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ABSTRACT: 
	  
Unmanned Aerial Vehicles (UAVs) has the potential to complement human teams, 

especially in dangerous situations. The development of the UAV has achieved a great 

progress during these years, however the interaction between the human and robot is 

still one of the key issues to be researched on, especially the depth perception 

problem. This paper concentrates on the relationship between the shadow and the 

depth perception of where the UAV is located. There were two experiments involved 

and all of them were run in CAVE. First experiment investigated whether shadow can 

benefit the experiment and the second experiment focused on the different styles of 

shadow and made comparisons between them to find out the most appropriate set of 

attribute of shadow. The data obtained from the experiment proved the hypotheses. It 

indicated that shadow could benefit the depth perception of where the UAV is located 

for observer and also find out the better appropriate style of shadow, which is called 

“combined shadow”. Future study should more focus on the other attributes of 

shadow and may even different environment. For example, test in the environment 

with hill and mountains rather than plat grassland.   
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CHAPTER 1. INTRODUCTION 

Unmanned Aerial Vehicle (UAV) is defined by the Department of Defense (DOD) as 

a powered, aerial vehicle without carrying a human operator, and it can fly 

autonomously or be piloted remotely (Bone and Bolkcom, 2003). At present, UAVs 

are becoming increasingly important and it has been extended from originally 

performing military missions to other fields, such as remote imaging, research and 

rescue (Barrows, 2002). The hardware supported for the high-altitude flying is very 

advanced that allows the UAV perform the task without significant human 

intervention.  

 

However, the growing capability has also brought the difficulties at the same time 

including human-machine interaction problems. For some specific missions that 

require it to fly though complex environment or have the low-altitude flying, there are 

still some difficulties, because the GPS or radar is not mature enough to provide 

accurate depth perception (Casper & Murphy, 2003; Barrows, 2002). Moreover, the 

past researches also indicated that the image provided by the wearable camera lacks 

the depth information of the objects (Dash, 2004). For the remote human-machine 

interaction, it is full of challenges. Among these challenges, the unnatural perspective 

is one of the most serious (See Figure 1 below), because the there is an absence of 

depth information in a flat screen (Burke et al, 2004). This is also a reason for why 

people always found the photo is always different from what people have viewed with 

their eye.  
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Figure 1: Can you tell whether the UAV is in front, behind, or above the rock?  

(See Figure 1) With the lack of accurate depth perception, there are some risks (See 

Figure 1 above). Firstly, the lack of depth information may increase unpredictability 

and bring uncertainly risky factors. Secondly, as the loss of depth perception, the 

operating of UAVs seems to be more unnatural for the operators. Thirdly, it may even 

lead to incompleteness of task.  

 

So far, there have been many relevant researches about improving depth perception. 

Some researchers focus on the study of animals, especially the flying insect, to learn 

how their visual system perceive the depth during the flying (Barrows , 2002). Some 

other researches even concentrate on the image processing algorithm, and try to 

capture the depth information with an advanced image processing technology (Saxena 

et al., 2007). This project focuses on the study of shadow and tries to figure out 

whether it can benefit user’s depth perception. Because the improving operator’s 

ability to utilize the various in the surrounding environment can be benefit the 

binocular system without other complexities (Gomer, 2007). Shadow is one of the 

most important depth cues which may be utilized by human to benefit their depth 

perception.   
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The aim of this project is to investigate the relationship between shadow and depth 

perception. There were 2 rounds of experiments conducted in virtual environment 

CAVE. The first experiment was about the study of whether the shadow could benefit 

depth perception of UAV. There were two scenes and three tasks for each scene based 

on the status analysis of UAV. The purpose of the second experiment was to make 

comparison between different types of shadow and achieve an appropriate set of 

attribute for shadow. In order to have further exploration and various types of data, 

interview and questionnaire were also applied. 	    
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CHAPTER 2. LITERATURE REVIEW 

2.1. Depth Perception 
Depth Perception is a part of human’s cognition denoting the ability to perceive the 

distance, depth and even the 3D shape of the objects (May and Badcock, 2002). 

Actually, human do not have direct access to the third dimension of the 3D objects, 

and the depth information of these objects relies on the various sources of information 

in the projection of the 3D world (Reichelt et al., 2010). According to the theoretical 

studies, human achieved two 2D images with the left and right eyes and then their 

brain try to estimate the depth, distance and three-dimensional shape of the objects 

based on the disparity of these two images (Reichelt et al., 2010).  

 

The accuracy of the depth perception is related to the distance to some extent (May 

and Badcock, 2002). In the great distances, people may not be able to distinguish the 

relative distance of two objects clearly and accurately. For example, both moon and 

sun are in great distance from people, and in fact, the sun is much further than the 

moon from us. Despite that, people were not able to tell which one is farther until the 

progress in the Astronomy for the long ancient history. However, when in the closer 

distances, it may not be that difficult to determine the relative distance of two objects. 

One of the key reasons is that human’s visual system interprets the depth relying upon 

the various surrounding information called depth cue and they may be more obvious 

in the closer distance to benefit more accurate depth perception (May and Badcock, 

2002). The “Accuracy” of depth perception is one of the key elements in the UAV 

study and the absence of accuracy in it may lead to information loss. The appropriate 

utilization of depth cue can be conducive to improve the accuracy. 
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2.2. Depth Cue 
The concept of the “depth cue” may be confusing to some people. Actually, depth cue 

can be anything that benefits human’s depth perception. For instance, the ordinary 

painting and drawings are two-dimensional, and there are some difficulties for 

presenting the depth of the elements in the picture. In order to solve this, some 

sources of information are used to express the depth information to user, which is 

called depth cue (Krantz, 2010). In addition, the muscle activity of human’s eye such 

as the convergence and accommodation of eye can also play a role as depth cues. The 

depth cue can be classified as “Oculomotor”, “Binocular” and “Monocular”.  

 

In the “Oculomotor”, the convergence and accommodation associating with the 

muscular activity in the visual system are regarded as the traditionally primary cues to 

depth (Braunstein, 1976). The convergence of the eyes is contingent on the distance 

of fixating object. The information about the extraocular muscles and angle of eyes 

provides the proprioceptive information. The accommodation denotes the shape of the 

lens depends upon the distance on the focused object. Both of them provide reliable 

cues when the perceived object is at a distance less than 10 meters (Depth Perception; 

Johnston, 2000).  

 

The Binocular refers to the disparity between the visual images in two eyes, 

especially the position disparity. The brain processes the differences and provides a 

stereoscopic vision (May and Badcock, 2002). Some people may be confused about 

why photographs often do not capture the image they think they have seen. The 

reason for that is the lack of binocular disparity. 
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The Monocular cue is source of information that comes from 2D image benefit the 

interpretation of depth information (May and Badcock, 2002). These cues are always 

empirical cues that should be learned. However, as they are developed based on 

people’s perception habits and people’s experience, most of people have already 

achieved a good understanding of them during their daily life and there is always no 

need to arrange a formal “learning” process before the utilisation. 

 

According to Figure 2 below, there are eleven types of cues: occlusion, relative size, 

shadow, distance to Horizon, shading, color, relative brightness, focus, familiar size, 

and texture gradient (Pfautz, 2002). 

 

 
Figure 2. Monocular depth cues 

 

“Occulsion” is also called “interposition”: For the non-transparent objects, the object 

that partially blocked by others is viewed as further (May and Badcock, 2002). As 

shown in the Figure 2, the circle on the right side can be completely viewed, while the 

left circle is partly hidden by the right one. As a consequence, people might perceive 

the right circle is in a shorter distance than the left one.  
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“Relative Size”: The size of the image is small when the object in a great distance, 

and becomes larger when the object approaches the observer (May and Badcock, 

2002). As shown in the Figure 2, the ball in the left presents status “1”, and the other 

one in the right presents status “2”. When the ball moved from status “1” to status 

“2”, it viewed in a smaller visual size and a further distance. 

 

“Shadowing”: The projection of shadow on the ground eliminates the interference 

from the “height”, and it indicates the distance information of these objects in a more 

straightforward way (Krantz, 2010). 

 

“Distance to Horizon”: The distance of the object is perceived according to its 

distance to the horizon. Closer to the horizon means further to the observer no matter 

that object is above or below the horizon (May and Badcock, 2002).  

 

“Shading”: The light and shadow cast on the object provide the cue for the brain to 

estimate the 3D shape and distance of it (Bülthoff and Mallot, 1988). As shown in the 

Figure 3 below, the left one is viewed as closer than the right one to the observer.  

 

Figure 3: Shading 

 

“Color”: The studies on visual depth have shown that different depth information of 

the objects with the same physical depth may be achieved when with different colors. 

Generally, warm color is viewed as closer than the object with cool color (Bailey et 
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al, 2007; Park and Lee, 1995). As the Figure 4 below, some of the color appears 

closer and some of them appear further.  

 

Figure 4:Color Bar 

 

“Atmosphere”: There is a concept of “contrast” referring to the difference between 

the object and the background environment, and it assists the depth perception 

(O’Shea, Blackburn and Ono, 1993). Objects in the further distance have lower 

contrast and look more blur than those in closer distance. For example, when taking 

photos of the mountains in a far distance, people always find the mountains appear 

closer in the clear view than in the hazy view.  

 

“Familiar Size”: Prior experience with the relative size of objects is conducive to the 

depth perception of them (May and Badcock, 2002). When one object is known in a 

similar size with another, then the relative size cue provides a helpful guide on their 

physical position. As shown in the Figure 2, there are two teapots with the similar 

size, then it is easier to capture that the left teapot with a larger visual image is closer 

than the right one to the viewer.   

 

“Texture Gradient”: Most of the natural objects are visibly textured (May and 

Badcock, 2002). It means when an object is looked as the Figure 2, its texture looks 

less apparent in the further distance. 
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In addition to all of the cues above, there is another frequently applied cue “Linear 

Perspective”. For example, when taking photo of the road, the “sides” appear to meet 

when they are in the far distance. The Figure 5 below represents the linear 

perspectives (Krantz, 2010). The gradually smaller distance between the lines in the 

Figure 5 (a) benefits people from perceiving the increasing distance.    

  

                            

Figure 5 (a) Linear Perspective  Figure 5 (b) 

 

Moreover, the Figure 6 below also indicates the use of linear perspective (Livingston 

et al., 2009)  

 

Figure 6: the blue line is the depth cue. 

 

For most of the cases, there are always a mixture of different cues applied to assist the 

depth perception rather than only one of them. Human’s brain always integrates and 

utilizes all of the available cues to estimate the depth information (Knill, 2005). 

Therefore achieving a good understanding of these depth cues is very important for 
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this project, although the aim of this project is to study the shadow not other cues. The 

inspirations from other cues contribute to generating a better shadow cues.  
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2.3. Shadow 
 
Shadow, as one of the most important depth cues, has been applied to provide useful 

spatial information for a long time. Here is the advice from a great polymath 

Leonardo da Vinci to other artists about the shadow:  

 

(By Da Vinci, translated by Richter, 1888) 

 

The study by Kersten et al (1997) proves that shadow can play as a dominant cue to 

determine the spatial relationship between objects. The Figure 7 below involving the 

shadow indicates that the utilisation of shadow brings a significant influence in the 

depth perception. The positions of shadow in these pictures are different from each 

other. In middle and rightmost pictures, the green balls appear in the same position. 

However, the difference of their shadow assists the human visual system as it 

eliminates the interference of “Height”. The ball in the rightmost picture is in a closer 

distance but a bigger height. Accordingly, the cast shadow changing the interpretation 

leads to difference in the depth cognition (Mamassian et al, 1998). 

 

Figure 7: the shadow indicates the location (Kersten et al, 1997) 

 

Moreover, not only in the static images, the shadow can also provide a useful clue to 

route of motion. According to the relevant studies by Kersten et al, shadows are even 
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strongly advocated for the dynamically moving objects to act a depth cue (Kersten et 

al, 1997). As shown in the Figure 8 (a) below, without the shadow, the movement of 

the ball may be regarded as the solid line and mislead the actual route of its 

movement. The dotted line denotes the actual path of its shadow and it indicates its 

motion in three dimensions, which recovers the real movement route of the ball. The 

same reason for the (b).  

 

Figure 8: Motion of ball with Shadow (Kersten, Mamassian and Knill, 1997) 

 

Furthermore, appropriate use of shadow can also benefit the realism and help to 

reduce difference between virtual environment and physical world to provide a better 

environment for experiment, because one of the key elements for achieving realism is 

that shadow should be cast in the right place as if they were actually part of real scene 

(Kersten et al, 1997). All of the researches above demonstrate that shadow plays an 

important role in the depth perception. Before implementing the shadow, there are 

some considerations need to be taken in the determinant of its attributes.  The shadow 

should be easily realized, but it cannot draw too much attention. Moreover, it should 

not hinder the view, especially for the object behind the shadow.  
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In order to satisfy all of these “requirements”, the attributes of shadow should be 

considered carefully. Firstly, the color, defined as the light of a variety of wavelengths 

and frequencies, is one of the key elements. The visible color for human is merely a 

small range of the light spectrum that is from 400 nanometers to 700 nanometers as 

the Figure 9 below (Bailey et al. 2007).  

 

Figure 9: Wavelength image 

 

Colors with different wavelengths have different characteristics. The bigger 

wavelength color is always less efficiently scattered by the atmosphere than other 

colors with smaller wavelength (NASA, 2011). For example, the wavelength of 

“visible red” is about 650 nm, it enables it is less efficiently scattered by the 

atmosphere than other color with shorter wavelength. As a result, the color of the 

taillight of the car in the stopped status is red, since it is easier than other colors to 

allow people realize the “red light” in a great distance. Moreover, as mentioned above, 

“Color” can also play as a depth cues. In the research by Kim, warm colors looks 

closer than the cool color while the objects with the same physical depth value, and 

cool color object looks less closer than its real physical depth (Kim and Kim, 2012). 

Besides the color of shadow itself, the contrast with the surrounding environment 
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should be considered at the same time, because the contrast between the surrounding 

environment color and the shadow itself may bring an influence to people’s cognition 

as well. 

 

In addition, since different categories of color may bring different effects to people’s 

emotion. Jabocs and Seuss demonstrated that the cool colors work better in eliciting 

relaxation and pleasure than warm color (Jacobs & Seuss, 1975). The operators of 

UAV are somtime required to work in environment full of stress. The stress is defined 

as an effective that may arises when the appropriate response is not immediately 

available for a demand (Lazarus and Folkman, 1984). Too much stress may decrease 

the ability of capturing information and also misestimate the depth perception. The 

appropriate utilisation of color can help to reduce the stress.  

 

Besides the color, the shape delivering the meaning of the object is also an important 

factor. In the visual-attention, there is a concept called top-down processing, which 

denotes the goals and tasks can affect the visual attention, and the prior knowledge 

can bring a influence as well (Connor et al, 2004). For example, familiar shape to 

operators may make it easier for them to understand and benefit the cognition. 

“Circle”, described as one of the good shape with good by Gestalt, has been applied in 

the initial experiment (Roberson et al., 2002). Moreover, in order to provide a view 

for the object behind the UAV, the appropriate transparency should also be applied. If 

the transparency is too high, the shadow will be invisible sometime, especially when 

move to further distance. However, it was too low, the shadow may hinder the 

observer’s view of the objects blocked by it. Furthermore, in the study of contrast is 

also important. As mentioned in the depth cue - “Atmosphere”, it refers to the 
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situation that the contrast between shadow and background may be lower when it 

travels to a further distance. As a result, the contrast between them should be 

considered thoughtfully.	    
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CHAPTER 3. METHODOLOGY 

3.1. Cave 
All of the experiments were run in the virtual reality environment in CAVE. The 

CAVE is short for CAVE Automatic Virtual Environment. It is a room-sized, high-

resolution, 3D, video and auditory environment, which provide an immersive virtual 

reality environment (Isabelle et al., 1997). Generally, there are four projected walls. In 

this project, the wall facing the observer is called “Front View”, and another two wall 

locating in the left and right are called “Out of Front View”. These two concepts were 

used in the Experiment 1. With CAVE, the use of “real equipment” can be avoided. 

There are two reasons for using the CAVE instead of the real environment in this 

project. The first reason is that the cost of testing with real UAV is much higher and 

also a high risk exists that the inappropriate operation may lead to serious accident. 

The other one is that there were few significant differences between the users’ 

accuracy with the real and virtual target. Livingston indicated that real depth 

perception has been observed to be similar to the AR depth perception (Livingston et 

al, 2005). He found out the AR systems provided the cues to user’s performance in a 

natural and useful way.  

 

According to the researches, even there is no significant difference of user’s 

perception accuracy between the real environment and virtual environment to some 

extent, the overestimate and underestimate may happen sometimes in the testing. 

Murgia and Sharkey (2009) did relevant experiments to test the effects on the distance 

cues in CAVE and they found out the distances from observer were underestimated 

more in virtual environment than in physical world conditions. The experiment run by 

Rolland et al. demonstrated that the depth of virtual objects might be overestimated at 

near-field distances (Rolland et al., 1995). Another study about the occlusion of 
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virtual depth location in the near-field done by Ellis and Menges in 1988 also 

illustrated that the occlusion of the virtual location leading to a change in convergence 

angle can interfere the depth judge. In addition, a study from Kirkley in 2003 showed 

that occluding surfaces in the AR viewing increased the error, meanwhile, placing 

objects on the ground decreased error. Consequently, more attention should be paid to 

the experiment design to reduce the bias. 

 

3.2. Within-in Subjects Design 
The within-subjects design refers to the experiment that every participant is subjected 

to all of the conditions (Hall, 1998). One of its key advantages is that it can alleviate 

the error variance from individual differences. On the contrary, there is another design 

approach called between-subjects, which denotes that each participant just experience 

one condition (Charness et al., 2012). It can avoid the practice effects, because none 

of the participants has the twice chance for the other conditions. In this project, 

within-subject is more preferred than between-subject. Here are the reasons for that:  

1. The number of participants is limited, in order to gather more user data.  

2. The number of independent variable levels is no more than 3 and most of them 

are just 2. Moreover, in the pilot study, most of the participants reported that 

the “previous” experience didn’t have apparent effects on the testing. The 

order of these experiment with different conditions has been arranged 

randomly to enable the reduction of the effect from practice.  

3. The duration of the experiment is less than one hour.  
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3.3. Data Gather Techniques 
There were several data gathering techniques applied: interview, questionnaire and 

observation.  

 

Interview: It is a conversation consisting of interviewee and interviewer. Compared 

with others method, it supports further exploration. Generally, it can be categorized 

into three types: unstructured interview, semi-structured interview and structured 

interview (Rogers et al., 2011). The one applied in this project is semi-structured. It 

combined the feature from both unstructured and structured interview by using both 

open and closed questions. It enables the major topic can be talked and also the depth 

about that. 

 

Questionnaire: It is a well-established technique consisting of a series of written 

questions for gathering user data (Rogers et al., 2011). It is easy to standardize since 

the questions on that are pre-set, especially the closed questions. Moreover, the open 

question in it allows user to provide their feedback in their own word and it benefits 

the depth of information.  

 

Observation: It is a data gathering technique via observing participant’s behavior and 

physical characteristic (Rogers et al., 2011). In order to get some extra findings, the 

experimenter would pay attention to participants’ behavior and words when they 

performing tasks.  
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3.4. Data Analysis Techniques 
*All of these methods: Learn from the tutorial from Laerd Statistics Online Tutorial: 

https://statistics.laerd.com/ 

 

In this project, the data achieved during these two rounds experiments includes both 

quantitative and qualitative data. In order to verify the hypotheses, several data 

analysis techniques have been utilized.  

 

For the quantitative data, the dependent t-Test, Wilcoxon Signed Rank Test, Repeated 

Measure ANOVA and Bonferroni Correction has been applied.  

 

Normally Distribution: The dependent t-Test and Wilcoxon Signed Rank Test are 

applied for the comparison between two groups. Before the implementation of them, 

all of the data should be checked whether they are in Normally Distribution. If both of 

them were in Normally Distribution, the t-Test should be used. If both of them were 

not in Normally Distribution, the Wilcoxon Signed Rank Test should be used. 

Otherwise, both of the tests should be applied to determine the result.  

 

Dependent t-Test: It is also called paired-samples t-test, and is a method to test 

whether there is a significant difference between the mean values of two related 

groups. Different from the independent t-Test, it is applied for the Within-Subject 

design. The null hypothesis denoting no difference of the mean value between two 

groups is tested. The following values should be reported when analysis the data: the 

mean difference, t-value, degree of freedom, confidence intervals, and the p-value. 

Generally, the confidence intervals is 95%. The general procedure for analysis the 
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result is: firstly, view the mean difference; then check p-value. If the p-value is larger 

than 0.05, the null hypothesis is proved correct and there is no significant difference 

between these two groups. Otherwise, there is a significant difference between them.  

 

Wilcoxon Signed Rank Test: It is the non-parameteric test method equivalent to the 

dependent t-test above, and it is used for the comparison between two sets of data 

from the same participants. The null hypothesis is similar with that in t-test: there is 

no significant difference between these two groups. The general procedure for 

analysis the result is similar with the t-test. Firstly, the mean values of them are 

viewed. Then check the sig value (p-value). If it is larger than 0.05, the null 

hypothesis is proved correct and there is no significant difference between these two 

groups. Otherwise, there is a significant difference between them. 

 

Repeated Measure ANOVA: For comparison among three groups, the analysis of 

variance (ANOVA) is used to determine whether there are any significant differences 

between their mean. Using ANOVA doesn’t require the data to be in normal 

distribution, because amount of relevant studies have proven that the accuracy of 

result from ANOVA is not sensitively affected by the Normality (Lix et al., 1996). 

There are two types: One-way and Repeated Measure. The first one is applied for the 

Between-subject design. However, the Repeated Measure is used in the Within-

subject design and is suitable for the data analysis in this project. In the comparison 

between three groups, there are three comparisons required. The null hypothesis of 

that is that there is no significant difference between any two groups as the expression 

below:  
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It consists of multiple pairwise comparisons of two groups. The general procedure for 

analysis the output: firstly, view the overall significant difference, if it is greater than 

0.05, there is no significant difference between any of them. Otherwise, the mean 

different and sig-value of each comparison between two comparisons should be 

checked to determine where the significant difference happens.  

 

Bonferroni Correction: Before introducing Bonferroni Correction, a good 

understanding of “Type I error” should be achieved. It refers to the error of rejecting a 

null hypothesis when it is true in fact (Type I and Type II errors – statistics). 

Generally, the confidence interval is always set 95%, which means the probability of 

making error is 5%. For one paired comparison, it was not a big probability. However 

for multiple comparisons, such as 20 of them, it is highly possible to get “Type I 

error”. Bonferroni correction is applied in the multiple comparisons (Price, 2000). 

The probability of making error is always for each is set as p/H, p denotes the p-value 

normally set as 5% and H represents the number of comparisons.  

  

Qualitative data Analysis: The qualitative data analysis method applied for the 

interview is inspired from the study of grounded theory. Grounded theory is a 

research method mainly used qualitative data research helps to alleviate the bias from 

the feature of “Subjective” in qualitative data analysis to generate more systematic 

analysis (Strauss and Corbin, 1998). Generally, there are four stages: firstly, start with 

the data chunking and identify the “meaningful” content; secondly, give each of the 

point a concept or summary sentence; thirdly, categorize the points and put the one 

with similar concept together; finally, develop a theory based on the categories. For 

the interview in my project, the topic of each questions were already designed and 
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which brought me a draft set of categories. Then after the interview, I wrote down the 

full transcript and went through all of them to capture the corresponding content to 

each category. If there was anything special or extra, new category would be created. 

Finally, I went through the contents of each category and developed a theory on them.   
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CHAPTER 4. EXPERIMENT 1 
The status of the UAV was categorized into 2 groups: “dynamic” and “static”. In the 

“dynamic” group, there are several criteria: Direction, flying path. As the pre-

assumption that the UAV are moving in a constant height, the movement of it is in a 

plane. In the “static” group, perception of the relative distance with other nearby 

objects was tested.   

 

4.1. Purpose & Hypothesis 
The aim of the first experiment was to found out whether the shadow had an effect on 

the accuracy of depth perception in UAV. The aspects of direction, flying path and 

relative distance with other objects were involved in this experiment. There were four 

hypotheses.  

H0: the accuracy of perceiving flying direction with shadow is higher than that 

without shadow in front view. 

H1: the accuracy of perceiving flying direction with shadow is higher than that 

without shadow out of front view.  

H2: the accuracy of perceiving relative positions with shadow is higher than 

that without shadow. 

H3: the accuracy of perceiving flying path with shadow is higher than that 

without shadow.  

 

4.2. Method 
Participant: 

There were 14 participants (7 males and 7 females), and all of them are healthy adult 

without disability of the upper limb, eye and brain. Moreover, they have also been 
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tested about telling the color each element in the scene to ensure none of them have 

color blindness. 

  

Material: 

There were two scenes prepared for each participant: one with shadow and one 

without shadow (See Figure 10 (a) and Figure 10 (b) below).  

    

Figure 10 (a): Without shadow  Figure 10 (b): With Shadow 

 

Apart from the shadow, the rest of these two scenes have been kept same. There were 

several objects appear on the ground, and the shadow applied in this round of 

experiment was with yellow edge and white surface. The consent form and 

information sheet were also prepared to give user a full understand about the 

experiment end their rights. In order to give the participant a brief introduction about 

the environment, there was a short scenario prepared.  

The Scenario: 

Today is a nice day, you go for a walk in the park. Then you see a teenager is 

controlling a copter. You are interested in that and try to evaluate its position in a spatial 

space. Firstly, you want to know its flying directions, and then you also observe the other 

objects on the ground and try to compare their distance with the copter. Thirdly, you even try 

to figure out its completed flying path.  
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The question paper and the audio recorder have also been ready for the semi-structure 

interview after the experiment. Besides, there were also some paperworks prepared 

for the experiment: drawing paper and a paper with direction list. 

 

Design: 

The independent variable has two levels: “with Shadow” and “without Shadow”. A 

Within-subjects design was used with each participant performing same tasks in these 

two scenes. The order for each scene was counterbalanced that half of the participants 

started in the scene with “shadow” and the other half of them started in the scene 

without “shadow”. For each scenes there were three sets of tasks (See Table 1 below). 

The Task 1 relating to the detection of flying direction was subdivided into 2 parts: 

Task 1.1 and Task 1.2. The Task 1.1 was about the testing of the front view and the 

Task 1.2 was the testing when out of front view. The Task 2 was related to perceiving 

the relative position between the UAV and nearby object. The Task 3 was about 

perceiving the flying path.  
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Table 1: Task Specification 

 

There are four dependent variables:  

1. Accuracy of direction in the front view  

2. Accuracy of direction out of front view 

3. Accuracy of relative position 

4. Accuracy of flying path 

 

Task No. 
of 
trials 

How is the task 
performed 

Rationale 

1.1 
Direction 
(In Front 
view ) 

8 The participant 
observed the 
movement of the 
UAV and gave the 
corresponding 
number of its moving 
direction rather than 
described it. 

1. The participants were required to give the corresponding 
direction number from the direction list rather than describe 
the direction directly. It estimated the confusion and was 
easier. 
 
2. CAVE consists of four projected-walls, the one facing user 
is called front view. The one in left and right side is called 
out of front view. The reason for splitting the test as “in Front 
view” and “out of Front view” was in terms of the findings 
from the pilot study: participant had different feeling between 
the moving in front view and out of front view. In order to 
alleviate the effect by the difference between the CAVE and 
real environment in this field and have more comprehensive 
data, they were spilt. 
 

1.2 
Direction 
(Out of 
Front 
view) 

9 The same as above 

2. Relative 
Position 

6 The participants were 
asked to give the 
answer like whether 
the UAV is in front, 
behind or above the 
nearby object. 

1. The reference objects (rock) were located in different 
levels of distance, because the literature review on the depth 
perception mentioned that the accuracy of depth perception is 
related to the distance to some extent. 
 
2. In order to focus on the study of shadow and eliminate the 
interference from the “Occlusion” cue, the height of rock is 
lower than the altitude of UAV. 
 

3. Flying 
Path 

1 The participants were 
given a drawing 
paper and asked to 
observe the flying 
path of UAV and 
draw it on the paper. 

1. The participant was required to draw the flying path on the 
paper. More trials of task may cause discomfort because 
CAVE is dark, more trials may lead to more attention 
switched between the virtual environment and paper that may 
result in higher risk of discomfort. 
 
2. The length of the moving is about 5 seconds. Longer 
movement may bring a higher workload for participant’s 
working memory and more bias from memory may be 
involved rather than cognition. 
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Moreover, according to research, the use of CAVE may have effects on the user’s 

health and safety, including their visual system, auditory system, and musculoskeletal 

system (Burdea and Coiffet, 2003). One of the most frequent and troublesome 

sicknesses is the Cybersickness. It is used to describe the motion sickness happened in 

the immersive virtual environment and its main symptoms are eye-strain and nausea. 

In order to alleviate or eliminate the possibility of that, the serious attentions should 

be paid to the duration and the motion of the users in the experiment. The duration in 

the first phase (less than 1 hour) has the lowest possibility of causing the sickness as 

shown in Figure 11 below (Burdea and Coiffet, 2003). As a result, I designed the 

duration of my experiment less than 1 hour to alleviate the risk and there was also a 5 

minutes break or more if required for every 20 minutes.   

 

Figure 11. Hours in flight simulator 

 

In order to keep the accuracy, all of the movement, coordinate, and status of the 

objects including UAV have been pre-set. The “F1”, “F2”, “F3” is used for switch 

between the different parts, and the number bottom represent the trials.  
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In order to have a further exploration of participant’s feedback for the shadow, an 

interview was arranged after the two scenes. 

 

How to get the accuracy of Flying direction, relative position, and flying path:  
        
    
E0: the relative position answer given by participant is correct:  
E1: ABS (answer given by user – correct answer ) = 1 
E2: ABS (answer given by user – correct answer ) = 2 
Weight for E0: 1      for E1: 0.5        for E2:0 
 

For Task 1.1 and Task 1.2: the participants were required to give the corresponding 

number from the direction list rather than describe it. The direction 5 mean flying 

towards to the participants, and “7” means fly in parallel with the participant to left. If 

the number given from participant was correct, the number of E0 would be added 1. If 

the number given from participant has “1” offset from the correct answer, then the 

number of E1 would be added 1. And also E2, E3… And different E value have 

different weight. The weighted algorithm applied for the getting the accuracy was 

shown in Appendix C1 and C2.  

 

For Task 2: The participants were required to tell whether the UAV is in front (set as 

1), above (set as 0) or behind (set as -1) of the rock. Calculate the offset between the 

answer given by participants and the correct one, similar with above. The weighted 

algorithm was also applied for getting the accuracy here (See Appendix C3). 

 

For Task 3: The participants were required to draw the flying path on the paper and 

the path was scored based on four criterias (See Appendix C4) to get its accuracy 

value.    
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Procedure: 

The whole procedure of experiment one followed the Table 2 below. 

Experiment 1 Procedure 
Say hello, then give information 
sheet and consent form 

What is this experiment about:  
Material: camera, audio recorder, a paper with a 
list of directions, a paper used for the third 
experiment to draw the flying path, consent form.  
The whole procedure & lengthy 

A trial Allow the user to adapt to the virtual environment 
Scene: Non-Shadow Task 1.1: Flying Direction (in front view) 

Task 1.2: Flying Direction (out of front view) 
Task 2: Relative Position 
Task 3: Flying Path 

Break (5 mins or more if 
required) 

 

Scene: Shadow Task 1.1: Flying Direction (in front view) 
Task 1.2: Flying Direction (out of front view) 
Task 2: Relative Position 
Task 3: Flying Path 

Break (5 mins)  
Interview  
   Table 2: Experiment 1 Procedure Table 

 

Before the start of the experiment, the participants were given an information sheet of 

an introduction about this experiment. Then the experimenter also gave a brief 

introduction about the experiment to enable it was fully understood by the 

participants. Also the use of audio recorder was noticed to them to ask for their 

permission. After that, they were given a consent form and signed it if had agreed. 

 

Then they were asked to wear the 3D glasses and stand in the required position. There 

was a training trial for the participant to let them adapt to the virtual environment. The 

experiment started with either the shadow scene or non-shadow scene, and a short 

scenario was read to the participant. There were four tasks for each scene as the table 

as shown in Table above in “Design”.  
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In Task 1.1 and Task 1.2, the participants were required to give the answer of the 

corresponding direction number at the end of each trial. In Task 2, they were asked to 

tell whether the UAV is in front, behind or above the nearby rock. Then in the Task 3, 

they were required to draw the flying path of the UAV in a drawing paper, and were 

also required to draw the position of rocks before the start of this task. Generally, 

there was no break between these tasks in one scene unless required. Then after the 

scene one, there was a 5 minutes break or longer if required, another scene followed 

the same procedure as above. 

 

When all of tasks had been finished for both scenes, there was another 5 minutes 

break or longer if required. After all, there was a short semi-structured interview, 

which lasted around 10 minutes. It had been recorded by using audio recorder.  

 

4.3. Result 
For the quantitative data, as all of data in this experiment were based on two related 

groups and also it was within-subject design, the “dependent t-Test” and “Wilcoxon 

Signed Rank Test” were applied. Then for interview, the qualitative data analysis was 

applied. There were also some extra findings captured from the participant’s behavior 

and words via observation.  

 

Quantitative Data:  

Task 1.1: Accuracy Difference of Flying Direction Detection between “With 

Shadow” and “Without Shadow” (in Front View).   
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Figure 12: Mean Value of Accuracy in “With Shadow” and “Without Shadow” 

 

The Figure 12 show mean value for the accuracy of flying direction detection in scene 

with shadow and also the one without shadow, we can see the value of “With 

Shadow” is much higher than the other “Without shadow”. Then we tested to see 

whether there was a significant difference between them. Before the comparison 

between them, the Normality test for each group data had been run.  

 

In the Normality test for data from “Without Shadow” (See Table 3 below), the sig-

value from Shapiro-Wilk was used since the number of participants is small. The p = 

0.101, which was bigger than 0.05, indicates that it is in Normality Distribution. 

 

Table 3: tests of Normality of Non-Shadow data 
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In the Normality test for data from “With Shadow” (See Table 4 below), the p = 

0.000, which was bigger than 0.05, indicates that it is not in Normality Distribution. 

 

Table 4: tests of Normality of Shadow data 

 

Since one group data was in Normality Distribution and the other one was not in 

Normality Distribution, we applied both the dependent t-Test and Wilcoxon Signed 

Rank Test to test them.  

 

t-Test (See Table 5 below): The result “t(13) = -4.837, p = .000" indicated that there 

was a significant difference between them in the T-test. But it does not come as a final 

conclusion, the test with Wilcoxon was still needed. 

 

Table 5: dependent t-test between the Non-shadow data and Shadow data 

 

Wilcoxon Signed Rank Test (See Table 6 below): The result “z = -3.219, p = 0.001” 

indicated there was a significant between these two groups data.  

 

Table 6: Wilcoxon Signed Rank Test between the Non-shadow data and Shadow data 
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Now there is a final output: there is a significant difference between the data from 

“With Shadow” and “Without Shadow”. As the mean value of data from group “With 

Shadow” is bigger (See Figure 12 above), the accuracy of flying direction in front 

view “With Shadow” is higher than “Without Shadow”. 

 

Task 1.2: Accuracy Difference of Flying Direction Detection between “With 

Shadow” and “Without Shadow” ( out of in Front View).   

 

 

Figure13: Mean Value of Accuracy in “With Shadow” and “Without Shadow” 

 

The Figure 13 show mean value for the accuracy of flying direction detection in scene 

with shadow and also the one without shadow, we can see the value of “With 

Shadow” is much higher than the other “Without shadow”. Then we tested to see 

whether there was a significant difference between them. Before the comparison 

between them, the Normality test for each group data had been run.  
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In the Normality test for data from “Without Shadow” (See Table 7 below), p = 0.08, 

which was bigger than 0.05, indicates that it is in Normality Distribution. 

 

Table 7: tests of Normality of non-Shadow data 

 

In the Normality test for data from “With Shadow” (See Table 8 below), the p = 

0.000, which was bigger than 0.05, indicates that it is not in Normality Distribution. 

 

Table 8: tests of Normality of Shadow data 

 

Since one group data was in Normality Distribution and the other one was not in 

Normality Distribution, we applied both the dependent t-Test and Wilcoxon Signed 

Rank Test to test them.  

 

t-Test (See Table 9 below): The result “t(13) = -3.108, p = .008" indicated that there 

was a significant difference between them in the T-test. But it does not come as a final 

conclusion, the test with Wilcoxon was still needed. 

 

Table 9: dependent t-test between the Non-shadow data and Shadow data 
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Wilcoxon Signed Rank Test (See Table 10 below): The result “z = -2.710, p = .007” 

indicated there was a significant between these two groups data. 

 

Table 10: Wilcoxon Signed Rank Test between the Non-shadow data and Shadow data 

 

Now there is a final output: there is a significant difference between the data from 

“With Shadow” and “Without Shadow”. As the mean value of “With shadow” is 

bigger (See Figure 13 above), the accuracy of flying direction out of front view “With 

Shadow” is higher than “Without Shadow”. 

 

Task 2: Accuracy Difference of Relative Position Detection between “With Shadow” 

and “Without Shadow”.   

 

    

Figure 14: Mean Value of Accuracy in “With Shadow” and “Without Shadow” 
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The Figure 14 show mean value for the accuracy of relative position detection in 

scene with shadow and also the one without shadow, we can see the value of “With 

Shadow” is much higher than the other “Without shadow”. Then we tested to see 

whether there was a significant difference between them. Before the comparison 

between them, the Normality test for each group data had been run.  

 

In the Normality test for data from “Without Shadow” (See Table 11 below), p = 

0.004, which was smaller than 0.05, indicates that it is not in Normality Distribution. 

 

Table 11: tests of Normality of non-Shadow data 

 

In the Normality test for data from “With Shadow” (See Table 12 below), the p = 

0.002, which was smaller than 0.05, indicates that it is not in Normality Distribution.  

 

Table 12: tests of Normality of Shadow data 

 

Since both of them are not in Normality Distribution, Wilcoxon Signed Rank Test 

was applied. 
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Wilcoxon Signed Rank Test (See Table 13 below): The result “z = -3.314, p = .001” 

indicated there was a significant between the shadow and non-shadow. In addition, 

the mean value of data from group Shadow is bigger.   

 

Table 13: Wilcoxon Signed Ranks Test 

 

Now there is a final output: there is a significant difference between the data from 

group shadow and non-shadow. As the mean value of “With shadow” is bigger (See 

Figure 13 above), the accuracy of relative position within shadow is higher than 

without shadow.  

 

Task 3: Accuracy Difference of Flying Path Detection between “With Shadow” and 

“Without Shadow”.   

 

Figure 14: Mean Value of Accuracy in “With Shadow” and “Without Shadow” 
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The Figure 14 show mean value for the accuracy of relative position detection in 

scene with shadow and also the one without shadow, we can see the value of “With 

Shadow” is much higher than the other “Without shadow”. Then we tested to see 

whether there was a significant difference between them. Before the comparison 

between them, the Normality test for each group data had been run.  

 

In the Normality test for data from “Without Shadow” (See Table 14 below), p = 

0.142, which was smaller than 0.05, indicates that it is in Normality Distribution. 

 

Table 14: tests of Normality of Non-Shadow data 

 

In the Normality test for data from “With Shadow” (See Table 15 below), the p = 

0.006, which was smaller than 0.05, indicates that it is not in Normality Distribution.  

 

Table 15: tests of Normality of Shadow data 

 

As one of them is in Normality Distribution and the other is not. Both dependent t-

Test and Wilcoxon Signed Rank Test were applied.  
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t-Test (See Table 16 below): The result “t(13) = -4.192, p = .001" indicated that there 

was a significant difference between them in the T-test. But it does not come as a final 

conclusion, the test with Wilcoxon was still needed. 

 

Table 16: dependent t-test between the Non-shadow data and Shadow data 

 

Wilcoxon Signed Rank Test (See Table 17 below): The result “z = -2.825, p = .005” 

indicated there was a significant between these two groups data. 

 

Table 17: Wilcoxon Signed Rank Test between the Non-shadow data and Shadow data 

 

Now there is a final output: there is a significant difference between the data from 

“With Shadow” and “Without Shadow”. As the mean value of “With shadow” is 

bigger (See Figure 14), the accuracy of flying path detection in “With Shadow” is 

higher than “Without Shadow”. 

 

 

Interview Analysis: 

The qualitative data analysis was applied for the interview analysis. All of the 

participants found it the experiment with shadow was easier than the other one, and 

they also felt more confident when giving the answer, especially in question two 
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about telling the relative position between UAV and rock. In the experiment with 

shadow, most of them made use of shadow to answer the questions, especially in the 

task of detecting the relative position between UAV and rock. Some of them also 

make use of the size change of UAV to detect its moving direction, and other of them 

even relied on the location of rock. In the experiment without shadow, more than half 

of the participants made use of size change of copter. However, some of them had no 

idea about it and gave the answer just by guessing. When asked about the attributes of 

shadow, they provided various feedback. For the color, 9 out of 14 participants 

thought the color is good. They mentioned yellow was good because it was 

comparable with the background color and it was quite clear and obvious. The rest of 

them thought it was not natural enough and wanted to use grey or dark instead. For 

the shape, even though 12 out of participants thought the shape was acceptable, nearly 

half of them also mentioned it looks not like a circle but a line, especially when it 

went further away from them. Some of them found the difficulty in telling the 

direction with the shadow, they suggested maybe other shape can be applied to 

indicate the moving direction or maybe rotate it to make it stand. For the size, most of 

them are happy with it and they thought it is big enough. For the brightness, more 

than half of them thought the brightness of shadow was OK and the rest of them 

thought the shadow can be brighter or paler. As the experiment run in CAVE, which 

is a dark-room with four projected-wall, the brightness maybe affected and. For the 

transparency and thickness, most of them were satisfied. Besides these above, there 

were also some issues. Firstly, some of them mentioned they always more focused on 

the shadow rather than the UAV itself, sometimes they even did not care the UAV. 

Secondly, there was a quite interesting suggestion for changing the rule of shadow’s 
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size change: “When far away, it should be bigger” and “when closer, it should be 

smaller”. 

 

Besides the data gathered from the answer sheet and interview, there were some 

“discoveries” during the experiment via observation. The first one is when the copter 

was in great distance, some participants were not sure about the copter’s status for 

both shadow and non-shadow experiments: whether it was still moving or not. The 

second one is one participant didn’t realize the shadow had gone until in Q2, which 

meant the participant did not make use of the shadow to help her in detecting the 

flying direction. This had been confirmed with that participant in the interview.  
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4.4. Summary of Experiment 1 
According to the quantitative data analysis, it is obvious that the accuracies of flying 

direction, relative position and flying path perception within shadow are higher than 

those without shadow. Then based on the result of interview data, all of the 

participants agreed the shadow helps them to complete the task in more confident 

way, especially in the task of telling the relative position between the copter and 

nearby object. All of these provide strong evidences for that shadow is really 

conducive to the accuracy in detecting flying direction, relative position, flying path 

of UAV for observer. Then in the data analysis on the attribute of shadow, most of the 

participants were satisfied with the current configuration. However, some of them 

pointed out they got some difficulties when UAV moved to a great distance, the size 

change and shape of shadow was not obvious enough for them to perceive. The 

discovery from the observation also supported this. Some of them said the shadow 

always looked like a line rather than circle. In addition, nearly 4 out of the participants 

thought the color of shadow should be grey or dark to make it more natural and more 

realism. Some of them even figured out some change can be made to the brightness.  

 

4.5. Support for Experiment 2 
In order to find out the most appropriate attribute configuration for the shadow to 

benefit depth perception, there was another experiment conducted to compare the 

shadow with different attributes. In this experiment, it was not able to cover all of the 

attribute comparisons.  

 

Concluded from the data analysis and also the considerations about the limitation of 

virtual environment, there were two parts in this experiment focus on the style of 

shadow. The first part was mainly focus on the study of status indicator of UAV. The 
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second part was mainly focus on the three kinds of shadow above and to find out the 

most appropriate style of shadow to human's perception. The whole experiment did 

not cover the study of shadow's shape, the shape of all shadows involved was Circle. 

 

The reason for conducting part one is that some participants were not sure about the 

UAV’s status “whether it was still moving or not” in the discovery from the 

observation. Some of them told me that they rely on the size change of the copter or 

shadow, but in the far distance, the size change of both the copter and shadow was not 

that obvious. Based on the pilot study, the color change of shadow was found obvious 

even in great distance. In addition, when implementing the combined shadow in the 

pilot study, some participants mentioned the style change of "combined" shadow 

(Shown in the Table below) may also help them to recognise the status change of 

UAV. As a result, in the study of status indicator, there were two sets of shadow 

involved: Color change and Style change (The detail and screenshot shown in 

Experiment 2).   

 

In the second part of experiment two, there were mainly two kinds of shadow 

involved originally: “shadow that always lying on the ground” (Lying) and “shadow 

that always standing on the ground” (Standing). The reason for involving Standing 

Shadow was that from the interview data, some participants mentioned the “circle 

shadow” was viewed as a line or other shape and it seemed to be tiny when moved to 

a great distance. Moreover, when implementing other shapes, such as “triangle lying 

shadow”, it was found not that obvious. Some participants mentioned the shadow 

would be more useful if they can indicate the flying direction in a more obvious way. 

Reasoning from these feedback and suggestion, make the shadow stand can make it 



	  
	  

48	  

still easily be viewed, and also the arrow was added to the surface of shadow in order 

to indicate the direction in a more straightforward way. However, in the pilot study of 

standing shadow, some problems with this shadow had been realised. Even though it 

seems to benefit the perception, it hindered observer's view of objects behind UAV. 

After a thoughtful consideration of that, another kind of shadow was determined to 

join the experiment: combined. The table below shows the full detail of these three 

shadows (see Table 18 below).  

 

Shadow type Detail 

Lying Shadow Always lying on the ground 

Standing Shadow Always standing on the ground 

Combined Shadow When stopped: lying on the ground 

When moving: standing on the ground 

Table 18: Full detail of three shadows  
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CHAPTER 5. EXPERIMENT 2 
There were two parts in this experiment. The first part was mainly focus on the study 

of status indicator of UAV. The second part was mainly focus on the three kinds of 

shadow above to find out the most appropriate style of shadow to human's perception. 

The shape of all shadows involved was Circle. 

 

PART I 

5.1. Hypothesis 
The purpose of this part study was to find out whether the color change can benefit 

status indicator and also whether the style change can benefit the status indicator.   

There were the hypotheses:  

H0: the shadow with colour change can benefit perceiving the status change of 

UAV.  

H1: the shadow with style change can benefit perceiving the status change of 

UAV.  

 

5.2. Method 
Participant:  

There are 7 participants (3 males and 4 females), all of them are healthy adult without 

disability of the upper limb, eye, brain. Moreover, they have also been asked about 

telling the colour of each element in the scene to enure none of them have colour 

blindness. 

 

Material:  

For this sub-experiment, there were four shadows with different attributes prepared in 

total (See table 19).  
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For H0: Shadow 1: 
Figure 15  

Lying shadow with Color Change: 
Style: Always lying on the ground.  
Color: stopped – Red;   
           moving – Yellow  

Shadow 2: 
Figure 16 

Lying shadow without Color Change: 
Style: Always Lying on the ground.  
Color: Always Yellow 

For H1 Shadow 3: 
Figure 17 

Standing Shadow:   
Style: Always Standing on the ground.  
Color: Always Yellow 

Shadow 4: 
Figure 18  

Combined Shadow: 
Style: stopped – Lying on the ground           
          moving – Standing on the ground 
Color: Always Yellow 

Table 19: Four shadows with different attributes involved in part 1 of experiment 2. 

 

      

Figure 15 (a): Lying shadow with  Figure 15 (b): Lying shadow  
 color change (Stopped)    with Color Change (moving) 
 

 

Figure 16: Lying Shadow without Color Change 

 

 

Figure 17: Standing Shadow 
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Figure 18 (a): Combined Shadow (Stopped) Figure 18 (b): Combined Shadow (moving) 

 

The consent form and information sheet were prepared to give user a full understand 

about the experiment end their rights. The questionnaire paper was also prepared. 

 

Design:  

There were two independent variables and one for each hypothesis study. The one for 

H0 called V0 has two levels: "shadow with color change" and "shadow without color 

change". The other one for H1 called V1 also had two levels: "shadow with style 

change" and "shadow without style change (always stand)".  

 

The within-subjects design was used with each participant experienced with all of the 

shadows. The order of shadow with colour change and shadow without colour change 

testing was counterbalanced, which meant half of the participants had the shadow the 

colour change before the shadow without colour change, and the other half of them 

did in an opposite order. The study of style change was implemented in a similar way. 

In addition, in order to ask participant's preference between the shadow with colour 

change and the shadow with style change in the questionnaire, the order of these two 

test was also counterbalanced, which meant half participants did the colour change 

testing firstly and the other half of them did the style change firstly.  
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For each shadow, there was one set of task (Table 20). 

Task Number of 
trials 

How is the task operated  Comments 

Detect the 
status 
change 

6 In this task, the 
participants were required 
to say “start” when they 
realize the UAV start to 
move and say “stop” when 
they realize the UAV 
stopped from a moving 
status.  
The actual time of the 
status change and the 
response time of 
participants have been 
recorded in the log file.  

The response time reflect 
the whether it is easy and 
quick to perceive the status 
change.  
 
In order to find out whether 
the distance would have 
effect on result, there were 
three levels of distance and 
there were two trials for 
each level.  

   Table 20: task for part 1 of experiment 2 

 

There was one dependent variable for them: the response time about the status change 

of UAV. The actual time for the status change of UAV and the response time of 

participant had been recorded by the system automatically.  

 

Since the experiment had more than two types of shadow involved and it was more 

complex than the first experiment, the participants were given a question from the 

questionnaire to score the shadow and take notes of their opinion about the shadow 

after each test. It could remind them when they were required to select their 

preference of the shadow in end of this part.  
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Procedure:  

Here is the procedure table for experiment 2 part 1 (Table 21).  

Experiment 2 Part 1 Procedure 
Say hello, then give information sheet and 
consent form 

What is this experiment about:  
Material: camera, consent form.  
The whole procedure & lengthy 

A trial  Allow the user to adapt to the virtual 
environment 

Color change testing Scene: Lying Shadow with Color Change 
Scene: Lying Shadow without Color Change 

 Fill a question  
Style change testing Scene: Standing Shadow 

Scene: Combined Shadow 
 Fill a question  
A summary questionnaire of part 1  
  Table 21: Procedure Table for part I of experiment 2 

 

Before the start of the experiment, the participants were given an information sheet of 

an introduction about this experiment. Then the experimenter also gave a brief 

introduction about the experiment to enable it was fully understood by the 

participants. After that, they were given a consent form and signed it if had agreed. 

 

Then they were asked to wear the 3D glasses and stand in the required position. There 

was a training trial for the participant to let them adapt to the virtual environment.  

 

Half of the participants started with the color change testing and another half of them 

started with the style change testing. In the color change test, half of the participant 

started with the lying shadow with color change before that without color change, the 

other half of them did in an opposite order. In the style change testing, half of the 

participants started with the standing shadow before the combined shadow, and the 

other half of them did in an opposite order. 
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In each scene, the participants were required to do 6 trial. In each trial, the 

participants were required to say "Stop" when they realise the UAV stopped from 

moving status, and say "Start" when they realise it started to move from a stopped 

status. The experimenter recorded the time when heard the words from the 

participants via pressing the key on the keyboard to write the time to the log file. In 

the end of each test, the participants were required to answer one question on the 

questionnaire which was about scoring that shadow and specify the like and dislike if 

they want.  

 

In the end of this sub-experiment, they were required to select the one they prefer 

from the "colour change, style change or none", and they also were asked to give the 

reason if possible.  

 

5.3. Result 
Response Time Differences between the Shadow within Color Change and without 

Color Change.  

 

Figure 19: Mean Value of response time in Shadow “With Color Change” and “Without Color 

Change” 
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The Figure 19 show mean value for the response time for perceiving status of shadow 

“With Color Change” and “Without Color Change”, as we can see the value of “With 

Color Change” is much lower than the other “Without Color Change”. Then we tested 

to see whether there was a significant difference between them. Before the 

comparison between them, the Normality test for each group data had been run.  

 

In the Normality test for data from “Without Color Change” (See Table 22 below), 

the sig-value from Shapiro-Wilk was used since the number of participants is small. 

The p = 0.747, which was bigger than 0.05, indicates that it is in Normality 

Distribution. 

 

Table 22: tests of Normality of Non-Color Change data 

 

In the Normality test for data from “With Color Change” (See Table 23 below), the p 

= 0.667, which was bigger than 0.05, indicates that it is in Normality Distribution. 

 

Table 23: tests of Normality of Color Change data 

 

As both of them are in Normality Distribution, dependent t-Test was applied.  
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t-Test (See Table 24 below): The result “t(6) = -5.357, p = .002" indicated that there 

was a significant difference between them in the T-test. Also as the mean value of 

“With Color Change” is smaller (See Figure XX above), the response time within 

Color change is shorter than that without Color Change, which means the Color 

Change benefit the perceive status of the UAV.  

Table 24: dependent t-test for mean of shadow with color change and without color change 

 

 

Response Time Differences between the Shadow within Style Change and without 

Style Change.  

 

Figure 20: Mean Value of response time in Shadow “With Style Change” and “Without Style Change” 

 

The Figure 20 show mean value for the response time for perceiving status of shadow 

“With Style Change” and “Without Style Change”, as we can see the value of “With 

Style Change” is much lower than the other “Without Style Change”. Then we tested 
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to see whether there was a significant difference between them. Before the 

comparison between them, the Normality test for each group data had been run.  

 

In the Normality test for data from “Without Style Change” (See Table 25 below), the 

p = 0.091, which was bigger than 0.05, indicates that it is in Normality Distribution. 

 

Table 25: tests of Normality of Non-Style Change data 

 

In the Normality test for data from “With Style Change” (See Table 26 below), the p 

= 0.641, which was bigger than 0.05, indicates that it is in Normality Distribution. 

 

Table 26: tests of Normality of Style Change data 

 

As both of them are in Normality Distribution, dependent t-Test was applied.  

 

t-Test (See Table 27 below): The result “t(6) = -4.018, p = .007" indicated that there 

was a significant difference between them in the T-test. Also as the mean value of 

“With Style Change” is smaller (See Figure 20 above), the response time within Style 

change is shorter than that without Style Change, which means the Style Change 

benefit the perceive status of the UAV. 
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Table 27: dependent t-test for mean of shadow with style change and without style change 

 

Questionnaire: 

According to the questionnaire, more participants preferred the “style change” rather 

than “color change” (See Figure 21 below). They mentioned that the change in “style 

change” was more obvious than that in “color change”, especially in great distance, 

because they found the color became lighter when it went away.  

 

Figure 21: Status indicator preference 

 

According to the color preference for the different status (See Figure 22 and 23 

below), 3 out of 7 participants preferred the color of shadow kept yellow and 

unchanged. Another 2 of them didn’t mind what the color was as long as it contrasted 

with background color. The rest of them preferred the color change, and one of them 

preferred the set “moving – yellow; stopped – red” and the other preferred the set 

“moving – red; stopped – blue”.  
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Figure 22: Color Change or Unchange preference 

 

 

Figure 23: Color Preference for different status 

 

5.4. Summary of PART I 
Both of “color change” and “style change” can bring a significant response time 

reduction. According to the questionnaire, more than twice people preferred the “style 

change” rather than “color change”, because they found the change in the style change 

is more obvious even in great distance. In addition, in terms of the color preference 

chart for different status, only 2 out of 7 insisted the color change and the rest of them 

prefer the color unchanged or don’t mind. As a result, the style change seems to be a 

better role as a status indicator.  
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PART II: 

5.5. Hypothesis 
The purpose of this part experiment was to find out whether different style of shadow 

among those three would have difference effect on accuracy of depth perception. The 

tasks performed in this sub-experiment covered the aspects of direction perception, 

flying path, and relative position between UAV and other objects.  

There were three hypotheses:  

H2: There is significant difference of accuracy in perceiving the flying 

direction between three types of shadow 

H3: There is significant difference of accuracy in perceiving the relative 

position between three types of shadow  

H4: There is significant difference of accuracy in perceiving the flying path 

between three types of shadow.  

 

5.6. Method 
Participants:  

The same as the sub-experiment 1 above.  

 

Material:  

For this part of experiment, there were three shadows with different attributes 

prepared in total. (Table 28) 
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Part 2   
For H2, H3, H4 Shadow 1 

(Figure 24) 
Lying Shadow (Figure) 
Style: Always lying on the ground 
Color: Always Yellow  

Shadow 2 
(Figure 25) 

Standing Shadow (Figure) 
Style: Always standing on the ground 
Color: Always Yellow 

Shadow 3 
(Figure 26) 

Combined (Figure) 
Style: stopped – standing on the ground  
          moving – lying on the ground 
Color: Always Yellow 

 Table 28: The structure of experiment 2 part 2.  

 

          

Figure 24: Lying Shadow Figure 25: Standing Shadow Figure26: Combined Shadow 

 

The questionnaire paper was also prepared. (Follow the same as experiment 1 to get 

the accuracy value).   

 

Design:  

There was one independent variable in this sub-experiment: the shadow style. It had 

three levels: "Lying Shadow", "Standing Shadow", and "Combined Shadow".  

 

The within-subjects design was used with each participant experienced with all of the 

shadows. The order for these three shadows was counterbalanced. As there were 6 

types of order and there were 7 participants, the first 6 participants were assigned to 

different order with each other and the final one was assigned to one of them 

randomly.  
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For each shadow, there were three sets of task (Table 29) 

Task Number of 
trials 

How is the task 
operated 

Comments 

Perceive 
flying 
direction 

6 The participant 
observed the 
movement of the UAV 
and gave the 
corresponding number 
of its moving direction 
rather than described 
it. 

In order to keep the duration of 
experiment less than 1 hour, 
there were fewer trials than the 
experiment 1.  
In order to find out whether the 
distance would have effect on 
result, there were three levels of 
distance and there were two 
trials for each level. 

Perceive 
relative 
position 

6 The participants were 
asked to give the 
answer like whether 
the UAV is in front, 
behind or above the 
nearby object.  

In order to find out whether the 
distance would have effect on 
the result, there were three 
levels of distance and there 
were two trials for each level 

Perceive 
flying 
path 

2 The participants were 
given a drawing paper 
and asked to observe 
the flying path of 
UAV and draw it on 
the paper.  

In order to find out whether the 
distance would have effect on 
result, the trials has been split 
into 2 parts: one is movement 
between the close distance and 
middle distance, and the other 
one is movement between the 
middle distance and far 
distance.  

    Table 29: Task Specification 

 

There were three dependent variables:  

1. Accuracy of direction 

2. Accuracy of relative position 

3. Accuracy of flying path 

 



	  
	  

63	  

As the number of shadows was more than two, there were also some questions from 

the questionnaire need to be filled after test with each shadow. And in the end, there 

was a full summary questionnaire. The duration of the whole experiment including 

the sub-experiment 1 was around one hour. 

 

Procedure:  

Procedure table of experiment 2 part 2 (Table 30):  

Experiment 2 Part 2 Procedure 
5 mins break after sub-experiment 1  
Lying Shadow 
  

Task 1: Perceive flying direction (6 trials)  
Task 2: Perceive relation position (6 trials) 
Task 3: Perceive flying path (2 trials) 
Fill a set of question on the questionnaire  

Standing Shadow Task 1: Perceive flying direction (6 trials) 
Task 2: Perceive relation position (6 trials) 
Task 3: Perceive flying path (2 trials) 
Fill a set of question on the questionnaire 

Combined Shadow Task 1: Perceive flying direction (6 trials) 
Task 2: Perceive relation position (6 trials) 
Task 3: Perceive flying path (2 trials) 
Fill a set of question on the questionnaire 

A summary questionnaire of part 2  
Table 30: procedure table of experiment 2 part 2. 

 

There was 5 minutes or more if required after sub-experiment 1. Then the participant 

wearied the 3D glasses and stood in the required position again.  

 

The participants started with one of the shadow and did three tasks with it. In the task 

one, the participants were required to give the answer for the corresponding direction 

number at the end of each trial. In task 3, they were asked to tell whether the UAV is 

in front, behind or above the nearby rock. Then in the final task, they were required to 

draw the flying path of the UAV in a drawing paper, and they were also required to 

draw the position of rocks before the start of this task. In the end of each shadow, the 
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participants were required to answer a set of questions on the questionnaire which was 

about scoring that shadow and specify the like and dislike if they want.  

 

In the end of this sub-experiment, they were required to fill a summary questionnaire. 

 

5.7. Result 
Task 1: Accuracy Difference of Flying Direction Detection between these three 

groups of shadow.   

 

 

Figure 27: Mean Value of Accuracy of Flying Direction Detection between these three groups 

of shadow  

 

The Figure 27 show mean value for the accuracy of flying direction detection in these 

three groups. We find a tendency that the accuracy ranking is “lying shadow < 

standing shadow < combined shadow”. Then we tested to see whether there was a 

significant difference between them. As there were three groups involved and also 

was in Within-Subject Design, the repeated measure ANOVA test was applied.  
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Repeated measure ANOVA (See Table 31 below): The data in the Greenhouse-

Geisser (Table 31(b)) row was used, because the data violated the assumption of 

sphericity. Sphericity refers to where the variances of the differences between all 

related groups (levels) are equal. In this case, they are not equal. The F(1.397, 8.382) 

= 16.364, p = 0.002, indicating there are statistically significant difference of the 

accuracy in perceive flying direction between different types of shadow. Then in the 

Pairwise comparison table (Table 31(c)), the p = 0.035 indicate there is a significant 

difference between the “lying shadow” and “standing shadow”. The p = 0.011 

indicates there is a significant difference between “lying shadow” and “combined 

shadow”. The p = 0.090 indicates there is no significant difference between shadow 

“standing shadow” and shadow “combined shadow”. Then based on their mean 

difference (Figure 27 above), the conclusion can come as, the accuracy of perceiving 

flying direction with lying shadow is lower than that with standing shadow. The 

accuracy with lying shadow is also lower than the combined shadow. However, there 

was no significant difference between “standing shadow” and “combined shadow”, 

even there is a mean difference between them.  

 

Table 31(a): Within-Subjects factors 
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Table 31 (b): Tests of Within-Subjects Effects (Greenhouse-Geisser) 

 

 

Table 31 (c): Pairwise Comparisons. 

 

Task 2: Accuracy Difference of Relative Position Detection between these three 

groups of shadow.   
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Figure 28: Mean Value of Accuracy of Flying Direction Detection between these three groups of 

shadow 

 

The Figure 28 show mean value for the accuracy of relative position detection in 

these three groups. We found that the accuracy with “Standing shadow” is the lowest 

one among these three. Then we tested to see whether there was a significant 

difference between them. As there were three groups involved and also was in 

Within-Subject Design, the repeated measure ANOVA test was applied. 

 

Repeated measure ANOVA (See Table 32 below): The data in the Greenhouse-

Geisser (Table 32(b)) row was used, because the data violated the assumption of 

sphericity. Sphericity refers to where the variances of the differences between all 

related groups (levels) are equal. In this case, they are not equal. The F(1.772, 10.634) 

= 2.562, p = 0.127, indicating there are no statistically significant difference of the 

accuracy in perceive relative position between different types of shadow. However, as 

the mean table above shows a tendency that the accuracy with “Standing Shadow” is 
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the lowest one and also the Partial Eta Squared r = 0.299, there means the finding of 

non-significant difference between them may be caused by small size of participants 

number. Currently, the conclusion can only come as: there are no statistically 

significant difference of the accuracy in perceive relative position between different 

types of shadow. 

 

Table 32 (a): Within-Subjects factors 

 

Table 32 (b): Tests of Within-Subjects Effects (Greenhouse-Geisser) 

Task 3: Accuracy Difference of Flying Path Detection between these three groups of 

shadow.   
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Figure 29: Mean Value of Accuracy of Flying Path Detection between these three groups of 

shadow 

 

The Figure 29 show mean value for the accuracy of flying path detection in these 

three groups. We can a tendency that the accuracy ranking is “lying shadow < 

standing shadow < combined shadow”. Then we tested to see whether there was a 

significant difference between them. As there were three groups involved and also 

was in Within-Subject Design, the repeated measure ANOVA test was applied.  

 

Repeated measure ANOVA (See Table 33 below): The data in the Greenhouse-

Geisser (Table 33(b) below) row was used, because the data violated the assumption 

of sphericity. Sphericity refers to where the variances of the differences between all 

related groups (levels) are equal. In this case, they are not equal. The F(1.532, 9.190) 

= 3.121, p = 0.100, indicating there are no statistically significant difference of the 

accuracy in perceive relative position between different types of shadow. However, as 

the mean table above shows a tendency that the accuracy ranking is “lying shadow < 
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standing shadow < combined shadow” and also the Partial Eta Squared r = 0.342, 

which the finding of non-significant difference may be caused by the small size of 

participants number. Currently, the conclusion can come as: there are no statistically 

significant difference of the accuracy in perceive relative position between different 

types of shadow.  

 

Table 33(a): Within-Subjects factors 

 

 

Table 33(b): Tests of Within-Subjects Effects (Greenhouse-Geisser) 

 

Questionnaire: 

For the flying direction (See Figure 30 below): In the task of “detecting flying 

direction”, all of the participants preferred both standing and combined shadow, 

because both of them were standing in the dynamic status and also had arrow to 

indicate the flying direction straightforwardly.  
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Figure 30: Shadow Preference in Detecting flying direction 

 

Relative position (See Table 31 below): When detecting the flying direction, more 

than half of the participants preferred the combined shadow because they found it was 

easier to tell the relative position with the shadow lying on the ground in stopped 

status, and they also mentioned the arrow indicating the direction during the 

movement benefit their perception as well. Some of them also pointed out that it was 

easier as long as the shadow was lying on the ground in the stopped status, especially 

when there was an overlapping between the rock and shadow. In other words, most of 

the participants preferred lying on the ground when in static status. In addition, some 

of them also mentioned the standing in the moving status helps to perceive the 

relative position in the static status.  

 

Figure 31: Shadow Preference in Detecting relative position 

 

Flying Path (See Figure 32 below): All of the participants prefer the combined 
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shadow. Most of them found the arrow in the shadow is really helpful, and also the 

style change in combined helped to perceive the position of the starting point and 

ending point of the path.  

 

Figure 32: shadow preference in detecting flying path 

 

In addition, most of the participants were satisfied with arrow color. 

 

5.8. Summary of PART II 
According to the data analysis above including, even the data analysis on their 

accuracy only indicated there was a significant difference in task 1: that the accuracy 

of detecting flying direction with either standing shadow or combined shadow is 

higher than the accuracy with lying shadow. However, the questionnaire feedback 

from the participants provided strong evidences that the combined shadow worked 

better, especially in task 3. Therefore, the combined shadow is the most appropriate 

shadow among these three.   
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CHAPTER 6. DISCUSSION 

6.1. Discussion of Whole Process 
For this project, there were several stages: “understand question”, “literature review”, 

“design experiment and programming”, “run experiment”, and “data analysis”.  

 

The background of UAV including its current development and human-machine 

interaction problem was done. Among these researches on the depth perception of 

where the UAV was located, most of them were in different fields. Some of them 

concentrated on the study of flying insect and its visual system. Some of them focused 

on the image processing algorithms. There was lack of similar research about Shadow 

and depth perception of UAV.  

 

After that, the attentions were switched from the UAV to the depth perception of 

human. The way of people obtained the depth information was researched and there 

was a statement that “human do not have direct access to the depth information but 

relies on the various source of information to obtain it” (Reichelt et al., 2010). Then 

the concept of “depth cue” was researched as well, and it referred to the various 

source benefitting depth perception. It consists of multiple elements, and the  

“shadow” was defined as one inside. It proved that the direction of this study was 

right and made me feel more confident. In order to get some inspiration from other 

relative depth cues and gain a systematic knowledge about depth perception, the other 

depth cues were studied. It benefitted the experiment design and data analysis. As all 

of the experiments were run in CAVE, some researches about the difference between 

virtual environment and real environment had been done, and it was found that some 

overestimate or underestimate may happen in CAVE (Murgia and Sharkey, 2009; 

Rolland et al., 1995).  
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Before the experiment design, we switched our attention back to analysis of UAV and 

categorized its status into two groups: static and dynamic status. In the static status, 

also called stopped status, there were several aspects: location of UAV including the 

distance from the UAV to observer, and relative position between the UAV and other 

objects. These two met the purpose of this project. In spite of that, asking people to 

tell the accurate distance between UAV and them just by their eyes seemed to be too 

difficult and full of uncertain factors. Additionally, according to the study of the 

difference between CAVE and real environment, there was a probability that the 

overestimate and underestimate happened in CAVE. Therefore, only the test of 

detecting relative position between the UAV and other objects was involved as one of 

the tasks in experiment. Then in the dynamic status, the flying direction and flying 

path were mainly focused on, because a good perception of movement might benefit 

the depth perception of UAV’s location when it stopped from a moving status. As a 

result, the tests of detecting flying direction and flying path were involved as well. In 

the flying path, the participants were required to draw the starting point, ending point 

and also other objects in the environment. The result of it reflected depth perception, 

as it required participants to draw out the relative positions between UAV and other 

objects. Besides the tasks required, there was also an interview prepared after the 

experiment to ask user’s feedback on difference between these two conditions and 

also their suggestion for shadow’s attributes for next experiment. As the consideration 

of probability of healthy problems risen by using CAVE and the research from 

Burdea and Coiffet (2003) (See Figure XX), the duration of the time was designed to 

be no more than 1 hour and also 5 minutes break for each 20 minutes. The experiment 

1 was run with 14 participants joined.  
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From the feedback of experiment one, we found it was not easy for some participants 

to tell whether the UAV was still moving or not when it was in a far distance. I 

thought the confusion of UAV’s status might bring some negative influences on the 

depth perception, because it provided a poor indication on UAV’s location when it 

stopped from a moving status in far distance from observer. So the test of status 

indicator was necessary and conducted as part 1 of the experiment 2. Moreover, some 

participants pointed out that the lying shadow looked like a line rather than circle 

especially when in far distance. Then some shape change had been tried in the pilot 

study and there was no difference had been found. The “shape” seemed to a useless 

attribute of shadow. Inspired from the feedback from one participant, the “standing 

shadow” which rotated the lying shadow and made it stand on the ground could be an 

alternative. As expected, the “standing” feature brought an opportunity for shape to 

convey information. In addition, it integrated an arrow on its surface and provided a 

straightforward direction indication. However, the “standing shadow” hindered the 

view of the object behind UAV although it was transparent. Therefore, a change was 

made to its static status, and made it lie on the ground when it stopped to have another 

alternative: “combined shadow”. Because the arrow was mainly used in the moving 

status to indicate the moving direction, lying on the ground in its static status 

supposed to be reasonable. As a result, there were three groups of shadow involved in 

the part 2 of experiment 2. The task involved here was similar with the first 

experiment. For the data analysis, there were various techniques applied 

corresponding to different types of data.  

 

6.2. Discussion of findings 
According to data analysis of the experiments above, there were some findings. 
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Firstly, from the experiment one, the result strongly supported that shadow could 

benefit the depth perception, especially when telling the relative position between 

UAV and other objects. It proved that Shadow could play as a depth cue to benefit the 

depth perception. Actually, there were also some effects from other cues as well. For 

example, some participants mentioned that they relied on size changing of UAV and 

shadow when detecting the flying direction. When realized either shadow or UAV 

was becoming smaller, they thought it went to a further distance. This was related to 

the “Relative Size” cue. In addition, some of them also figured out how they told the 

relative position: when found the shadow was blocked by the rock, they were sure that 

the shadow was behind it. It met the concept of another depth cue “Occlusion”. 

Moreover, the multiple cues applied by participants to achieve depth perception also 

provided an evidence for that human’s brain always integrated and utilized all of the 

available cues to estimate the depth information (Knill, 2005). As a result, a relevant 

study of other depth cues can be conducive to achieving a future understanding about 

depth cue. It may benefit the study of shadow and equip the shadow with some new 

features inspired from other cues.  

 

Secondly, from the questionnaire, some participants mentioned they found the color 

become lighter and the object become blur when it moved to a further distance. For 

example, the arrow on the either “standing shadow” or “combined shadow” provided 

a good indication for UAV’s moving direction. However, it had a lower contrast with 

the shadow when in a further distance, which would make it invisible or blue and 

make people give answer less confidently. It met the relationship between the 

accuracy of depth perception and distance talked in the literature, which referred to 

that accuracy of depth perception in closer distance is higher than further distance. I 
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think the possible solution for that can be to have more “style change” rather than 

“color” to indicate the direction. Because from the part 1 of experiment 2, more 

people preferred the “style change” rather than “color change” to indicate the status of 

UAV: whether it was moving or stopped, because they found the “style change” was 

more obvious than “color change” even in further distance. Inspired from this idea, 

maybe the idea of “Triangle shadow” can be tested to verify this guess (See Figure 33 

below). The “Rotation” of Triangle, as another kind of style change, may work better 

than the color change.  

            

 Direction:    Direction:    Direction: 
Figure 33: Triangle shadow.  

 

 

Thirdly, compared with the “traditional shadow”, the “standing shadow” and 

“combined shadow” involved in the experiment 2 seemed to be a “violation” to the 

definition of shadow. However, the result of these experiments including both task 

performance and questionnaire feedback demonstrated that people could accept its 

unique feature and were also satisfied with the benefit from it. Some participants 

mentioned that the “standing” feature made shadow more visible and the arrow on it 

benefit the workload in cognition, as they could read out the direction from the arrow 

rather than reason it based on the size change of shadow. It made the direction 

perception in a quicker and easier way. In future, more information such as speed may 

be added to the surface of shadow to present in a direct way.  
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Fourthly, from the questionnaire of experiment 2 in relative position detection task, 

nearly 3 quarters of participants preferred “lying shadow” or “combined shadow”. 

The common feature between them was that they were lying on the ground in their 

stopped status. The task of relative position detection was about the telling the relative 

position between the UAV and other objects when it was stopped. Concluded from 

that, people more prefer the “lying” feature in the stopped status. Then in the task of 

detecting the flying path, all of the participants preferred the “combined shadow”. 

This task includes both testing of static status and dynamic status, which seems to be 

a combination of flying direction detection and relative position detection, because 

the participants were required to draw the positions of objects in the environment and 

also the flying path of the UAV. All of these contributed to determine of the most 

appropriate shadow was “combined shadow” among these three. Here is the full detail 

of the combined shadow applied in the experiment (See Table 34).  

 Style Color Shape Arrow 
Color 

Combined 
Shadow 

Moving: standing 
Stopped: lying on the ground 

Yellow (should be contrast 
with background) 

Circle Blue 

   Table 34: Detail of “combined shadow” 

 

6.3. Limitation 
During the whole project studies, there were some limitations.  
 

Firstly, the number of participants that 21 participants joined in these experiment was 

limited, which might bring some bias on the result. As the statistical analysis shown 

in the part 2 of experiment 2 that r-value (Partial Eta Square) was less than 0.3 in 

Task 2, it indicated that the findings might be due to inadequate sample size, which 

means if more participants involved, the outcome of the data analysis might be 

different.  
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Secondly, in the time measurement for the response time in part 1 of experiment 2, 

time for participant’s response was recorded by experimenter via pressing the key on 

keyboard to request system to write time to log file. Although it had been 

programmed to be as automatic as possible, there was still a time offset caused by the 

following steps: “the participant say out words”, “experimenter perceive the word” 

and then “experimenter press the key”. Fortunately, as all of data included these 

offset, the comparisons between them were still reliable.  

 

Thirdly, both of the experiments were conducted on the virtual “flat grassland”. In 

order to achieve more reliable data, various types of environment should be involved 

in the test in future.  

 

Fourthly, all of the data was obtained with the experiment run in virtual environment, 

the difference between the real environment and virtual environment may bring some 

bias as well. As the literature about the difference between them, there may be some 

overestimate or underestimate of the virtual target. 

 

Fifthly, these two experiments were not able to cover all of the attributes, and there 

were lack of relationship between these attributes because there may be some 

conflicts between some attributes. If time allowed, more experiments should be 

conducted to focus on different attributes and also their relationship with each other.  

 

6.4. Future 
The next step may focused on the how the shadow can provide more benefit for the 

depth perception where the UAV is located in a further distance, according to the 
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relevant feedback from the participants. They mentioned frequently the color contrast 

between the shadow, arrow, and background became lower when in a further distance. 

Maybe other factors can be considered to play a role instead of color. For example, 

the “Triangle Shadow” (See Figure 33 above), it used the rotation, which is a kind of 

“style change”, to present the direction of UAV.  

 

There are some other suggestions for the future studies on shadow. Firstly, more 

studies involving other attributes should be conducted to achieve more comprehensive 

research on shadow. Secondly, future research may also pay some attention to other 

depth cues and integrated their features into shadow to generate a better “shadow”, 

because human’s brain can integrate all of the available sources to achieve the depth 

information. Thirdly, different environment should be applied to test whether there 

were any special issues from that in the plat environment. In the consideration of both 

“flat” environment and “irregular” environment, the “standing” shadow may be more 

appropriate, because the “lying” shadow on the “irregular” land may be strange and 

its change during the movement may be irregular. More experiments with different 

types of environment can be conducted to a more comprehensive study. Finally, if 

possible, try to test it in real environment with real UAV.   
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CHAPTER 7. CONCLUSION 
The purpose of this study was to investigate whether the shadow can benefit the depth 

perception of UAV and to find out appropriate set of attributes for shadow if yes. 

After two rounds of experiment, the benefit from the shadow to the depth perception 

of UAV has been proven and also a shadow with an appropriate set of attributes has 

been found as well. It is called combined shadow that would keep standing when it 

moves and lie on the ground when it stops. It is also found as a good status indicator 

rather than the color change of shadow. 

 

Despite this, further work is still required to have further exploration of its attributes 

that haven’t been covered in this test, such as shape and size. Simultaneously, the 

other techniques or cues conducive to depth perception can also be explored to get 

some inspiration. Moreover, more experiments should be conducted in various types 

of environments in CAVE, and also maybe in real environment if possible.  
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Appendix A: Information Sheet	  
 
Information	  Sheet	  for	  Participants	  in	  Research	  Studies	  
You	  will	  be	  given	  a	  copy	  of	  this	  information	  sheet.	  

	  

Title	  of	  
Project:	  	  	  

Quantitative	  evaluation	  of	  how	  much	  located	  shadow	  improve	  the	  
perception	  of	  where	  the	  UAV	  is	  located	  

This	  study	  has	  been	  approved	  by	  the	  UCL	  
Research	  Ethics	  Committee	  as	  Project	  ID	  
Number:	   	   MSc/1112/004_____________________________	  

Name,	  Address	  and	  Contact	  Details	  of	  
Investigators:	  
	  

Nadia	  Berthouze,	  Simon	  Julier,	  Chaoyu	  Ye	  
UCL	  Interaction	  Centre	  –	  MPEB	  8th	  floor	  –	  
University	  College	  London	  –	  Gower	  Street	  –	  
London	  –	  WC1E	  6BT	  –	  UK	  –	  Telephone:	  +44	  20	  
7679	  0690	  

We	  would	  like	  to	  invite	  you	  to	  participate	  in	  this	  research	  project.	  You	  should	  only	  
participate	  if	  you	  want	  to;	  choosing	  not	  to	  take	  part	  will	  not	  disadvantage	  you	  in	  any	  way.	  
Before	  you	  decide	  whether	  you	  want	  to	  take	  part,	  please	  read	  the	  following	  information	  
carefully	  and	  discuss	  it	  with	  others	  if	  you	  wish.	  Ask	  us	  if	  there	  is	  anything	  that	  is	  not	  clear	  
or	  you	  would	  like	  more	  information.	  	  
	  
	  
Insert	  Details	  of	  Study	  
The	  purpose	  of	  this	  research	  is	  to	  found	  out	  how	  the	  depth	  perception	  of	  the	  UAV	  can	  be	  improved.	  The	  research	  will	  take	  
place	  inside	  virtual	  reality	  environment.	  The	  virtual	  reality	  environment	  will	  display	  a	  simulation	  of	  a	  group	  of	  flying	  robots.	  
You	  will	  be	  asked	  to	  stand	  in	  the	  virtual	  reality	  environment	  and	  interact	  with	  the	  simulation	  that	  is	  being	  displayed.	  	  
	  
You	  will	  be	  asked	  to	  wear	  a	  pair	  of	  3D	  glasses.	  During	  the	  experiment,	  the	  audio	  recorder	  and	  video	  recorder	  will	  be	  used.	  	  
	  
You	  will	  perform	  a	  number	  of	  trials	  in	  the	  virtual	  reality	  environment.	  Each	  trial	  will	  last	  no	  more	  than	  10	  minutes.	  During	  
the	  trials.	  During	  the	  trials,	  video,	  audio,	  and	  sensor	  data	  will	  be	  recorded.	  If	  you	  feel	  any	  comfortable	  with	  that,	  just	  feel	  free	  
to	  ask	  the	  researcher	  to	  stop	  it.	  	  
	  
The	  entire	  study	  will	  take	  less	  than	  60	  minutes.	  	  
	  
There	  is	  a	  risk	  of	  motion	  sickness	  within	  the	  virtual	  reality	  environment.	  In	  some	  cases,	  participants	  may	  experience	  vertigo	  or	  
momentary	  disorientation.	  Should	  you	  feel	  any	  discomfort	  the	  experiment	  will	  be	  stopped.	  
	  
Participants	  will	  receive	  £5	  for	  their	  participation.	  	  
	  
It	  is	  up	  to	  you	  to	  decide	  whether	  or	  not	  to	  take	  part.	  If	  you	  choose	  not	  to	  participate,	  you	  
won't	  incur	  any	  penalties	  or	  lose	  any	  benefits	  to	  which	  you	  might	  have	  been	  entitled.	  
However,	  if	  you	  do	  decide	  to	  take	  part,	  you	  will	  be	  given	  this	  information	  sheet	  to	  keep	  and	  
asked	  to	  sign	  a	  consent	  form.	  Even	  after	  agreeing	  to	  take	  part,	  you	  can	  still	  withdraw	  at	  any	  
time	  and	  without	  giving	  a	  reason.	  	  
	  
All	  data	  will	  be	  collected	  and	  stored	  in	  accordance	  with	  the	  Data	  Protection	  Act	  1998.	  
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IMPORTANT:	  
When	  people	  use	  virtual	  reality	  systems,	  some	  people	  sometimes	  experience	  some	  degree	  of	  
nausea.	  If	  at	  any	  time	  you	  wish	  to	  stop	  taking	  part	  in	  the	  study	  due	  to	  this	  or	  any	  other	  reason,	  
please	  just	  say	  so	  and	  we	  will	  stop.	  	  
	  
There	  has	  been	  some	  research,	  which	  suggests	  that	  people	  using	  head-‐mounted	  displays	  might	  
experience	  some	  disturbances	  in	  vision	  afterwards.	  No	  long-‐term	  studies	  are	  known	  to	  us,	  but	  
short-‐term	  studies	  carried	  out	  suggest	  that	  even	  after	  30	  minutes	  of	  leaving	  a	  VR	  system,	  some	  
people	  experience	  aftermath	  effects.	  For	  this	  reason,	  we	  advise	  you	  not	  to	  drive	  or	  operate	  
heavy	  machinery	  for	  at	  least	  three	  hours	  of	  completing	  the	  study.	  	  
	  
If	  you	  have	  experienced	  epileptic	  episode	  in	  the	  past	  you	  should	  NOT	  take	  part	  in	  this	  study.	  
	  
There	  have	  been	  various	  reported	  side	  effects	  of	  using	  virtual	  reality	  environment,	  such	  as	  
‘flashbacks’.	  Also	  with	  any	  type	  of	  video	  equipment	  there	  is	  a	  possibility	  that	  an	  epileptic	  
episode	  may	  be	  generated.	  For	  instance,	  this	  has	  been	  reported	  in	  computer	  video	  games.	  
Please	  contact	  the	  doctor	  if	  you	  have	  any	  concerns.	  	  
	  
PROCEDURES:	  	  

• You	  will	  be	  asked	  to	  read,	  understand	  and	  sign	  a	  Consent	  From.	  If	  you	  sign	  it	  the	  
study	  will	  continue	  with	  your	  participation.	  Note	  that	  you	  can	  withdraw	  at	  any	  time	  
without	  giving	  any	  reasons.	  	  

• You	  will	  be	  asked	  to	  switch	  off	  your	  mobile	  phone	  before	  using	  the	  VR	  system	  
• You	  will	  have	  a	  brief	  practice	  period	  with	  the	  help	  of	  the	  experimenters	  so	  that	  you	  

can	  get	  used	  to	  the	  immersive	  virtual	  environment	  and	  learn	  how	  to	  navigate	  in	  it.	  
You	  will	  then	  be	  asked	  to	  perform	  tasks	  and/or	  speaking	  as	  mentioned	  during	  which	  
you	  will	  be	  videotaped.	  	  

• Finally	  there	  will	  be	  a	  short	  discussion	  (interview)	  with	  the	  experimenters	  about	  
your	  experiences.	  The	  interview	  might	  be	  audio	  or	  video	  taped.	  	  

• Thank	  you	  for	  your	  participation.	  	  
Any	  questions?	  Please	  ask	  any	  questions	  that	  come	  to	  mind	  at	  this	  point.	  After	  this	  read	  and	  
sign	  the	  Consent	  Form.	  	  
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Appendix B: Consent form 
 

Consent	  Form	  for	  Participants	  in	  Research	  Studies	  
(This	  form	  is	  to	  be	  completed	  independently	  by	  the	  participant	  after	  reading	  the	  Information	  Sheet	  
and/or	  having	  listened	  to	  an	  explanation	  about	  the	  research.)	  
	  
Title	  of	  
Project:	  	  	  

Quantitative	  evaluation	  of	  how	  much	  located	  shadow	  improve	  the	  
perception	  of	  where	  the	  UAV	  is	  located	  

This	  study	  has	  been	  approved	  by	  the	  UCL	  
Research	  Ethics	  Committee	  as	  Project	  ID	  Number:	                   MSc/1112/004   	  

	  
	  
	  
	  
	  
	  
	  
	  

	  
Participant’s	  Statement	  

I	  	  …………………………………………......................................	  

agree	  that	  I	  have	  
	  
§ read the information sheet and/or the project has been explained to me orally; 

§ had the opportunity to ask questions and discuss the study; and 

§ received satisfactory answers to all my questions or have been advised of an individual to contact for 
answers to pertinent questions about the research and my rights as a participant and whom to 
contact in the event of a research-related injury. 

§ I understand that my participation will be taped/video recorded. 

§ I understand that video/audio recording will be reviewed by researchers for the purpose of publishing 
a report 

§ I consent to the use of video/audio recordings being used outside the published report, in 
conferences and presentations – Please initial here ____________ You may decline 

 
I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the 
processing of my personal information for the purposes of this study only and that it will not be used for 
any other purpose. I understand that such information will be treated as strictly confidential and handled 
in accordance with the provisions of the Data Protection Act 1998. 
	  

	   Signed:	   Date:	  

	  
Investigator’s	  Statement	  

I  …………………………………………………………………….. 

confirm that I have carefully explained the purpose of the study to the participant and outlined any 
reasonably foreseeable risks or benefits (where applicable).  
 

	   Signed:	   Date:	  

	  
	   	  



	  
	  

89	  

Appendix C1: Experiment 1 Data: Q1 (Front View) 
E0: the relative position answer given by participant is correct:  
E1: ABS (answer given by user – correct answer ) = 1 
E2: ABS (answer given by user – correct answer ) = 2 
Weight for E0: 1      for E1: 0.5        for E2:0 

 

 
The	  Algorithm:	  Accuracy	  =	  (Number	  of	  E0*Weight	  of	  E0	  +	  Number	  of	  E1*Weight	  of	  E1	  +	  
Number	  of	  E2*Weight	  of	  E2	  +	  Number	  of	  E3	  *	  Weight	  of	  E3	  +	  Number	  of	  E4*	  Weight	  of	  E4)	  /	  
(Number	  sum	  *	  Weight	  of	  E0)	  	  
As	  the	  weight	  of	  E3	  and	  E4	  are	  Zero,	  So	  we	  simplify	  the	  Algorithm	  as:	  Accuracy	  =	  (Number	  of	  
E0	  *	  weight	  of	  E0	  +	  Number	  of	  E1*	  Weight	  of	  E1	  +	  Number	  of	  E2*Weight	  of	  E2)	  /	  (Number	  
Sum	  *	  Weight	  of	  E0)	  
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Appendix C2: Experiment 1 Data: Q1 (Front View) 
E0: the relative position answer given by participant is correct:  
E1: ABS (answer given by user – correct answer ) = 1 
E2: ABS (answer given by user – correct answer ) = 2 
Weight for E0: 1      for E1: 0.5        for E2:0 
 

 

 
The	  Algorithm:	  Accuracy	  =	  (Number	  of	  E0*Weight	  of	  E0	  +	  Number	  of	  E1*Weight	  of	  E1	  +	  
Number	  of	  E2*Weight	  of	  E2	  +	  Number	  of	  E3	  *	  Weight	  of	  E3	  +	  Number	  of	  E4*	  Weight	  of	  E4)	  /	  
(Number	  sum	  *	  Weight	  of	  E0)	  	  
As	  the	  weight	  of	  E3	  and	  E4	  are	  Zero,	  So	  we	  simplify	  the	  Algorithm	  as:	  Accuracy	  =	  (Number	  of	  
E0	  *	  weight	  of	  E0	  +	  Number	  of	  E1*	  Weight	  of	  E1	  +	  Number	  of	  E2*Weight	  of	  E2)	  /	  (Number	  
Sum	  *	  Weight	  of	  E0)	  
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Appendix C3: Experiment 1 Data: Relative Position 
 
E0: the relative position answer given by participant is correct:  
E1: ABS (answer given by user – correct answer ) = 1 
E2: ABS (answer given by user – correct answer ) = 2 
Weight for E0: 1      for E1: 0.5        for E2:0 

 

 
The	  Algorithm:	  Accuracy	  =	  (The	  number	  of	  E0	  *	  the	  weight	  of	  E0	  +	  the	  number	  of	  E1	  *	  the	  
weight	  of	  E1	  +	  the	  number	  of	  E2	  *	  the	  weight	  of	  E2)	  /	  (number	  sum	  *	  the	  weight	  of	  E0)	  
As	  the	  weight	  of	  E2	  is	  Zero,	  it	  can	  be	  simplifed	  as:	  Accuracy	  =	  (The	  number	  of	  E0	  *	  the	  
weight	  of	  E0	  +	  the	  number	  of	  E1	  *	  the	  weight	  of	  E1)	  /	  (number	  sum	  *	  the	  weight	  of	  E0)	  
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Appendix C4:  Experiment 1 Data: Q3 Flying Path 
 
Q3: Flying Path 

 
 

 
Data analysis:  
(Score	  0-‐2)	  
Criterial	  1	  The	  position	  of	  Rock	  
Criterial	  2	  The	  Starting	  position:	  (the	  position	  relation	  with	  the	  rock)	  	  
Criterial	  3	  Flying	  Path	  Shape	  (There	  are	  2	  turns)	  
Criterial	  4	  The	  Direction	  
  
The	  Algorithm:	  Accuracy	  =	  Score	  Sum	  of	  all	  of	  the	  criterials	  /	  8 
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Appendix C5: Question Paper for Interview in Experiment 1 
	  
Participant Identifier: _________________ 
 
Time: ____________________________ 
 
Recorder No._______________________ 
 
In the first experiment: 

When answering question 1, do you make use of any visual information to help you? 
 
When answering question 2, do you make use of any visual information to help you? 
 
When answering question 3, do you make use of any visual information to help you? 

 
In the second experiment: 

When answering question 1, do you make use of any visual information to help you? 
 
When answering question 2, do you make use of any visual information to help you? 
 
When answering question 3, do you make use of any visual information to help you? 

 
What is the difference between the first experiment and second experiment? 
(In which question, do you think the “yellow object” is most useful) 
 
 
Actually, the yellow object is a shadow,  
For the preparation of 2ndexperiment: 

1. What do you think of the color? 
 
2. What do you think of the shape? 
 
3. What do you think of the size? 
 
4. If you can change the attribute of the shadow: what do you want to change? The 

color, shape, transparency, Thickness and any others? 
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Appendix D1: Experiment 2 Part I log file & data (ms) 
Log file for time recording  

 

data   
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Appendix D2: Experiment 2 Part 1: Questionnaire  
	  
Order:	  Color	  Change	  Test	  first	  Or	  Style	  Change	  Test	  first	  
	  

	  
	  

Order:	  No	  Color	  Change	  first	  Or	  Color	  Change	  first	  
	  
Lying	  Shadow	  with	  No	  Color	  Change	  
When	  telling	  the	  moving	  status	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

 

Lying	  shadow	  with	  Color	  Change	  
When	  telling	  the	  moving	  status	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

Order:	  No	  Style	  Change	  first	  Or	  Style	  Change	  first	  
	  
Standing	  Shadow	  
When	  telling	  the	  moving	  status	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

 

Combined	  shadow	  with	  Color	  Change	  
When	  telling	  the	  moving	  status	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  
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Summary	  questionnaire:	  
1. When	  telling	  the	  moving	  status	  (Whether	  it	  is	  moving	  or	  stopped),	  Please	  

select	  the	  one	  you	  prefer	  
a. With	  Color	  Change	  (Yellow	  -‐>	  Moving	  	  	  	  	  	  	  Red	  -‐>	  Stopped)	  
b. The	  Combination	  (Standing	  -‐>	  Moving	  	  	  	  	  Lying	  -‐>	  Stopped)	  
c. None	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
____________________________________________________________	  
____________________________________________________________	  
____________________________________________________________	  

 

2. Color	  of	  the	  shadow:	  
Stopped:	  (Please	  select	  the	  color	  your	  prefer	  or	  specify	  other	  color	  you	  
prefer)	  

a. Red	  	  
b. Yellow	  
c. Blue	   	  
d. or	  other	  color___________	  
e. don’t	  mind	  
	  

Moving:	  (Please	  select	  the	  color	  your	  prefer	  or	  specify	  other	  color	  you	  
prefer)	   	  

f. Red	  
g. Yellow	  	  
h. Blue	  
i. or	  other	  color___________	  
j. don’t	  mind	  
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Appendix D3: Experiment 2 Part 2: data 
 
Q1: Flying Direction: 

 
 
Q2: Relative Position: 

 
 
Q3: Flying Path: 
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Appendix D4: Experiment 2 Part 2 Questionnaire  
	  

Lying	  shadow:	  
Order:	  1	  /2	  /	  3	  
In	  Question	  1:	  	  

When	  telling	  the	  moving	  direction	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  2:	  	  

When	  telling	  the	  relative	  position	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  3:	  	  

When	  drawing	  the	  flying	  path	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  
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Standing	  shadow:	  
Order:	  1	  /2	  /	  3	  
In	  Question	  1:	  	  

When	  telling	  the	  moving	  direction	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  2:	  	  

When	  telling	  the	  relative	  position	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  3:	  	  

When	  drawing	  the	  flying	  path	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  
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Combined	  shadow:	  
Order:	  1	  /2	  /	  3	  
In	  Question	  1:	  	  

When	  telling	  the	  moving	  direction	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  2:	  	  

When	  telling	  the	  relative	  position	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  

	  
	  
In	  Question	  3:	  	  

When	  drawing	  the	  flying	  path	  (How	  helpful	  do	  you	  think	  this	  shadow	  is)	  
(Most	  helpless)	   	   	   	   	   	   	   (Most	  helpful)	  

0	   	  	  	  	  	  1	   2	   3	   4	   5	   6	   7	   8	   9	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
______________________________________________________________	  
______________________________________________________________	  
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Summary	  Questionnaire	  	  
	  
Question	  1:	  
1. When	  telling	  the	  moving	  direction,	  Please	  select	  the	  one	  you	  prefer	  

a. The	  Lying	  shadow	  
b. The	  Standing	  shadow	  
c. The	  Combined	  shadow:(moving	  –	  Standing	  and	  stopped	  –	  Lying)	  	  

	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
________________________________________________________	  
________________________________________________________	  
________________________________________________________	  

	  
Question	  2:	  
2. When	  telling	  the	  relative	  position:	  Please	  select	  the	  one	  you	  prefer	  

a. The	  Lying	  shadow	  
b. The	  Standing	  shadow	  
c. The	  Combined	  shadow:(moving	  –	  Standing	  and	  stopped	  –	  Lying)	  	  

	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
________________________________________________________	  
________________________________________________________	  
________________________________________________________	  
	  

Question	  3:	  
3. When	  drawing	  the	  flying	  path:	  Please	  select	  the	  one	  you	  prefer	  

a. The	  Lying	  shadow	  
b. The	  Standing	  shadow	  
c. The	  Combined	  shadow:(moving	  –	  Standing	  and	  stopped	  –	  Lying)	  	  

	  
Why?	  Please	  specify	  the	  like	  and	  dislike	  
________________________________________________________	  
________________________________________________________	  
________________________________________________________	  

	  
Question	  4:	  
4. The	  color	  of	  Arrow:	  (Please	  select	  the	  color	  your	  prefer	  or	  specify	  other	  color	  

you	  prefer)	   	  
i. Red	  
ii. Yellow	  
iii. Blue	  
iv. or	  other	  color___________	  
v. don’t	  mind	  

	  
Question	  5:	  
5. Other	  Suggestions:	  

__________________________________________	  
_________________________________________	  
	  


