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Abstract 
Visual perception is the most extensively studied field in human perception for the 
practicality and explicitness of its experiments. Digital images have been used as visual 
stimuli and human perception are studied with certain properties of the image being 
changed. Although various properties of digital images have been evaluated, image 
resolution has rarely been selected as the independent variable in empirical research. 
In this paper, two experiment are proposed to evaluate the sole effect of image 
resolution on viewers’ valence and arousal rate. Different images are chosen from IAPS 
and are adjusted to different resolution levels, viewers’ valence and arousal rate are 
acquired using questionnaires. According to the result of the experiment, corresponding 
conclusions are provided in the paper. A strong relationship is anticipated between 
subjects’ arousal and image resolution, indicating images of higher resolution would 
receive higher arousal rate. Image valence is predicted to have a more intricate 
relationship with image resolution, subjects’ valence could increase as the resolution 
gets higher, and a threshold resolution may exist for valence increase, above which the 
subjects’ valence remain unchanged. Recognition of the image would be germane to the 
change of arousal and valence as well. 
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1. Introduction 

Image resolution is a vital property of digital images. Low-resolution images represent elements in 
an image with less pixels and provide less information for viewers to interrelate the object in real life. 
Although direct relationship between deterioration of an image and changes in human perception has 
not been discovered yet, there are several factors that are affected by the image deterioration and 
extrapolations could be made from the research results and theories.  

1.1 Complexity 

To evaluate the relationship between image complexity and resolution, several researches measuring 
complexity in the perspective of psychology and computer science could be referred to.  

In psychology studies, representations of visual complexity and factors that affect them have been 
investigated. Oliva et al. measured visual complexity by relating it to how difficult it is to give a 
verbal description of an image and how well participants remember it after a short time[1]. The result 
suggests that visual complexity is principally represented by the number of objects, clutter, openness, 
symmetry and variety of colors.  
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In the perspective of computer science, various computerized measures to quantify visual complexity 
have been proposed. Some algorithmic measures are based on algorithmic information theory[2]. The 
theory postulates that the visual complexity could be depicted by the minimum code length required 
to describe the image[3,4]. Different compression methods have been utilized to examine their 
relation with complexity, for example: JPEG, TIFF and GIF compression measures[5,6] The theory 
suggests that simple images have redundant information that could be compressed, while less 
redundancy exist complex images, the compressed file size would also be bigger.  

In summary, complexity and resolution are both related to information in the image. Lower image 
resolution causes reduction in image information and smaller file size. However, in psychophysical 
studies, to distinguish the difference of complexity between experiment groups, images are distinct 
in visual complexity and can hardly be classified to a single factor above, making predicting the 
specific effect of changing resolution on image perception fuzzy, regardless of its clear relevance 
with image complexity.  

1.2 Gist Impression 

The gist impression[7-9] refers to viewers’ global impression and semantic description of the scene 
at their first glance. The rapid processing is pre-conscious and could happen in a snapshot of time. 
Various experiments have been conducted to study the time of recognition process[10-16]. Tolerance 
of human visual system to image degradation, including image distortion[17,18] and image 
resolution[19,20], is also studied in researches. Through eye-tracking experiments, these studies have 
shown that viewers’ eye movement are similar when viewing images of different resolutions, which 
indicates that fixations of low-resolution images could predict fixation of high-resolution images. 
Categorization tasks for participants also proved human’s ability to understand the principal meaning 
of an image at a very low resolution. Studies above have shown that low resolution would not affect 
the preliminary stage of image processing. This provides the basis for the prediction that viewers’ 
valence of the content of an image may remain the same in a wide range of resolution, and only below 
a certain resolution is an image degraded and the viewers cannot fully understand the picture would 
their valence change greatly. As for prediction for arousal rate, results of eye-tracking experiments 
that high-resolution images attract fixations with longer saccade lengths [21] also suggest that the 
arousal rate would be higher for high-resolution images. 

1.3 Fluency Theory 

Fluency theory suggests that people prefer visual stimulus that could be processed more easily[22], 
and perceptual fluency is measured by a viewer’s perception experience of ease or the speed the visual 
information is processed[23]. It provides an explanation for the influence of many properties on 
perception[24], including symmetry[25], contrast[22] and size of the stimulus[26]. As the image 
resolution increases, the elements in the picture could be recognized more easily. From this 
perspective, the relationship between fluency and image resolution is obvious, high resolution 
increases perceptual fluency. However, as the information increases, the speed viewers process an 
image would be slower, viewers’ reaction to such a huge mission may vary from person to person, 
and the relationship is to be further discussed. Intuitively speaking, the simplification effect on 
information procession may dominate in perception, and the viewer may prefer images of higher 
resolution. A problem in fluency theory is that it predicts that the most easily processed images are 
the most pleasing stimuli; however, the most fluent images could also be the most boring images, 
which are not generally preferred by viewers. Adair, 2021[27] raised the theory of disfluency, which 
suggests that the disfluency arouses viewers’ interest, driven by the underlying value behind 
ambiguity, would motivate viewers’ desire to resolve it. This paper tends to amend the problem by 
adding disfluency as an evaluating factor. In this article, disfluency is depicted as the uncertainty, 
novelty and complexity of an image. From this perspective, refining an image that is clear enough for 
recognition would decrease the perceptive disfluency, and viewers’ arousal may also decrease 
according to the theory.  
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In summary, there are multiple properties that are related to, or could be influenced by image 
resolution, and some theories could partially explain the effect of resolution. However, the effect of 
resolution is not explicit, and the integrated effect requires direct research on image resolution. 

Stevenson and Kun Guo[28] investigated how the image valence modulates the perception of low-
resolution natural scenes. In their experiments, participants’ gaze behavior, arousal rating and valence 
categorization accuracy are studied. The stimuli were selected from the international affective 
system[29] and divided into five groups based on their valence rates. The images are then downsized 
to different resolution levels, and the participants were asked to categorize the images valence and to 
give arousal rates of the images. Participants’ viewing behavior are recorded simultaneously in this 
process. The result shows that for valence categorization, the image resolution has a significant main 
effect on categorization accuracy, with higher accuracy for image of higher resolution; for arousal 
rating, image resolution has a significant main effect as well, with images of higher resolution are 
rated higher. The research investigates the general effect of image resolution on valence and arousal 
and comes to a cogent conclusion. However, the research primarily focused on the modulation effect 
of image valence on perception, especially for low-resolution images. Moreover, resolution was only 
used as a standard for categorization, the exact effect of changing image resolution has not been 
unraveled. 

To evaluate the exact effect and further investigate its principle, an exquisite experiment should be 
designed. In this paper, two experiment are proposed. Prediction of results and further conclusions 
are also included. 

2. Methods 

Two experiments that investigate the specific effect of image resolution on human perception is 
introduced in this section. The detailed experimental setup is included for researchers’ reference. 

1) All participants should have normal or corrected-to normal acuity; 

2) Sample size should be compatible with studies in this field; 

3) The study should obtain ethical approval; 

4) Informed consent should be obtained from each participant. 

As a reference, 20 images would be selected from the international affective picture system[29] as 
the stimuli of the experiments. To avoid possible effect of emotional value embedded in the image, 
their valence rating should range from 3 to 9 and distributed randomly in this range. The images 
should be controlled to be comparable on low-level image properties like brightness[30] and root 
mean square contrast. 

In addition, to identify the effect of refining for images of different emotional value, another 
experiment is proposed. 15 images in total would be selected from IAPS, in which every 5 images 
are selected from positive, neutral or negative images. The mean valence rate of these 3 kinds of 
stimulus should be approximately 8, 5.5, 3, the variance of each group should be as small as possible. 

The original images (1024 × 768 pixels) would be processed in Adobe Photoshop to be degraded to 
4 levels of lower resolutions. Referring to the original resolution, four groups of images would be 
obtained by reducing the resolution by half at a time, and their resolutions are 512 × 384 pixels, 256 
× 192 pixels, 128 × 96 pixels and 64 × 48 pixels. The images should be scaled back to original size 
(1024 × 768 pixels) using bilinear interpolation to be presented at the same size. During the 
experiments, the images should be displayed on the same monitor, and the distance between 
participants and the monitor should be controlled to be identical to ensure the visual angle are the 
same for all participants. 

In the experiments, participants would be instructed to sit down and view the images in the way they 
are comfortable with. For each image selected, every participant would be shown only one resolution, 
and the resolution would be randomly selected. The images would be displayed in counter-balanced 
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order. Each image would be displayed for 6 seconds, then the participants would be informed to fill 
in a questionnaire referring to Lang et al. [31] as follows: 

1) If you look at a picture and you feel very aroused, excited or wide awake, pick 9. If you feel very 
calm, bored, or not aroused, pick 1. (Your rate should be an integer); 

2) When looking at the picture, if you feel extremely pleasant, pick 9, if you feel extremely unpleasant 
pick 1, and if you do not have either pleasant or unpleasant feelings, pick 5.  (Your rate should be 
an integer); 

3) Did you fully understand the content (elements, topic) of the image? 

The questionnaire has been modified a little bit: an extra question is added to test whether the 
participants understand the image content. This procedure is to specifically investigate the effect of 
image resolution with the prerequisite that the elements in the images are recognized and images 
would not be rated neutral scores for they are unclear to participants. 

3. Expected Results 

Although the experiment has not been conducted, conclusions could be drawn in correspondence to 
different results. Prediction of the specific effects of image resolution is proposed in this section. 

The result of the second experiment could reexamine the behavioral research result done by 
Stevenson and Kun Guo[28] which showed the general effect of degrading an image by reducing its 
resolution is reduced arousal rating and reduced categorization accuracy of both positive and negative 
images. In the proposed experiment, the tendency could be more distinct: the image valence becomes 
more neutral as resolution reduces, which means for positive images, the valence rate would decrease, 
for neutral images, the valence rates would merely change a little bit and for negative images, the 
valence rate would increase. In Stevenson and Kun Guo[28] the decreased categorization accuracy 
could be explained by failure in recognition and that people tend to rate an unresolved image neutral. 
Separating the unrecognized result, the prerequisite that there is no cognition problem in perceiving 
the image is added, whether the image degradation weakened people’s sensitivity to emotional value 
embedded in the image could be inferred from the experimental result.  

In the first experiment, if the mean valence rate for all images rises monotonically as image resolution 
increases, higher image resolution is pleasant for human perception could be inferred. If mean valence 
rate changes only a little and the trend is inconspicuous, it could be inferred that the effect of changing 
resolution is small and unobservable in real practice. The mean valence rate may also decrease, in 
which situation the effect of refining of negative images dominates in the experiment. The special 
effect of perception for negative scenes also appeared in Stevenson and Kun Guo[28]: degrading the 
high-negative images had little effect on the categorization accuracy. This indicates the tolerance of 
human perception for degradation, especially for negative scenes. The tolerance could be explained 
by the nature of avoiding scenes and objects that are harmful to survival. Adding recognition as an 
indicator, it is predicted that only after an image is blurred enough and it could not be understood 
would its valence rate become neutral. For recognized images, their valence rates would only increase. 
The arousal rates for all images are expected to rise monotonically according to result in Stevenson 
and Kun Guo[28] and the rate would drop fiercely for unrecognized images. 

In the second experiment, the valence rates of positive and neutral images are expected to rise as the 
image resolution increases. The difference in the extent by which they rise is also illustrative for the 
specific effect of resolution: in the case that valence rates of positive images rise more, resolution 
could be explained as a window in perception, which determined the emotional value that could be 
perceived. Also, if the valence rate of the high-resolution negative images group drops after they are 
clear enough for recognition, the role of resolution could be further interpreted, the emotional value 
embedded in the images could be blurred even when participants fully understand the image. If the 
valence rate of recognized high-resolution negative images increases compared to recognized low-
resolution images, the increase could be interpreted as the pleasure of fluency, or explicitness in 
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perceiving the image. According to Stevenson and Kun Guo[28] ,The arousal rate in the second 
experiment should vary from group to group, but the general trend is the same: the arousal rate would 
rise for all images, while rates of neutral images should rise slower compared to images bearing 
emotional value. 

4. Discussion 

In the questionnaire, it was assumed that the images are fully understood when participants answered 
yes in the third question, and that the participants’ perception are not disturbed by failure in cognition. 
However, it could be argued that understanding is a rather subjective standard, which varies from 
person to person. It is hard to evaluate whether participants are rating with full understanding, and 
whether their rates would have only been affected by promotion of image quality.  

Two experiments proposed in this paper merely investigated the general effect of image resolution 
on perception and its relationship with image valence. For further research, it would be interesting to 
examine which property is changed when image is deteriorated or refined, and which property has 
the dominant influence on perception. It would also be informative to conduct physiological 
experiment and see the extent to which different regions of the human brain are activated. The 
findings could be associated with previous research about information processing of human brain and 
more practical conclusions could be drawn. 

5. Conclusion 

Resolution is a vital property of digital images and its effect on human perception is a new direction 
for perceptual pleasure researches. In this paper, two experiments investigating the exact effect of 
image resolution on arousal and valence rate of different images are proposed. For different 
experiment outcomes, explanation is provided as a reference for researchers. The first experiment 
investigated the effect of changing resolution for images and the second experiment added image 
valence as an independent variable. It is assumed that image valence could be neglected in the first 
experiment and its role is investigated in the second experiment.  

For both experiments, explanations to different outcomes are provided. In the first experiment, the 
mean valence and arousal rate of both recognized and unrecognized images would be informative. It 
is obvious that changing image resolution modulates the information people sense and people would 
have different reaction to different-resolution images referring to previous researches. In this 
experiment the general effect could be pinpointed. In the second experiment, the effect of resolution 
on image of different valence is investigated. This experiment would also examine some conclusions 
of previous experiments, the trend of rating in different image valence groups is informative for 
understanding in which stage of perception the information is modulated. 

Being correctly conducted, this study would be a step forward in understanding how image 
information is perceived and arouse human emotion and more properties of human visual system 
processing images could be found out. 
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