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Both blind and sighted persons may use echoes for detecting objects. 
The effect of object size on echolocation was tested in a listening 
experiment with 15 sighted participants. Noise burst of 500-ms were 
generated and recorded in an ordinary room, with and without a 
reflecting object. The diameter of the reflecting object was 0.25 or 
0.50 m, and it was located at a distance of 0.5, 1, 2, 3 m from the 
microphones. Pairs of sounds, one with and one without the object, 
were presented to the listeners. Their task was to decide which of the 
two sounds that were recorded with the reflecting object. The results 
showed that it was harder to detect the 0.25 than the 0.5 m object, and 
that performance generally decreased with distance. The auditory 
angle, which is a function of the size to distance ratio, was found to 
predict detection performance fairly well. 

 

Sighted individuals not only use vision to gather information about the environment. 
They also use sounds to support perception and guide actions. For example, you may 
call down a deep well trying to determine the distance to the bottom. For a person that 
lack vision distance information is mainly provided by the auditory system. Early 
studies showed that for obstacle detection aural stimulation is a necessity (Supa, Cotzin 
& Dallenbach, 1944). Brain imaging studies suggests that early blind people have 
enhanced their ability for sound localization under monaural conditions, by using 
occipital areas that usually are used for visual processing (Gougous, Zatorre, Lassonde, 
Voss & Lepore, 2005). Similarly, Poirier et al., (2006) found that blind people recruit 
occipital arias in auditory localization tasks. The onset of blindness may influence 
occipital recruitment but being born blind does not guarantee auditory plasticity, 
because a rich acoustical environment is important to develop auditory skills (Voss, 
Gougoux, Zatorre, Lassonde & Lepore, 2008).  

People can detect sound reflections (or echoes) from objects and use this information to 
detect and localize objects (Rice, Feinstein & Schusterman, 1965). Both blind and 
sighted persons can use echoes in object detection (Cabe & Pittenger, 2000). People are 
not usually aware of this ability because echoes are less intense than the direct sound, 
and the time between direct and reflected sound is very brief and often gets unnoticed 
(Stoffengren & Pittenger, 1995). people notice echoes when the time between the 
outgoing sound and the echo is fairly long, such as in the well example above.  

Even though both sighted and blind persons have the ability to echolocate objects, 
research suggests that blind persons have a higher sensitivity for echo signals (Després, 
Boudard, Candas & Dufour, 2005; Dufour, Deprés & Candas, 2005). Several studies on 
echolocation have compared blind and sighted persons (Deprés, Boudard, Canadas & 
Dufour, 2005; Kellog, 1962; Rice 1969; Schenkman & Nilsson, 2008; Supa, Cotzin & 
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Dallenbach, 1944). In general, these studies suggest that blind persons are better than 
sighted persons in echo localization tasks. Since sighted people mainly rely on vision, 
information that comes from echoes is ignored. When listening to echoes which are 
reflected back from objects it is possible for blind persons to detect objects without 
special devices such as cane (e.g., Kellog, 1962).  

The echolocation ability of humans have been compared to the one used by other 
animals like dolphins and bats. Both dolphins and bats emit a self generated high 
frequency sound to echolocate (Au, 2004, cited in DeLong, 2007; Suga & Shimozawa, 
1974). The frequency of the sound is very important for echo’s that are reflected by 
small objects, the higher the frequency the better resolution of the sound (Griffin & 
Suthers, 1970; Rice, Feinstein & Schusterman, 1965). This makes the bats superior in 
detecting small objects. The bats emit an ultra sonic cry, which returns as echoes from 
obstacles in their path (Griffin, 1944). Sound waves do not reflect well on surfaces that 
are smaller then the wavelength of the sound (Camhi, 1984, cited in Stoffregren & 
Pittenger, 1995). This means there is a theoretical limit of echolocation and object size. 
Frequencys that are above 20 kHz are very hard for humans to detect, the detectible 
object size limit for humans is around 2 cm. In comparison a bats limits is around 3 mm 
(Stoffregen & Pittenger, 1995). Humans also use self emitted sounds to assist in echo 
localization task, but the sounds are more moderate such as a click, a finger snap or a 
hiss sound. What sounds persons are using does not seem to affect the echolocating 
ability, there is no sound that is superior to another, it is likely to be a matter of 
personal choice (Rice, 1967). When blind persons move around the most common 
helping device for doing so is the long-cane. Schenkman and Jansson (1986) showed 
that echoes of long-cane tapping can be used to locate objects by echolocation.   

When trying to locate objects blind people often move their head in an angle from side 
to side. The angle can vary from 5 to 45 degrees (Kellog, 1962). This is called auditory 
scanning and is a combination of echo ranging and binaural localization. The echo 
sound waves change its intensity and phase when the head is moved form side to side. 
The difference in the echo that is received by the ears makes it easier to detect the 
object. Blind peoples echo acuity is a function of both the size of the object and the 
distance between the individual and the target. The greater, the distance is the bigger 
the object has to be to be detected (Kellog, 1962). Rice, Feinstein and Schusterman 
(1965) suggested that the auditory angle (α) maybe a useful measure for predicting how 
easy it is to echolocate objects, because it combines size of and distance to the object. 

 

Figure 1. Schematic illustration of the auditory angle (α) 
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The auditory angle is schematically illustrated in figure 1. It is calculated as follows: 

α = 2 arctan(r/d), (1) 

      where r is the radius of the object and d is distance between object and listener. 

To be able to echolocate, people are probably relying on various perceptual 
mechanisms at different distances such as repetition pitch and acoustic image 
(Schenkman 1985). When the distance between an object and the observer is long 
enough, the sound source and the reflecting sound will be perceived as two different 
sounds. This is called acoustic image (Wilson, 1966). A perceived change in pitch 
seems to be an important source of information for object detection (Cotzin & 
Dallenbach, 1950). When a sound and its repetition are highly correlated and added 
together after a time delay τ, the perceiver may hear it as a pitch. The pitch has a 
frequency close to 1/τ, and is often referred to as “repetition pitch” (Bilsen & Ritsma, 
1969). Repetition pitch makes it possible to detect objects even when a strong direct 
sound mask the perception of its echo. Repetition pitch is a function of the time 
difference between direct and reflected sound which makes obstacles at longer 
distances harder to detect. When a sound is added with its repetition the sound is also 
perceived as stronger or louder. Even though a fused sound would be perceived as 
louder than a direct sound with no reflection, loudness may not be a main source of 
information in object detection. Some findings suggests that the difference often is 
below  the threshold of loudness discrimination (Cotzin & Dallenbach, 1950).  

Typically, experiments on echolocation have used real obstacles hanging from the roof 
in real rooms (Rice, 1969), and had participants walk back and forth toward an object 
(Schenkman, 1985). Consequently, only a small number of stimulus presentations could 
be tested.  In the present experiment, a new technology was used, based on binaural 
recordings of reflected sounds, which are presented in experiments using earphones 
(Schenkman & Nilsson, 2008). This makes it possible to conduct echolocation studies 
in listening laboratories under controlled situations.  

The present experiment used sighted listeners, in order to determine echolocation 
ability in persons with no special experience or training in using auditory information 
for detecting objects. Thus, the present data may be used as reference for later studies 
involving blind persons. The main purpose of the present experiment was to evaluate 
the effect of object size on echolocation. Echo-location was defined as the ability to 
discriminate between sounds recorded with or without a reflecting object. Sounds 
emitted from a loudspeaker was recorded in the presence (or absence) of an object of 
0.25 or 0.5 m diameter, at 0.5 to 3 m distance from the microphones.  

Specifically, three questions were asked: 
1 How does object size effect echolocation? 
2 How does distance between the person and the object effect echolocation? 
3 Can echolocation ability be predicted from the auditory angle (Eq. 1)?  
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Method 

 
Participants 
The experiment included 15 participants (7 men and 8 women). The average age was 
26 (SD=6) years. The participants were sighted students at the Department of 
Psychology at Stockholm University. All participants were tested for normal hearing 
using an audiometer (Interacoustics Digital Audiometer AD226, the Hughson Westlake 
method). The tested frequencies was 125, 500, 1000, 2000, 3000, 4000 and 6000 hertz. 
No participant had a hearing loss of 20 dB or more in their best ear. Three participants 
had reduced hearing at 6000 Hz in their worst ear (40-50 dB). The participants were 
given student credits for their participation. 
 
Procedure 
The experiment took place at a sound laboratory in a soundproof room. Before the 
listening task started all the participants was tested for normal hearing. The rage for 
normal hearing was set between 0-20 dB for the 6 frequencies that was tested. To 
resemble blind peoples conditions the participants were blindfolded during the 
experiment.  
 
The sounds were played from a computer and the participants listen to them through 
headphones The listening task was to decide which of two sounds that were recorded in 
the presence of an reflecting object, that is, a two-alternative forced-choice method 
(2AFC).  The listeners made their choice by pressing either 1 if they thought that the 
object was present in the first sound and 0 if they thought that the sound was present in 
the second sound. After they had made there choice they pressed the enter key. They 
were given feedback immediately after each trial, and they could take as much time as 
needed to respond. A short series of 20 trials was run so that the participants could 
practise before the actual experiment begun.  
 
The experiment was divided into 8 sessions, corresponding to 2 (sizes) x 4 (distance) 
experimental conditions. The order of the eight sessions was random and different for 
each listener. Each session included 56 trials. In each trial two sounds were presented. 
One recorded without an object, and the other recorded with an object of given size and 
distance to the microphone. The participants were able to take short breaks after each 
session and a longer break after the forth session. The sound pressure level of the sound 
was approximately 79 dB, without reflecting object, and at most approximately 9 dB 
higher in the presence of a reflecting object (for the larges size, 0.5 m, and shortest 
distance, 0.5 m). 
 
After the 8 sessions were completed the participants, were asked to report what cues 
they used in the sounds to determine if there was an object present. An analysis of these 
free verbal reports were made and compared with the results of the listening task. 
 
Experimental sound 
The experimental sounds were recorded in a conference room. A 500-ms white noise 
was emitted from a loudspeaker placed on the chest of an artificial head (see Figure 2). 
The loudspeaker’s lower edge was 1.42 m above the floor and its upper edge 1.58 m 
above the floor. The recording personnel were in an adjacent room at the time of the 
recordings. The sound reproduction and recording equipment was located on the floor 
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in the conference room. The recordings were made with and without objects in front of 
the artificial head trough small microphones in its ears, and stored digitally. The object 
that were placed in front of the artificial head was a thin aluminium plate (1.50 mm) 
with a diameter of 0.25 and 0.5 m. The object hung in a thin nylon wire attached to a 
plastic cable across the room at the height of two meters. The distance between the 
microphones of the artificial head and the object was 0.5, 1, 2, or 3 m. Thus, the present 
experiment included 2 (size) x 4 (distance) = 8 types of experimental sounds to be 
compared with recordings conduced without the reflecting object. (See Schenkman & 
Nilsson, 2008, for further details on the recording set up.) 
 
 

      
 
Figure 2. Recording setup in the conference room with the 0.5 m diameter object at 3 m 
distance from the microphones of the artificial head (from Schenkman & Nilsson, 2008).  
 
 
Apparatus 
To reproduce the sounds a loudspeaker and amplifier were used (Sony SRS-D4 with 
sub woofer disabled), a high-quality sound card (VX Pocket 440), a portable computer 
(IBM X40) and software for sound reproduction, 24 bit/48 kHz (Sound Forge 8.0). 
 
The recording equipment was a Head and Torso Simulator for binaural recordings, 
including an internal microphone and preamplifier (Brüel and Kjær type 4100, two 
microphones type 4190 and two preamplifiers type 2669) a 4-channel conditioning 
amplifier (NEXUS Brüel and Kjær type 2690 A 0S4), a portable computer (Dolch 
NPAC-Plus P111), a sound card, two cannel analogue input (Lynx Two Model C), a 
software for sound recording, 24 bit / 48 kHz (Sound Forge 6.0), and a calibrator (Brüel 
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and Kjær typ 4231 plus adapter model 0887) which together with an adapter for a 
binaural head gives a signal of 1kHz at 94.5 dB (Schenkman & Nilsson 2008). 
 
A wireless keyboard was used as a response device. The key 1 at the top to the left of 
the keyboard, and the key 0 at the top to the right were marked by small plastic dots so 
the blindfolded participants could find them. The enter key was also marked but with 
two plastic dots and it was pressed when the participants had made there choice. 
 
A script written in MATLAB was used throughout the experiment for presenting 
sounds and collecting responses. The participants listen to the sounds from the 
computer via headphones (Sennheiser HD600). 
 

 

 

 
 

▲= 0,25 diameter               
      ● = 0,50 diameter 

 
Figure 3. The proportion of correct responses for each participant as a function of 
distance to object, separately for object size of 0.25 (triangles) and 0.5 m diameter 
(circles).  
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Results 
 
The result was expressed as the proportion of correct responses, p(c), for each listener 
and experimental condition. For the analyses of variance (ANOVA) and the t-test, an 
arcsine transformation was used, in order to compensate for the heteroscedasticty of 
proportions (Howell, 1997, pp. 322-323). 
 
Figure 3 shows the p(c) responses for each participant as a function of distance to 
object, separately for object size of 0.25 (triangles) and 0.5 m diameter (circles). All 
participants had values of p(c) close to 1.0 for the shortest distance (0.5 m). The 
exception was participant number 1 whose p(c) was below 0.5 at the closest distance 
(0.5 m) for both object sizes (0.25 and 0.50 m diameter). Apparently, this listener had 
not understood the listening task, and therefore the data from this participant was 
excluded from all further analyses. 
 
Table 1. Mean and standard deviation of proportion of correct responses by object size, 
distance and auditory angle. 
 Object size            Distance                Auditory angle ◦        Mean (SD) proportion of 
                                         correct responses (n=14)
       
0.25  0.5         53.1  0.97 (0.04) 
   1         28.1  0.88 (0.14) 
   2         14.4  0.53 (0.08) 
   3           9.5  0.58 (0.11) 
0.50   0.5         90.0  0.99 (0.03)  
  1         53.1  0.95 (0.14) 
  2         28.1  0.85 (0.17) 
  3         18.1  0.51 (0.06)  
 
Table 1 shows the mean and the standard deviation of p(c) for 14 participants. The 
mean p(c) is also shown if Figure 4. The mean percentage for both object sizes at the 
closest distance (0.5 m) were close to 1.0 for both object sizes (M=0.94 and M= 0.95,) 
indicating no effect of object size at this distance. For the 1 meter distance, an object 
size difference could be discern (M=0.85 and M=0.92). A substantial difference in 
mean p(c) was seen between the object sizes at the 2 meter distance (M=0.53 and 
M=0.85). The difference between detection of the objects at the 3 m distance was small 
(M=0.56 and M=0.51). The result at this distance differed from the results from the 
others distances. At the 3 meter distance the proportion of correct responses was 
slightly better for the 0.25 m diameter object then it was for the 0.50 m diameter object.   
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Figure 4. The mean proportion of correct responses for 14 participants (excluding 
participant no. 1), as a function of distance to object, separately for object size of 0.25 
(triangles) and 0.5 m diameter (circles).  
 
A 2 (size) x 4 (distance) within subject Analysis of Variance (ANOVA) was conducted 
on arcsine transformed p(c) values. The result of the analysis is summarized in Table 2. 
The ANOVA showed that the two main effects, as well as, the interaction effect was 
statistically significant (p<0.001 for all effects). The strongest effect of object size was 
found at 2 m distance, corresponding to 0.32 units of p(c), see Figure 4. A post-hoc 
paired-sample t-test, using arcsine transformed p(c)-values, showed that this difference 
was statistically significant t13= 6.023; two tailed p= 0.001 with a substantial effect size, 
d = 1,6.  
 
 
Table 2. Analysis of Variance for arcsine transformed proportion of correct responses 
          SS      df                 MS     F        p   partial η2

     
Distance        26.69       3  8.90 147.12    <0.001 0.92
    
 
Error          2.36     39  0.06 
 
Size          1.94       1  0.20   32.70    <0.001                0.72 
 
Error          0.77     13  0.06 
 
Distance*Size  3.53       3  0.20   13.72    <0.001                0.51 
 
Error          3.34      39  0.09 
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Auditory angle 
Figure 5 shows p(c) as a function of auditory angle, separately for the 0.25 (triangles) 
and 0.5 m diameter object (circles). The data points for the two object sizes coincide in 
a regular pattern and similar p(c) were found for conditions with equal auditory angles.  
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Figure 5. The relationship between mean proportion of correct responses and auditory 
angle (see Eq. 1), separately for object sizes of 0.25 (triangles) and 0.5 m diameter 
(circles). 
  
 
Free verbal report 
When participants were asked how they were discriminating between the sounds, most 
listeners said that they experienced a change in pitch, or that the sound got stronger or 
louder for easier trials (0.5, 1 m distance for both object sizes and 2 meter distance for 
the 0.50 m object). If the pitch seemed higher there was an object present. They also 
experienced the sound as sharper and faster when the object was present. For the more 
difficult trials (2m distance for the 0.25 m diameter object and 3 meters distance both 
object sizes) it was difficult for the participants to explain what information they were 
using. Some tried to visualize the object in front of them, others admitting guessing.  
 
Table 3. summarizes the verbal reports. After analyses of the result, the trials have been 
divided into easy conditions and hard conditions. Easy conditions: 0.5 meter distance 
both object sizes, 1 meter distance both object sizes, 2 meter distance 0.50 m diameter 
object. Hard conditions: 2 meter distance 0.25 diameter object, 3 meter distance both 
object sizes. 
 
 
 
 
 
 
 
 
 
 



 10

 
Table 3. Analysis of free verbal reports of cues used for echolocation. 
Participants’ Easy conditions  Hard conditions  
 
1*  ---   --- 
2  higher tone   visualize 
3  sharper   muffled 
4  higher, melody  nothing  
5  higher   nothing 
6  bright sound   nothing 
7  echoes   nothing 
8  pitch   visualize 
9  stronger   nothing 
10  pitch   nothing 
11  muffled=no object  nothing 
12  pitch,stronger,melody  nothing 
13  higher   keep in memory 
14  stronger   guessing  
15  brighter   nothing 
*Data was not gather from participant no. 1 

 
 

 
 

Discussion 

The main purpose of the present study was to investigate the effect object size on 
echolocation, defined as the ability to discriminate between sounds recorded with or 
without a reflecting object. The result indicated that object size had an effect on 
echolocation. It was harder for the participants to detect the 0.25 m object than the 0.50 
m object. The difference between object sizes was greatest at 2 meter distance, being 
smaller for both shorter and longer distances. The result agrees with Schenkman and 
Jansson (1986) who found that object detection depends on the interaction between 
object size and distance. The present results suggest that the effect of size and distance 
on echolocation may be predicted from the auditory angle. This has previously only 
been shown for much smaller objects at closer distances (Kellog, 1962).  

The greatest effect of object size was found at 2 meter distance, at which the majority 
of the participant could detect the 0.5 m, mean p(c) = 0.88,  but not the 0.25 m diameter 
object, mean p(c) = 0.5. This suggests a 2 meter breaking point or threshold for sighted 
person’s ability to detect objects of diameters between 0.25 to 0.5 meters. Further 
studies would be needed in order to determine whether this threshold distance is larger 
for blind persons.  

The main source of information for the closest distances (0.5 m and 1 m) and for the 
0.50 m object at 2 meter is likely to be repetition pitch. Previous studies have suggested 
that loudness discrimination in similar listening tasks is not within the rage of human 
hearing, suggesting that loudness often is not a useful source of information in object 
detection. (Cotzin & Dallenbach, 1950). But more recent studies suggest that loudness 
discrimination could be an important factor in object detection at 0.5 m and 1 m 
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distance (Schenkman & Nilsson, 2008). The free verbal reports from the participants in 
this study shows that difference in loudness could be a source of information for the 
closest distances (0.5 m and 1 m).  

At the 3 meter distance it was difficult to detect the objects no matter what size. The 
proportion correct responses were around 0.5 for both object sizes. This means that the 
participants were mainly guessing. There was no source of information available that 
could help the participants to discriminate between the two sounds. Surprisingly, 10 out 
of 14 subjects performed slightly better in detecting the 0.25 diameter object (p(c) = 
0.56) than the 0.50 diameter object (p(c) = 0.51). It was also surprising that 8 out of 14 
participants performed better for the 0.25 diameter object at 3 meter than at 2 meter. 
This result may be an artefact related to irregularities in the sound environment during 
recordings. One possibility is that external noise, for example, a ventilation system, 
changed character during recordings with the 0.25 size object at 3 m. This might have 
given the listeners a cue, which was absent in the recordings without a reflecting object. 
Some support for this was given by one of the participant’s free verbal reports, which 
stated that in one of the more difficult trials it sounded like there were several different 
sounds. This may suggest the presence of faint external sounds in the recordings.  

One purpose of the study was to look at the relationship between p(c) and the auditory 
angle. The results suggested that p(c) is a function of audible angle, which thus may be 
used as an indictor of echolocation. This is seen at the 0.5 m distance for the 0.25 
diameter object, and at the 1 m distance for the 0.50 diameter object. The auditory 
angle, 53.1º, was the same for both these conditions, and the proportion of correct 
responses was very similar (approx. 0.96). Similarly, at the 1 m distance for the 0.25 
diameter object, and at 2 m distance for the 0.50 diameter object. The auditory angle, 
28º, was the same for both these conditions, and the proportion of correct response was 
very similar (approx. 0.86). This suggests that the auditory angle may be a useful model 
of the joint effect of object size and distance on the ability to echolocate objects. The 
results also suggest that echolocation is difficult for objects and distance with angles 
below 15º (in the present experiment, mean p(c) was below 0.6 for these angles). 

Previous research suggests that different perceptual mechanisms are involved in 
echolocation of objects at various distances (Schenkman 1985). This agrees with the 
results of the free verbal reports gathered in the present experiment. Most participants, 
10 out of 14, reported what could be considered as a pitch change for the easier trials 
0.5 m, 1m and 2 m for the 0.50 diameter object. When an object was present, they 
reported that the sound seemed higher, stronger or had higher pitch. At longer distance, 
the most common answer was that they did not perceive any clue at all. Two of the 
participants tried to visualize a presence of an object. This indicates that pitch 
mechanisms like repetition pitch (Bilsen & Ritsma, 1969) is important in object 
detection by echolocation. Perhaps a better performance by blind people in similar 
echolocation tasks is due to a higher sensitivity for pitch differences.  

Using the artificial head in experiments on echolocation has an advantage compared to 
previous experiments. The participants either had to walk back and forth in a room 
which could be very tiring (Schenkman, 1985), or they sat still while the experimenter 
hung objects in front of them (Rice, 1969). This type of experiments took a very long 
time to conduct, and it was also very tiring for the participants. In addition, it could not 
be ascertained that the participants used other types of information apart from echo 
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detection. By using the recordings from an artificial head, it's possible to conduct large 
number of trials, have large number of participants per experiments and to achieve full 
control the experimental situation. Even though there are benefits of using this 
technique in echolocation experiment, there might be a slight problem with the choice 
of sound source. Many of the participants in this study got a bit confused over the 
sound. They reported that the sound got irritating after a few trials, and that they got 
tired with listening to it. Rice (1969) criticizes the facts that many investigators have 
used electrical signals in studies of how echoes are perceived and used by humans. 
People tend to use different kinds of sounds to develop the skill of echolocation. Some 
of the participants in this study complained that the sound sounded to unrealistic almost 
like compressed air. As a consequence, it was difficult for some participants to maintain 
their concentration on the task. One participant said that he thought he would do a lot 
better if the sounds were familiar to him, like a finger snap, tongue click or a hand clap. 
One problem with this though is that it is really difficult to find a sound that everyone 
can accept. The sound source must be the same for every participant, to avoid that it is 
the preference of sound rather then the echolocation ability that effect object detection.  

When blind people navigate in the environment they can get important information 
about the surroundings through echolocation. Even though blind persons often excel in 
echolocation tasks not all have this ability. This experiment have shown that both the 
size of an object and the distance between the listener and the object affect detection of 
the object. Some research suggests that echolocation ability is experience- depended 
and able to be taught by training (Tylor, 1966). This suggests that it is important for 
blind people to get as much relevant practise as possible and to be able to more freely 
self-navigate in the environment. If it is possible to enhance their sensitivity for echo 
cues with modern technique, like creating a computer based training program it would 
be of great benefit for these individuals. 

 
Even if some blind persons are very good in echo location, a simple walk down the 
street, in a park or in other public places could be a hazardous thing to do. As they are 
at a risk of tripping over small obstacles like commercial signs, flower pots and garden 
lights, which often are placed there to create a cheerful atmosphere. This study has 
shown that it may be hard to detect medium sized objects, if the distance to the object is 
more then two meters, at least for sighted persons. Further studies on blind persons are 
needed in order to validate the present results. However, it is likely that newly blind 
persons would perform similarly as the sighted persons in the present experiment Thus, 
the present results have implications for design of areas where blind persons are 
moving. Taking normal walking speed into consideration, a 2 m distance does not allow 
much time to react before tripping over. With an enhanced awareness of this, planners 
may be more careful about how they decorate public places. It would be an advantage 
for blind persons if at least sidewalks were kept free from obstacles.  
 
To conclude, this study showed that there is a significant effect of object size on 
echolocation abilities, defined as the ability to discriminate between sounds recorded 
with or without a reflecting object. The greatest effect of object sizes was found for the 
2 meter distance.  It was really hard for the listeners to detect objects at 3 meter 
distance no matter what object size. Finally this study suggests that the auditory angle 
may be used as an indicator of how easy it is to detect an object by echolocation. 
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