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 The study of motion illusions is a significant area of psychology and visual perception. Most 
motion illusions investigated so far are perceived from static objects. However, many objects 
exhibiting illusory motions are dynamic, which necessitates further investigation. In this study, 
the aim is to investigate the visual tracking of motion illusions generated by continuous line 
graphics on dynamically rotated geometric forms, using precise eye-movement data obtained 
through an eye-tracking system. Three types of motion illusion—apparent motion, induced 
motion, and motion aftereffect—are created by rotating seven different types of prism, including 
six polygonal shapes and one cylindrical shape. Properties of the eye-movement data, such as 
saccade amplitude, fixation count, and scan path, were analyzed by a psychophysical approach. 
The results reveal that the three types of motion illusion appear in a specific order as a prism is 
rotated from slow to fast. Among these illusions, apparent motion results in the largest average 
saccade amplitudes, and among the seven types of prism, the triangular prism induces the 
smallest average saccade amplitude. Additionally, the triangular prism is associated with the 
fewest number of fixations. These findings contribute to a deeper understanding of motion 
illusions, emphasizing their potential applications in eye-tracking research in daily contexts and 
offering valuable insights for future studies in visual perception.

1. Introduction

1.1 Background

 In the field of visual perception, optical illusions (also known as visual illusions) are 
phenomena in which the visual system creates perceptions that may deviate from reality.(1,2) 
There are various types of optical illusion, one of which is motion illusion (also called illusory 
motion). In this category, stationary objects such as images, graphics, characters, or shapes 
appear to be in motion owing to cognitive effects resulting from interacting color contrasts, 
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shape differences, and positional variations.(3,4) Researchers have identified the following three 
specific types of motion illusion.
1.  Apparent motion is the perception of motion that occurs like an illusion when consecutive 

images or objects are displayed at a specific frame rate. A common example is the sequential 
motion seen in traditional films, which gives rise to the term “motion picture”.

2.  Induced motion is another illusion created when a rapidly changing background contrasts 
with a stationary object, causing the object to appear as if it is moving. This effect is often 
observed in movies, such as when a plane flies against the sky, making it appear as though 
the plane itself is moving.

3.  Motion aftereffect is a captivating illusion that occurs when a person watches a moving 
stimulus for an extended period and then shifts attention to a stationary object. The stationary 
object will then appear to move in the opposite direction of the original moving stimulus.

 Figure 1 shows three examples of apparent-motion visual illusions apart from movies.
1.  In Fig. 1(a), there is a zoetrope consisting of a cylinder with evenly spaced, vertical slits. 

Inside the cylinder, there is a strip of sequential images. By spinning the cylinder and peering 
through the holes from the outside, viewers can observe a continuous, looping motion 
sequence.(5)

2.  Figure 1(b) shows two electronic commercial signs on the right, distinguished by their blue 
and red marquees. These signs employ the apparent-motion technique by flashing light dots 
on and off, creating the illusion of running advertisement texts.(3)

3.  Figure 1(c) depicts a black-and-white picture. By fixating on the central circular vertical-bar 
pattern, one can observe that it seems to move relative to the horizontal-bar pattern in the 
surrounding area. This exemplifies the Ouchi apparent-motion illusion.(6)

Fig. 1. (Color online) Three examples of objects exhibiting apparent-motion illusions. (a) A zoetrope, which is a 
cylindrical device adorned with evenly spaced vertical slits. As the cylinder spins, these slits reveal a captivating 
illusion of a continuous sequence of motion, like "a walking donkey ridden by a man".(5) (b) Red and blue electronic 
signs are seen on LED display boards to the right in the picture. Through the rapid flashing of light dots, these signs 
ingeniously create the illusion of a dynamic textual advertisement in motion.(3) (c) A mesmerizing graphic picture 
with a central circular vertical-bar pattern surrounded by a horizontal-bar pattern. When fixating upon the central 
pattern, the so-called Ouchi apparent-motion illusion occurs with the central pattern seemingly moving in relation to 
the surrounding pattern.(6)

(a) (b) (c)
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 Most motion illusions studied are perceived visually from static objects. Two such static 
objects, for example, are the commercial-sign LED display boards shown in Fig. 1(b) and the 
bar-pattern graphic picture shown in Fig. 1(c). These static objects themselves are not really 
moving; the motions perceived from them are merely visual illusions. In contrast, the objects 
explored in this study, which are observed to have illusory motions, were selected to be dynamic, 
i.e., the position and/or direction (or, more broadly, the displacement) of the object changes with 
time. An example of such objects is the barber pole,(7–9) which is traditionally placed outside a 
barber shop, like the one shown in Fig. 2(a). As illustrated in Fig. 2(b), the barber pole is a 
cylinder dynamically rotating around its vertical axis, with two mutually parallel diagonally 
striped colored bands printed on its surface. Although the cylinder rotates horizontally around its 
vertical axis, the stripes on its surface appear to move upward in the vertical direction, creating 
a visually illusory effect of the induced motion type. Another well-known example of the 
induced-motion illusion is the apparent relative movement of the scene outside a moving train. 
This movement is sensed visually by a passenger sitting inside the train, as illustrated in Fig. 
3(a).(10)

Fig. 2. (Color online) Barber-pole illusion created by a rotating diagonally striped sign. (a) A barber-pole sign.(9) 
(b) Actual and illusory motions of the barber pole.(7)

Fig. 3. (Color online) Induced-motion and motion-aftereffect illusions. (a) An induced-motion illusion (“The 
outside scene is moving backward!”) sensed visually by a passenger in a train.(10) (b) “Thaumatrope”, a classical 
example of the motion-aftereffect illusion (“The bird flies into the cage!”).(11) (c) Another example of the motion-
aftereffect illusion where gray afterimages appear on a quickly rotated cylinder originally with only black spiral 
lines on the surface.(13)

(a) (b) (c)

(b)(a)
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 As for the motion-aftereffect illusion, a classical example is the early animation toy, the 
“thaumatrope”, where the afterimage of a bird drawn on one side of a circular card appears to be 
in the cage drawn on the other side when the card is rotated quickly by twirling the strings 
connected to the two sides of the card,(11) as illustrated in Fig. 3(b). Note that the afterimage of 
the bird results from the persistence-of-vision (POV) function of the human eye.(12) A second 
example of the motion-aftereffect illusion is shown in Fig. 3(c), where the illusory afterimages—
the gray lines—are produced by fast rotations of a cylinder (from 150 to 600 rpm) with black 
spiral lines on the surface.(13)

 In summary, the main aim in this study is to conduct investigations on the human’s perception 
of illusory motions occurring on dynamic objects from various eye-movement perspectives. For 
simplicity, in this paper, illusory motions created by dynamic objects will be referred to as 
dynamic illusory motion, and the type of perception of such illusions will be termed dynamic 
illusory motion perception.

1.2 Research motivation

 Recently, several studies on the perception of the rotational motions of dynamic objects have 
been conducted,(8,14,15) in which people’s reactions to dynamic illusory motions were observed 
through the correspondence between the physical stimulation (i.e., the rotational speed) and the 
psychological response (i.e., the intensity of the reaction). Positive research results have been 
obtained. However, more investigations regarding object types can still be carried out; 
specifically, the illusory motions (apparent motion, induced motion, and motion aftereffect) 
observed on dynamic prism objects may be studied further. Furthermore, an eye-tracking 
system with equipment like the EyeLink II headset(16) may be used to record precisely the 
participant’s eye movements during the observation of the involved dynamic object.
 In more detail, studies of eye movements, which began in the 19th century and have made 
rapid progress in recent times,(8,17–20) included the analysis of the complicated human process of 
visual perception to provide valuable eye-movement data for related research studies. With the 
introduction of certain high-tech instruments for the more precise measurement of eye 
movements, the measurement of parameters such as time instant and spatial condition during 
data acquisition is becoming increasingly accurate, so that scholars in a growing number of 
fields have begun using eye-movement parameters as observation indicators in their studies and 
have conducted various eye-movement experiments to help further explore the relationship 
between human visual perceptions and eye-movement reactions. Nowadays, the observation 
indicators of eye movement are used extensively in research on topics such as attention,(21,22) 
reading,(23) pictorial perception,(24) visual search,(25) pattern recognition,(26) situational 
awareness,(27) and speeded saccadic and manual visuo-motor decisions.(28)

 In short, the issue investigated in this study is the analysis of the visual processes involved in 
dynamic illusory motion perceptions by conducting experiments using the above-mentioned 
eye-tracking system and related techniques for recording the “pursuit movement” of the eyes, 
which is a basic form of eye movement. In the experiments, the eye-movement parameters such 
as time instant and spatial condition are measured precisely; that is, for the spatial-condition 
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parameter, the changes and distributions of the “scan paths” of the eyes, which are created from 
the perceptual reactions to the dynamic illusory motions when the participants viewed the 
dynamic object, were recorded, and for the time-instant parameter, the recorded data of “saccade 
amplitudes”, representing the eye-travel distances (related to the time of fixation shifts of the 
eyes) during the eye movements, are recorded as well.

1.3 Main indicators for observation of eye movements

 Henderson and Hollingworth(25) stated that the complex human visual cognitive processes 
can be effectively understood in real time through the observation of eye movements. Therefore, 
to understand people’s visual data processing capability, analyses must be conducted using 
certain observation indicators of the eye movement. No fixed criteria exist for this purpose in 
current eye-movement studies; instead, different observation indicators should be used in 
various studies of different situations. As pointed out by Megaw and Richardson,(29) the analysis 
of observed eye-movement data may involve indicators such as saccade amplitude, fixation 
duration, fixation count, scan path, and pupil size.
1.  Saccade amplitude: The displacement of a rapid movement of the eyes between two fixation 

points. For a person staring at a certain object, the average saccade amplitude can be used to 
represent the effective range of observation for each fixation point. Henderson and 
Hollingworth(25) stated that when people observe an image, the saccade amplitudes are 
significantly and directly related to the content of the image; in particular, when people watch 
a target with both images and text, a significant difference in saccade amplitudes will occur.

2.  Fixation duration: The amount of time for which the center of the visual axis remains 
unchanged when people stare at an object, namely, the time from the end of one saccade 
movement of the eyes to the start of the next saccade movement (time unit: ms). Rayner(23) 
stated that, in visual searches, the average fixation duration per fixation point for a human is 
approximately 275 ms, whereas this duration increases to 330 ms in sense perception, and 
that the length of the fixation duration may be related to the richness of the image detail.

3.  Fixation count (number of fixations): The number of saccade movements, or equivalently, the 
number of fixation times, occurring when eyes are staring at an object. Buswell indicated in 
his study on image browsing behavior that when human eyes are staring at an image, the 
fixation points are not distributed randomly but tend to be regionally concentrated or 
scattered across various positions.(30,31) Therefore, the points focused on by people when 
viewing an image can be identified by analyzing the density of the fixation-point distribution 
with respect to the number of fixation points in each area of the image.

4.  Scan path ( fixation-point sequence): The sequence of fixation points with saccades recorded 
according to a time sequence,(32−34) namely, an overall vision record consisting of 
“perception, movement, perception, …” that can be observed in the eye movement. A scan 
path can specifically, intuitively, and comprehensively reflect the temporospatial features of 
the eye movement as well as the differences under various stimuli environments and 
experimental conditions.
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5.  Pupil size: A physiological indicator that can be used for measuring the sensitivity of the 
mental activity in terms of the visual mechanism.(35) It is known that a change in the pupil 
size can reflect the mental load: the greater the mental load, the larger the pupil size.(36−38)

1.4 Research goals

 As mentioned previously, most studies on eye movements were focused on illusions created 
by static objects; only a very few explored illusions coming from dynamic objects. That is, 
dynamic illusory motion perceptions have not been thoroughly studied. Static objects have no 
real states of motion; the illusory-motion effect induced by such objects depends mainly on the 
visual perception function. On the contrary, the dynamic illusory-motion effect involves time as 
a factor, i.e., it is generated by the displacement caused by the passage of time.
 Given these factors and the conditions associated with dynamic illusory motion, what is the 
human visual process for perceiving a dynamic illusory motion induced by a dynamic object and 
what is the eye-movement mechanism involved? Are the visual movement direction and the eye-
movement state in dynamic illusory-motion perception similar to those involved in the 
perception of illusions created by static objects? Are there changes occurring in the distribution 
of the resulting scan paths of the eyes? What distinct effects appear in human visual perceptions 
and eye movements? To answer these questions, in-depth explorations as conducted in this study 
are needed, and the following research tasks, which are taken as the goals of this study, should 
be accomplished:
1.  study of the motion-illusion effects created by applying different rotation speeds to the prism-

shaped objects;
2.  exploration of the relationships existing between the perceptions of the three types of motion 

illusion and the saccade amplitudes and fixation counts in the eye-movement data measured 
during the illusion-perception process;

3.  observation of the scan paths of the eye movements involved in the perceptual reactions to 
the three types of illusory motion incurred by different types of prism;

4.  analysis of the difference between the two sexes in their visual reactions to the three types of 
motion illusion;

5.  investigation of possible applications of the findings on the three motion-illusion perceptions; 
and

6.  realization of more effective designs of dynamic geometric forms that satisfy human factors.

2. Literature Review

2.1	 Effects	of	dynamic	illusion	phenomena

 When people watch a dynamic object that creates motion illusions like the “barber-pole 
illusion”(14,39) mentioned previously, the visual effect perceived by human eyes is influenced by 
a number of factors, including the moving speed, viewing distance, and shape characteristics of 
the object. The illusory phenomena experienced by the eyes result from the relaxation and 
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contraction of the lens and the size of the retina, as well as the distance between the two eyes.(40) 
Specifically, when people observe the shape of a certain object at various distances, from a 
physical perspective, the smaller the distance is, the larger the object shape appears and the 
larger the viewing angle is, and vice versa. Thus, the viewing distance is related to the perceived 
size of the object. If the visually observed size of an object remains constant, the appropriate 
viewing distance can be determined using a set of formulas,(41) as illustrated in Fig. 4.
 Studies on dynamic motion illusions caused by moving objects of certain shapes have been 
conducted by Chen.(1,39) In this study, the motion illusions caused by various prisms of polygonal 
and cylindrical shapes are investigated using the eye-movement data acquired by an eye-tracking 
system when the illusions are observed by participants. 

2.2	 Effects	of	dynamic	illusion	phenomena

 Several studies have been conducted on the information of eye movements that occur during 
the visual perceptions of illusions, although some experiments have been conducted on the 
relationship between the generation of an illusion and the corresponding eye movements.
 For example, two studies on the eye movements for observing the diagram of Müller-Lyer 
illusion (two horizontal line segments seem to have unequal lengths, but are actually the same), 
as shown in Fig. 5(a), were conducted by Fu and Sun(42) and Festinger et al.,(43) who assessed the 
eye movements during the visual process of viewing the Müller-Lyer illusion diagram and 
measured and compared the changes in the scan paths of the eyes. They concluded that the 
generation of illusions affects the pursuit movements of the eyes.

Fig. 4. Formula for computing the viewing angle of an object.(41)

Fig. 5. Two optical illusion diagrams (drawn by the authors). (a) Müller-Lyer illusion diagram.(43) (b) Oppel–Kundt 
illusion diagram.(44)

(a) (b)
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 Furthermore, Coren and Hoenig(44) investigated the eye movement occurring while viewing 
the diagram of the Oppel–Kundt illusion (the length of part a drawn with dots seems larger than 
that of part b drawn as a simple line segment, but actually is not), as shown in Fig. 5(b), and 
found the fact that a person with saccadic eye movements when viewing the diagram will feel a 
significant decrease in the percentage of perceiving the Oppel–Kundt illusion. Fu(45) studied the 
diagrams of the Hering–Wundt illusions (two straight and parallel lines presented in front of a 
radial background seem to be bowed outwards, but are actually not and the two blue vertical 
straight lines seem to be bowed inwards, but actually are not), as shown in Fig. 6(a), and Fu et 
al.(46) studied the Ebbinghaus illusion (the circle surrounded by small circles seems to be larger 
than the one surrounded by larger circles, but actually is not), as shown in Fig. 6(b), by measuring 
the scan-path changes of the eyes while observing the illusions, leading to the conclusion that the 
pursuit movements of the eyes are affected by diagrams that create optical illusions.
 In the studies reviewed above, it was demonstrated that eye movements are significantly 
influenced by illusion diagrams, resulting in differences in the scan-path distributions. The 
respective findings regarding this aspect have validated relevant visual theories.(23,25,27)

2.3	 Research	method	of	psychophysics

 “Psychophysics” is the science of studying the relationship between physical stimuli and 
psychological sensations. The method for examining the correspondence between mental 
quantities and physical quantities is the “psychophysical method,” which allows the relationship 
between the sensory system and the physical stimulation to be identified through the so-called 
“threshold” measurements.
 Specifically, as stimulation gradually increases from low to high, it will eventually reach a 
value known as the “lower absolute threshold,” which produces a stimulus that the subject can 
feel. If the stimulation value continues to increase, it will reach another level, called the “upper 
absolute threshold,” beyond which the subject does not have the original sensory experience, but 
has a new one. The higher the absolute thresholds, the stronger the sensation experienced by the 
subject.(47)

 Taking the experiments of this study as an example, the main purpose is to explore the 
correspondence between the rotation speed (rpm) of the polygonal prism and the reaction 

Fig. 6. (Color online) Three optical illusion diagrams (drawn by the authors). (a) Hering–Wundt illusion 
diagrams.(45) (b) Ebbinghaus illusion diagram.(46)

(a) (b)
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intensity of the dynamic motion-illusion perception of the participant. From the perspective of 
psychophysics, the speed (rpm) can be regarded as a kind of stimulation, and the reaction 
intensity of the subject to the dynamic motion illusion in the eye movement as a feeling. In this 
study, the regular relationship between the stimulation and the feeling is found by the 
psychophysical method.
 In addition, there are three scientific methods for measuring the absolute thresholds used in 
psychophysics, namely, the method of constant stimuli, the method of limits, and the method of 
adjustment.(48) To allow the subject to directly respond to the stimulus size, the method of 
adjustment was used in this study. The advantage of this method is that the subject can actively 
participate in the experiment by adjusting the stimulus size to match a standard value, making it 
well suited to measuring absolute thresholds.(48)

2.4	 Brief	description	of	the	research	process	of	this	study

 In this study, the research process includes primarily the following steps:
1.  measure eye movements in response to the perceptual reactions to the dynamic illusory 

motions induced by dynamic objects;
2.  observe the distributions and states of the scan paths of the perceptual reactions to the three 

types of illusory motion created by rotated prisms;
3.  understand the visual moving direction and the eye-movement state associated with the three 

types of illusory motion; and
4.  assess whether there are differences in the distributions and areas of the scan paths of the 

three types of illusory motion perception.
 As mentioned previously, when a person observes an image, the more meaningful the content 
of the image, the larger the resulting saccades. In particular, eye saccades differ significantly 
when people look at a target object that has both images and text. Therefore, the observation 
index in the experiment conducted in this study will be based on saccade amplitude. For the 
purpose of in-depth analysis of the process of dynamic illusory motion perception, various eye-
tracking experiments were carried out using the results of pursuing the eye movement, i.e., the 
pursuit motion results of the eyes. Another observation indicator, namely, the scan path of the 
eye movement, was used for the visual analysis of the perceptual reactions to the three types of 
dynamic illusory motion. This helped to understand how vision is affected by specific 
perceptions that cause changes in normal eye movements. Additionally, it enabled further 
exploration of the relationship between dynamic illusory motion perception and eye-movement 
reactions.

3. Research Method

3.1	 Experiments	for	creating	the	three	types	of	illusory	motion

 In this study, various phenomena and relationships between dynamic objects and dynamic 
illusory motion perceptions were investigated by the psychophysical method, the adjustment 
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method, and the scan-path measurement method of eye movements from the perspective of 
visual psychology. Additionally, the changes and distributions of the scan paths resulting from 
the perceptual reactions to the dynamic illusory motions during the participants’ viewing 
process were recorded to understand their eye-movement reactions.
 More specifically, the following three experiments were carried out in this study.
1.  Experiment 1: Conducted during the perception of the illusion of apparent motion occurring 

on different types of prism to measure the eye-movement data
2.  Experiment 2: Conducted during the perception of the illusion of induced motion occurring 

on different types of prism to measure the eye-movement data
3.  Experiment 3: Conducted during the perception of the illusion of motion aftereffect occurring 

on different types of prism to measure the eye-movement data

3.2	 Experimental	system	used	in	this	study

 The experimental system used in this study consists of the following four main parts.
1. Dynamic objects
  The dynamic objects selected for this study are shown in Table 1:(8) six polygonal prisms with 

three to eight sides and a cylinder. Each of these prisms was rotated to create the three types 

Table 1
(Color online) Seven types of geometric prism used in this study.(8)

Prism type Triangular prism Quadrangular prism Pentagonal prism
Prism label P1 P2 P3

Top view

Specimen

Hexagonal prism Heptagonal prism Octahedral prism Cylinder
P4 P5 P6 P7
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of motion illusion for the participant to observe for the purpose of ascertaining whether 
different object types affect the resulting distributions of the scan paths of the perceptual 
reactions of the participants’ eyes.

2. Object Rotation Mechanism
  Before observation, each object was made to be dynamic by placing it on a turntable, securing 

it with a multifunctional disc holder, and rotating it with a series of speeds from slow to fast 
(in rpm) adjusted by a digital variable-frequency control system, as shown in Fig. 7(a).

3. Eye-tracking system 
  The rotated object is observed using an eye tracker, i.e., the EyeLink II headset,(16) part of an 

eye-tracking system that additionally includes a computer, as shown in Fig. 7(b), for 
processing the data collected through the headset, and a screen, as shown in Fig. 7(c), for 
displaying the data processing results.

4. System setup 
  The system setup, including a table and chair, for carrying out the experiments in this study 

is illustrated in Fig. 7(d). As shown, each participant is invited to sit on a chair in front of the 
object (a prism or a cylinder) to be observed at a distance of 100 cm from the object, with his/

(a) (b) (c)

(d) (e)

Fig. 7. (Color online) Experimental system used in this study. (a) A digital variable-frequency control system with 
a turntable on top for rotating the object. (b) An EyeLink II headset connected to a computer and a screen.(16) (c) 
Screen displaying the data processing results of the EyeLink II headset. (d) System setup for conducting the 
experiments where the participant sits in front of the system staring at the illusion created by a rotating prism. (e) 
Photograph of an experiment in which a rotating hexagonal prism is being viewed by a participant wearing an 
Eyelink II headset with an instructor sitting alongside.
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her eyes staring at the rotating object with a view angle of about 14o. A real image of a 
participant using the experimental system is shown in Fig. 7(e).

3.3	 Illusion	changes	created	by	rotating	prisms

 The basic concepts of the three types of motion illusion, i.e., apparent motion, induced 
motion, and motion aftereffect, were introduced previously with examples for each type being 
given. The concepts of these types of motion illusion are elaborated here.

3.3.1	 Rotating	polygonal	prisms	to	create	the	apparent-motion	illusion

 As mentioned previously, the effect of a traditional movie show is a phenomenon of the 
apparent-motion illusion. This illusion occurs when a sequence of discrete image frames is 
projected onto a screen at fixed time intervals, causing the images to appear visually continuous 
due to the POV capability of the human eyes. Specifically, the movie projector uses a shutter to 
block the film’s physical movement between two frames, ensuring that only the image grid is 
projected, which creates the POV-based apparent-motion illusion.(4,49) In this process, the time 
interval tm for displaying the image frames should be adjusted to match the POV time tv of the 
human eyes. It is known that tv is about 0.1–0.4 s, and tm for a 16 mm movie is typically 1/24 s.(49)

 This principle of movie projection can be applied to each of the six polygonal prisms shown 
in Table 1 to generate apparent-motion illusions. The reason is that when a prism is rotated at a 
certain speed such that the sequence of its polygonal-shaped lateral sides appear consecutively at 
an appropriate time interval, the effect resembles movie projection, with the graphic lines on the 
prism surface appearing continuous like a rising spiral pattern. Here, the “rotation angle” 
between two neighboring lateral sides of the prism functions like a “shutter” of a movie 
projector, as shown in Fig. 8(a).(8) For this reason, the cylindrical prism (i.e., the cylinder) in 
Table 1 is not capable of creating an apparent-motion illusion, as no such “rotation angle” is 
formed on its smooth, continuous lateral surface.

Fig. 8. Illustrations of rotation angles and afterimages.(8) (a) “Rotation angles” of polygonal prisms (columns). 
(Note: the smooth surface of the cylinder has no rotation angle.) (b) Afterimages occurring when a polygonal prism 
is rotated very fast.

(a) (b)
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3.3.2	 Rotating	polygonal	prisms	to	incur	the	induced-motion	illusion

 As mentioned previously, by moving a fast-changing background around a fixed object, an 
induced-motion illusion will appear with the illusory effect of the object moving against the 
background, as seen in the film of a traditional movie including a plane flying in the sky.
 Alternatively, as mentioned by Chen and Chang,(50) an induced-motion effect can be created 
by rotating a polygonal or cylindrical prism, as shown in Table 1, at a sufficiently high speed 
(faster than the rotation speed mentioned previously for creating the apparent-motion effect), 
causing the white areas on the lateral sides, much larger than the spiral lines, to become 
“assimilated” into a single connected white region that appears stationary, leaving only the spiral 
pattern spinning upward.

3.3.3	 Rotating	polygonal	prisms	to	incur	the	motion-aftereffect	illusion

 As mentioned previously, when a stationary object is viewed right after observing a moving 
stimulus for an extended period, the stationary object appears to move visually, creating a 
motion-aftereffect illusion.
 Alternatively, as pointed out by Chen and Chang(50) again, when a polygonal or cylindrical 
prism is rotated very fast, with all the white lateral parts of the object becoming assimilated to 
form a large region, as mentioned above, all the spiral line segments will appear simultaneously 
on the rotating object’s surface as an afterimage, creating an illusion similar to the motion-
aftereffect effect [called motion afterimage in Chen and Chang(50)] owing to the POV function of 
the human eyes, as shown in Fig. 8(b).

3.3.4 A concluding remark.

 By integrating the three phenomena described previously, the following conclusion can be 
drawn.

  As the rotation speed of each of the polygonal or cylindrical prisms is increased from slow to 
very fast, the three types of motion illusion can be sensed visually by the human eyes in the 
following order:

 apparent motion → induced motion → motion aftereffect. 

3.4	 Average	rotation	speed	ranges	to	create	the	three	types	of	motion	illusion

 Overall, 20 persons (10 women and 10 men) were invited to participate in the experiment 
conducted in this study. They all passed the color-blindness test. During the experiment 
(described in detail later), the main task involved the participant observing each polygonal or 
cylindrical prism to experience visually the three types of motion illusion. The minimum and 
maximum rotation speeds for each of the three types of illusion motion for each of seven types 
of prism were recorded. From the resulting data, for each of the seven types of prism, the 
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absolute minimum speed and the absolute maximum speed, called the absolute lower and upper 
thresholds, respectively, were identified and are listed in Table 2. Note that the total range of 
speeds for all the prisms is from 70 to 330 rpm, as can be seen from the table [from the smallest 
absolute lower threshold (70 rpm) of P1 to the largest absolute upper threshold (330 rpm) of P7]. 
In practice, to allow participants time to familiarize themselves with each rotated prism, the 
rotation started at 35 rpm in the experimental process.
 Accordingly, the ranges defined by the absolute lower and upper thresholds of the rotation 
speeds of, for example, the triangular prism to create the three types of illusion are (70, 90), (80, 
180), and (170, 210) in the unit of rpm, respectively. That is, when the rotation speed is between 
70 and 90 rpm, an apparent-motion illusion can be observed on the triangular prism, when the 
speed is faster, from 80 to 180 rpm, an induced-motion illusion is visually perceived, and when 
the speed is from 170 to 210 rpm, a motion-aftereffect illusion appears. Note that the three speed 
ranges have two overlapping parts, namely, 80 to 90 and 170 to 180 rpm. This overlap is due to 
the possible ambiguity for the participants to determine the type of motion illusion that they 
observed when the object was rotated at speeds falling within these overlapping ranges. Similar 
overlapping ranges also exist for other types of prism.

3.5	 Eye-tracking	system	used	in	the	experiment

 In this study, the eye-tracking equipment EyeLink II headset, manufactured by SR Research 
Company(16) and shown in Figs. 7(b) and 7(c), was used for acquiring and processing eye-
movement data automatically while the participant stared at the rotating prism during the 
experimental process. Although a few studies on the topic of dynamic illusory-motion analysis 
exist, this type of equipment was not used in those studies. A major advantage of using such 
equipment is its usefulness for realizing the fast and precise acquisition of eye-movement data.
 More specifically, the EyeLink II headset is equipped with two miniature cameras on the left 
and right sides of the hood to record the position and pupil size of each eye, respectively, 

Table 2
Absolute lower and upper thresholds of rotation speeds (rpm) of the seven types of prism that incur the three types 
of motion illusion.

Absolute rotation-speed thresholds for creating apparent-motion illusions
Prism label P1 P2 P3 P4 P5 P6 P7*

(a) absolute lower threshold 70 80 70 50 40 35 —
(b) absolute upper threshold 90 60 50 65 60 50 —

Absolute rotation-speed thresholds for creating induced-motion illusions
Prism label P1 P2 P3 P4 P5 P6 P7
(a) absolute lower threshold 80 75 70 60 60 50 40
(b) absolute upper threshold 180 200 230 240 260 275 280

Absolute rotation-speed thresholds for creating motion-aftereffect illusions
Prism label P1 P2 P3 P4 P5 P6 P7
(a) absolute lower threshold 170 200 220 240 250 270 290
(b) absolute upper threshold 210 240 260 280 290 310 330
*Cylinder P7 cannot be used to create apparent-motion illusions.
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allowing monocular or binocular eye tracking based mainly on pupil movement and iris reflex to 
calculate the eye movement. Furthermore, the front of the hood is equipped with a miniature 
camera, and four infrared sensors are affixed on the associated display screen to calibrate the 
position of the user’s head (expressed as 3D coordinates). Finally, associated with the headset are 
software packages on the computer for quickly converting the raw eye-movement data into 
statistical data and visualization diagrams, including saccade altitudes, fixation-point maps, and 
scan-path diagrams.

3.6	 Learning	prior	to	the	experimental	process

 Before the experiment started, a learning procedure was conducted, in which an 
accompanying instructor taught the participant how to use the turntable to rotate the test prism 
and observe the dynamic illusory-motion phenomena during its rotation. Then, the participant 
was allowed to practice the procedure three times to become familiar with the judgements of the 
three types of motion illusion.
 Subsequently, the instructor helped the participant put on the EyeLink II headset and start the 
fixation-position calibration process of the equipment, which includes two stages, namely, a 
9-point calibration stage and a 9-point validation stage. Consequently, the eye-tracking 
equipment, with the help of the computer, can be utilized to calculate the precise position of a 
fixation point of the participant on the dynamic object (i.e., a polygonal or cylindrical prism 
rotating on the turntable) corresponding to the eye-movement angle of the participant using the 
calibration and verification results.
 Specifically, the two stages of 9-point calibration and 9-point validation were carried out by 
performing the following steps.
1.  A gaze dot for the participant to stare at appears randomly at one of nine predefined 

calibration positions: the center, top, bottom, left, right, upper right, lower right, upper left, 
and lower left on the test prism.

2.  The participant is asked to stare at the dot steadily for 5 to 10 s and then press the space bar 
on the computer keyboard to confirm the gaze position.

3.  The gaze dot immediately disappears, and Steps (1) through (3) are repeated, until the 9 
calibration positions have all been processed.

3.7	 Experimental	process

 In the experimental process, after each of the 20 invited participants has sat in front of the 
experimental system, as shown in Fig. 7(d) or 7(e), the following algorithm is carried out by the 
experimental system itself, or by the participant or the accompanying instructor who follows the 
instructions issued by the system.
Algorithm: Acquisition of visual reaction data from perceptions of motion illusions.
Steps.
(1)  Instruct the participant to pick up a test prism in the order of P1 through P7 as shown in Table 

1 and place it on the turntable.
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(2)  Start the digital variable-frequency control system to rotate the prism.
(3)  Gradually increase the rotation speed of the turntable from 35 to 330 rpm.
(4)  Instruct the participant to stare at the rotated prism continuously for 5 to 10 s and press the 

space bar on the computer keyboard to confirm the visual sensing of a type of motion 
illusion.

(5)  Record the participant’s eye-movement data.
(6)  Compute the saccade amplitudes, the number of fixation times, and the scan paths using the 

data obtained in the last step.
(7)  Repeat Steps (3) through (6) until all three types of motion illusion are observed; 
(8)  Repeat all the steps from (1) through (7) until data from all seven types of prism are acquired.
 The experiment ended when all the 20 invited participants had completed the above 
experimental process. Afterwards, the collected eye-movement data from all the participants 
were combined and analyzed statistically. The results are described below.

4. Results

4.1	 Analyzed	items	of	experimental	data	

 The following data items were recorded during the rotations of the objects using the digital 
variable-frequency control system, or extracted from the eye-movement data recorded by the 
eye-tracking system (i.e., the Eyelink II headset and the associated computer):
1.  the absolute lower and upper thresholds of the object rotation speeds at which the three types 

of motion illusion, that is, apparent motion, induced motion, and motion aftereffect, were 
created, as listed in Table 2;

2.  the average saccade amplitudes of the participants when staring at each of the seven types of 
prism to observe each of the three types of illusory motion, as shown in Figs. 9, 11, and 13;

3.  the average numbers of fixation times of the participants when staring at each of the seven 
types of prism to observe each of the three types of illusory motion, as shown in Figs. 10, 12, 
and 14;

4.  the average saccade amplitudes of the male and female participants extracted from the data of 
2 above, as shown in Tables 3–5;

5.  the distributions of the scan paths of a participant’s perceptual reactions to the three types of 
illusory-motion perception created by the triangular prism, as shown in Figs. 15(a)–15(c) 
(shown as an example to illustrate scan-path diagrams).

4.2	 Results	of	apparent-motion	perception

 The experimental results regarding the participants’ perceptions of the apparent-motion 
illusion and the related eye-movement data are shown in Figs. 9 and 10 and Table 3, from which 
the following facts or findings can be drawn.
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4.2.1	 About	the	saccade	amplitudes

(1)  From Fig. 9, it can be seen that increasing the number of lateral sides of a polygonal prism 
progressively leads to the following two facts.

  (a)  The minimum average saccade amplitude of all the participants (referred to as the lower 
absolute threshold of the saccade amplitude) increases progressively in general.

  (b)  The maximum average saccade amplitude of all the participants (referred to as the upper 
absolute threshold of the saccade amplitude) also progressively increases in general.

  These findings suggest that the more lateral sides a polygonal prism has, the larger are the 
saccade amplitudes observed in the eye movement data for apparent-motion illusion 
perceptions, and vice versa.

Fig. 9. (Color online) Average saccade amplitudes in observing the apparent-motion illusion created by the six 
types of polygonal prism (unit: pixel).

Fig. 10. (Color online) Average fixation counts in observing the apparent-motion illusion created by the six types of 
polygonal prism (unit: time).
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  (Note: cylinder P7 creates no apparent-motion illusion because no “rotation angle” is formed 
on it to yield a shutter effect when the cylinder is rotated, as mentioned previously.)

(2)  From Fig. 9 again, the following two facts can be understood.
  (a)  The average saccade amplitude of the lower absolute threshold for a triangular prism 

was 120.74 pixels, which was the smallest among those of all the polygonal prisms.
  (b)  The average saccade amplitude of the upper absolute threshold for a triangular prism 

was 112.56 pixels, which was also the smallest among those of all the polygonal prisms.
  Together with the finding of (1) above, these results indicate the following two observations 

about the perception of the apparent-motion illusion.
  (a) The lower the saccade amplitude, the more centralized the fixation points.
  (b) The triangular prism was stared at with the smallest saccade amplitude.

4.2.2	 About	the	fixation	count

(1)  By a reasoning similar to that above, in Fig. 10, it can be seen that progressively increasing 
the number of a polygonal prism’s lateral sides leads to the following two facts.

  (a)  The minimum average number of fixation times (called the lower absolute threshold of 
the fixation count) will increase progressively in general.

Table 3
Results of independent sample t-test applied to the average saccade amplitudes of the two sexes for the six types of 
polygonal prism for the apparent-motion illusion (M: male; F: female; S. D.: standard deviation).
Prism label** Gender n Mean S. D. p

P1(a) M 10 118.07 57.59 0.67F 10 107.05 57.09

P1(b) M 10 123.17 82.10 0.89F 10 118.30 73.64

P2(a) M 10 126.26 63.74 0.70F 10 115.10 62.91

P2(b) M 10 130.18 92.50 0.83F 10 122.02 73.85

P3(a) M 10 108.90 59.88 0.57F 10 126.37 73.32

P3(b) M 10 121.82 76.03 0.59F 10 138.82 59.59

P4(a) M 10 99.45 67.64 0.06F 10 158.03 64.27

P4(b) M 10 135.05 58.18 0.94F 10 133.03 61.66

P5(a) M 10 126.10 60.14 0.59F 10 113.28 42.41

P5(b) M 10 141.63 50.01 0.19F 10 114.73 37.35

P6(a) M 10 129.77 64.03 0.50F 10 112.89 42.86

P6(b) M 10 139.84 66.20 0.87F 10 135.01 59.26
**Pi(a) and Pi(b) with i = 1, 2, …, 6 mean the absolute lower and upper thresholds of saccade amplitudes for the polygonal 
prism labelled Pi.
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  (b)  The maximum average number of fixation times (called the upper absolute threshold of 
the fixation count) will also increase progressively in general.

  These findings suggest that the more lateral sides a polygonal prism has, the larger is the 
fixation count in the eye movement data for the perception of the apparent-motion illusion, 
and vice versa.

(2)  From Fig. 10 again, the following two facts can be observed.
  (a)  The average fixation count at the lower absolute threshold of a triangular prism is 15.63, 

which was the smallest among those of all the polygonal prisms.
  (b)  The average fixation count at the upper absolute threshold of a triangular prism was 

17.05, which was the smallest among those of all the polygonal prisms.
  These findings lead to the following two facts about the perception of the apparent-motion 

illusion.
  (a)  The lower the saccade amplitude, the smaller the fixation count.
  (b)  The triangular prism is stared at for the smallest number of fixation times.

4.2.3	 Differences	between	the	two	sexes	in	apparent-motion	illusion	perceptions	

 An independent sample t-test(51) was conducted on the saccade amplitudes in the eye-
movement data of the two sexes (including the 10 male and 10 female participants) acquired 
when they were observing the apparent-motion illusion. The results are shown in Table 3, which 
includes the means and standard deviations of the data for each of the six polygonal prisms, and 
the p-values of the t-test results. In addition, in the table, Pi(a) and Pi(b) with i = 1, 2, …, 6 refer, 
respectively, to the absolute lower and upper thresholds of saccade amplitudes for the polygonal 
prism labelled Pi.
 It is known that if the p-value is smaller than 0.05, there is an obvious difference between the 
tested data acquired by the participating men and women. Accordingly, as shown in the last 
column of Table 3, for each of the six types of polygonal prism, the p-values are all larger than 
0.05, showing that no significant difference exists between male and female participants in the 
aspect of reaction (shown by the lower and upper absolute thresholds of saccade amplitudes of 
eye-movement data) to the apparent-motion illusions incurred by the six types of polygonal 
prism.

4.3	 Results	of	induced-motion	perception

 The experimental results of the induced-motion perception and the related eye-movement 
data are shown in Figs. 11 and 12 and Table 4, from which the following facts or findings can be 
drawn.

4.3.1	 About	the	saccade	amplitudes

(1)  From Fig. 11, it can be seen that increasing the number of lateral sides of a polygonal prism 
progressively leads to the following two findings.



1742 Sensors and Materials, Vol. 37, No. 4 (2025)

  (a)  The lower absolute threshold of the saccade amplitude decreases progressively in 
general.

  (b)  The upper absolute threshold of the saccade amplitude also decreases progressively in 
general.

Fig. 11. (Color online) Average saccade amplitudes incurred in observing induced-motion illusions created by the 
seven types of prism (unit: pixel).

Fig. 12. (Color online) Average fixation counts incurred in the induced-motion illusion created by the seven types 
of prism (unit: time).
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  These findings suggest that the more lateral sides a prism has, the smaller are the saccade 
amplitudes found in the eye-movement data for induced-motion illusion perceptions, and vice 
versa.

  (Note: the above finding is also true for cylinder P7, which can be considered as a polygonal 
prism with an infinite number of lateral sides).

(2) From Fig. 11 again, the following two facts can be understood.
  (a)  The average saccade amplitude at the lower absolute threshold of a cylindrical prism was 

91.54 pixels, which was the smallest among those of all the prisms.
  (b)  The average saccade amplitude at the upper absolute threshold of a cylindrical prism 

was 100.28 pixels, which was also the smallest among those of all the prisms.
  Together with the findings of (1) above, these results indicate the following two facts about 

the perception of the induced-motion illusion.
  (a)  The smaller the saccade amplitude, the more centralized the fixation points.
  (b)  The cylindrical prism was stared at with the largest saccade amplitude.

Table 4
Results of independent sample t-test applied to the average saccade amplitudes of the two sexes for the seven types 
of prism for the induced-motion illusion (M: male; F: female).
Prism label*** Gender n Mean S. D. p

P1(a) M 10 121.55 42.87 0.27F 10 111.05 40.76

P1(b) M 10 110.47 61.90 0.96F 10 111.72 55.08

P2(a) M 10 117.96 66.49 0.85F 10 112.51 52.39

P2(b) M 10 111.26 68.58 0.93F 10 113.79 50.18

P3(a) M 10 121.63 65.55 0.31F 10 95.09 45.61

P3(b) M 10 111.99 63.93 0.97F 10 110.99 39.89

P4(a) M 10 124.76 83.54 0.34F 10 93.96 52.82

P4(b) M 10 110.33 61.15 0.52F 10 95.67 34.36

P5(a) M 10 112.62 63.21 0.42F 10 92.52 44.80

P5(b) M 10 138.22 75.14 0.05F 10 78.80 48.91

P6(a) M 10 112.10 53.12 0.59F 10 100.19 42.97

P6(b) M 10 109.35 68.66 0.51F 10 90.56 54.51

P7(a) M 10 112.50 57.10 0.29F 10 88.06 41.00

P7(b) M 10 95.85 51.06 0.70F 10 87.23 47.29
***Pi(a) and Pi(b) with i = 1, 2, …, 7 mean the absolute lower and upper thresholds of saccade amplitudes for the prism 
labelled Pi.
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4.3.2	 About	the	fixation	count

(1)  Unlike the case of the apparent-motion illusion, the trends of the fixation count are not so 
obvious when the number of lateral sides of the prism increases. Specifically, as the number 
of lateral sides of the prism increases, the following two facts can be seen from Fig. 12.

  (a)  The lower absolute threshold of the fixation count increases for the first three types of 
prism and remains roughly the same for the remaining four types of prism.

  (b)  The upper absolute threshold of the fixation count has no fixed increasing or decreasing 
trend.

(2) From Fig. 12 again, the following two facts can also be understood.
  (a)  The average fixation count at the lower absolute threshold of a triangular prism was 

16.47, which was the smallest among those of all the prisms.
  (b)  The average fixation count at the upper absolute threshold of a triangular prism was 

16.42, which was also the smallest among those of all the prisms.
  Together with the findings of (1) above, these results indicate the following two facts about 

the visual sensing of the induced-motion illusion.
  (a) The smaller the saccade amplitude, the smaller the fixation count.
  (b) The triangular prism is stared at for the smallest number of fixation times.

4.3.3	 Differences	between	the	two	sexes	in	induced-motion	illusion	perceptions

 Similarly to the case of apparent-motion illusion perception, an independent sample t-test(51) 
was conducted on the saccade amplitudes in the eye-movement data of the two sexes acquired 
when they were observing the induced-motion illusion. The results are shown in Table 4. As 
indicated in the last column of the table, for each of the seven types of prism, the p-values are all 
larger than 0.05, showing that no significant difference exists between the male and female 
participants in their reactions to the induced-motion illusions incurred by the seven types of 
prism.

4.4		 Results	of	motion-aftereffect	perception

 The experimental results of the motion-aftereffect perception and the related eye-movement 
data are shown in Figs. 13 and 14 and Table 5, from which the following facts or findings can be 
drawn.

4.4.1	 About	the	saccade	amplitudes

(1)  From Fig. 13, it can be seen that increasing the number of lateral sides of a polygonal prism 
leads to the following fact:

   the lower absolute threshold of the saccade amplitude increases progressively in general.
  This finding suggests that the more lateral sides a polygonal prism has, the larger are the 

saccade amplitudes in the eye-movement data for motion-aftereffect illusion perception, and 
vice versa.
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  (Note: after the rotation speed is increased to be larger than the absolute lower threshold, the 
illusion phenomenon will continue endlessly while the rotation speed continues to increase 
without an upper limit; therefore, there is no saccade-amplitude record of the absolute upper 
threshold in Fig. 13.)

4.4.2	 About	the	fixation	count

(1)  As the number of lateral sides of the prism increases, the following fact can be seen from 
Fig. 14:

Fig. 13. (Color online) Lower absolute thresholds of the average saccade amplitudes incurred in observing the 
motion-aftereffect illusion created by the seven prism types (unit: pixel).

Fig. 14. (Color online) Lower absolute thresholds of the average fixation count incurred in observing the motion-
aftereffect illusion created by the seven prism types (unit: time).
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   the lower absolute threshold of the fixation count increases for the first three types of prism 
and remains roughly the same for the remaining four types of prism.

(2) From Fig. 14 again, the following fact can be understood:
   the average fixation count at the lower absolute threshold of a triangular prism was 17.55, 

which was the smallest among those of all the prisms.
  Together with the finding of (1) above, this result indicates the following two facts about the 

perception of the induced-motion illusion.
  (a) The smaller the saccade amplitude, the smaller the fixation count.
  (b) The triangular prism is stared at for the smallest number of fixation times.

4.4.3	 Differences	between	the	two	sexes	in	motion-aftereffect	illusion	perception

 Similarly to the case of apparent-motion illusion perception, an independent sample t-test(51) 
was conducted on the saccade amplitudes in the eye-movement data of the two sexes acquired 
when they were observing the motion-aftereffect illusion. The results are shown in Table 5. As 
indicated in the last column of the table, for each of the seven types of prism, the p-values are all 
larger than 0.05, meaning that no significant difference exists between male and female 
participants in their reactions to motion-aftereffect perception for the seven types of prism.

4.5	 Examples	of	scan-path	distributions	in	illusory-motion	perception

 As an example of the distributions of saccade amplitudes, the scan paths occurring during a 
participant’s perceptions of the three types of motion illusion incurred by the triangular prism 
are shown in Figs. 15(a)–15(c).

Table 5
Results of independent sample t-test applied to the average saccade amplitudes of the two sexes for the seven types 
of prism for motion aftereffect (M: male; F: female).
Prism label*** Gender n Mean S. D. p

P1(a) M 10 110.47 61.90 0.39F 10 111.72 55.08

P2(a) M 10 111.26 68.58 0.34F 10 113.79 50.18

P3(a) M 10 111.99 63.93 0.14F 10 110.99 39.89

P4(a) M 10 110.33 61.15 0.61F 10 95.67 34.36

P5(a) M 10 138.22 75.14 0.27F 10 78.80 48.91

P6(a) M 10 109.35 68.66 0.46F 10 90.56 54.51

P7(a) M 10 95.85 51.06 0.13F 10 87.23 47.29
*** Pi(a) with i = 1, 2, …, 7 means the absolute lower thresholds of saccade amplitudes for the prism labelled Pi.
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 From the figures, it can be seen that the scan paths for the apparent-motion illusion are 
shorter and more centralized, as shown in Fig. 15(a); those for the induced-motion illusion are 
dispersed over a larger area and move up and down, as shown in Fig. 15(b); and finally, those for 
the motion-aftereffect illusion are also centralized, as shown in Fig. 15(c).

5. Discussion and Conclusions

5.1 Merits of this study

 In this study, dynamic illusory motions created by prisms were studied systematically, with 
the following merits.
(1) In-depth analysis of the eye-movement data:
  In this study, three kinds of dynamic motion illusion perception, namely, apparent motion, 

induced motion, and motion aftereffect, were investigated with the eye-movement data being 
analyzed from various perspectives including (a) the saccade amplitude of the eyes, (b) the 
number of fixation times of the eyes, (c) the scan-path distribution of the fixation points, and 
(d) the difference between two sexes in illusion perceptions.

(2) Acquisition of precise eye-movement data using eye-tracking equipment:
  An eye-tracking system is used for acquiring and analyzing precise eye-movement data, 

avoiding human errors in data measurement. The system consists of an eye-tracking headset 
and a set of associated equipment including a computer, a display screen, and a turntable with 
a remote control for rotating objects.

(3) Thorough investigation of various prisms and rotation speeds for illusion creation:
  Seven types of prism, including six polygonal and one cylindrical, are tested in the 

experiments conducted in this study. The required rotation speeds for each prism type to 
create each of the three types of motion illusion were investigated, facilitating future uses of 
prism-typed objects for various applications that make use of illusory motions.

(a) (b) (c)

Fig. 15. (Color online) Diagrams of the scan paths in a participant’s eye-movement data of the three motion 
illusions incurred by a triangular prism. (a) Shorter and centralized scan paths created by the apparent-motion 
illusion. (b) Upward moving and dispersed scan paths created by the induced-motion illusion. (c) Centralized scan 
paths created by the motion-aftereffect illusion.
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(4)  Achieving more effective designs of dynamic geometric forms that satisfy human factors:
  The results of the analysis of the motion illusions occurring on the continuous line-graphics 

on prisms will aid in realizing more effective designs of related dynamic geometric forms 
that satisfy human factors.

5.2	 Major	research	findings	of	this	study

 From the facts about the motion illusions derived previously, the following research findings 
can be identified.
(1)  Polygonal prisms with different numbers of lateral sides, together with the threshold limits of 

their rotational speeds, affected the formation and properties of the resulting eye-movement 
data.

(2)  Rotating each prism-type object through a range of speeds from slow to fast creates three 
types of dynamic motion illusion: 

 apparent motion → induced motion → motion aftereffect. 

(3)  The triangular prism produces the smallest average saccade amplitude for creating the 
apparent-motion illusion, the largest average saccade amplitude for creating the induced-
motion illusion, and again the smallest average saccade amplitude for creating the motion-
aftereffect illusion. This trend is roughly also true for the other types of polygonal prism.

(4)  Among the three types of illusory motion, the apparent-motion illusion results in the largest 
average saccade amplitude.

(5)  The triangular prism is fixated on by the participants roughly for the smallest number of 
fixation times during the observations of all three types of motion illusion.

(6)  Males and females show no significant difference in their visual reactions to all three types of 
motion illusion, as proved statistically by independent sample t-tests conducted on the 
saccade amplitudes in the acquired eye-movement data.

5.3	 Applications	of	the	research	results

 With the aforementioned merits and findings of this study, the applications of the research 
results include at least the following aspects.
(1)  Design of dynamic object models or shapes with three-dimensionality on the basis of the 

apparent-motion illusion:
  For example, the average saccade amplitude of the human eyes to observe the apparent-

motion illusion created by the rotated triangular prism is the smallest among all the seven 
types of prism, indicating that staring at such prisms will possibly cause more relaxing and 
settling effects than other types of prism (i.e., prisms with more than three lateral sides), as 
discussed previously. As such, triangular prisms may be considered for use in dynamic shape 
design or object modeling for art exhibitions or illusion shows in small or interior spaces.
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(2)  Design of spinning 3D signs or other types of object on the basis of the induced-motion 
illusion:

  The distribution range of the scan paths for staring at the induced-motion illusion caused by a 
prism is, in general, large (larger than those of the other two types of motion illusion), as 
discussed previously. Therefore, prisms may be appropriate for use in designing various 
kinds of salient dynamical signs or artworks (e.g., advertisement sign pillars, signboards, 
signposts, toys, artistic cyindrical pillars, etc.) with the induced-motion illusion in larger 
inner or exterior spaces.

(3) Design of dynamically rotating works on the basis of the motion-aftereffect illusion:
  When rotated fast enough, prisms can be observed to yield the dynamic motion-aftereffect 

illusion and generate afterimages that can be used for designing fascinating fast-rotating 
works with various types of property (aesthetic, scientific, magical, mysterious, etc.) for 
displays on various occasions (exhibitions, shows, theme parks, festivals, museums, etc.).

 In the future the designing of objects for various applications based on the above ideas may 
be attempted. Some examples of existing experimental or commercial products that were created 
by similar ideas are shown in Fig. 16.

5.4 Concluding remarks and suggestions

 Different from past studies of motion illusions, eye-tracking equipment was used for the first 
time in this study to measure accurate eye-movement data from the observation of the illusions 
for the in-depth analyses of related human reactions. Specifically, the changes in the saccade 
amplitudes, fixation counts, and scan paths extracted from the eye-movement data were 
compared, and the correlations or cause-and-effect relationships between these indicators and 
the three illusory-motion types were analyzed thoroughly. The results indicate that the three 
types of motion illusion can be generated in order through a range of rotation speeds from slow 
to fast. Also, polygonal prisms with various numbers of lateral sides were found to affect 
differently the saccade amplitudes, fixation counts, and scan paths of the eyes during various 
dynamic illusory-motion perceptions. It is also revealed that no significant difference exists 
between men and women in their reactions to the three types of dynamic motion illusion created 

(a) (b) (c) (d)

Fig. 16. (Color online) Some existing dynamic objects that create motion illusions. (a) An advertisement sign pillar 
for use as a signpost based on the POV function to generate the apparent-motion illusion.(52) (b)–(d) Desktop toys for 
decompression while working, based on the induced-motion illusion.(53–55)
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by various types of prism. Ways in which the research findings can be applied to designs of 
commonly seen objects with a variety of properties for various activities have also been 
elaborated.
 In the future, the use of dynamic objects other than prisms, such as pyramids and spheres [see 
Figs. 16(c) and 16(d)], for motion illusion creations can be explored. Furthermore, the answers to 
other related questions may be sought in further investigations, such as “Are the eye-movement 
directions and states in various dynamic illusory-motion perceptions all similar?”, “Do scan 
paths in these illusions have other changes and distribution states?”, “Can illusions other than the 
three motion-illusion types be incurred using polygonal prisms or pyramids?”. More 
interestingly, further attempts could be made to apply the findings of these studies to the design 
of illusion-incurring objects for practical uses in people’s common lives. It is expected that the 
findings of this study will help advance future studies.
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