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ABSTRACT 

Trains of auditory and visual stimuli were presented at a rate 

of 2 per sec to different groups of subjects who synchronized with them 

and then continued unaided when the stimuli were discontinued. Visual 

and auditory feedback were delivered to subgroups contingent on the 

response occurring during one of three tolerance intervals about the 

exact time the synchronization stimulus would have occurred were it 

still continuing. A third subgroup received no feedback. The condi

tions for these six groups were repeated in three different tolerance 

interval size groups (0.050 sec, 0.090 sec, and 0.150 sec) for a total 

of 18 groups each containing 5 subjects. The number of correctly timed 

responses and variability of produced intervals were measured over 

20 trials for each subject, each trial consisting of approximately 

25 responses. No improvement over trials was found. Auditory signals 

produced more correctly timed responses than visual, but visual feedback 

was better in both signal conditions. Visual signals produced more 

variability in responding than auditory. Feedback increased the vari

ability of responses in comparison to no feedback. Implications for 

encoding temporal information is discussed. 

vii 



INTRODUCTION 

Timing of responses is important for many skilled tasks. 

Athletic skills, driving, riding, and typing are a few of the many 

tasks which require accurately timed execution of responses. In most 

of these tasks a component of a more complex task is performed in 

synchrony with some external stimulus. For example, in tennis an 

attempt is made to synchronize the swing of the racket with the arrival 

of the ball at a particular point in the air. This requires anticipa

tion of the timing of the ball as well as control over the timing of 

the responses involved. Another type of timing is required in tasks 

in which there is no external stimulus for synchronization. An 

example of this type of task is solo musical performance. In this 

case judgement of time intervals must be internalized, anticipated and 

responses coordinated with the judged intervals. 

Synchronization tasks in which external stimuli are available 

have been simulated in the laboratory. Stimuli are presented to 

subjects who must attempt to learn the rhythmic characteristics and 

then synchronize some response, usually a key tap, with each stimulus. 

The majority of work in this field has been done with isochronous trains 

of stimuli; the rate of presentation of the stimuli being varied and 

the variability of the subjects' responses observed (e.g., Bartlett and 

Bartlett 1959, Best and Bartlett [in press], Michon 1967). 

1 
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The timing task in which there are no external stimuli is 

referred to as a continuation task. Continuation has been studied in 

the laboratory by having subjects synchronize with stimuli which are 

subsequently discontinued while the subjects attempt to continue 

responding at the same rate. In this task since there is no external 

stimulus to follow as in the synchronization task the subject is 

dependent on some inferred internal standard or stored version of the 

intervals to be produced. This continuation task allows analysis of 

memory for time intervals and continued production of the remembered 

interval. Analysis of responses in this situation allows observation 

of the built-in timing characteristics of the human system. Encoding, 

storage, and reproduction of temporal information are required. Inac

curacies in time estimation, random noise in the system, and inability 

to make accurate anticipatory responses are all components of subject 

error in temporal continuation tasks. The present study is aimed at 

determining some of the conditions which affect temporal performance 

in the continuation situation. 

Generally, it has been found that intervals longer than about 

0.70 sec are reproduced as longer than they actually are with the error 

increasing the longer the continuation is carried out. Intervals 

shorter than 0.50 sec are reproduced as even shorter intervals, but 

this error remains consistent throughout the train (Gottsdanker 1954, 

Michon 1967). This is also true for discrimination of trains of pulses 

in experiments in which a judgement is made in comparison with a 

standard (Stevens 1886). The opposite result obtained for Woodrow (1934) 
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when he used a single interval reproduction method. Intervals shorter 

than about 0.60 sec were reproduced as longer while intervals longer 

than 0.60 sec were reproduced as shorter. Fraisse (1964) and Michon 

(1967) give further support to these findings. The overall result is 

that intervals in the range of 0.50 sec to 0.70 sec are reproduced 

more accurately than shorter or longer ones. 

The sensory modality of the stimuli is an important factor in 

temporal information processing. Reaction times to auditory stimuli 

are reliably faster than those for visual stimuli. The upper limit for 

counting auditory stimuli is higher than that for light flashes 

(Taubman 1950). Less variable synchronization with one of a train of 

stimuli is attainable for shorter intervals of auditory stimuli than 

visual (Bartlett and Bartlett 1959). Even at the rate of two stimuli 

per sec the Bartletts found some evidence to indicate that auditory 

stimuli allow less variable synchronization responses. The resolving 

power of the auditory sense for determining whether two stimuli were 

presented simultaneously or successively is greater for the auditory 

sense than the visual (Hirsh and Sherrick 1961). This evidence supports 

the contention that the auditory sense is superior to the visual sense 

for accurate temporal processing of stimuli. This assumption has been 

made for continuation behavior (Michon 1967) but never tested. If 

auditory stimuli allow more accurate continuation responses than visual, 

this may indicate that memory for auditory stimuli is better for 

storage of the interval, therefore, allowing less decay over time. 

Visual stimuli may not be as well suited for providing precise temporal 
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information. However, central effects may limit performance in both 

sensory modes rendering them equal for continuation behavior. 

Feedback information to the subject as to whether the responses 

are correctly timed may allow improvement in continuation behavior. If 

this information is geared to the stimuli with which the subject 

synchronized in the first phase of a trial it will inform him as to 

whether the temporal placement of his response would have coincided 

with the stimulus had it been presented. Feedback which coincided 

with the correct placement in time of a response and no feedback other

wise will produce maximal use of any internal temporal information the 

subject has stored from the synchronization phase of a trial. That is, 

when no feedback is obtained the subject must attempt to analyze the 

discrepancy himself and decide when to respond in order to produce 

feedback. If the timing behavior required is already learned to an 

asymptotic level feedback may not be effective for further improvement. 

The sensory modality of the feedback stimuli for continuation 

might place a limit on the overall effect of feedback. Since the 

auditory system seems to be better adapted for handling temporal 

stimuli, auditory feedback should be very efficient for signalling 

correct responses to the subjects. However, since the feedback stimuli 

do not require synchronized responses, but result from them, they may 

not be processed as temporal stimuli, but only as informative stimuli. 

The feedback conditions which allow feedback in a different modality 

from the stimuli may be easier to process. 

A conceptual model of the human subject while attempting continua

tion behavior has been designed. This model is a description of some of 
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the hypothetical mechanisms that might be necessary for the continuation 

task. It provides for storage of the interval as remeirbered from the 

synchronization phase of a trial; comparison of the stored interval with 

the last interval produced by the subject; and an internal representa

tion of what the next produced interval will be. A more complete 

description of the model is contained in Appendix A. 

The present study will analyze several important aspects of 

temporal continuation. If auditory stimuli allow better performance 

than visual on this task then perhaps the auditory sense is more 

efficient for encoding temporal information for interval reproduction. 

If feedback produces better performance then more accurate timing 

behavior is possible and perhaps can be learned. If auditory feedback 

is better than visual feedback for improving performance in continua

tion it may again be due to the general superiority of the auditory 

sense in temporal tasks. If visual feedback produces better performance 

it may mean that precise temporal processing of the feedback stimuli 

is not necessary. The cross modality combination of task stimuli with 

feedback stimuli may be better than both stimuli being presented to the 

same sense. If this is true it may be important to make the two 

signals different for more efficient processing. 



METHOD 

Subjects 

Ninety introductory, psychology students from The University 

of Arizona served as subjects. 

Apparatus 

Each subject sat in a sound-dampened room approximately 33 cm 

in front of a stimulus display. On the display were two incandescent 

bulbs (No. 334, 28 volts, 40 miHiamps, 1/4 inch in diameter) located 

two inches apart horizontally. On the back of the stimulus board were 

two relays which produced two easily discernable clicks. These lights 

and relays produced the task and feedback stimuli. In front of the 

board was a movable piece of silver-plated aluminum. The subject 

placed the aluminum plate wherever it was most comfortable for tapping. 

An electrical pin contactor, held by the plastic sleeve, was used for 

tapping. 

The stimuli were generated by a Grass S-8 Stimulator at a 

constant rate of two per sec. The S-8 settings were continuously 

calibrated with a Hewlett-Packard 522B Electronic Counter. The task 

stimulus was a 20 msec signal from the Stimulator. The tolerance was 

a separate signal from the Stimulator which was symmetrical about the 

task stimulus. The duration of the tolerance pulse was fixed accord

ing to the tolerance level being used. Whenever the subject tapped 

while the tolerance pulse was on there resulted a feedback signal— 

6 
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a click or a light. The subject's tap activated a relay which made 

the actual electrical connection with the feedback circuit. This was 

done so that the tap of the subject would always be of a constant 

duration and so the subject could not obtain every feedback signal by 

just holding down the tapper on the response plate. An incremental 

pulse counter was used for counting the actual number of taps the 

subject produced; another pulse counter was used to count the number 

of the subject's taps which occurred within the tolerance interval. 

A Hewlett-Packard 5223L Electronic Counter and a 5050A Print Out were 

used to record the intervals between the subject's taps. The experi

menter sat outside the subject's room with the recording and controlling 

apparatus. All trials and stimulus presentations were automatically 

programmed by a California Technical Industries Model 220 paper Tape 

Reader. 

Procedure 

The subjects were instructed that the stimuli would begin a 

constant three sees following a warning signal. When the stimuli 

(either click or light) began the subjects began synchronizing their 

taps with them. The stimuli were presented at a rate of two per sec 

and were then discontinued, but the subject continued tapping, attempt

ing to reproduce the intervals between the stimuli as well as predict 

the exact time at which each stimulus click or light would occur were 

it still continuing. The subjects were told that the stimulus delivery 

rate would always be the same, but were not told what the actual rate 

was. Whenever a response tap came within the tolerance period about 
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the actual signal (or its time during the continuation phase of a 

trial) a feedback stimulus was presented to the subject except, of 

course, when he was in a no-feedback condition. The subjects continued 

tapping until they heard the warning signal again. This informed them 

to stop and wait for the next trial. The inter-trial-interval was 

about eight sees. Ten stimuli were presented during the synchroniza

tion phase. The continuation phase was long enough to allow 28 cor

rectly timed responses. Only 25 of these responses were actually 

recorded. The extra time was allowed so that the warning signal to 

stop responding would not disturb any of the recorded responses. All 

four combinations of stimulus and feedback sensory modality were used, 

i.e., visual stimulus-visual feedback, visual stimulus-auditory feed

back, auditory stimulus-visual feedback, auditory stimulus-auditory 

feedback. In addition, both auditory and visual stimuli were used 

with groups that received no feedback. Three different tolerance 

durations were used: 0.050 sec, 0.090 sec, and 0.150 sec. The feed

back signal was available if the subject tapped at any time during the 

tolerance interval. The tolerance interval was located symmetrically 

about the task stimulus at all times during both the synchronization 

and continuation phases of a trial. Therefore, during the continuation 

phase the subject had to tap at the approximate time the stimulus 

would have occurred had it been continuing. The six sensory modality 

and three tolerance intervals determined the conditions for 18 groups of 

subjects. Each group received one sensory combination of stimuli and 

feedback and one tolerance interval condition. Five subjects were 



randomly assigned to each group with the constraint that six consecu

tive subjects were placed in the same tolerance condition, but randomly 

assigned to six different sensory conditions. This was done to 

alleviate the tedious and time consuming job of recalibrating the 

equipment settings after every subject. The order of assignment to 

tolerance condition was also randomly arranged. Each subject received 

21 trials each consisting of approximately 25 response taps following 

the cessation of the task stimuli. The first trial was discarded as a 

task acquaintance trial. 

The responses of the subject during the continuation phase of 

a trial constituted the data for this experiment. Two dependent 

measures were recorded. The first measure was the number of times the 

subject tapped within the tolerance interval. For feedback conditions 

this corresponded, of course, with the number of times the feedback 

signal occurred. Responses were recorded in an interval of time 

during which 25 correct responses were possible. The second measure 

taken was the variability in the temporal intervals produced between 

each response tap. 



RESULTS 

The two dependent measures which were recorded were analyzed 

in a four factor (trials, signal modality, feedback condition, and 

tolerance) randomized groups analysis of variance design. Each group 

of five subjects received 20 trials in one combination of tolerance, 

signal modality, and feedback condition. 

The maximum number of feedbacks the subject could produce on 

a given trial was 25. For the no-feedback condition the number of 

feedbacks that would have occurred had they been presented were 

recorded. Trials were not a significant contributor to the variance 

(F_=1.66, df=19,1440, j)< .10) indicating no improvement in performance 

over trials. The effects of feedback conditions, sensory modality of 

the signal, and tolerance were all significant (Fj=37.72, df=2,1440; 

F=136.43, df=l,1440; F=165.20, df=2,l440; all 2><.001). The inter

action between feedback and sensory modality of the stimuli is 

illustrated in Figure 1. It is apparent from this graph that the 

auditory signal produced the higher overall level of responding. The 

visual feedback, however, was the best feedback condition under both 

signal conditions, while no-feedback was the worst. 

The larger the tolerance the more feedbacks the subjects were 

able to produce. Within each tolerance condition the function 

relating feedback condition to number of correct responses takes the 

same form as those in Figure 1 with number correct increasing as 

10 
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tolerance increases. The difference between responding to auditory as 

opposed to visual signals under each tolerance condition was greater 

for the 0.050 sec and 0.090 sec tolerances than for the 0.150 sec 

tolerance. This accounts for the significant Tolerance X Signal 

Modality interaction, F(2,1440)=4.41, p<.05. These results are 

apparent in Figure 2. 

The time interval between each of the subjects' response taps 

was recorded to the nearest msec. These interval data were used to 

calculate the means and standard deviations (SDs) of the produced 

intervals for each trial. The means and SDs were then analyzed in 

the same way as previously described for the nuniber of correct responses. 

Trials did not significantly affect the mean interval produced. 

Feedback condition, signal modality, and tolerance were significant 

factors (F=25.25, df==2,1440; F=10.46, df=l,1440; F=7.35, df=2,1440; 

all £_'s<.01). 

The means of the produced intervals were shorter than those 

between the stimuli which were presented for synchronization. The 

subjects who started out synchronizing with an auditory stimulus 

produced intervals closer, on the average to 0.500 sec than the ones 

who began with visual signals. This is illustrated in Figure 3. Also, 

in the same graph is the indication that subjects who received no-

feedback came closer to producing the correct intervals on the average 

than those subjects in the same stimulus sensory modality condition 

with feedback with the exception of the group which received the 

visual signal and auditory feedback. The groups which received auditory 
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feedback produced Intervals closer to the optimum than those under the 

same signal condition who received visual feedback. 

The consistency of the interval production throughout a trial 

was determined by analyzing the SD for each trial. Trials were not a 

significant factor. Again feedback condition, sensory modality, and 

tolerance did contribute significantly to the variance (Ff66.98, 

df=2,1440; F=10.26, df=l,1440; F=16.01, df=2,1440; all 2><.001). 

The visual signal produced greater variability of responding 

than the auditory. This result is due predominantly to the auditory 

feedback condition as shown in Figure 4. This large SD may account 

for the seemingly more accurate mean response of this group shown in 

Figure 3. The SD for each stimulus condition is very similar except in 

the auditory feedback case. This undoubtedly accounts for the 

significant Feedback X Sensory Modality interaction, F(2,1440)=11.91, 

pc.OOl. Also apparent from Figure 4 is the trend that overall auditory 

feedback produced the greatest variability. Visual feedback was 

intermediate, while no-feedback produced the least variability. The 

no-feedbaclc groups under all sensory and tolerance conditions cluster 

very closely to each other. Table 1 presents the averaged SDs for each 

condition. These data point out that the 0.090 sec tolerance produced 

more variability than either the 0.050 sec or the 0.150 sec tolerance 

conditions. 

In summary, the auditory signal produced more correctly timed 

responses, mean interval production closer to the actual rate of 

stimulus presentation of 0.500 sec, and less variability of interval 
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Table 1. Mean Standard Deviation of Produced Intervals in Seconds 

Tolerance 
in Seconds 

Signal 
Sensory 
Condition 

Feedback Mean for 
Sensory 
Condition 

Mean for 
Tolerance 

Tolerance 
in Seconds 

Signal 
Sensory 
Condition Auditory Visual None 

Mean for 
Sensory 
Condition 

Mean for 
Tolerance 

Auditory 0.040 0.042 0.029 0.037 

0.050 Visual 0.036 0.053 0.024 0.038 0.037 

Mean 0.038 0.048 0.026 

Auditory 0.038 0.035 0.029 0.034 

0.090 Visual 0.112 0.048 0.039 0.066 0.050 

Mean 0.075 0.042 0.034 

Auditory 0.061 0.061 0.029 0.051 

0.150 Visual 0.047 0.033 0.026 0.036 0.043 

Mean 0.054 0.047 0.028 

Mean 0.056 0.045 0.029 
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production. Visual feedback was the best for maintaining well-timed 

responses, but no-feedback was the best for consistency of responding. 

As tolerance increased so did number of correct responses, but response 

variability increased as tolerance increased from 0.050 sec to 

0.090 sec and then decreased with a further Increase in tolerance to 

0.150 sec. 



DISCUSSION 

Encoding the temporal information via the auditory sense 

during the synchronization phase of a trial improved performance by 

all measures. Bartlett and Bartlett (1959) also found slightly less 

variability with auditory than visual stimuli in a synchronization 

task. Those results and the present findings indicate that the 

auditory sense is more efficient than the visual for encoding 

temporal information into memory. 

Feedback produced a definite effect on continuation behavior. 

More responses occurred within the tolerance interval when feedback 

was presented than when it was absent. Consistency of responding was 

strongly affected by the presence of feedback, also. More searching 

for the placement of responses occurred when feedback was present. 

One purpose of this study was to find out if subjects could analyze 

the discrepancies that might occur early in their sessions and become 

more consistent over trials. The increased variability and low total 

number of correctly timed responses indicates that they were searching 

for temporal placement, but without success. Subjects who received no-

feedback were not prompted to engage in the searching behavior, but 

kept a realtively steady pace throughout a trial. 

Visual feedback was optimal for correct placement of responses 

in both sensory modes. This result was unexpected since the auditory 

sense has been found to be superior for processing temporal information. 

19 
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The feedback stimuli do not require temporally controlled responses, 

but only result from them. Therefore, the visual sense may not be 

reduced in efficiency for processing feedback information as it is 

for temporal information. Another reason for this result may be that 

the click and response tap sounded very similar subjectively. The 

light would then present less ambiguous and more clearcut feedback. -

The number of correct responses increased with increasing 

tolerance. Thus, it would seem that the additional time allowed more 

responses to come close enough to the signal to produce feedback. If 

this were true the variability of responding should have increased 

with increasing tolerance, also. Variability decreased with the longest 

tolerance, therefore, the subjects did not take advantage of the 

increased allowance by increasing their variability accordingly. 

Apparently, no more variability in responding was necessary to produce 

more -correct responses. Perhaps the reason that more correct responses 

were possible while less variability was maintained is due to the fact 

that tapping at a more natural rhythm (such as the no-feedback subjects 

adopted) produced more feedbacks due to the larger tolerance. More 

intervals that were produced rather naturally were reinforced than in 

the shorter tolerances which require corrective action more often to 

maintain feedback. This would indicate that the 0.150 sec tolerance 

allows natural variability in responding whereas the 0.090 sec tolerance 

does not. 

The visual system appears to be temporally less precise and to 

have less temporal resolution than the auditory sense. If this is true 

then less of a discrepancy should exist between the two senses if this 
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built in noise in the visual system is compensated for. One indica

tion that this is true is demonstrated by the fact that less of a 

discrepancy exists between number correct in the auditory sense versus 

the visual sense when a great deal of tolerance is allowed. If enough 

variability is permitted the responses to visual stimuli may approach 

those to auditory. The results of the present study seem to indicate 

that the discrepancy between the two senses is lessened when allowed 

variability increases from 0.090 sec to 0.150 sec. 

The lack of a trials effect within conditions or interacting 

among conditions indicates that there was no improvement in performance 

or learning taking place. There are several explanations for the 

absence of learning. The most obvious one is that the feedback did not 

provide adequate correctional information to the subject. The feed

back was only positive, i.e., it only provided reinforcement for 

correct responses, but gave no information following incorrect ones. 

Perhaps more complete feedback information would have enabled the 

subject to improve his performance. More complete feedback was not 

provided in an attempt, as stated earlier, to find out if the subject 

has any internal information of which he can make use for this purpose. 

The results indicate that he may not. However, there may be other 

explanations for the findings which do not rule out the possibility of 

at least conceptual acceptance of the model offered earlier. The 

90 subjects used in this investigation were volunteers from introductory 

Psychology classes. They came to the experimental setting at appointed 

times and sat for a 15-minute session. Stress was put on appearing 
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and appearing promptly, but none on performance at the task. This 

may account for the low number of correct responses per trial, as well 

as the lack of improvement. Further support is given to this reasoning 

by informal observation of much higher levels of responding among 

experienced subjects and also preliminary data from a follow-up study 

which seems to indicate that improvement does obtain with motivated 

subjects. 

Another explanation for the lack of improvement is that general 

timing behavior is already highly overlearned. Subjects were only 

performing with about 40 percent correct responses on their last trial. 

This would indicate quite a lot of room for improvement. However, it 

is possible that the general timing task as required in continuation 

was learned prior to participation in this study to the maximal extent 

possible due to inherent sensory limitations. Again, it would seem that 

this is likely to be disproven by using highly motivated and experienced 

subjects. 

Future analysis of this problem should be aimed at analyzing 

motivational variables and using various amounts of feedback to attempt 

to reduce the variability in responding. If improvement in this task 

is possible it is important to discover whether or not it is a 

performance or learning effect. The learning of temporal behavior has 

implications for improved performance in applied situations, such as 

music, and athletics. 



APPENDIX A 

CONCEPTUAL MODEL OF CONTINUATION BEHAVIOR 

A conceptual model of human continuation behavior is presented 

to describe the rationale of the present research.* The model is 

illustrated in Figure Al. The subject's task is when presented with 

a series of isochronous stimuli (Figure Al, Part A) to synchronize 

with them. The stimuli are then discontinued and the subject must 

continue unaided. The STORED INTERVAL is the interval as it is 

remembered from the synchronization phase. This is subject to decay 

with time. Intervals longer than 0.70 sec are reproduced as increasingly 

longer and longer over time, while those shorter than 0.50 sec are 

reproduced as intervals even shorter, but remaining consistent over 

time (Michon 1967). The REPRESENTATIONAL INTERVAL is a representation 

of the length of the next interval to be produced. The STORED INTERVAL 

provides information to the REPRESENTATIONAL INTERVAL as to remembered 

interval length. This representation of the next interval involves 

error due to incorrect anticipation of the end of the proposed interval 

and error in coordinating a response with the termination of that 

interval. The REPRESENTATIONAL INTERVAL culminates in the response 

tap. Two successive taps result in an internal representation of 

* This nodel is partially based on one presented by Michon (1967) as 
the basis for a computer program which simulated synchronization 
behavior. However, the present use of the model should not be con
strued as describing that author's intent. 
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Figure Al. Diagram of the Conceptual Model of Continuation Behavior with Feedback 
for Correctly Timed Responses 
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a PRODUCED INTERVAL. That is, once the subject has produced an output 

interval he has an internal representation of the length of that 

interval. The STORED INTERVAL, PRODUCED INTERVAL, COMPARATOR, and 

REPRESENTATIONAL INTERVAL are all inferred processes. Figure Al, 

Part B, represents the subject and as such contains these hypothetical 

processes. The TRAIN of STIMULI (Figure Al, Part A) represents external 

input and the TAP (Part C) is externally measurable output. 

If the PRODUCED INTERVAL agrees with the STORED INTERVAL the 

REPRESENTATIONAL INTERVAL is unchanged and the next response is 

produced. Disagreement between PRODUCED and STORED INTERVALS results 

in a correction at the representational level and then a corrected 

response. The STORED INTERVAL is subject to decay with time resulting 

in variation of the PRODUCED INTERVAL. However, the PRODUCED INTERVAL 

may vary independently of the STORED INTERVAL, due to inconsistency in 

perceptual-motor coordination, sensory registration, variation in 

anticipatory responses, etc. These changes in the PRODUCED INTERVAL 

which are independent of those in the STORED INTERVAL may act as input 

to the STORED INTERVAL and result in increasing the latter1s vari

ability. Michon's (1967) results give some slight indication that 

three to seven prior output intervals may be averaged into the STORED 

INTERVAL. Producing a correct interval does not differentially update 

the stored interval and therefore, does not keep it from decaying. 

This may be due to the differential threshold between the two internal 

representations. If this threshold is insensitive, slippage of one 

would affect the other without the subject being aware that his output 

was changing. 
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The STORED, REPRESENTATIONAL, and PRODUCED INTERVALS each 

contribute individually to the total variability in the timing of the 

TAP output. Therefore, the variability in externally measured intervals 

reflects the total of all variability produced by the components. 

One way to attempt to update the STORED INTERVAL with minimal 

interference of the subject's own internal standard is to introduce 

feedback whenever the response occurs at a time when a stimulus would 

have occurred had the synchronization signals been continued. This 

would mean that the subjectively stored interval must also contain 

information as to predicted time of stimulus occurrence. The 

appearance of a signal indicating a correctly placed response would 

allow the subject another basis for assessment of his STORED INTERVAL. 

The FEEDBACK is depicted in the model as external input contingent on 

the output TAP (Figure Al, Part C). The occurrence of this feedback 

signal would indicate that he is performing with accuracy and should 

continue in the same manner. The absence of feedback after a response 

would indicate to the subject to analyze the discrepancy between 

STORED and PRODUCED INTERVAL and to change the next response accordingly. 

If no difference between the two exists subjectively he must alter the 

STORED INTERVAL himself and try another response hypothesis. This 

method of delivering feedback leaves a lot of analysis of temporal 

information to the subject. That is, when feedback is presented the 

STORED INTERVAL information is reinforced and the aspects of processing 

that led to that response will be repeated. If feedback is not 

presented, the subject has responded incorrectly temporally and must 
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analyze his own temporal information as to what changes to make in the 

timing of the next response. When no feedback is presented the informa

tion from TAP to STORED INTERVAL via FEEDBACK is not delivered so only 

the PRODUCED INTERVAL is affected. Therefore, the subject is relied 

upon to make maximal use of whatever information there may be in his 

several stored representations of the timing of the stimuli. If this 

type of feedback does not aid the subject in increasing his consistency 

it may indicate inability of the subjects to utilize their internal 

temporal information or it may mean that the subjects have no provision 

for storing this temporal information efficiently. 

Application of the Results to the Model 

The main implications of the results of this study for the pro

posed model are for additional processes in the operation of the feed

back loop. The feedback did increase the number of correctly timed 

responses. This indicates that it does possibly affect the other 

inferred processes, possibly the STORED INTERVAL, which was hypothesized 

to contain information as to the time of occurrence of the stimuli as 

well as the intervals between them. The extent of the feedback is 

determined by the sensory modality of the feedback stimulus. Feedback 

also increased the variability of the subject's output. This indicates 

that searching behavior, possibly resulting from generation of 

hypotheses as to when the next tap should occur, was increased. These 

hypotheses would affect the REPRESENTATIONAL INTERVAL and when 

incorrect could cause this interval to vary greatly. The STORED INTERVAL 
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and PRODUCED INTERVAL information alone allowed the no-feedback 

subjects to maintain a more stable level of responding. 

Perhaps a motivational process in the system would allow 

increasing improvement with practice. The feedback increases the level 

of performance and may continue to do so in subjects who have the 

incentive and/or experience to utilize the information contained within 

the system. ' 



LIST OF REFERENCES 

Bartlett, N. R., and Bartlett, S. C. Synchronization of a motor 
response with an anticipated sensory event. Psychological 
Review, 1959, 66^, 203-218. 

Best, P. R., and Bartlett, N. R. Effect of stimulus interval and 
foreperiod duration on temporal synchronization. Journal of 
Experimental Psychology (in press). 

Fraisse, P. The psychology of time. London: Eyre and Spottiswoode, 
1964. 

Gottsdanker, R. M. The continuation of tapping sequences. Journal 
of Psychology, 1954, 37, 123-137. 

Hirsh, I. J., and Sherrick, C. E. Perceived order in different sense 
modalities. Journal of Experimental Psychology, 1961, 62, 

• 423-432. 

Miction, J. A. Timing in temporal tracking. The Netherlands: Royal 
VanGorcum Ltd., Assen, 1967. 

Stevens, L. T. On the time sense. Hind, 1886, 11, 393-404. 

Taubman, R. E. Studies in judged number. 1. The judgment of auditory 
number. Journal of General Psychology, 1950, 43, 167-194. 

Woodrow, H. The temporal indifference interval determined by the 
method of mean error. Journal of Experimental Psychology, 1934, 
17,, 167-188. 

29 


