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Auditory and visual distance estimation after 
active or passive visual deprivation 
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Subjects estimated distances between themselves and a familiar sound source immediately af
ter being blindfolded and after 75 min of visual deprivation. One group of 15 undergraduate sub
jects spent 75 min sitting passively, and 15 subjects in a second group were verbally guided to 
actively move through their natural environment. The passive group showed no improvement 
in accuracy of distance estimation. Subjects with active experience showed a significant (p < .001) 
increase in accuracy, giving estimations superior even to those made while sighted. While the 
positive effects of active movement upon visual adaptation are well known, the dramatic adapta
tion to short-term visual deprivation found in this experiment is unique. It is proposed that, dur
ing training, one constructs a superior analogic representation of the spatial world. This hypothesis 
is supported by the fact that visual as well as auditory judgments improve during training. 

Stimulus input achieved through self-generated move
ment appears necessary for the development of accurate 
visually guided behavior (e.g., Held & Hein, 1963). 
Reafferent stimulation also consistently produces greater 
adaptation to prismatic displacement than does passive 
stimulation (e.g., Held & Bossom, 1961). It has been ar
gued (e.g., Coren, 1966) that self-generated movement 
is generally the most effective (though not the only) means 
of providing error feedback to the direction and extent 
of prismatic displacement. Unfortunately, experimental 
studies on reafferent effects upon perceptual development 
and learning come exclusively from the visual domain. 
While it is generally believed that adaptation involves a 
perceptual recalibration of the higher centers used to in
terpret perceptual input, this is difficult to demonstrate 
conclusively when investigating vision alone. 

Some evidence suggests that perceptual learning based 
upon reafferent input also occurs in the auditory domain. 
For example, Curtis and Winer (1969) found that the am
bulatory blind are more accurate than are the homebound 
blind or sighted persons in detecting changes in sound in
tensity. Supposedly, the ambulatory blind develop com
pensatory auditory skills because of feedback in response 
to their activities. Jones (1975) suggests that the lack of 
sensory compensation found in some studies (e.g., Bross 
& Borenstein, 1982; Fisher, 1964) is due to erroneously 
grouping together the ambulatory and homebound blind. 

The present experiment tests the beneficial effects of 
reafference upon the learning of auditory distance judg
ments. Subjects were asked to make judgments as to the 
absolute distance of a familiar sound source before and 
after being blindfolded for 75 min. Extending Held's find-
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ings to the auditory domain, it is hypothesized that active 
experience during visual deprivation will lead to more ac
curate judgments of auditory distances than will passive 
experience. The training period of 75 min was deter
mined, after a number of pilot studies, to be the shortest 
duration to produce an effect. 

MEmOD 

Student volunteers from Nasson College were randomly assigned to 
1 of 2 groups: 15 subjects were assigned to the "active" group, and 
15 to the "passive" group. Each group consisted of8 men and 7 women. 

During the initial phase of the experiment, all 30 subjects judged nine 
distances between themselves and the experimenter on the basis of vi
sion alone. Stimulus presentation was in a concrete block hallway. The 
nine stimulus distances used in all phases of the experiment were 5, 
6, 7, 15, 17, 19, 23, 28, and 38 ft . Each observer judged these dis
tances in a different random order. The subjects were encouraged to 
estimate each distance to the nearest half foot . At no time during the 
experiment did the subjects receive feedback from the experimenter in 
regard to the accuracy of their distance judgments. 

Immediately following the initial sighted phase, each subject was blind
folded and asked to judge the distance between him/herself and a tape
recorded voice of the experimenter asking, "How far away am I?" The 
recording was taped in an echo-free room. With their blindfolds remain
ing in place, the subjects in the passive group then retired to a sound
proof room for 75 min of easy-listening music, and the subjects in the 
active group were talked through a variety of activities on campus. The 
training in the active group involved visiting familiar areas, walking 
up and down stairs and across campus, socializing with students, and, 
in general, trying to live as actively as possible. 

Following this 75-min phase, the subjects in both groups again esti
mated the distances blindfolded. Finally, in the last phase, they again 
made solely visual judgments of the same distances. 

RESULTS 

As might be expected, there is a greater magnitude of 
error at greater distances. When combining all distances 
and conditions, the correlation between magnitude of er
ror and distance was +.83 (p < .(01) for the active 
group and +.71 (p < .(05) for the passive group. It fol-
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Table 1 
Percentage of Errors Across All Distances 

Condition M SD Mdn t tests 

Auditory Judgments 

Passive 2 28 .83 7 .92 27.00 t(l4) = 1.06, n.s. 
Passive 3 26.46 4 .55 24.37 

Active 2 30.12 10.03 26.13 
t(14) = 4.40, P < .001 

Active 3 8.60 4.69 6.30 

Active 2-3 21.52 t(28) = 3.32, p < .005 
Passive 2-3 2.37 

Visual Judgments 

Passive I 15 .32 9.01 12.08 t(l4) = 0.77, n.s. 
Passive 4 15.70 5.50 14.49 

Active I 18.14 8.60 16.60 t(l4) = 2.50, p < .025 
Active 4 10.24 4.46 11.19 

lows that the percentage of error remained relatively con
stant from the 5- to 38-ft distances; the correlation be
tween distance and percentage of error was not statistically 
significant for the conditions taken together, nor for any 
one of the conditions. Table 1 presents an analysis of the 
percentage of error for the active and passive groups, 
averaged across all nine distances. 

The first three comparisons presented in Table 1 clearly 
support the experimental hypothesis. The group with pas
sive experience showed no significant change in their au
ditory errors after 75 min. In contrast, the active group 
showed a dramatic increase in accuracy: from 30. 12 % 
mean error before training to only 8.60% mean error af
ter training [t(14) = 4.40, p < .001]. The third compar
ison in Table 1 indicates that the degree of improvement 
in the active group was significantly greater than it was 
in the passive group [t(28) = 3.32, p < .005]. 

In practice, these findings mean that before active ex
perience, a subject estimating the 23-ft distance will err, 
on the average, by 7 ft. After 75 min of active experience, 
a blindfolded subject estimating the 23-ft distance will err, 
on the average, by less than 2 ft. This is even superior 
to the subjects' visual estimations. 

Table 1, in the columns labeled Active 1, Active 4, 
Passive 1, and Passive 4, shows the comparisons of the 
sighted judgments before and after training. The active 
subjects showed a significant improvement in sighted 
judgments, improving from 18.14% to 10.24% mean er
ror. In contrast, the passive subjects showed no improve
ment in their visual judgments. 

DISCUSSION 

These results indicate that the term visual deprivation is a misnomer. 
The subjects' auditory judgments following only 75 min of blindfolded 
activity were superior to sighted estimations prior to such activity. The 
subjects in the passive group showed no perceptual learning. By con
trast, during the 75 min of active experience, the subjects changed from 
being highly tentative in their movements to experiencing great free
dom. With verbal support from the trainer, all of the active subjects 
were able to engage in such activities as eating, bicycle riding, and, 
in one case, throwing and (almost) catching a Frisbee! 

We observed that the subjects' initial distance estimations were offered 
very tentatively, and required some seconds for a decision to be reached. 
During this phase, the subject seemed to have been estimating, using 
a variety of analytic strategies to calculate distance. Following active 
experience, judgments were made spontaneously and with confidence. 

What happens during the 75 min of activity to produce such dramatic 
effects? I'd like to suggest two hypotheses: (I) during training, new as
sociations are established between auditory cues, sound sources and/or 
the subject's body; and (2) during training, the subject constructs a su
perior analogic representation of his!her spatial world. If the first hypothe
sis is true, then improvement should be limited to the auditory domain. 
This is consistent with the findings of Hein, Held, and Gower (1970), 
who showed that the beneficial effects of reafference upon the develop
ment of depth perception can be specific to input from one eye. If the 
second hypothesis is true, then the subjects should be able to use their 
more accurate representation to make superior visual and auditory judg
ments. This analogic representation hypothesis is clearly supported by 
the data, which shows significant improvement for the active subjects. 

A theoretical interpretation in terms of an improved analogic represen
tation is further supported by the subjects' personal accounts. The ac
tive subjects were uniformly excited about their experiences. They 
reported that their imaginal world seemed literally to grow around them. 
In one of our pilot studies, subjects answered the Betts QMI Vividness 
of Imagery scale before and after the 75-min period. The findings indi
cate an increase for the active subjects in vividness of both auditory and 
visual imagery . 

The analogic representation hypothesis could be more directly tested 
by preselecting high and low scorers on the Betts QMI. Subjects with 
high imagery scores should profit significantly more than should those 
with low imagery scores. 

A possible confound in the present experiment is that the active and 
passive groups differed both in their ability to produce auditory feed
back and in the character of the sounds experienced. While the passive 
group listened to only one sound source at a fixed distance , the active 
group heard a variety of sounds coming from a variety of distances. 
The ideal arrangement would have the passive subjects listening to the 
same sounds as those experienced by the active subjects. 

In future experiments, it will also be important to discover how long
lasting these effects are, and whether certain types of activities during 
training are particularly important to perceptual learning. 
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