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importance of image width and height ratio is especially visible in the current trend to adopt
the widest possible screens in a variety of modern creative media applications: photo, video,
computer games, etc. In the present study emotional and aesthetic evaluations of the three
most popular aspect ratios that are used in digital media devices were compared. This was
achieved by assessing emotional arousal and valence ratings together with the interest and
appeal evaluations of realistic photos presented in 4:3, 16:9, and 21:9 aspect ratios. The results
demonstrated that the widest images did not have an inherent advantage — photos presented
in the mid-wide aspect ratio of 16:9 could be considered as more effective, because they were
rated as evoking the most positive emotional reactions and as the most liked pictures. This
demonstrated that single design features can have an independent emotional effect, which
needs to be considered in visual design aiming to evoke emotional reactions to the viewer.
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1. Introduction

The emotional experience of viewers is a key element in many areas of research, educa-
tion, business, or politics. Emotions are closely related with attitudes, behavior, and general
well-being, so they are often the target of public service announcements, advertisements,
architecture, therapy, and art. There is even a concept of emotional design, which is based
on creating products that evoke positive emotions (Yu & Nagai, 2020). Emotions, evoked
by physical products, such as physical work environment, can in turn stimulate creative pro-
cesses for other products (Lin & Chang, 2020). However, to be able to effectively evoke a
desired emotion by a product, the designer must understand the effects of different parts of
a product. Only then this product will be effective as a marketing, motivation, entertainment,
productivity, or therapy tool.

One important type of a creative product that can be applied in a variety of different
areas is a visual image. Every image consists of many design elements, also known as image
components or formal characteristics of images: color, size, shape, texture, object positioning,
point of view, etc. In case of moving images (videos), additional elements become relevant
(e.g., timing, motion direction, speed, etc.). Each of these elements can have an individual
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effect on the viewer of the image. For example, it is well known that emotional reaction to a
picture can be affected by manipulating color (Detenber et al., 2000; Gao & Xin, 2006; Pol-
zella et al.,, 2005; Valdez & Mehrabian, 1994), size (Codispoti & de Cesarei, 2007; Detenber &
Reeves, 1996; Lombard et al., 2000), shape (Aronoff et al., 1992; Larson et al., 2012; Lundqvist
et al,, 2004), complexity (Kuchinke et al., 2009), movement (Courtney et al., 2010; Detenber
& Reeves, 1996; Detenber et al., 1998), and other characteristics of the image. Even more
studies analyzed effects on aesthetic preference or likability (Belke et al., 2010; Cutting, 2006;
McManus et al.,, 2011; Reber et al., 1998; Winkielman & Cacioppo, 2001). All these effects are
a good demonstration why knowledge about single design elements can be a valuable tool
when trying to achieve specific goals with a help of a visual stimulus. This can range from
attention maintenance of a movie goer to a behavioral change of an advertisement observer
or increased productivity in a work environment.

One of the most effective methods to control several design elements at the same time
is using proper composition (McManus et al., 2011). This can be achieved either by moving
the camera before taking a picture (framing) or selecting the usable area of an image after
the capture (cropping). There are also possibilities to change composition during post-pro-
cessing stage via such techniques as object movement or warping (Md Islam et al,, 2017).
However, in each of these cases an important consideration is the aspect ratio of an image.
It can be described as relationship or proportion of width to height. While designers with a
help of cropping, stretching, and resizing can use any aspect ratio, in practice three of them
dominate (Zettl, 2011): 4:3, 16:9, 21:9. The ratio of 4:3 (1.33:1) is standard in photo industry
(especially digital cameras) and is also the standard for analog television (TV) and legacy
computer screen resolutions, such as video graphics array (VGA) connector, super VGA or
extended graphics array. The ratio of 16:9 (5.33:3 or 1.75:1) is the current standard for mod-
ern digital TV, computer, or smartphone screens (with high-definition TV or 4K resolutions),
while 21:9 (7:3 or 2.33:1) is becoming increasingly popular ratio for modern computer displays
designed specifically for media consumption and is close to the most popular formats used
in cinemas (2.35:1 and 1.85:1).

The defining feature of 4:3 ratio is that it is the closest to square, while still retaining
the possibility of effective use of both landscape and portrait framing. The main advantage
of wider aspect ratios is the greater immersion of the viewer due to a greater utilization of
the viewer's peripheral vision, at the same time providing additional artistic means for the
photo or video creators (e.g., greater variety of ways to separate objects in a frame and con-
vey motion, compared to more square-like ratios). In practice these three aspect ratios are
being used interchangeably by resizing and applying black bars on top and bottom when
necessary to fill the screen (letterboxing). A related method is to keep the original resolu-
tion of an image and instead of resizing just filling the bigger screen with black bars in all
directions (pillarboxing). Nevertheless, to achieve the desired effects of an image, designer
needs to take into consideration the final look of the image, in which aspect ratio plays a
big role. Interestingly, despite the importance and the relative ease of manipulation of this
design element, the research data is very limited on this subject. Moreover, while there are
some data about the aspect ratios of rectangles (McManus et al.,, 2010), photo cropping
(McManus et al., 2011) or framing (Cutting, 2015), these studies tend to concentrate on
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preference assessments and exploratory research, so they neither distinguish particular
compositions nor their exact emotional and aesthetic effects. It is universally agreed that
photos can evoke emotional reactions. Even the whole databases of affective pictures,
such as International Affective Picture System (Lang et al., 2008) or Nencki Affective Picture
System (Marchewka et al., 2014), exist. However, while many authors (Brielmann & Pelli,
2019; Rolls, 2017) tend to regard aesthetic experience as almost equivalent to or at least
very closely tied to any other emotional reaction, many other researchers (Frijda & Sunda-
rarajan, 2007; Scherer, 2004; Schindler et al., 2017) prefer a stricter separation of aesthetic
(or A — artifact related) emotions from real-world (or R — represented world) emotions (Tan,
2000). The practical significance of such distinction is illustrated by the fact that aesthetic
ratings of images depend on the expertise level of the raters — there are some data that
people with an expertise in art tend to differ in their reactions to images compared to
novice raters (McManus et al., 2011; Silvia, 2005). Interestingly, the difference between
experts and nonexperts can remain even while assessing non-art stimuli, such as simple
shapes (Vartanian et al., 2019). Furthermore, simple ratings of preference alone are subject
to high variability due to individual differences (McManus et al., 2010), which are less visible
in emotion ratings. Thus, while there is a strong connection between them, it is important
to separate emotional and aesthetic effects to get a more accurate understanding of the
role of different design elements of an image. This is critical when using that image for
specific purposes, such as marketing or architecture, and intending to evoke a specific re-
action in viewers, because the same feature of an image can be evaluated differently and
have different effects, depending on whether aesthetic properties or real-life significance
of an image is being assessed by the viewer (Tan, 2000). For example, a picture of a simple
square is likely to evoke neutral emotional reactions to both a baker and a professional
photographer, but the latter can experience positive reaction if the image adheres to artistic
guidelines that were being taught at the design school. That is why current study attempts
to separate personal relevancy based emotional reactions from stimulus connected aes-
thetic evaluations to provide data suitable for more varied applications.

Another issue is the fact that many previous studies that analyzed single design elements
have used images with either abstract (e.g., simple geometric shapes, Vartanian et al., 2019;
Zentner, 2001) or artistic (e.g., paintings, Belke et al., 2010; Polzella et al., 2005) content. While
such stimuli have an important advantage by giving possibility to dissociate from the content
effects, they still cannot be fully isolated from the effects of aesthetic evaluation (Gerger
et al., 2014) and are relatively distant from many real-life applications in movies, TV shows,
YouTube videos, news articles, etc. Of course, realistic images are not rare stimuli in psycho-
logical studies (Brielmann & Pelli, 2019; Detenber et al., 2000; Gerger et al., 2014; Marchewka
et al., 2014), but it is less common to use them for studying aesthetic effects, especially while
analyzing a variety of different aspect ratios.

That is why the main aim of the current study is to experimentally evaluate emotional
and aesthetic effects of the most prevalent aspect ratios by using non-artificial stimuli that
reflects images, used in the real world visual media.
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2. Materials and methods

2.1. Participants

33 student volunteers (mean age 22.97, SD = 5.19, 23 females) participated in the study
without any monetary reward. Recruitment process took place in the beginning or the end
of university lectures (for psychology and law students) by one of the authors after receiving
advance permission from the involved lecturers and getting the Ethics committee approval of
the Institute of Psychology of Mykolas Romeris University (decision no. 01/-2020). To ensure
motivation and ethical standards students were explicitly informed that they have the right
to refuse to participate and could choose not to come to the laboratory, while still leaving
the classroom (the experiment took place in the same university building, but a separate
room from the classrooms). It was explained that by arriving to laboratory students provided
their consent to participate in the study. Some students used the right to decline participa-
tion, so the mentioned final number of participants (33) is lower than the number of invited
people. While this resulted in a relatively low sample size, this number was a good indication
that participation was indeed voluntary. Moreover, comparable sample sizes were used in
some other similar experiments, which used related analysis and found significant effects
(e.g., Briesemeister et al., 2012; Ueda et al., 2016).

Participants self-reported normal or corrected to normal vision and did not report any
visual deficiencies. Vision was not measured separately, because most health conditions
(e.g., poor visual acuity or color blindness) would affect all stimuli equally.

2.2. Stimuli

42 photos (see Figure 1) were gathered using Google Images, selecting only images that are
under a Creative Commons license, which provides the right to use, share, and modify them.
Standardized affective picture sets, such as International Affective Picture System (Lang et al.,
2008), Nencki Affective Picture System (Marchewka et al., 2014) or Open Affective Standardized
Image Set (Kurdi et al.,, 2017), were not used, because they are limited to images in single
aspect ratio (usually 4:3) only. Thus, standardized ratings are likely to become inaccurate if
original photo is cropped to a different aspect ratio. Moreover, comparing different versions
of aspect ratios of the same image might not be accurate, because they would not be equiv-
alent based on composition and object placement. Aesthetic intentions of the photographer
would also be changed in the modified versions.

The three aspect ratios (4:3, 16:9, 21:9) were selected to represent most used image
proportions in photography, television, cinema, and computer design. Other popular aspect
ratios 3:2, 6:7, 1:1 that are used in professional photography were not used in the current
study, since they are less prevalent in consumer usage. Each of the three studied aspect ratios
were represented by different photos to avoid the habituation effect due repeating almost
identical stimuli and the negative effects of cropping and changing the original composition
(that would be unavoidable when differently cropping the same original photo). However,
the topic and general visual characteristics of the photos were balanced out. The main crite-
rion for image selection was the variety of content, which had to represent the topics most
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Figure 1. Experimental stimuli used in the study (source: created by authors)

commonly seen in different sources of visual media: nature and city landscapes, portraits,
travel, sports, music performances, and simple objects, such as books or furniture. Photos with
excessive empty space were avoided to maintain composition that utilizes selected aspect
ratio as much as possible. All pictures were presented in three different aspect ratios (4:3,
16:9, 21:9) in such a way that each type of content would be equally represented in each
aspect ratio (e.g., there were an equal number of static people closeups with the same facial
expression, composed in a similar fashion, and with a similar color scheme presented in every
aspect ratio). Thus, while the content of each image was different to control participants’
attention and fatigue, other image elements were controlled. However, some variability in
depicted object properties, brightness, contrast, color, and other image characteristics was
still present due to limited availability of photos that would conform to content requirements.
Nevertheless, the effects of individual design elements were controlled by spreading out the
variety in the characteristics of specific elements between different categories.

To maintain the same level of detail (that is directly related to image resolution) and limit
the number of stimuli that would be required to maintain equivalency between different
aspect ratios, physical image height was the same for all images (14.25° of visual angle) and
aspect ratio was manipulated by varying the width only. Images were presented in the fol-
lowing resolutions: 1024x768 (4:3 ratio), 1366x768 (16:9 ratio), 1792x768 (21:9 ratio).

All images were presented in landscape position on a black background (to mimic the pres-
entation of images on different aspect ratio screens, at the same time minimizing the effects
of black bezels of the monitor used for the experiment) on a 23 inch 1920x1080 resolution,
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51x29 cm size (16:9 aspect ratio) computer screen connected to a Microsoft Windows computer.
Participants were seated at 80 cm distance from the screen and were observing image with both
eyes. However, participant's head was not fixed to avoid incidental emotional effects, thus, the
actual distance between eyes and the screen could vary somewhat.

2.3. Measures

The main dependent variables in this study were the subjective evaluations of personal emo-
tional reactions and images themselves. That is why special rating scales were created by the
authors based on the most frequently analyzed relations between different components of
aesthetical experience (Berlyne, 1972; Brielmann & Pelli, 2019; Menninghaus et al., 2019; Rolls,
2017; Silvia, 2005). The goal was to ensure differentiation between the evoked emotional
reaction on the viewer, limiting it to arousal and valence dimensions (regarding this as the
representation of the emotional effect of an image), and the aesthetic properties of the stim-
uli, limiting them to interest and appeal dimensions (considering this as the representation
of the aesthetic effect of an image). Evaluations were performed by using four bipolar scales.
Each of them had 9 unnumbered ticks with two labels at the opposite ends of the scale as
anchors (see Figure 2). All labels were presented in Lithuanian language.

At first participants had to measure their emotional reactions evoked by the presented
image (participants were specifically instructed to rate their own current emotional reactions
instead of emotions that might be depicted in a picture). This was done by using two separate
scales titled Evoked Emotion: one for rating evoked emotional arousal (presented with the
labels Weak and Strong at the opposite sides of the scale) and the other for rating evoked
emotional pleasure (presented with labels Unpleasant and Pleasant).

After that, participants evaluated the image itself. This was performed by using two scales
titled Shown Picture: one for measuring image’s potential to attract attention (presented with
the labels Uninteresting and Interesting) and the other for rating the general appeal of the
presented image (presented with labels Dislike and Like). Scale titles and labels were select-
ed to ensure that participants were using scales to rate different properties of images, most
important ones being that the first two scales for each photo evaluated images' property to
evoke emotional reactions on the viewer, while the last two scales evaluated the pictures’
aesthetic properties. This distinction was emphasized during the instruction phase.

2.4. Procedure

Participants were first verbally informed about the general goal of the study (effects of pic-
tures on the viewers) and possible uses of the results (emphasizing practical usage in visual
media, including news, movies, and advertisements), without specifying which specific prop-
erties of images would be assessed. Then instruction about the procedure of the study was
provided with the main task described on computer screen (presented in Lithuanian):

"You will have to evaluate presented pictures and emotions evoked by them. Do that

by using scales under a picture. First, evaluate how STRONG EMOTIONS were evoked

by a picture. Then evaluate how PLEASANT EMOTIONS were evoked by a picture. After

that evaluate how INTERESTING is the picture. Lastly, evaluate how much you LIKE the
picture”.
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Then participants performed a sample trial with a test stimulus (it was an additional pho-
to, which was not included in the analysis of data). After that, participants were provided an
opportunity to get answers to any additional questions. Only after ensuring that participants
fully understood the evaluation process the main experiment procedure began (see Figure 2).

Every trial started with a white fixation cross presented in the center of the black screen
for 1 second. Then, an image appeared for 6 seconds, during which participants could look at
an image unrestricted. After that, while the image was still visible (to avoid memory effects),
rating scales appeared on the same screen one by one under the picture. Photos were pre-
sented in random order, but the rating scales were always presented in the same sequence:
emotional arousal, emotional valence, image interest, image appeal. Such presentation (both
separation of individual scales and keeping the scale presentation order constant) was select-
ed to avoid probable participant confusion related to randomizing the order of presentation
of scales. This was important for ensuring a more accurate differentiation between different
ratings, especially distinction between the emotional reaction evaluation and the evaluation of
an image. Naturally, such decision carries a risk of introducing sequence effects and possible
association of different rating scales, but the same dangers also apply when presenting all
four scales at the same time.

The rating time was not limited. After the last scale was rated the fixation cross was pre-
sented and a new trial began. No additional interstimulus interval was used due to maintained
presentation of images. Each participant saw all images (every stimulus was presented only
once) — a total of 42 trials.

The total duration of an experiment for one participant was around 40 minutes (the exact
time depended on individual speed of participants). Presentation of stimuli was controlled
by the open source PsychoPy 1.85.6 software (Peirce, 2009; Peirce et al., 2019) running on
a Microsoft Windows computer. Participants responded by using a wired mouse connected
to the same computer. The use of a standard computer hardware was chosen, because it is
adequate for the stimuli presentation and response gathering accuracy (independent variable
was static image aspect ratio, while dependent variable — time-unlimited ratings), and allows
ensuring equipment familiarity for the participants.

After completing the experiment each participant received a small gift in a form of a
pencil with a laboratory logo.

Arousal
Valence

Interest
Fixation cross
1s

Emotion evaluation

Emotion evaluation

Image evaluation

Image evaluation

Note: see text description in section 1.3 for scale label details.

Figure 2. The experimental design of the image presentation and rating procedure (source:
created by authors)
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2.5. Data analysis

Multiple repeated-measures analysis of variance (ANOVA) were computed for each of the fol-
lowing variables: emotional arousal ratings, emotional valence ratings, image interest ratings,
and image appeal ratings. Values for each variable could range from 1 to 9. Higher value of
the ratings represents higher arousal, higher pleasure, higher interest in an image, higher
liking of an image, respectively. To determine more accurate effects Bonferroni post hoc test
was used for pairwise comparisons, but Cohen'’s d effect size value was also calculated to
provide more standard information. Data normality was confirmed both by visual inspection
and Shapiro-Wilk test. The alpha level for significance was set at p < .05.

3. Results

Comparison of images presented in three different aspect ratios (4:3, 16:9, 21:9) did not
show any significant differences in the arousal of evoked emotions: F(2.64) = 0.74, MSE = .09,
p = 48, np2 = .02.

Nevertheless, it was observed that width/height proportions had a significant effect on
emotional valence: F(2.64) = 5.2, MSE = .73, p = .008, np2 = .14. Pairwise comparisons revealed
that the most positive emotional reactions were evoked by the mid-wide (16:9) images. They
were rated as evoking significantly more positive (M9 = 6.1, SD169 = .11) emotional reac-
tions compared to images based on standard (M,.3 = 5.81, SD,.3 = .66, p = .015, d = .44) or
ultra-wide (M,1.9 = 5.88, SD5¢.9 = .63, p = .048, d = .34) aspect ratios. There was no significant
difference between standard (4:3) and ultra-wide (21:9) aspect ratios (p = 1).

Similar significant difference was revealed while comparing the ratings of how much par-
ticipants liked the image: F(2.64) = 6.07, MSE = .83, p = .004, np2 = .16. Pairwise comparisons
demonstrated that the most liked images were based on the mid-wide (16:9) aspect ratio.
They were rated by participants as more likable (M4g9 = 6.1, SD¢6.9 =.71) than photos that
were based on standard (My3 = 5.85, SD43 = .76, p = .013, d = .34) or ultra-wide (M9 =
5.87, SDy1.9 = .8, p = .005, d = .35) aspect ratios. There was no significant difference between
standard (4:3) and ultra-wide (21:9) aspect ratios (p = 1). There were also no significant dif-
ferences between different aspect ratios while comparing the evaluations of how interesting
the image was: F(2,64) = 2.11, MSE = 3, p = .13, r]p2 = .06.

Graphical representation of the results is presented in Figure 3.

Ratings
R

4 4

Emotion Valence Emotion Arousal Image Appeal Image Interest Variables

Figure 3. The mean ratings of participants’ emotions and images themselves while viewing
images presented in different aspect ratios (source: created by authors)
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Since results were mirrored between emotional valence and image appeal, as well as
between emotional arousal and image interest, possible relation between variables was as-
sessed. For that the ratings of each image were averaged across all participants and Pearson
correlation coefficient was calculated between all variables. Results revealed that there were
strong positive correlations between all four ratings. That could hint about possible confla-
tion effects while assessing different scales one after another. Nevertheless, aforementioned
ANOVA results have demonstrated a significant distinction of 16:9 aspect ratio compared to
other studied image proportions.

4. Discussion

While exploring the effects of different image proportions present study attempted to differ-
entiate the evaluation of viewers' emotional reactions (their valence and arousal) and aesthetic
properties of images (their interest and appeal). That is why it is important to discuss whether
this differentiation was successful. The data showed strong positive correlations between all
four variables, including the positive correlation between the valence of emotional reaction
evoked by an image and the aesthetic appeal of this image. This supports theories, proposing
a close link between emotional reactions and aesthetic value (Brielmann & Pelli, 2019; Rolls,
2017; Gerger et al.,, 2014; Xenakis et al., 2012), as opposed to the ideas discussing the possible
distinction of utilitarian and aesthetic emotions (Frijda & Sundararajan, 2007; Scherer, 2004;
Schindler et al., 2017; Tan, 2000). The same is true regarding the link between emotional
arousal and aesthetic interest. Strong positive correlation between these two concepts could
simply demonstrate that classic Berlyne's (1972) ideas about the inverted U-shaped relation
between arousal and aesthetic pleasure are outdated. However, at the same time all these
correlations could also mean that, despite the safeguards that were applied, participants
failed to see the difference between emotional pleasure effects of images and aesthetic
appeal (likability or beauty) effect of images. Current study was based around dimensional
approach to emotions with the emphasis on the separation of personal emotional experi-
ence and aesthetic image evaluation. Perhaps such distinction of the source of experience
was not enough and discrete approach to emotions emphasizing specific emotions, such as
"happiness”, “surprise”, "awe”, etc. (e.g., Tan, 2000), would be more successful in making an
accurate distinction of different experiences while observing different photos. Nevertheless,
current study demonstrated a clear effect of image proportions — images based on mid-wide
(16:9) aspect ratio received ratings showing higher emotional pleasure and aesthetic appeal
compared to standard (4:3) and ultra-wide (21:9) aspect ratios. This significant finding is
highly relevant not only for image composition purposes, but also for other practical uses,
such as media selection, because it can facilitate decisions related to, for example, choosing
a screen, which would evoke more positive effects on the viewer. This might be important for
both professionals and consumers, especially considering that the general rule is to prioritize
wider screens. Our experiment demonstrated that mid-wide can actually be better.

The observed distinction of 16:9 aspect ratio can be explained in several ways. One pos-
sible explanation are basic composition principles, such as golden ratio (also known as gold-
en section). It is a ratio of longer part of an object compared to a shorter one, which is
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approximately 1.618. That is very close to 1.75 — a ratio, which characterizes 16:9 wide format.
However, previous research failed to find clear effects of the Golden ratio (McManus et al.,
2010), so other explanations are more likely.

Relatively high emotional pleasure and image appeal ratings of 16:9 aspect ratio images
could also demonstrate familiarity effect — this aspect ratio is the most common in modern
media compared to other studied ratios, so it could evoke more positive emotions simply due
to the mere exposure or prototypicality (Cutting, 2006). At the same time increased familiarity
could also facilitate the processing of images and the increased fluency of cognitive process-
ing is associated with positive aesthetic evaluations (Belke et al., 2010; Menninghaus et al.,
2019; Reber et al., 1998; Winkielman & Cacioppo, 2001). Cognitive processing could also be
facilitated by the possible congruence between an image and the screen in which this image
was presented — 16:9 aspect ratio of images coincides with the proportions of the comput-
er screen that was used in the study (also 16:9) and was identical for all participants. Such
findings of possible interplay between screen and image aspect ratios is highly important for
real-life media applications, since visual material is usually being prepared for consumption
on a wide variety of screens and discrepancy between resolutions is usually being solved by
applying black borders — the same way as was done in the present study (all three researched
aspect ratios were presented in a way that there would still be black background visible in
all directions, none of the images was presented full screen). This corresponds to a real-life
consumption of media, especially considering that most screens are currently manufactured
in wide (16:9) proportions and the popular media platforms, such as YouTube, Netflix, etc.,
emphasize wide-screen friendly resolutions. This is even more significant for advertisements
or illustrative photos and videos in news portals, which are usually limited only to a relatively
small amount of screen real estate. So, it would be useful for future studies to research dif-
ferent aspect ratios further by using different screens.

Future studies could also evaluate possible effects of previous experience with aspect
ratios. While all participants of the current study were psychology or law students, data about
their hobbies or aspect ratios of their most frequently used personal smartphone or monitor
screens were not collected, although could still be a factor.

Another feature of current study was that head movement of participants was not re-
stricted during the experiment to avoid emotional effects of restriction itself that could be
more observable than effects of the individual design element. However, such head fixation
or head tracking could be useful in combination with eye-movement data to assess the role
of eye movements on emotional effects of different aspect ratios. Observing ultra-wide (21:9)
image is likely related with more eye and head movements compared to less wide images,
thus, possibly, affecting cognitive processing and affective evaluations.

Lastly, current study concentrated on a single feature of composition — aspect ratio. Other
factors (color, complexity, location of objects in the image, etc.) could still be at play. That is
why the influence of other design elements should not be forgotten while applying current
results. Even though image content was selected to be as equivalent for each aspect ratio as
possible, it can be argued that remaining differences between images can still be significant.
This was required to maintain a realistic nature of stimuli, because artists usually compose
content based on a specific aspect ratio. Thus, additional data from studies with different
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stimuli would be very valuable. Similarly, inclusion of additional measure evaluating cognitive
processing fluency, preferably separately fluency and disfluency (Menninghaus et al., 2019)
would provide a greater support for our discussion about the link between image processing
and the reaction to it. Nevertheless, even though the content and other characteristics of im-
ages varied and could have their own independent effects on participants, the current study
demonstrated that images characterized by 16:9 aspect ratio stood out from their counter-
parts in 4:3 and 21:9 aspect ratios. Thus, even though the exact reasons of the uniqueness of
16:9 aspect ratio are still open for discussion, current results have clearly demonstrated that
the widest aspect ratio does not automatically provide the greatest impact on the viewer —
there is an optimal aspect ratio for image presentation. This was observable despite variability
in content and possible individual differences of participants.

5. Conclusions

The results of the study confirmed that image aspect ratio is indeed a significant variable
affecting how the viewer will be influenced by a specific image. It was identified that mid-
wide (16:9) aspect ratio has the potential to evoke the most positive emotional reaction, and
images based on this ratio tend to be liked more.

Naturally, aspect ratio is not the only variable that determines emotions evoked by the
image. Other design elements, such as color or shape, and also the content of an image also
play a significant role. Culture, individual experiences, and other factors are still important.
Thus, the fact that the whole is greater than the sum of its parts still remains true.

However, current findings have a significant practical value by revealing a specific effect
of a specific design element. This knowledge, combined with the previous and future findings
about other individual design elements, allow more purposeful creative process that leads
to creative products that can reach their goals more effectively. A good illustration of this
can be artificial intelligence based automatic processing of images or deliberate designer’s
decisions during image creation process. This is not limited to images that evoke positive
emotions. The use of unexpected elements can be deliberate to achieve a shock effect that
can be very useful in such contexts as advertising (Skorupa, 2014). Even though shocking ad-
vertisements tend to be based on shocking content, a similar effect is likely to be achievable
by manipulating design elements alone (and, thus, avoiding dangers related to inappropriate
content). However, to achieve similar goals the understanding of the effects of individual
design elements is crucial.
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