the
difference between the rating of a target stimulus seen on its own and the rating when it was seen
with a context picture (Table 1). We used a flat prior and computed 95% HDIs to estimate the
extent to which the valence ratings of the target images changed when they were presented with a
context image. The estimated effect size of the difference was computed by subtracting the rating of
the single image from the paired rating, so a negative effect size indicates a more positive rating in
the single condition, and positive effect size indicates a more positive rating in the paired condition.
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Table 1: Shown are the 95% HDIs for the estimated effect sizes of the differences between the ratings of the paired and
the solo presentations of the images. The effect sizes are categorized by the valence of the context image and if valence
was rated first (valence first) or second (ambiguity first) during the first block. A negative effect size indicates a more
positive rating in the solo condition.

Positively valenced context image

Negatively valenced context image
Overall

Valence first

Ambiguity first
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Compared to when displayed individually, the target images were rated more negatively
when paired with a positively valenced context image (mode = −0.24, HDIlow = −0.47, HDIhigh =
−0.01) and more positively when presented with a negatively valenced context image (mode = 0.26;
HDIlow < 0.01, HDIhigh = 0.52). When taking the rating order (ambiguity first vs. valence first) into
account, the estimations of the effect sizes change for valence first: there was a slightly negative
effect size (mode = −0.05, HDIlow = −0.42, HDIhigh = 0.33) when the target images were presented
with negatively valenced context images. When the context image was positively valenced, the
target images were rated slightly less positive in the paired condition compared to the single-image
condition (mode = −0.17, HDIlow = −0.5, HDIhigh = 0.16). In the ambiguity-first group, the target
images were rated more negative when paired with a positively valenced context image (mode =
−0.3., HDIlow = −0.62, HDIhigh = 0.02). The target images were also rated more positive when
paired with a negatively valenced context image (mode = 0.6, HDIlow=0.27, HDIhigh = 0.99).
In Study 1, we examined image ambiguity as a moderating aspect in the juxtaposition effect.
In Study 2, we investigate the effect of formal similarity on perceived valence in the paired
condition.

Study 2: Effect of Formal Similarity on Valence Ratings in Paired Images
What underlies contrast and assimilation effects is the premise of similarity in the rated
stimuli. In past studies, similarity has been considered in terms of category membership (Dolese et
al., 2005; Mussweiler & Bodenhausen, 2002; Rota & Zellner, 2007) or how extreme the standard is
(Herr et al., 1983). But contrast effects have also been observed irrespective of whether the context
images were assigned to a same, a similar, or a different category (Tousignant & Bodner, 2014,
2018). These results suggest that similarity may be an elastic concept in the evaluation of images.
Categorical similarity evaluates the correspondence of conceptual factors, which are based
on knowledge or expertise and processed top-down (Leder et al., 2004; Pelowski, et al., 2017b). In
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contrast, formal similarity describes the similarity of basic image features, which are assessed in a
bottom-up manner at the beginning of the image evaluation process (Pelowski et al. 2017b). Formal
similarity encompasses diverse image features, such as color, orientation, size, and motion, and can
be perceived in time or space (Arnheim, 1957). According to Mussweiler (2003), comparisons
between context and target stimuli are based on a rapid search for salient similarities. It is therefore
to be expected that bottom-up processed image features such as color and shape influence the
comparison process on a basic level.
Crucially, image expertise affects the perceived similarity between stimuli and therefore
influences context effects. Because experts use as their basic-level categories what are the
subordinate levels for novices, they recognize similarities that novices do not see. In a study
assessing the attractivity of flowers, this resulted in a hedonic contrast for laypeople but not for
experts (Rota & Zellner, 2007). More specifically, unlike laypeople, design experts are expected to
recognize formal similarities, since they are trained to judge images not only in terms of their
content but also in terms of their formal properties and similarities (Arielli, 2012; Hofmann, 1985).
In our second study, we analyzed the role of formal similarity between target and context
images as a moderating factor for the emotion perceived in target images that are presented
juxtaposed to a context image. We assumed that formal similarity between the target and context
image would enhance the influence of the context image on the target image. This effect was
expected to be strongest between a target image and a formally similar context image with negative
emotional valence. We compared ratings by laypeople and design experts.

Method
Participants. We used the expected valence means of the target pictures as priors to
estimate how many people were needed to reliably detect a deviation of 1 from the single image
ratings on a 7-point Likert scale. This resulted in a recommended sample of n ≥ 54 per group.
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Consequently, 122 participants were recruited via Prolific (prolific.co). The mean age was 33.7 (SD
= 10.39), and there were 90 women and 32 men. In addition, we recruited 56 design experts (design
students and lecturers from the University of (anonymized for peer review)) (mean age = 28.95, SD
= 9.78, 36 female, 19 male, one nonbinary). This resulted in a final sample size of N = 178, of
which 56 people identified as experts (46 of these experts were from the design-experts sample and
10 were from the Prolific sample). The experts from each sample did not identifiably differ from
each other and were consequently treated as a singular expert group (see Study2_Analysis in the
repository). All participants had normal or corrected-to-normal vision as well as normal color
vision. Participants recruited via Prolific received monetary compensation (about US$2) for
completing the study.
Of the Prolific sample, one participant indicated that they had seen one of the stimuli before,
but they did not identify it correctly. Of the design experts, 14 (25%) indicated that they recognized
artworks, and nine of them correctly recognized a few of the works. Since there were less than 10
persons in the total sample who recognized one or more of the art images correctly, we did not
pursue this further.
Stimuli. The same fine art photographs and context images as in Study 1 were shown in
pairs. To obtain formal similarity between the target and context images, the selection process of
the images was conducted in two phases: first, context images with required valence values were
selected from the “scenes” category of the OASIS (Kurdi et al., 2017) dataset. In a second phase, art
photographs were chosen that resembled the selected context images in motif, color, and form. The
selection process was done by the first author in collaboration with a lecturer in design at the
University of (anonymized for peer review) and in accordance with the other authors. The formal
similarity between the images was pre-assessed by five individuals not involved in the study.
Four experimental pairing conditions were defined. In the negative formal similarity
condition (A), a fine art photograph (target image) was shown with a negatively valenced OASIS
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image (context image) that was formally similar (Fig. 2). In the negative no formal similarity
condition (B), a fine art photograph was shown with a negatively valenced context image that was
not formally similar (Fig. 3). In the positive formal similarity condition (C), an art photograph was
presented with a positively valenced context image that was formally similar. In the positive no
formal similarity condition (D), one art photograph was presented with a positively valenced
context image that was not formally similar. Each of the 20 fine art photographs was assigned either
to the positive-valence condition or the negative-valence condition (10 positive and 10 negative).
Within these conditions, the same target image was paired once with a formally similar context
image and once with a formally dissimilar context image (See Figs. 2 and 3). Thus, 20 target images
(all fine art photographs) and 40 context images (all OASIS images) were used (see “Image Pairs”
in the repository for a detailed overview). All the target pictures had been rated regarding their
valence and ambiguity in Study 1.

Figure 2: Example of pairing condition A in Study 2. Target image on the left: Thomas Keller, Ohne Titel, from the
series Häuser – Where Distance Lives, 2004–2010, www.thkeller.com; paired with a formally similar context image
with negative valence on the right; OASIS Image Set, Flood 3.
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Figure 3: Example of pairing condition B in Study 2. Target image on the left: Thomas Keller, Ohne Titel, from the
series Häuser – Where Distance Lives, 2004–2010, www.thkeller.com; paired with a negatively valenced context image
that is not formally similar on the right; OASIS Image Set, Explosion 2.

Procedure. Study 2 consisted of three blocks presented in the same order for all
participants. In Block 1, participants were presented with each of the 20 target images paired in four
different conditions (A = negative formally similar condition, B = negative not formally similar
condition, C = positive formally similar condition, D = positive not formally similar condition).
After the first block was completed, participants were asked in Block 2 to provide demographic
information (age, gender) and to rate their current affect (PANAS; Thompson, 2007). Participants
were also asked to indicate if they had recognized any of the images they saw in the study and
whether they were professionally involved in assessing or creating images.
In Block 3, participants were presented with 20 pairs of a target and a context image
displayed side by side. To make sure that participants rated the valence of the target image and not
the context image, a black bar (4 px) was placed under the target image. Whether the target or the
context image was placed on the right or on the left was fully randomized. All the images shown in
this study were presented in a randomized order.
To conclude the experiment, participants were then asked to indicate if they had recognized
any of the fine-art photographs (to control for effects of familiarity) and to state if they had
answered the questions conscientiously.
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Measures. We collected measurements on three different scales during the three phases of
Study 2. In Block 1, participants were asked to indicate how formally similar (0 = “not at all,” 100
= “very much”) the two images were on a sliding scale displayed beneath the images. Formal
similarity was described as how much the two photographs looked formally similar and that this
included “qualities of composition such as color, shape, form and line” (Cupchik et al., 1992).
During Block 2, participants rated their current affective state using the 10 items from the
PANAS (Thompson, 2007). In Block 3, participants were asked to rate the emotion they perceived
in the target photograph, regardless of the emotion it aroused in them on a sliding scale from 0
(“very negative”) to 100 (“very positive”). When rating formal similarity and perceived emotion,
participants were instructed to note their first impression of the image.

Results and Discussion Study 2
As in Study 1, the complete analyses and data can be found at:
https://osf.io/ptfqe/?view_only=f8be94e99d074065b74d1e1c8b34e5f3. For analysis, we utilized R
4.1 (R Core Team, 2021) and additional packages for data handling (Comtois, 2021; Pedersen,
2020; Wickham et al., 2019) and Bayesian analysis (Bååth, 2015; Kruschke & Meredith, 2021).
Descriptive Statistics. Test-retest reliability, as measured by the repeated images in Block 1
and Block 3, showed that all the image ratings had good reliability (total, r =.76, n = 244). Hence,
all the data were retained for analysis. Results from the short version of the PANAS (Thompson,
2007) indicated that the participants—comparable to Study 1—scored generally low on negative
affect (M = 1.58, SD = 0.92) and medium on neutral or positive affect (M = 3.35, SD = 1.1).
Main Analysis. To answer our research question for Study 2—Does formal similarity
moderate the juxtaposition effect?—we first examined the subjective formality ratings. We
compared the similarity ratings of the design experts (n = 56) and laypeople (n = 122). The design
experts rated formal similarity comparably to the laypeople: not formally similar condition, M = 13,
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SD = 16.7 vs. M = 14, SD = 18.8; formally similar condition, M = 47.9, SD = 25.4 vs. M = 46.9, SD
= 27.3. Thus, we aggregated the two groups as one in the following analysis. As depicted in Figure
4, the formally similar pairs—while perceived as clearly more similar than the pairs that were not
formally similar—were rated to be moderately similar, scoring between 40 and 60 on formal
similarity.
Figure 4: Average rating of the formal similarity of the fine art photographs and their assigned pair. Separated into
formal similarity and no formal similarity.

We then compared the valence measurements for the single-presentation condition from
Study 1 with the valence measures in the juxtaposed condition in Study 2 for each of the four
conditions (n = 10): A = negative formally similar condition, B = negative not formally similar
condition, C = positive formally similar condition, D = positive not formally similar condition.
Since the effect size of the difference was computed by subtracting the valence scores in Study 1
from the valence scores in Study 2, a negative effect size indicates that the artworks were rated
more positive when presented on their own than in the juxtaposed condition (see Table 2). A clear
effect can be observed in all four conditions. Similarly to Study 1, the effect was more pronounced
when the target image was paired with a negative context image (formally similar condition, mode
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= −1.57, HDIlow = −2.69, HDIhigh = −0.59; not formally similar condition, mode = −1.84, HDIlow =
−3.06, HDIhigh = −0.71) than when the artwork was paired with a positively valenced context image
(formally similar condition, mode = −0.56, HDIlow = −1.28, HDIhigh = 0.15; not formally similar
condition, mode = −0.82, HDIlow = −1.63, HDIhigh = −0.07). All the effect sizes correspond to a
large effect according to Cohen (1992). As can be seen in Table 2, formal similarity between the
target and context image did not have a substantial effect. On the contrary, the effect was slightly
more pronounced in the conditions where there was not any evident formal similarity between the
images (the differences between the individual artworks can be found in the repository;
Study2_Analysis).

Table 2: The 95% HDIs for the differences between the paired ratings in Study 2 and the solo valence ratings from
Study 1 of the same stimulus. Categorized according to the valence and the formal similarity of the context image. A
negative effect size indicates a more positive rating in the solo condition.

Positively valenced context image

Negatively valenced context image

Formally
similar

Not
formally
similar
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Next, we compared the design experts (n = 56) and laypeople (n = 122) regarding their
valence ratings. Comparably to the similarity ratings, experts and laypeople rated perceived
emotions similarly: positive, M = 45.1, SD = 23.9 vs. M = 44.6, SD = 24.3; negative, M = 42.8, SD
= 23.7 vs. M = 43.2, SD = 23.3. Moreover, the differences in the affect scores (PANAS; Thompson,
2007) between the experts (positive affect, M = 3.01, SD = 1.14; negative affect, M = 1.62, SD =
0.95) and laypeople (positive affect, M = 3.51, SD = 1.03; negative affect, M = 1.56, SD = 0.91) was
negligible. As the valence ratings and the affect scores were comparable between experts and
laypeople, we did not pursue analysis of expertise effects further. (For a more detailed description
of the two groups, please refer to the supplementary material.)
Finally, we explored whether the juxtaposition effect could be tied to the arousal score of the
context image. We used a Pearson correlation to investigate the connection between the valence
scores in the paired condition with the prerated arousal scores of the OASIS (Kurdi et al., 2017)
pictures (see the repository). However, due to only having 10 pairs per condition, the estimations of
potential correlations were rather wide, which hindered determining whether such effects were
present. While art photographs paired with negatively valenced context pictures slightly skewed
toward negative correlations (median r = −.15, HDIlow = −.57, HDIhigh = .30), art photographs
paired with positively valenced context pictures skewed toward positive correlations (median r =
.25, HDIlow = −.18, HDIhigh = .64)

General Discussion
The perhaps essential value of art is to touch us emotionally (Pelowski et al., 2020). When
we encounter art, however, we rarely perceive art images in isolation. This in turn has an influence
on the affective interpretation we attribute to a single piece of art. We conducted a study that
reflected a common situation for encountering art: art photographs are often embedded in a pictorial
context. Our focus was to manipulate the valence of neighboring images (using prescored
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negatively or positively valenced context images) and the formal similarity (formally similar or not
formally similar) between the target and context images so as to examine the effect of these image
features on the emotional attribution of the art image. We also considered the ambiguity of the
artworks and the expertise of the viewers.

Juxtaposition Effects on the Affective Interpretation of Art Photographs
In our studies, we clearly showed that neighboring images influence the affective
interpretation of art photographs. These results reflect earlier findings that emotionally loaded
image material affects the interpretation of faces (e.g., Barrett et al., 2011; Righart & de Gelder,
2008) and text (e.g., Price et al., 1997; Rodriguez & Dimitrova, 2011). But more importantly, our
results extend the findings of previous studies that showed an influence of neighboring images on
the liking and aesthetic evaluation of images (e.g., Arielli, 2012; Mullennix et al., 2018; Tousignant
& Bodner, 2014).
We demonstrated—in line with previous studies (e.g., Calbi et al., 2017)—that negative
pictures exert a stronger influence on neighboring images than positive ones do. Although our
results exhibited less pronounced effects compared to studies that used unambiguously negative
images (Mullennix et al., 2018), our results show that the perception of images and their emotional
attribution can be influenced by other images—even if they depict merely subtly negative material.
The reason why negative pictures tend to have a stronger impact on neighboring images has been
explained as a general negativity bias (Baumeister et al., 2001; Rozin & Royzman, 2001). However,
in contrast to Calbi et al. (2017) and Mulllennix et al. (2018), we also found a negative trend when
target images were presented alongside context images with positive valence. This allows us to
explain the generally stronger influence of negative contextual material on the target image in terms
of negativity bias, but the positive condition in our studies shows that we are actually dealing with a
contrast effect and not just a general negativity bias. If this effect were merely due to a negativity
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bias, the ratings of the images in the positive conditions would have remained the same when the
target image was presented alone and when it was presented in juxtaposition with the context
image. In our studies, however, we found that target images were rated more negative when viewed
juxtaposed with positive images than when viewed alone.

Contrast and Assimilation Prompted by Rating Dimension
Our results revealed contrast and assimilation effects. In our first study, we found an overall
contrast effect: images shown with a negatively valenced context image were perceived to be more
positive than if they were seen alone, whereas images shown with a positive context image were
rated more negative than when rated alone. When we separated the ratings into valence-first and
ambiguity-first conditions, we discovered a slight tendency for an assimilation effect in the negative
condition and a contrast effect in the positive condition when the valence was rated first. This
pattern was also found in our second study, where it revealed even larger effects.
Following the selective accessibility model (Mussweiler, 2003), which predicts assimilation
when the comparison reveals that the target and context are similar and contrast when they are
dissimilar, we assume that in the valence-first condition, the target images were rated as similar to
the context images in the negative condition (thus producing assimilation), whereas they were
perceived as dissimilar in the positive condition (thus provoking a contrast effect). Accordingly, the
target images in the ambiguity-first condition were rated as dissimilar to the context images, thus
producing contrast effects in both conditions. Mussweiler (2003) points out that the process of
comparison is not always conscious. Comparisons between context and target images may occur
spontaneously or even subliminally, and standard features may be “identified, retrieved, or
constructed on the spot” (p. 480). Similarly, Higgins and Chairs (1980) proposed that if the recently
activated dimension “is applicable to the stimulus (i.e., there is a sufficient match between the
features of the construct and the features of the stimulus), then it will be used to encode or
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characterize the stimulus” (Higgins & Chaires, 1980, p. 351). We therefore argue that the different
effects in our first study were possibly due to the order of the rating dimensions and the target
knowledge that was thereby activated. In that sense, the rating dimension can be seen, in addition to
the neighboring image, as part of the pictorial context in which the target images were assessed, so
it too influences the emotional evaluation of the images. Activating ambiguity first seems to have
influenced participants to perceive the target and context images as dissimilar in general, whereas
activating valence first provoked similarity and dissimilarity judgments between the images.
However, which exact target knowledge was activated and consequently prompted assimilation and
contrast remains in the realm of the hypothetical.
In our studies, we showed the target and context image next to each other in a simultaneous
presentation. According to Wedell et al. (1987), the simultaneous evaluation of two stimuli makes it
difficult for the perceiver to distinguish the subjective experiences evoked by each stimulus. The
evaluation of the target image should therefore shift toward the evaluation of the context stimulus
seen in juxtaposition compared to when the target is evaluated after the context stimulus. This
would result in an assimilation effect. Our data from the negative, valence first condition in Study 1
as well as the negative conditions in Study 2 are in accordance with Wedell et al. (1987). However,
in the other conditions, we did not find any assimilation, even though the two images were
presented simultaneously. We argue that simultaneous presentation may facilitate an assimilation
effect, but this does not lead per se to an approximation of the stimuli.

Limitations and Future Work
In the following, we review the main limitations of our study and discuss possibilities for
future work. In our studies, we showed that contrast and assimilation effects were influenced by the
order of the evaluative dimensions, but we could not say with certainty which target knowledge was
activated. Future studies should investigate the role of evaluation dimensions and their influence on
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the emotional interpretation of art. In our experiment, rating ambiguity in general had an effect on
the valence ratings in our first study. But the intensity of perceived ambiguity in the target images
themselves did not show a clear correlation with the valence ratings in the single and the paired
conditions. This could be due to the fact that target images used in our experiment were rated as
moderately ambiguous. In future work, using images that exhibit more pronounced ambiguity could
reveal an answer to the question of whether images depicting a rather vague meaning are more
susceptible to contextual influences (Herr et al., 1983; Muth et al., 2015). We also investigated
whether formal similarity (Arnheim, 1957) would enhance the influence of the context image on the
target image, but we did not find any evidence for this. On the contrary, the effect was more
pronounced in the condition with no formal similarity. This result raises the question of whether the
content of images has a greater influence on neighboring images than their formal aspects.
However, since the images used in our studies were not found to be extremely similar, this question
requires further experiments with images whose formal similarity is more pronounced.
We also investigated viewer-centered aspects. Since trained designers are accustomed to
evaluating the formal aspects of images, we expected the influence of formal similarity to be more
pronounced in experts’ ratings than in laypeople’s ratings (Rota & Zellner, 2007). Although our
data showed that there was no difference between experts and laypeople in terms of formal
similarity and in subsequent valence ratings, these results need to be examined in more detail using
comparable group sizes. This lack of clear results may also be due to the fact that the images were
not rated to be as formally similar as we expected them to be. We also expect that measuring the
current affective state of the viewers not only in the middle of the experiment but also at the end of
the experiment could have shed more light on the question why we found a more pronounced
negative effect in the rating of the juxtaposed images in our studies (Konečni & Sargent-Pollock,
1977; Leder et al., 2004). Although the participants’ current affects showed no significant negative
moods, it is possible that it changed during the course of the study or even due to the evaluation of
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the images. Future studies should therefore assess participants’ affect also at the end of the study,
especially if the rating dimensions concern valence.

Conclusion
What insights do these results offer to visual designers and curators? In summary, our
results empirically support experts’ tacit knowledge in placing images. The image context
influences the emotional interpretation of an image. This confirms the importance of the work of
curators and designers in visual communication in arranging images, because context influences the
affective interpretation we attribute to images. A curator can render the affective interpretation of an
image more negative by placing it next to a similar image with a negative connotation. A designer
makes an image look more positive by displaying it in the context to a negative image that shows no
similarities to it. Essentially, our results confirm that it is highly desirable to show artworks again
and again in different contexts in order to enable new experiences that allow us to rediscover
different, contradictory facets of an image. Interestingly, our results also show that other,
nonpictorial factors influence our evaluations of images, which is consistent with a growing body of
work demonstrating the variety of contextual influences on art perception (Pelowski & Specker,
2020). If a cognitive context in which an art image is viewed is made salient, it will have an
influence on the evaluation of the image. In that sense, curators and designers can effectively use
not only neighboring images as an influencing context but also the thematic orientation of an
exhibition or the title of a catalogue to make (art) images appear in a new, undiscovered light.
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NAMING IMAGES IN APHASIA
Naming Images in Aphasia:
Effects of Graphic Representations and Photographs on Naming Performance
in People With and Without Aphasia
Background: Picture naming is a common tool in aphasia diagnosis and therapy.
However, opinions differ as to which type of image (e.g., photographs, drawings) is most
suitable for naming tasks and whether there is a difference on naming accuracy and
latencies based on image type. Moreover, recent studies have mainly analyzed color
photographs and black-and-white line drawings leaving out image types like graphic
representations that apply beneficial image features like color, controlled size, or texture.
Aims: To shed more light on appropriate image types for people with aphasia, we created
graphic representations depicting nouns and verbs and compared them to photographic
stimuli in a naming task including persons with aphasia (PWA) and a control group (CG).
Methods & Procedures: 33 PWA and 33 age matched CG participated in the study.
Naming correctness and latencies were measured in two different conditions: concepts
depicted as colored photographs vs. as graphic representations. 128 pictures of
linguistically controlled German-language concepts (64 nouns, 64 verbs) had to be
named. The designed graphic stimuli were developed by professional designer based on
photographs. The photographs were selected from stock image databases according to a
defined image concept. This image concept was based on empirical findings regarding
the positive effect of favorable image features (e.g., color, texture, shading) and was
applied to the selection of the photographs as well as to the creation of the graphic
representations. The images were presented in pseudo-randomized sequences on a tablet
and all reactions were videotaped. The data from the main study was analyzed using
generalized linear mixed models (GLMM).
Outcomes & Results: Our analysis showed no significant difference in naming
correctness and latencies between photographic and graphic stimuli. Comparing graphic
representations and photographs in PWA when naming nouns and verbs, graphic stimuli
were named more correctly on average, however, this difference was below significance
level.
Conclusions: In our study we showed that graphic representations, when including
favorable image features like color, texture and shading, can evoke the same naming
performance as photographs. We therefore advocate the use of graphic representations
that include favorable image features. These can be used in combination with
photographs in an image set, especially when depicting concepts that benefit from
reduced representation, e.g., verbs.
Keywords: aphasia; picture naming; image type; image features; E-Inclusion
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Introduction
Naming images is a common paradigm for investigating unimpaired (Bates et al., 2003;
Glaser, 1992; Kohnert, 2004) and impaired language processing (e.g., Cotelli et al.,
2007; Cuetos et al., 2005; Howard et al., 1985; Kohn & Goodglass, 1985; Laine et al.,
1997). Naming objects or scenes depicted on pictures is also used to diagnose the
severeness of aphasia using standardized and psychometrically validated language tests
(e.g., Aachener Aphasie Test; Huber et al., 1983; Boston Naming Test; Kaplan et al.,
2001; Bielefelder Aphasie Screening; Richter et al., 2006; Quick Aphasia Battery;
Wilson et al., 2018) or to train and re-learn language in aphasia therapy (e.g., Brumbi et
al., 2017; Pfab et al., 2015; Stark, 1992). Despite the longstanding use of images in
aphasia diagnostics and therapy, there is still disagreement on what relevant images for
persons with aphasia actually should look like (Brown & Thiessen, 2018). In this paper,
the term image type refers to the technique used to create an image and categorizes an
image as, for example, drawing, photograph, or painting. Each image type can be
further differentiated: For example, drawings can vary in terms of their level of
generalization (from as detailed as possible like in scientific illustrations to simplified as
in pictograms). Different image types in the context of aphasia—usually classified as
drawn or photographic stimuli—have been investigated regarding their effect on
naming performance. Drawings mostly refer to a heterogeneous group of black-andwhite or colored line drawings. In line drawings the depicted figure is outlined with a
black line presented on a white background, in colored line drawings the surfaces are
colored. Pictograms, pictographs or icons are often described as a sub-category of
drawn stimuli and are mostly used interchangeably for the same image type: a black
graphic form that conveys meaning through its pictorial resemblance to a physical
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object. Photographs are colored or black-and-white photographic images, showing
objects or persons embedded in a scene or cropped and shown on a plain background.
Comparing object recognition in color photographs and black-and-white line
drawings in healthy participants, Heuer (2016) showed that object recognition was
facilitated by color photographs. Based on this, she argued that the image types used in
aphasia diagnostics should be examined in more detail. But while some older studies
have demonstrated differences of image type on naming performance (Benton et al.,
1972; Bisiach, 1966), others have shown no such effects (Corlew & Nation, 1975). The
current heterogeneity of available picture stimuli and their effects on naming
performance places a unique challenge for practitioners in aphasia therapy when it
comes to providing appropriate image material to their patients. The vast variety of
pictures to choose from might also cause uncertainty as to which types of images should
be used in aphasia diagnostics (Brown & Thiessen, 2018). The aim of our paper is
therefore to clarify the role of image type on naming performance in persons with
aphasia (PWA) and adults without aphasia (control group: CG). We do so by comparing
naming responses (naming correctness and response latencies) to two image types,
which we created or selected from professional image databases.

Effects of image type on naming performance and communication behavior
in PWA
Drawn stimuli may be regarded as a translation of objects, persons or scenes seen in the
real world. As such, drawings offer the possibility to focus on core features of an object
or scene, accentuating the meaning of the image and leaving out unnecessary details.
Specifically line drawings are said to facilitate text comprehension in normal (Readence
& Moore, 1981) and impaired readers (Doak et al., 1996; Mayer & Villaire, 2007)
because keeping the picture simple in construction seems to be better suited to enhance
5
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comprehension than artistic or overly detailed images (Readence & Moore, 1981, p.
222). Line drawings are also considered beneficial for evoking language in PWA
(Kagan & LeBlanc, 2002; Pound et al., 1999) and are therefore traditionally used in
diagnostic tests (e.g., Huber et al., 1983; Richter et al., 2006). When studying objects
depicted as colored line drawings, black-and-white line drawings, and black-and-white
line drawings with lines drawn across the picture, Bisiach (1966) compared recognition
and naming accuracy in nine PWA. There was no significant difference in recognition
of the images. However, the ratio of correct naming based on the correctly recognized
images was significantly higher for the colored line drawings compared to the blackand-white and the crossed-out images. Benton et al. (1972) compared small and large
black-and-white line drawings of objects and real objects on naming accuracy in 18
PWA. A significant difference in naming accuracy between line drawings and objects
was observed—although the naming performance in the different conditions were
extremely close to each other. The authors suggest that real objects may provide more
opportunity for association and semantic activation than line drawings which may in
turn favor retrieval of the object’ name. The size of line drawings did not influence
naming accuracy. Bisiach (1966) and Benton et al. (1972) showed that proximity to the
real object (as a detailed color drawing or as a real object) has a positive influence on
naming performance. In contrast to those results, Corlew and Nation (1975) showed no
differences based on different stimulus types. They investigated the correct naming of
real objects compared to reduced black and white line drawings of the same objects.
The naming responses of 14 PWA did not differ significantly based on the stimuli.
Photographs depict objects, scenes or persons similarly to how they are
perceived in everyday life. In this sense, photographs show what is depicted with all its
rich details which facilitates object recognition and may therefore be beneficial for
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language processing in PWA (Heuer, 2016). When comparing the effect of colored and
black-and-white photographs of objects on naming latency and correctness, Mohr
(2010) showed that 29 PWA as well as 60 adults without aphasia named the objects on
the color photographs significantly faster and more accurately than the black-and-white
photographs.
The effectiveness of photographs to support communication in PWA has been
shown in studies comparing photographs with line drawings and/or pictograms.
Analyzing communication behavior with the support of photographed objects and
colored pictograms of objects, Ho et al. (2005) described that their two participants with
global aphasia communicated about more topics and had fewer communication
interruptions when supported by both image types than when no images were present.
Additionally, more pointing behavior was observed with photographs than with
pictograms. When testing the use of augmented and alternative communication devices,
Griffith et al. (2014) showed that four PWA more frequently used personally relevant
photographs than colored line drawings when retelling a narrative. However,
participants orally reported both image types to be equally helpful. Ma et al. (2009)
investigated different types of images (colored and black-and-white photographs, blackand-white pictograms) to icons in 50 PWA on their effectiveness in communication
replacement. In this study, icons denote pixelated black-and-white line drawings with
and without color. Icons and images were shown to be equally functional in conveying
information and thus equally suitable for communicating single words (Ma et al., 2009).

Effects of image features on naming performance for objects
To name an object on an image correctly it needs to be recognized correctly first (Alario
et al., 2004; Heuer, 2016; Humphreys et al., 1999). At the same time a variety of image
features influence recognition and naming performance in persons without neurological
7
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deficits (for an overview see Johnson et al., 1996). Image features describe formal
characteristics of an image such as the color used or the contrast within an image. The
size of the depicted object affects the time needed to name an object: Depicted objects
that are smaller than 4° to 6° of visual angle may be difficult to perceive because they
are too small. Very large images, in turn, require eye movement for optimal foveal
perception, increasing the difficulty of identification (Biederman & Cooper, 1992;
Johnson et al., 1996, p. 117). Maintaining a realistic size ratio within an object category
was considered in the image set of Snodgrass and Vanderwart (1980). The objects’
color is relevant when it underlines the prototypicality of the object. When colorprototypical objects are presented in incongruent colors, they are named slower than
when shown in their prototypical color (Naor-Raz et al., 2003; Rossion & Pourtois,
2001; Therriault et al., 2009; Wurm et al., 1993). A medium color contrast of the object
has been shown to provoke faster naming latencies than low color contrast (Brodie et
al., 1991, Experiment 1). The depicted texture of an object (depiction of the materiality
of the object) and shading (dark and light colored surfaces on an object simulating
three-dimensionality) facilitates naming performance (Adlington, 2009; Brodie et al.,
1991; Rossion & Pourtois, 2001). The view on objects also plays a role in naming
performance: When objects are displayed in the canonical view, that is, in the position
where the information identifying the object is optimally visible (e.g., seeing a zebra
from the side favors recognition compared to when it is seen from above), naming of
the object is fastest (Palmer, 1981; Snodgrass & Vanderwart, 1980).

Depictions of verbs
It is known that naming verbs is more demanding than naming objects, for persons
without neurological deficits as well as for PWA (Bastiaanse et al., 2003; Bastiaanse &
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Jonkers, 1998; De Bleser & Kauschke, 2003; Kim & Thompson, 2000). This is based
on factors like differences in semantic representation (Vinson & Vigliocco, 2002) or the
higher morphological complexity of verbs (Vigliocco et al., 2006). In addition, the
imageability of verbs poses a challenge compared to the imageability of nouns (Bird et
al., 2003) whereas “imageability” is defined as the “extent to which an object name
evokes few or many different images for a particular object” (Alario et al., 2004, p.
141). Bird et al., (2003) investigated the effect of imageability in four PWA and showed
that if the depicted verbs were controlled for imageability no differences in reading or
writing were found for verbs and nouns. This suggests that the PWA found verbs to be
more difficult because of the type of representation, rather than the word class. Where
depicting concrete nouns allows for a clear boundary of the figure on a plain
background, verbs are characterized by the need to show actors in a more or less
complex context. This fundamental difficulty is reflected in the comparably small
number of image sets that depict verbs (for image sets containing depictions of verbs,
see Fiez & Tranel, 1997; Khwaileh et al., 2018; Masterson & Druks, 1998; Székely et
al., 2004). The set of 280 images by Fiez and Tranel (1997) shows verbs as grayscale
photographs of “persons, animals, and objects engaged in ongoing actions” (p. 547) on
a plain or structured background. Khwaileh et al. (2018), Masterson and Druks (1998)
and Székely et al. (2004) provided sets of depicted verbs by assembling black-and-white
line drawings of persons, animals or objects performing different actions. Akinina et al.
(2015) have provided a set of 375 black-and-white as well as a colored version of line
drawings depicting action pictures and verbs. Investigating the depiction of verbs,
Thiessen et al. (2016) have shown that task-engaged depiction (the depicted person
turns towards the performed activity) draws significantly more visual attention of PWA
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as well as adults without aphasia to the objects than when the depicted person looks into
the camera. This in turn might have a positive influence on the naming of activities.
In summary, the few studies exerted on the effect of different image types on
naming performance when naming objects have produced mixed results. Some studies
have indicated that if photographs were compared to reduced black-and-white line
drawings, they evoked better naming performance. However, there is evidence that
specific image features like controlled size, color, texture and viewpoint on the object
affect naming performance of objects in persons without neurological deficits
(Biederman & Cooper, 1992; Johnson et al., 1996; Naor-Raz et al., 2003; Palmer, 1981;
Therriault et al., 2009). Thus, comparing color photographs with black-and-white
drawings might restrict the positive effect of these features—all of which can be applied
to drawings—on naming performance in PWA. To our knowledge, those image features
have hardly been systematically implemented into image material depicting objects and
verbs specially produced for PWA. Moreover, the comparably small number of image
sets providing depictions of verbs have mainly used grayscale photographs, black-andwhite or colored line drawings. The predominant use of line drawings for depicting
verbs in the existing image sets might suggest that a schematic and reduced image type
may be beneficial for representing verbs.
Studies that have actually investigated the role of image types on naming
performance in PWA and not merely in persons without aphasia is still quite small. To
our knowledge, the effect of drawn stimuli that go beyond reduced (black-and-white)
line drawings and implement favorable image features like color, texture, and shading
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on naming correctness and latencies in PWA has hardly been researched so far and is
the aim of our study1.

Research Questions of the Present Study
In our study, we developed drawn stimuli incorporating image features that have been
shown to have a favorable effect on naming performance, e.g. controlled size, color,
perspective, and texture (Adlington, 2009; Biederman & Cooper, 1992; Palmer, 1981;
Rossion & Pourtois, 2001; Wurm et al., 1993). The type of stimuli we compared to
color photographs in our study were drawn on the computer using Adobe Illustrator and
Adobe Photoshop (https://www.adobe.com). As such we consider our digital drawings
to be a sub-category of the image type of drawings and refer to them as graphic
representations. We compared naming correctness and response latencies between these
graphic representations and photographs depicting nouns and verbs in a picture naming
task in a group of 33 PWA and an age-matched control group of 33 participants.
This study was designed to assess whether photographic and graphic images affect
naming correctness and naming latency of nouns and verbs for PWA. We also
compared naming performance in PWA and the CG.

Materials and Methods
The study was approved by the Ethics Committees of Northwestern and Central
Switzerland (EKNZ) and the Cantonal Ethics Committee Zurich (kek.zh.ch), Project ID:
2019-00084. The study was also registered at ClinicalTrials.gov, Identifier:
NCT05164380.

1

For in depth information on the interdisciplinary project E-Inclusion in which this study was embedded
see Widmer Beierlein et al. (2021).
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Participants
A total of 33 adults with aphasia (Mage = 58.1, SD = 13.6; 18 males, 15 females) were
included in our study. The approximate number of participants was previously defined
by a power analysis based on simulation. PWA were recruited in cooperation with local
speech therapists, hospitals and rehabilitation clinics. PWA had to be diagnosed with
minimal, light or moderate aphasia by the Aachener Aphasie Test (AAT; Huber et al.,
1983). All of them were in the post-acute or chronic phase with a minimum of six
weeks post onset. Twenty PWA were diagnosed with anomic aphasia, five PWA with
Wernicke aphasia, seven with Broca aphasia and one participant with global aphasia. In
26 persons the aphasia was caused by an ischemic and in three by a hemorrhagic stroke,
two had a tumor and two a craniocerebral trauma. All participants had to show
sufficient language comprehension to follow the instructions during the experiment, an
attention span of minimum 45 minutes, a mild dysarthria or apraxia of speech was
allowed but no indication for dementia according to the treating speech therapist.
Further they had to have intact color vision, normal or corrected to normal vision and
hearing attested on a questionnaire filled out by the patient before study enrollment.
Refer to Table 1 for description of PWA.
The age-matched control group consisted of 33 participants (Mage = 58.2, SD =
14.2; 16 males, 17 females) all with intact color vision, normal or corrected to normal
vision and hearing and no neurological diseases in their health history. They were
recruited via inquiries sent to retiree associations, the researchers’ circle of
acquaintances as well as by asking relatives of participants with aphasia. A two-sided ttest for related samples (due to matching) showed no significant difference regarding
age between individuals with and without aphasia (T(32) = 0.020, p = .984).

12

NAMING IMAGES IN APHASIA
Table 1. Description of PWA.
ID Age Gender
1
2
3
4
5
6

74
48
53
60
72
62

F
F
F
M
M
F

7
8

43
36

M
F

9

30

F

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

47
55
74
27
69
43
67
75
60
69
58
42
54
58
56
84

M
M
M
M
F
M
M
F
M
M
F
F
M
F
M
F

26
27
28
29
30
31
32
33

53
48
65
75
68
62
63
67
●

F
F
M
F
M
M
M
M

Handedness
Right
Right
Right
Right
Right
Left
(right for writing)
Right
Left
(previously right)
Left
Right
Right
Two-handed
Right
Right
Left
Right
Right
Right
Right
Right
Left
Two-handed
Right
Right
Right
(retrained to left)
Right
Right
Right
Right
Right
Right
Right
Left

Education
[years]
10
12
12
13
16
12

First language

Aphasia type

Aphasia phase
Post-acute
Chronic
Post-acute
Post-acute
Post-acute
Chronic

Time since onset
[months]
9
40
10
6
7
16

AAT
Severity
Light
Light
Minimal
Light
Light
Minimal

AAT
Severity naming
Light
Light
Light
Light
Minimal
Medium

Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German

Anomic
Anomic
Anomic
Anomic
Anomic
Wernicke

13
12

Swiss German
Swiss German

9

Aetiology
Ischemic stroke
Ischemic stroke
Braintumor
Ischemic stroke
Ischemic stroke
Ischemic stroke

Lateralisation
of damage
Left
Left
Left
Left & right
Left
Left

Anomic
Anomic

Chronic
Chronic

16
108

Light
Minimal

Light
Light

Ischemic stroke
Ischemic stroke

Left
Left

Swiss German

Broca

Chronic

130

Medium

Light

Left

16
13
12
14
10
29
13
9
9
19
12
11
15
13
16
10

Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German

Anomic
Global
Broca
Anomic
Anomic
Wernicke
Anomic
Anomic
Anomic
Anomic
Anomic
Broca
Broca
Broca
Anomic
Anomic

Chronic
Chronic
Chronic
Chronic
Post-acute
Chronic
Chronic
Chronic
Chronic
Post-acute
Post-acute
Chronic
Chronic
Chronic
Chronic
Chronic

17
217
61
105
1
43
28
25
15
2
5
140
120
34
65
258

Minimal
Severe
Medium
Light
Light
Severe
Minimal
Minimal
Minimal
Light
Minimal
Medium
Light
Medium
Minimal
Light

Minimal
Medium
Medium
Light
Minimal
Light
Minimal
Minimal
Minimal
Light
Light
Medium
Medium
Medium
Light
Light

Ischemic stroke,
Craniocerebral trauma
Craniocerebral trauma
Ischemic stroke
Hemorrhagic stroke
Ischemic stroke
Braintumor
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Hemorrhagic stroke
Hemorrhagic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke

Left
Left
Left
Left
Left
Left
Right
Left
Left
Left
Right
Left
Left
Left
Left
NA*

1
17
16
10
9
12
9
15

Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German
Swiss German

Anomic
Wernicke
Broca
Anomic
Wernicke
Wernicke
Anomic
Broca

Chronic
Chronic
Chronic
Chronic
Chronic
Post-acute
Chronic
Chronic

142
138
91
78
16
2
14
124

Light
Medium
Minimal
Minimal
Light
Medium
Light
Medium

Light
Medium
Light
Light
Medium
Medium
Light
Medium

Hemorrhagic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke
Ischemic stroke

Left
Left
Left
NA*
Left
Left
Left
Left

This information is missing because these patients did not provide any information.
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Stimuli
We created graphic representations of 128 words—64 verbs and 64 nouns to be compared to
128 photographs in our study. Eight trial items (four nouns, four verbs) were added to be
used as examples before the main test items. The set of graphic representations can be seen
and downloaded on the following platform: https://mediathek.hgk.fhnw.ch/einclusion/. The
images may be used by citing the present article as a reference (See Fig. 1 as an example for
the style of graphic representation).
Figure 1: Graphic representation of a drill, showing the use of shading to provoke the illusion of threedimensionality and different color tones to show the texture of the object.

Selection of words
Naming correctness and naming latencies are influenced by several linguistic aspects such as
word frequency, word length, accent, image agreement and name agreement (Adlington,
2009; Alario et al., 2004; Barry et al., 1997; Bates et al., 2003; Kemmerer, 2014; Laiacona et
al., 2001; Levelt et al., 1999; Menn & Bastiaanse, 2016; Meyer et al., 2003; Snodgrass &
Vanderwart, 1980). To assemble a comparable image set, each German-language term
needed to fulfill linguistic specifications: all of them had two syllables, a trocheic rhythm
with accent on the first syllable, maximally two morphemes, and were low frequent
14

NAMING IMAGES IN APHASIA
according to “Swiss German vocabulary” (Leipzig Corpora Collection). Only active and full
verbs and nouns displaying object names (no proper nouns or colors) were included and the
concepts had to be imageable.

Graphic Representations & Photographs
The graphic representations were developed within the research team and created by trained
designers. They were designed based on photographs chosen according to the defined image
concept and bought on stock images platforms (iStock www.istockphoto.com and Getty
Images www.gettyimages.ch) (Reymond et al., 2019). The following image features were
defined as image concept and applied identically for photographic stimuli and graphic
representations: Color was used to emphasize the characteristics of the subject depicted and
natural objects were shown in their most prototypical color (Mohr, 2010; Wurm et al., 1993).
All concepts were shown without background, centered on grey (5% black) background and
in canonical view (Palmer, 1981). Size relationship was controlled within a category (as
applied in the Snodgrass and Vanderwart image set, 1980) and small narrow objects were
shown in 45° angle positions (Snodgrass & Vanderwart, 1980). Verbs were shown taskengaged (Thiessen et al., 2016). The graphic representations differed from the photographs in
the sense that details that were not required for unambiguous recognition were simplified or
omitted (e.g. labels on objects, patterns on garments, details of technical devices)
(Biederman, 1987) (See Figure 2 as an example).
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Figure 2: Depiction of the verb “diving”. On the left as a photograph (iStockPhoto.com, 487542208, 2015), on
the right as graphic representation.

Additionally, specific decisions were made to define the style of the graphic
representation: No outline was used around the figures, therefore trying to avoid giving the
image a schematic appearance and to differentiate the image style from the type of black-andwhite line drawings. Textures were implemented in the form of different color shades and
shapes (Brodie et al., 1991; Rossion & Pourtois, 2001), three-dimensionality was simulated
by the use of shading and gloss spots (Adlington, 2009; Rossion & Pourtois, 2001). Further
specific criteria were defined separately for the depiction of nouns and verbs (See Table 1 in
Appendix: https://osf.io/kf7gv/?view_only=33c8687aa4e94907adec776d57c67922).

Image validation
To ensure the homogeneity of the stimuli used, the graphic representations were controlled
for image agreement, visual complexity and name agreement prior to the main experiment in
two related image validation studies. These variables were chosen because they have been
shown to provide relevant information on the development of stimuli depicting concrete
nouns (Fiez & Tranel, 1997; Snodgrass & Vanderwart, 1980). Sixty-two students from the
FHNW Academy of Art and Design (23 males, 35 females, 4 without gender specification,
Mage = 25.6, SD = 6.3) rated 128 graphic representations on 5-point scales for visual
16
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complexity and image agreement (1=very simple, 5=very complex; respectively 1=very low
agreement, 5=very high agreement). Additionally, written name agreement was assessed for
every term. The photographic stimuli were not included in the analysis as the results were
expected to be similar to the graphic representations. The results of the pretest analysis were
used to adapt the graphic representations not fulfilling the requirements before their use in the
main study. (For a detailed description of this procedure and the adaptations see Table 2 and
3 in the Appendix).
Oral name agreement of the stimuli was examined in a second image validation study
including 123 adults (50 males, 72 females, Mage = 41.6, SD = 18.5) and was assessed with
the percentage of correctly answered items and the H-statistic (Snodgrass & Vanderwart,
1980). While higher H-statistic values indicate lower name agreement these scores were used
to test the dominant term attributed to an image.

Sets
The photographs and graphic representations were compiled into eight different sets, in
which the image type (photograph/graphic representation) and the word class (nouns/verbs)
were controlled. Item listing was semantically and phonemically controlled for as well as for
color to ensure maximal semantic, phonemic and/or illustrative distances between successive
items (Mohr, 2010). Each set consisted of 64 image stimuli, half of them verbs, the other half
nouns (Székely et al., 2005). Half of the terms were shown as graphic representations and the
other half as photographs. Further, each set contained four trial stimuli. The sets were
assigned randomly to the participants but ensuring that all sets were equally distributed
among the participants.
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Procedure
Participants with aphasia were tested at the facility of their language therapy. All other
participants were tested at the FHNW University of Applied Sciences Northwestern
Switzerland or in their private environment (due to the COVID-19 pandemic restrictions).
The images were shown, and responses were video, and audio recorded on an Android Tablet
via a mobile app developed for the study. The examiner was seated next to the participant (in
1.5m distance). Before starting the naming task of the main experiment, PWA completed two
screening-tests: the Pyramids and Palm Tree Test (PPT; Howard & Patterson, 1992) and a
shortened version of the Coloring of Pictures Test (CoPT; De Renzi et al., 1972). The CG did
not complete the pre-tests.
The main experiment started with a standardized oral instruction of the naming task,
followed by an example task. The introduction and the example task were repeated until the
participant understood the task correctly. Each stimulus was presented with the App in the
following manner: a fixation cross was presented for 500 milliseconds followed by a blank
page for 150 milliseconds before the test item was presented for 10 seconds full screen on the
tablet. After that a blank page was shown again for the maximum of five minutes, in order to
provide a short break for the participant if needed (See Fig. 3). While the image was visible
on the screen participants had to name the presented stimuli according to the beforehand
given instructions: “Please name the image as fast and as correctly as possible by using one
single word.” After the participant had given a response or was clearly not able to provide
one, the examiner clicked to show the next image. Besides the eight trial items, each
participant named 64 images within four blocks of 16 images.
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Figure 3: Example sequence of stimuli presentation with the mobile App.

500 ms
Fixation cross

150 ms
Blank screen

10 s
Image

Video recording

Max. 5 min
Blank screen

t

500 ms
Fixation cross

Video recording

Measures
Screening-Tests: Color Vision and Semantic Access
The Pyramid and Palm Tree Test (PPT; Howard & Patterson, 1992) and a shortened version
of the Coloring of Pictures Test (CoPT; De Renzi et al., 1972) were conducted prior to the
main experiment to measure the capacity to access semantic information about pictures (PPT)
and unimpaired color vision (CoPT) in participants with aphasia. To pass the Pyramids and
Palm Tree Test (PPT; Howard & Patterson, 1992) a minimum of 90% of the 47 items
(adapted following Callahan et al., 2010; Mohr, 2010) had to be answered correctly. Coloring
of Pictures Test (CoPT; De Renzi et al., 1972) was considered successful when three out of
four colors were assigned correctly.

Naming correctness
Response of the naming task was considered correct if the participant provided exclusively
the previously determined and therefore linguistically controlled reaction to the stimuli within
10 seconds. Only absolutely correct responses were included in the data analysis for this
paper because the research question did not include a pragmatic perspective.
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Naming latency
Naming latencies were only calculated for correct responses. Each naming latency was
calculated as the interval between the onset of visual naming stimulus on the tablet screen
and the onset of correct target response. Naming latencies were manually measured using the
speech analysis program Praat (Boersma, 2001) which allows acoustic analysis by presenting
waveform and spectrogram of audio data.

Invalid responses
Zero responses (no response or “I don’t know”) and technical errors, such as recording failure
or loud noises, were excluded from the data set (Alario et al., 2004; Vorwerg et al., 2019).

Data analysis
The data was analyzed using generalized linear mixed and linear mixed models. These were
estimated using maximum likelihood estimation offered by the statistical software R and the
lme4-package (Bates et al., 2015). Tests were executed by applying the lmerTest package
(Kuznetsova et al., 2017). The models were built in a forward selection approach. The best
model fit was defined by running an F-Test on the Akaike information criterion (AIC) and
Bayes information criterion (BIC).

Naming correctness
To analyze the data regarding the naming correctness, generalized linear mixed models with
binomial distribution and logit link function were used. The final model contained the fixed
effects of group (PWA vs. CG), image type (graphic representation vs. photograph), and
word class (verb vs. noun). Participants were included as a random intercept.
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Naming latencies
The naming latencies were analyzed with a linear mixed model with a Gaussian distribution
and a link function. In the final model grouping variable (PWA vs. CG), image type (graphic
representation vs. photograph), word class (verb vs. noun) were included as fixed effects
without considering interactions, as well as a random intercept for each participant.

Results
Naming correctness
Participants in the CG named concepts significantly more correctly than PWA (Z = -9.210, p
< .001) and nouns were named significantly more correctly than verbs (Z = -5.712, p < .001).
The model revealed no significant main effect for the image type (Z = -0.012, p = .967). The
best fitting model did not include any interaction effects. The CG named nouns depicted as
photographs equally to graphic representation (Mean M ± Standard Deviation SD): MPhoto =
86.0, SD = 8.4 vs MGraphic = 87.0, SD = 7.5. Verbs were also named equally, although less
correct than nouns: MPhoto = 82.3, SD = 9.4 vs MGraphic = 79.5, SD = 10.6.
In the PWA group, the mean of correct responses was slightly higher for naming nouns
presented as graphic representation, although the model did not reveal a significant difference
between the two image types (M±SD): MPhoto = 53.7, SD = 21.0 vs MGraphic = 56.0, SD =
18.5. The mean for naming verbs correctly depicted as graphic representation was also higher
than for naming verbs depicted as photographs: MPhoto = 48.6, SD = 21.0 vs MGraphic = 49.2,
SD = 22.4.
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Figure 4: Naming correctness over all conditions for photographs and graphic representations. The box
represents the interquartile range (IQR) ranging from the first to the third quartile and therefore the middle 50%
of the data. The horizontal line indicates the median. Outliers are marked as dots and exceed the limit 1.5xIQR
as defined by (Tukey, 1977).
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Naming latencies
Regarding naming latencies, again two significant main effects were found, one for group (T
= 8.333ms, p < .001) and one for word class (T = 10.689ms, p < .001): It took a participant
significantly longer to answer if the stimulus was a verb. Also, as expected, PWA responded
significantly slower than the CG. There was no significant effect for the fixed factor image
type (T = 0.629ms, p = 0.529). In average the CG named images faster when naming nouns
(M±SD): tPhoto = 1011.018ms ± 3337.184ms vs tGraphic = 1012.618ms ± 352.512ms, but
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slower in average when naming verbs: tPhoto = 1129.833ms, SD = 379.568ms vs tGraphic =
1137.495ms, SD = 396.958ms. PWA named nouns presented as photographs and graphic
representations (tPhoto = 1356.504ms, SD = 396.433ms vs tGraphic = 1386.841ms,
SD=426.573ms) faster than verbs (tPhoto = 1448.913ms, SD = 387.437ms vs tGraphic =
1455.634ms, SD = 431.588ms).

Figure 5: Naming latencies in milliseconds over all conditions for photographs and graphic representations. The
box represents the interquartile range (IQR) ranging from the first to the third quartile and therefore the middle
50% of the data. The horizontal line indicates the median. Outliers are marked as dots and exceed the limit
1.5xIQR as defined by Tukey (1977).
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Discussion
In this study a stimulus set of graphic representations depicting nouns and verbs was
developed and correctness and naming latencies of both PWA and the CG were measured
and compared to naming correctness and latencies of photographic stimuli. Naming
correctness and naming latencies differed between the groups, with the CG naming images
more correctly and faster than PWA. The two image types, however, did not have a
significant effect on naming performance. This is in contrast to past studies that have shown
effects of image type on naming performance and communication behavior (Bisiach, 1966;
Ho et al., 2005; Ma et al., 2009). Specifically, when photographs have been compared to
black-and-white line drawings results revealed an advantage for colored photographic stimuli
over black-and-white line drawings (Griffith et al., 2014; Heuer, 2016). But these studies
have compared image types that differ in relevant image features like color, texture and
shading. Based on the results of our study, we showed that when drawn images are created
with features that favor naming performance (e.g., Biederman & Cooper, 1992; Johnson et
al., 1996; Naor-Raz et al., 2003; Palmer, 1981; Therriault et al., 2009) they can be named as
correctly and as fast as photographs. Thus, graphic representations can be used alongside
photographs in aphasia therapy and diagnosis, especially to represent concepts that cannot be
easily photographed. In the production of new stimuli—especially verbs—, it remains to be
decided whether it is more economical to find the appropriate image on a database, organize
a photo shoot to depict people in complex activities such as “milk”, “fly” or “hunt”, or to
engage a trained designer to depict the activities in the desired manner.
Our results further showed that word class affected naming in that sense, that nouns
were named significantly more correctly and faster in the CG as well as in PWA. This is in
line with previous studies, showing slower naming responses for verbs (Bastiaanse et al.,
2003; Bastiaanse & Jonkers, 1998; Mätzig et al., 2009). We found no significant differences
24

NAMING IMAGES IN APHASIA
in naming performance of verbs in regard to image type. However, the results on naming
correctness in PWA—although not on a significant level—showed that graphic
representations were named more correctly on average than photographs. This could suggest
that images, which are a reduced and translated version (described in our paper as graphic
representations) of actions perceived in reality could be an advantage for depicting verbs
compared to photographs which offer a more detailed representation. At the same time the
response correctness in PWA varied more in naming graphic representations than in naming
photographs of verbs which shows that there are greater interindividual differences in
correctly naming graphic representations than in naming photographs of this word class.
However, we could not conclusively demonstrate the advantages of graphic over
photographic stimuli on naming performance of verbs and further research is needed to
clarify the suitability of graphic representations as an image type for depicting verbs.
Regardless of the question what image type is more suitable for naming verbs, the
predominant use of line drawings in the image sets of verbs (Akinina et al., 2015; Khwaileh
et al., 2018; Masterson & Druks, 1998; Székely et al., 2004) suggests that it might be easier
to produce drawings for this word class than photographs. In our study, the large variance in
naming an action correctly could be attributed to a varying degree of precision of the image
itself, denoting the general difficulty to depict verbs in comparison to objects. This is also
reflected in the underrepresentation of picture stimuli for verbs relative to those for objects
(Akinina et al., 2015), though this gap has been addressed in the last two decades by the
addition and elaboration of picture stimuli depicting verbs (Akinina et al., 2015; Fiez &
Tranel, 1997; Masterson & Druks, 1998; Székely et al., 2004).
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Limitations and future studies
In our study, we have shown that drawings (in our case graphic representations), when they
include favorable image features like color, texture and shading, are named at least
comparably to photographic stimuli. To further assess the image type of graphic
representations for their suitability to depict nouns and especially verbs to be used in aphasia
therapy and diagnostics, they would have to be compared with other image types, such as line
drawings or pictograms. But more basically, there is still little knowledge about which image
features (e.g., color, controlled size, shading) are specifically important for the representation
of verbs. In our study, we have included favorable image features to the depictions of nouns
and verbs equally. Therefore, it remains unclear which images features were especially
helpful for naming graphic representations and which were relevant for naming photographs.
Further studies thus could investigate image features separately regarding their impact on
naming different word classes. Also, as it has been shown that image features for depicting
nouns cannot fully be transferred to the depiction of verbs (Krull et al., 2003; Spezzano &
Radanovic, 2010), more research on favorable image features for the representation of verbs
is needed. Moreover, further studies may want to investigate which image types (e.g.,
photographs, graphic representations, line drawings) are best suited for what kind of word
classes. Furthermore, naming correctness could also be dependent on the term depicted. In
our study, we compared graphic representations to photographs depicting nouns and verbs.
To specifically investigate interaction effects of depicted term, word class and image types,
future studies could include additional word classes (e.g., adjectives, adverbs, nonrepresentational nouns) and image styles (e.g., abstract patterns, pictograms).
Also, the group of PWA was very heterogeneous. Future studies could investigate
whether certain image types are particularly suitable for a certain type of aphasia. In addition,
it could possibly be that individuals, regardless of their language impairment, show a
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preference for an image type and that this could have an effect on naming performance.
Further studies could investigate subjective influences and their impact not only on naming
but also on the communication behavior of individuals (Griffith et al., 2014; Ho et al., 2005;
Ma et al., 2009). Finally, we created an image set with limited scope. In order to use the set in
aphasia therapy, it would need to be expanded to provide a larger number of stimuli. In
particular, a greater ethnic and cultural diversity must be considered for the depicted persons
engaged in an action in order to represent a larger population.

Conclusion
In aphasia practice, unambiguous images are needed for therapy and diagnosis. Unambiguous
images are also required in research to study language processing in aphasia. Therefore, we
support the call by Brown and Thiesssen (2017) for images that are meaningful and whose
image features have been transparently studied for the use with PWA. We advocate for the
creation of image stimuli that integrate image features that have a favorable influence on
recognition and thus on naming performance in PWA. Although experienced designers
produce representational drawings of high quality with relative ease (Kozbelt et al., 2010),
the production of meaningful pictures and image material that is precisely suited to their
intended use is time consuming and expensive. Alternatively, if photographs or other types of
images are downloaded from the Internet, they should be carefully selected according to a
coherent image concept that is appropriate for individuals with language deficits. Considering
how much time and effort PWA invest in relearning and training language, it is essential to
provide meaningful and unambiguous images that are produced or selected with great care.
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