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Abstract 

This study investigated the effects of feedback on 

the perception of words in point-light displays of speech. 

Participants attempted to identify individual words that they 

could see (but not hear) being spoken. After attempting to 

identify the word in each visual-only stimulus, the participants 

were informed of the identity of the word by receiving 

feedback in one of three forms: seeing the visual stimulus 

again, with sound (A+V feedback); hearing only the audio 

track from the original visual stimulus (audio-only feedback); 

reading the word that was spoken (orthographic feedback). 

Another group of participants, in a control condition, did not 

receive any feedback after each trial (no feedback). 

It was expected that correct identification scores 

would improve more over the duration of the experiment for 

the groups of participants that received feedback than for the 

group of participants that did not receive feedback. It was also 

expected that correct identification scores would improve 

more for the groups that received feedback which provided 

event-related information about the original stimulus (AV 

feedback, audio-only feedback) than for the group which 

received orthographic feedback, which is abstract in nature 

and not directly related to the event(s) that the participants are 

being asked to perceive. 

It was found that effects of feedback on correct 

identification scores only emerged when the participants saw 

stimuli again, after they had already received feedback on 

them.  Under these conditions, the groups of participants who 

received feedback correctly identified the visual-only stimuli 

significantly better than did the group of participants who 

received no feedback. Furthermore, the type of feedback also 

had an effect on the amount of perceptual improvement made 

by the participants who saw the point-light stimuli. With each 

successive repetition of a stimulus, the group of participants 

who received audio-visual feedback had increasingly higher 

correct identification scores than did the participants who 

received either audio-only or orthographic feedback. This 

pattern of results suggests that providing feedback to 

participants in the form of the original stimulus facilitates the 

perceptual learning of repeated stimuli more than does 

feedback which only provides derived or abstract information 

about the original stimulus. 

1. Introduction 

It has been known for some time that visual displays of speech 

improve the intelligibility of speech in noise [1].  The benefits 

of visual displays to speech perception in noise manifest 

themselves even when those visual displays are highly 

degraded, as in point-light displays of speech.  Point-light 

displays are animated sequences of illuminated dot patterns 

[2].  [3] created point-light displays of speech and found that 

presenting them to listeners in conjunction with an audio 

speech signal in noise provided an intelligibility boost much 

like that in [1]. 

Despite the manifest benefits of point-light displays 

on speech perception under adverse listening conditions, the 

perception of speech in visual-only point-light displays is still 

much worse than the perception of speech in visual-only fully-

illuminated displays [4]. Speech is difficult for viewers to 

perceive in point-light displays for at least two reasons: one, 

the visual information contained in these displays is highly 

degraded, and two, viewers generally have little or no 

experience perceiving speech in point-light displays. 

[5] investigated the possibility that increasing 

viewers’ exposure to point-light displays of speech might 

improve their ability to perceive speech in them.  In [5], 

participants were presented with visual-only point-light 

displays of a speaker producing monosyllabic, consonant-

vowel-consonant words and asked the participants to identify 

the words that they had seen being spoken.  It was 

hypothesized that the participants’ accuracy in identifying 

these words would increase over the duration of the 

experiment, as they became more familiar with the 

identification task and the unusual point-light stimuli. 

[5] also investigated whether participants’ ability to 

identify spoken words in point-light displays would improve 

more rapidly if the participants were provided with some 

information about what those words were.  This information 

was provided to some participants in the form of feedback, 

immediately after the participants had attempted to identify the 

words that had been spoken in each stimulus video.  The 

format of this feedback information varied between three 

different groups of participants.  Feedback for one group of 

participants consisted of a re-presentation the original 

stimulus, in conjunction with its original audio track (A+V 

feedback).  Feedback for another group of participants 

consisted of only the audio track from the original stimulus 

video (audio-only feedback), while a final group of 

participants received feedback in the form of a brief 

presentation of the word that had been spoken, in orthography, 

on a computer screen (orthographic-only feedback).  A fourth 

group of participants, in a control condition, did not receive 

any feedback information on the words that they had seen in 

the point-light displays. 

 In [5], it was expected that providing viewers with 

feedback would improve their ability to perceive speech in the 

point-light displays, since the viewers could learn through 
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feedback how to associate the point-light displays they saw 

with the lexical items that were being spoken.  Moreover, it 

was hypothesized that the amount of improvement the 

participants would make in this task would be proportional to 

the amount of information they received through feedback.  

Hence, A+V feedback was expected to facilitate perceptual 

improvement the most, since it provides participants with both 

audio and visual information about the articulatory events 

being displayed in the point-light videos.  Likewise, audio-

only feedback was expected to facilitate perceptual 

improvement more than orthographic-only feedback, since it 

provides dynamic information that is lawfully based on the 

articulatory events presented in the point-light videos, which is 

likely to be more informative to perceivers than the static and 

abstract representations of orthography. 

 [5] found, however, that viewers made no significant 

improvements in word identification accuracy between the 

first and second halves of the experiment, regardless of what 

type of feedback information they received.  Viewers’ 

identification accuracy only improved across the two halves of 

the experiment for sub-lexical features, such as phonemes and 

visemes [6], and this improvement only emerged in the groups 

of participants that had received feedback.  [5] concluded that 

this pattern of effects resulted from the fact that participants 

never saw any of the word stimuli more than once during the 

experiment.  Thus, they were unable to apply the information 

they had learned about a point-light stimulus, through 

feedback, to subsequent viewings of that stimulus.  The 

participants did, however, see exemplars of various phoneme 

and viseme categories in more than one stimulus.  The 

participants were thus able to interpret later presentations of 

these phonemes and visemes in terms of the feedback 

information they had been given after earlier presentations of 

these phonemes and visemes, in different stimuli.  With access 

to this information, their ability to identify the phonemes and 

visemes in the point-light stimuli improved over the course of 

the experiment.   

 This study tested the hypothesis that repeating 

whole-word stimuli is necessary for feedback information to 

improve participants’ identification of spoken words in visual-

only point-light displays.  The participants in this study 

watched the same set of silent point-light videos that had been 

used in [5]; their task was to identify the words that they saw 

spoken in each video.  The experiment consisted of three parts.  

In the first part of the experiment, the “pre-test”, participants 

attempted to identify the words that were spoken in 16 novel 

point-light stimuli.  In the second part, the “training” session, 

viewers saw 64 new videos, 16 of which were presented 8 

times, 16 of which were presented 4 times, 16 of which were 

presented twice, and 16 of which were presented just once.  

After attempting to identify the words that had been spoken in 

these videos, the viewers were presented with feedback 

information about the stimulus word.  One group of 

participants received A+V feedback, while another group of 

participants received audio-only feedback, and a third group 

received orthographic-only feedback.  A fourth group of 

participants received no feedback during this portion of the 

experiment.  In the third part of the experiment, the “post-

test”, all participants once again saw 16 novel point-light 

videos and attempted to identify the words spoken in each.  No 

listeners received feedback during either the “pre-test” or the 

“post-test”. 

 The effects of feedback on word identification 

accuracy were primarily expected to emerge during the 

“training” portion of the experiment.  It was hypothesized that 

word identification accuracy would improve most for the 

participants who received A+V feedback, followed by those 

who received audio-only feedback, and then those who 

received orthographic-only feedback.  Participants who 

received no feedback during training were expected to make 

little or no perceptual improvement at all.  Word identification 

accuracy was also expected to improve with subsequent 

repetitions of a stimulus, and the perceptual improvement that 

participants made during training was expected to generalize 

to the identification of new stimuli during post-test. 

2. Methods 

2.1. Materials 

The point-light video stimuli that were used in this study were 

taken from the Hoosier Audio-visual multi-talker database [7].  

All items were produced by one female, native speaker of 

English, recorded under black light with glow-in-the-dark dots 

attached to her lips, cheeks and teeth according to the pattern 

shown in Figure 1. The speaker produced 96 monosyllabic, 

consonant-vowel-consonant words.  49 of these words were 

“easy” in that they were high frequency items in sparse lexical 

neighborhoods, while 47 of these words were “hard” in that 

they were low  frequency items in dense lexical 

neighborhoods. 

Figure 1:example frame from a point-light video 

2.2. Procedure 

The point-light videos were presented to participants on a 

Macintosh G3 computer running a customized SuperCard 

(version 4.1.1) stack.  After the presentation of each video, 

participants were prompted to identify the word that had been 

spoken by answering the on-screen question, “What did the 

speaker say?”  Participants typed in their responses.  The 

experiment was self-paced, but participants could only see 

each video once before registering their responses.  

Participants receiving audio-visual or audio-only feedback 

heard the audio signals over Beyer Dynamic DT-100 

headphones.  Participants receiving orthographic-only 
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feedback saw the word on the computer screen for exactly 1 

second. 

2.3. Participants 

There were 20 participants in each feedback condition (total N 

= 80).  All participants were introductory Psychology students, 

and received partial course credit for their participation. 

2.4. Analysis 

Transcriptions for both stimuli and responses were made by 

automatically matching them to entries in the CMU 

pronunciation dictionary [8].  Responses which included 

obvious typos (e.g., “cheif”) were corrected by hand before 

running them through the matching algorithm.  Unmatched 

responses (e.g., “rith”) were given phonetic transcriptions by a 

trained phonetician.  Responses were scored as “correct” if the 

phonetic transcription of the whole response matched that of 

the stimulus word.  Participants’ responses were also scored 

with respect to the number of stimulus phonemes and visemes 

that were correctly identified.  However, the results of 

analyzing responses at these sub-lexical levels largely matched 

the results from the whole-word level of analysis and will thus, 

for the sake of brevity, not be mentioned further here.  

3. Results 

To gauge improvement in identification scores between pre- 

and post-tests, two-way ANOVAs were run using feedback 

condition (A+V, audio-only, orthographic-only, no) as a 

between-subjects factor, testing session (pre-test, post-test) as 

a within-subjects factor and percentage of whole words 

correctly identified as the dependent variable. The results of 

this ANOVA revealed a main effect of testing session 

(F=13.657; p<.001; df=1,76), but no main effect of feedback 

type.  There was also no significant interaction between the 

two factors.  Post-hoc tests revealed significantly higher 

identification scores in the post-test than in the pre-test (p < 

.001).  Figure 2 shows the average percentages of whole 

words correctly identified, in both pre- and post-tests, for 

participants in all four feedback conditions. 

Figure 2: percentages of whole words correctly identified in 

pre- and post-tests 

 In order to evaluate the effects of feedback and 

stimulus repetition on perceptual improvement during training, 

two different two-way ANOVAs were run using feedback 

condition (A+V, audio-only, orthographic-only, no) as a 

between-subjects factor and total number of repetitions of each 

group of words (1, 2, 4, 8) as a within-subjects factor.  The 

dependent measure in the first of these ANOVAs was the 

percentage of correct word identifications for the initial 

presentation of the stimuli in each word group (e.g., the first 

time the words presented eight times were shown)  The 

dependent measure in the second of these ANOVAs was the 

percentage of correct word identifications for the final 

presentation of the stimuli in each repetition group (e.g., the 

eighth time the words presented eight times were shown).  

 The ANOVA for the initial presentation data 

revealed no significant differences due to feedback type or 

repetition number.  There was also no significant interaction 

between these two factors.  The ANOVA for the final 

presentation data, however, revealed significant main effects 

of both feedback type (F=197.696; p<.001; df=3,76) and 

repetition number (F=78.687; p<.001; df=3,228).  There was 

also a significant interaction between these two factors 

(F=8.021; p<.001; df=9,228).  Post-hoc tests on the main 

effect of feedback type revealed that correct identification 

scores were significantly higher for the groups who received 

A+V, audio-only and orthographic-only feedback than they 

were for the participants who did not receive feedback (p<.01 

in all cases).  Post-hoc tests on the main effect of repetition 

number revealed that correct identification scores were 

significantly higher for the 8
th

 repetition than for the 4
th

repetition (p<.001), which, in turn, were significantly higher 

than the correct identification scores for the 2
nd

 repetition 

(p<.001), which were significantly higher than the correct 

identification scores for the 1
st
 repetition (p<.001).  Post-hoc 

tests on the interaction between the two factors revealed that 

correct identification scores in the AV feedback condition 

were significantly higher than correct identification scores in 

the no feedback condition for the 2
nd

 (p=.004), 4
th

 (p<.001) 

and 8
th

 (p<.001) repetitions of stimuli.  For the audio-only and 

orthographic-only conditions, however, correct identification 

scores were only significantly higher than the same scores in 

the no feedback condition for the 8
th

 repetition of the stimuli 

(p=.006 and p=.004, respectively). 

Figure 3: percentages of whole words correctly identified for 

final presentation of stimuli during training 
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4. Discussion 

Participants’ ability to correctly identify words during training 

improved with successive presentations of the point-light 

stimuli.  This improvement only occurred, however, when the 

participants received feedback about the identity of the words 

that were being spoken in those stimuli.  This result indicates 

that the participants were able to use the information provided 

to them in feedback to better identify stimuli that they had 

already seen before.  The ability to use this feedback 

information in subsequent identification trials was also 

reinforced by continued presentations of the stimulus and the 

feedback information.  However, the rapidity with which 

feedback improved participants’ word identification scores 

depended on the type of feedback information they received.  

Correct word identification scores improved significantly 

after only two repetitions for the group of participants that 

received audio-visual feedback, whereas the groups receiving 

audio-only and orthographic-only feedback significantly 

improved their word identification scores only after eight 

repetitions of the same stimuli. 

Audio-visual feedback information was unique in that it 

re-presented to the participants the original visual stimulus 

that they had attempted to identify.  Presenting feedback to 

participants in this form thus reinstated the original conditions 

of stimulus perception and also provided participants with a 

direct link between their experience of the stimulus and their 

knowledge of the word that was being spoken.  Participants 

appeared to be able to store these direct associations in 

memory and used them more effectively in identifying future 

presentations of visual-only stimuli than they could use the 

indirect associations that they had to draw between lexical 

identity and stimulus form from the feedback information they 

received in the audio-only and orthographic-only feedback 

conditions. 

It is interesting to note that there were no significant 

differences in perceptual improvement during training 

between the audio-only and orthographic-only groups of 

participants.  This pattern of results thus failed to confirm the 

hypothesis that audio-only feedback would help improve 

word identification more than orthographic-only feedback, 

since it is lawfully derived from the articulatory events that 

the participants are attempting to perceive and therefore 

potentially more informative to them.  Potential differences 

between “event-based” and “abstract” feedback information 

do not seem to be relevant to improvement in visual-only 

word identification, so long as participants have to make 

indirect associations between these forms of feedback and the 

stimuli that they are attempting to perceive. 

Another striking result of this study is that the effects of 

feedback which emerged during training did not yield 

improved performance in the post-test for the groups which 

received feedback.  All groups of participants improved in 

word identification accuracy between the pre-test and the 

post-test, regardless of what type of feedback they received—

including those participants who received no feedback at all.  

Hence the improved word identification skills in the post-test 

likely resulted from a practice effect.  The failure of the 

participants in the feedback condition to generalize their 

improved word identification skills in training to novel 

stimuli in the post-test also suggests that perceptual 

improvement during training was largely the result of learning 

arbitrary associations between the information provided in 

feedback and the point-light stimuli.  The learning that 

participants demonstrated in training—though dependent on 

the type of feedback they received—may not, therefore, 

reflect a genuinely heightened ability to extract information 

from the visual cues to speech in point-light videos. 

5. Conclusions 

The results of this study show that the perception of spoken 

words in visual-only point-light displays may be improved by 

providing participants with feedback information on the word 

that is being spoken.  The effects of feedback on identification 

accuracy only become apparent, however, when stimuli are 

presented to participants more than once.  Feedback which re-

presents the stimulus in its original form also improves 

identification accuracy more than feedback which does not.  

The results of this study also indicate, however, that improved 

perception of novel visual-only point-light stimuli does not 

depend on either feedback or repetition, but simply emerges 

through practice.  
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