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To measure thresholds of human echolocation ability researchers need 

an automated system for the possibility to present a large set of stimuli. 

Previous studies have used recorded sounds or simulated sounds, 

allowing strict stimulus control at the expense of ecological validity. 

The purpose of this experiment was to test an automated system, that 

uses real objects. Fifteen participants tried the system and the task was 

to detect the presence of a disc, only using sound reflections. Detection 

thresholds as a function of distance to the reflecting object were 

determined using an adaptive staircase method. The mean threshold 

across participants was 1.7 m, which is in line with previous studies, 

using earphone presented sounds. Fairly large variability across 

individuals was observed. Two individuals performed very well with 

thresholds of > 2.5 m. Overall, the present experiment shows that the 

automated measuring system works well for assessing human 

echolocation ability. 

 

 

Blind people use echolocation to navigate in the environment. They detect and localize 

objects using sound reflections from the objects. The sounds may be self-generated, such 

as tongue-clicks, sounds from the white cane or from echolocators footsteps or sounds 

that exist naturally in the environment like those from traffic or other people. 

Echolocation involves both detection and localization. In that way “Echolocation” is a bit 

confusing, since it is not only about locating an object, but also detecting the object. The 

present study concerned the detecting aspects of echolocation. In this echolocation 

experiment, the question for the blindfolded participants was “Is there an object in front 

of me or not?”. To answer the question, they had to rely on their hearing to detect the 

sound reflections from the object.  

Several perceptual phenomena play a role in echolocation. One of them is perceptual 

fusion which means that the direct sound and the reflecting sound (lagging sound) are 

perceived as one single sound. That happens when the delay between the direct sound and 

the lagging sound is brief. The duration at which a person perceives two sounds, instead 

of one, as in perceptual fusion, is the echo threshold. The echo threshold can vary between 

individuals and lies between 4 and 10 ms (Brown et al., 2014). Perceptual fusion is one 

of several phenomena subsumed under the term “the Precedence effect”. Some studies of 

the location aspect of echolocation have focused on other precedence effect phenomena 

that relates to how reflections are localized from the right side or the left side of the head 

(Rowan et al., 2017; Nilsson & Schenkman, 2016).  

 

Not every blind person uses echolocation. Echolocation ability seems to correlate with 

the onset age of blindness (Teng et al., 2012). It is still unclear whether this depends on   
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that the brain cannot develop this ability later in life, or that the ability is depending on 

how much practice a person gets in life. Some researchers found results that speak for the 

possibility to improve the echolocation performance after practice (Saberi & Perrot, 1990; 

Schörnich et al., 2012), but other researchers have failed to replicate that (Litovsky et al., 

2000). Another view is that newly blind persons must train the echolocation ability very 

systematic and during a long period to reach a level of good functioning (cf Saberi & 

Antonio, 2003). 

 

The self-generated sounds, mostly tongue-clicks, that blind people use for echolocation 

are typically brief but with high energy. Some blind persons have trained themselves to 

use a very special and extraordinary tongue-click, that gives them an echolocation ability 

of a performance level comparable to bats (Thaler et al., 2017). In the present study I used 

a click sound, that was simulated from recordings of self-generated clicks by an expert 

echolocater. 

 

At least two things happen when the distance from a sound-reflecting object increases: 

(1) the time it takes for the reflection (lag click) to reach the participant increases and (2) 

the amplitude of the reflection decreases (illustrated in Figure 2). These factors relate to 

perception in different ways. The longer the time delay between the direct and reflected 

sounds, the less likely it is that the two sounds are perceptually fused. This may benefit 

detection of the reflected sound. At the same time, however, the amplitude decreases 

when the distance increases. Therefore, the reflecting sound is lower and harder to detect 

when the reflecting object is further away (Kolarik et al., 2014; Rowan et al., 2017; Thaler 

et al., 2017). 

 

Schenkman and Nilsson (2010) compared sighted and blind people in their study of 

echolocation. The participants listened to pre-recorded sounds, recorded in two different 

rooms: an ordinary conference room and an anechoic chamber. The sighted participants 

in Schenkman and Nilsson had on average a threshold of approximately 1 meter for sound 

recorded in the anechoic chamber and about 2 meters in the ordinary room. The 

experiment in the present study used a room with a reverberation time of about 0.1 s 

which is more than in an anechoic room but less than in the conference room of 

Schenkman and Nilsson (0.4 s). It is therefore reasonable to expect an average 

performance between 1 and 2 meters in the present experiment. 

 

Human echolocation has been studied for many years, (Donald Griffin was the first to use 

the term of echolocation in 1944) but different methods give different problems. Kellogg 

(1962) used real objects that were manually moved between experimental trials. This is 

time consuming, and makes it practically impossible to use the large set of stimulus 

presentations required to determine thresholds using advanced psychophysical methods. 

Another method is therefore to use pre-recorded sounds as in the study by Schenkman 

and Nilsson (2010). The disadvantage of this method is that the ecological validity of the 

stimuli may be questioned as it relies on the accuracy of stimulus recordings and 

presentations. The same problem arises in studies with simulated sounds. In addition, it 

is still unclear how the material of the object, different distances to the object, surrounding 

objects, the interaction with the environment etc., affect echo localization. It is therefore 

valuable if you can combine an automatic test system with real reflection sounds. Brown 

et al (2014) write in their review article that studies that use naturalistic stimuli with real 
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reflections also will elucidate which effects affect the listening in the real world. For 

example, it is still unclear which aspects are plastic and which are “hardwire”, not 

possible to change with training. 

 

The purpose of this study was to evaluate a new automated system that measures human 

echolocation ability of real objects. The automated system moves a disc along a rail 

depending on the performance of the participant. The present study is the first test of this 

system. This was done by using it for measuring individual echolocation thresholds for a 

group of sighted individuals with no prior experience (13 participants) or very little 

experience (2 participants) of echolocation. In addition, the study explored individual 

strategies by simply asking what the participants were listening for when trying to detect 

the reflecting object. I was also interested in whether there was a tendency to perform 

better as the test went along (short-term learning effects). All together this hopefully will 

answer the question if the instrument may be useful in future studies of human 

echolocation ability and open up the possibility of varying environments, different 

materials and sizes of the object. 

 

Method 

 

Participants 

Fifteen participants were tested (mean age = 27 years). They were all students at the 

Department of Psychology, Stockholm University and they were all informed about the 

ethical principles before the experiment. All participants were sighted and had to wear a 

blindfold during the experiment. Two of them (participant P4 and P5) had experience 

from echolocation experiments before. The participants hearing status was tested using 

an audiometer (Interacoustic Diagnostic Audiometer, model AD226). Pure-tone 

thresholds were measured with the Hughson Westlake method, testing each ear for the 

frequencies 500, 1000, 2000, 3000, 4000 and 6000 Hz. The result showed that all 

participants had normal hearing, defined as 20 dB HL or lower in the best ear of the tested 

frequencies.  
 

Automated system 

A reflecting object (aluminum disc with a diameter of 50 cm) was mounted on a small 

wagon that was moveable along a rail (see Figure 1). The wagon is driven by a motor 

controlled by a computer that positions the disc at a location along the rail depending on 

the performance of the participant. The participant was placed in front of the disc, with 

the chin fixed on top of a loudspeaker used to generate the click sound. The distance 

between the participant's ears and the disc at its closest distance was 70 cm (the 

loudspeaker was about 60 cm from the disc). For each trial, one of two disc positions was 

randomly selected by the automated system: (1) non-reflecting mode, disc rotated 90 

degrees to not reflect any sound (see Figure 1, left) or (2) reflecting mode, disc facing the 

listener (see Figure 1, right). The participant had a small keyboard with two buttons for 

answering the dichotomous question “Was the object there or not”. Directly after the 

answer, the participant received verbal feedback (“Correct” or “Wrong”) from a separate 

loudspeaker and the disc was moved to another or the same location, depending on the 

rule of the staircase procedure (see Procedure section below). To avoid that the 

participants used the sound from the moving echobot to determine the position of the disc, 

a masking noise was played while the echobot was in motion. 
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Figure 1. Blindfolded participant seated in front of the disc, with his chin on the loudspeaker, 
used to generate the click sound. Left: The disc in non-reflecting mode (rotated 90 degrees) at 
a distance of 0.7 m. Right: The disc in reflecting mode (rotated 0 degrees) at a distance of 1.2 
m.  

 

Echolocation signal 

The recorded click was taken from Thaler et al (2017). It is a short click (2–3 ms) with 

dominating frequency around 3–4 kHz. Its peak sound pressure level was 87 dB, 

measured at 1 m distance directly in front of the loudspeaker. (See Thaler et al, 2017, for 

a detailed acoustic characterization of the click, which they called EE1). Figure 2 shows 

the result of acoustic measurements of the click in the presence of the disc at four 

distances from the position of the participant’s head. The upper graph in each diagram 

shows recordings with the disc in non-reflecting mode, the middle graph shows 

recordings with the disc in reflecting mode, and the lower graph shoes the difference 

between the upper and lower graph. The click is seen at about 4 ms in the upper and 

middle graph of each diagram. The reflection is visible thereafter in the middle and lower 

graph, at a time increasing with the distance to the disc and at an amplitude that is 

decreasing with the distance to the disc. 
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Figure 2. Amplitude versus time measured at the position of the participant´s head (see Figure 
1), with disc in the non-reflecting mode (upper graph in each diagram) and reflecting mode 
(middle graph in each diagram). The lower graph in each diagram shows the difference wave 
between reflecting and non-reflecting mode. Data are shown for the distances 0.7 m, 1.7 m, 
2.7 m and 3.7 m between microphone and reflecting disc. The reflection from the disc is visible 
in the middle and lower graph of each diagram 

 

Procedure 

For each participant, 12 threshold estimates were obtained, one from each of 12 sessions. 

Each session contained 35–60 trials, depending on the performance of the listener. There 

were three breaks after session 3, 6 and 9 and the experiment lasted for 1.5–2 hours. I 

used the Single - Interval Adjustment Matrix (SIAM) yes - no task which is an ”efficient 

bias-free adaptive procedure for estimating absolute thresholds” (Shepard & Hautus et 

al., 2011). The participants were using either the left button to answer; “Yes, object was 

reflecting” or the right button to answer; “No, object was not reflecting”. Those answers 

were classified as either (1) “Hit”, for a “Yes” when the object was in reflecting mode, 

(2) “No” when the object was in non-reflecting mode, (3) “Miss”, for answering “No” 

when the object was in reflecting mode, (4) “False alarm” for answering “Yes” when the 

object was in non-reflecting mode. Each type of answer affected the distance to the disc 

in the next trial as follows: (1) “Hit” increased the distance 25 cm, (2) “Correct rejection” 

did not affect the distance (disc remained where it was), (3) “Miss” decreased the distance 

25 cm, and (4) “False alarm” decreased the distance 50 cm. The adaptive staircase 

continued until 12 reversals were reached and the threshold was defined as the average 

of the ten last reversals (see Figure 3).  
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Figure 3. Adaptive staircase using the Single-Interval Adjustment Matrix (SIAM) yes-no task 
(Shepard & Hautus, 2011). The figure shows the staircase from one of the sessions of 
participant P3 (called 8003 in the data file). The threshold estimate (1.7 m) was calculated as 
the mean of the ten last reversals (reversals are circled).  

 

 

Before the experiment began, the participants went through a demo session where they 

could hear the click and see the two modes of the object. After that they practiced 

blindfolded to hear the difference between the direct sound and the lagging sound when 

the object was at its closest distance, 0.70 m. When the participant could hear that and 

was ready to begin, they were left alone in the room, and the experiment began. One 

participant (P14) had difficulties hearing the disc at the closest distance in the practice 

session, but agreed to start the experiment after a large number of practice trials. 

 

In the breaks after session 3, 6 and 9, the participants were asked to freely describe the 

strategy they used for detecting the disc.  

 

Result 

 

Across all participants, the mean threshold was 1.7 m (median was almost the same; 1.6 

m). There were however considerable variations across individuals in mean threshold 

estimates (Figure 4). Note that the mean performance (12 sessions) of an observer 

responding randomly, would fall in the interval 0.88 to 0.98 m 95% of the time (dark grey 

region in Figure 4) with 95% of single threshold estimates in the interval 0.8 to 1.2 m 

(light grey region in Figure 4). Two of the participants (P14 and P2) were performing 

close to chance level. Participants P4 and P15 were just better than expected by chance  
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Figure 4. Individual threshold estimates. Open circles refer to threshold estimates from 12 
sessions. The black bar shows the mean estimates over the 12 sessions. The individual results 
are displayed along the x-axis in order from worst to best performing participant. Individual 
threshold estimates from a random responder would 95 % of the time fall in the light grey area 
and mean estimates of a random responder (12 sessions) would 95% of the time fall in the 
dark grey area. 

 

 

with a mean threshold of 1.2–1.3 m. A large group of participants (P5, P7, P13, P3, P10, 

P9) reached a distance between 1.5 and 1.7 m and three of the participants (P11, P8, P1) 

performed around 2 m. P6 and P12 performed best, 2.7 and 3.3 m respectively. Among 

the participants performing better than chance, the difference between the mean of the 

best (P12) and the worst (P4) performing participant was about 2 m. 

 

To explore training effects, I calculated the rank-order correlation (Spearman) between 

session number (1–12) and threshold estimate, separately for each participant. No 

systematic trend of increasing performance with session number was found: The rank- 

order correlation ranged from -0.47 to 0.68 with a mean of 0.11. 

 

The variability within participants was on average 1 m calculated as the range of 

individual threshold estimates (difference between best and worst of 12 threshold 

estimates). Some estimates may however be considered as outliers (e.g., the best estimate 

of P1, see Figure 4). The range within individuals was on average in 0.8 m after excluding 

each participant´s best and worst threshold estimate.  

 

Even if most of the participants could hear a difference between the two sounds, their 

ability required different strategies. When I asked about the strategies for hearing the 

sound differences, P12 told me that she heard double sound. P4 was not sure about the 

differences but assumed that the reflecting sound was a little bit louder. Other strategies 

were to follow the feeling. One of the participants (P8) had that strategy and described it 

as a feeling like wind to her skin. She performed much better than chance. 
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Table 1. Participants in order of performance and their strategies for detecting the disc. 
 
 
 
Participants 

 
 
Mean treshold estimate (m) 

 
 
Strategy 
 

 

P14 

 

0.95 Reflecting sound is sharper 

P2 1.0 Reflecting sound is different 

P4 1.2 Reflecting sound is sharper 

P15 1.3 Hear two sounds 

P5 1.5 Reflecting sound is sharper 

P7 1.6 Reflecting sound is sharper 

P13 1.6 Reflecting sound is sharper 

P3 1.6 Reflecting sound is sharper 

P10 1.7 Cannot explain 

P9 1.7 Hear two sounds  

P11 2.0 Hear two sounds 

P8 2.0 Cannot explain, it is a feeling 

P1 2.1 Cannot explain 

P6 2.7 Hear two sounds 

P12 3.3 Hear two sounds 

 

 

Discussion 

 

The main result of this experiment was (1) that 13 out of 15 participants were able to 

detect the disc, they performed better than expected by chance and (2) that the individual 

variation was large, ranging from random performance (2 participants) to detection of the 

disc at > 2.5 m distance (2 participants). The result in this study with a mean performance 

for 15 participants of 1.7 m supports previous research on echolocation ability 

(Schenkman & Nilsson, 2010) and the tested automated system is suggested as a useful 

instrument for measuring thresholds in future studies. 

 

The majority of the participants did hear a difference between the reflecting sound and 

non-reflecting sound when the disc was close. They heard the sound from the sound 

source, mixed with the reflecting sound and perceived that combined sound a bit louder 

or sharper than the sound from the sound source alone. That phenomenon is perceptual 

fusion and can be used to detect objects, close in front of the non-sighted person. When 

the object is farther away, the difference between reflecting and non-reflecting sounds are 

more difficult to hear. 

 

Some participants did not hear the direct and reflecting sound as one sound (perceptual 

fusion). Instead they heard two sounds when the object was at a farther distance. For 

them, the loudness or sharpness was not as important as the ability to perceive the direct 

sound and the reflection as separate sounds. In general, there was a trend for better 

performance to hear two sounds rather than relying on the sharpness (P15 is an exception). 
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That is interesting while the ability to hear two sounds rather than one when a silent gap 

(< 5 ms) separates the two sounds, is an ability that use to explain blind people´s skill 

compared to sighted persons (Thaler & Castillo-Serrano, 2016). Does that ability depend 

on a lower echo threshold? All participants were tested in an auditory test before the 

experiment began but is it possible to even test their echo threshold to see where the best 

performers start to hear two sounds instead of one?  

 

In the present study, the results did not show any clear training effect, but the participants 

experimental time was only about two hours. Future experiments will show if there are 

training effects, but I suggest that such studies need to last for a long time before any 

effect can be discerned. Saberi and Antonio (2003) found increased ability only after 10–

20 hours of training. In addition to that, future studies also will show us which type of 

training is most effective. The question that was raised in this experiment is whether 

training is about increased sensitivity to loudness detection or about the ability to hear 

two sounds, or both. 

 

I used a sound that imitated the self-produced sound, used by a blind echolocation expert. 

(Thaler et al., 2017). Of course, it would be valuable if also this sound was authentic. 

Since all participants were sighted, their ability to do that special tongue-click was limited 

and would have required a long time of practice to do it right. This study chose therefore 

a pre-recorded sound. The advantage is that the sound is exactly the same for all 

participants and during all sessions, but the disadvantage is that the experiment is 

restricted to that sound only. A proposal for future research is therefore that participants 

may make use of self-produced sounds and also measure how many sounds (tongue-

click?) they will do. Perhaps there will be several different strategies for which sound a 

person will use, depending of the distance and the position of the object. Several of the 

phenomena subsumed under the term “Precedence effect” relates to our ability to localize 

reflected sounds in the horizontal plane (Brown 2015; Litovsky et al., 1999). For such 

sounds head movement may facilitate localization. This raises the question if strategies 

and mechanisms would be different if the sounds came from the sides or from the front. 

 

All participants were sighted persons, using a blindfold during the experiment. A 

weakness in this study is that the participants never previously needed to develop an 

ability to detect objects using sound cues. Blind persons who must do that in their real-

life situations probably have a better motivation and ability to be attended. Previous 

studies have compared sighted and blind participants (Kolarik et al., 2014; Schenkman & 

Nilsson, 2010) and the result shows that blind people perform better in echolocation 

experiments. However, when all the participants were sighted, they also had the same 

conditions and this study was not about comparing groups of individuals, but to determine 

a threshold with the new measuring instrument.  

 

The participants had to concentrate to perform well for 2 hours. I am sure that they all 

tried to do their best and wanted to perform as good as possible. In the short interview I 

did with the participants about their strategies for the task and their motivation for the 

task, they all said that they really wanted to do their best and actually got very frustrated 

when they did not perform as good as they hoped for. Despite that I can imagine that 

some participants may have felt tired or bored during the experiment. The experimental 

setup did not include a possibility to repeat the click if one was thinking of something 
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else for a short second and forgot to listen to the click. If that happened, they had to guess. 

If anything, this would lead to an underestimation of their true ability, as the measured 

threshold estimates would include occasional trials in which the participants were 

responding randomly.  

 

Human echolocation has been studied since 1944. In the beginning the researchers 

thought that echolocation was a feeling of air pressure variations on the skin, called “facial 

vision” (Thaler & Goodale, 2016). One of my participants described the difference 

between non-reflecting and reflecting sound that way. Today, researchers know that it is 

an auditory ability, but to determine thresholds they need a large set of stimulus 

presentations. The best way to do that is to have it all authentic but still automatized.  

 

In this study I have evaluated such a system. Does the result show that the instrument is 

a useful system for measuring echolocation? Considering that the experiment went well 

without any technical complications, the SIAM yes-no task was well integrated with the 

experiment and yielded a threshold which goes in line with previous studies. The results 

show an average performance of 1.7 m, far beyond chance and 13 of 15 participants did 

hear a difference between reflecting and non-reflecting sounds. Therefore, I suggest this 

instrument is a useful instrument in future research on human echolocation. I believe that 

this systematic approach enables more effective studies than in previous research, and 

will help us to understand more about how perceiving sound cues can help blind people 

to integrate echolocation as a tool for exploring their environment.  
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