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CHAPTER I 

STATEMENT OF THE PROBLEM 

The purpose of this experiment is (1) to search by use of 

objective methods for the facts concerning the accuracy with which 

subjects can synchronize with repetitive models of auditory stimuli, 

which vary in the temporal spacing of their sound-silence durations, 

and (2) to study the relationship between the subjects' accuracy of 

synchronization and the rate of presentation of the auditory models. 

Synchronization refers to the subjects' reproduction of the auditory 

model simultaneously with its presentation, copying the onset and the 

duration of the sound intervals and the silence intervals between 

them. 

In order to accomplish the purpose of the experiment, it was 

necessary to devise special equipment to be used in conjunction with 

standard instruments by means of which (1) auditory models could be 

presented so that both their sound-silence durations and their speed 

of presentation could be varied with objectively determinable precision, 

and (2) graphic recordings could be made simultaneously of these models 

and of the subjects' corresponding synchronizing responses to them. 

This would enable a direct comparison to be made between the stimulus 

display and the subjects' output. 

Extensive search of the literature reveals no objective study 

concerned with the question of how well subjects can synchronize with 

repetitive models of auditory stimuli, varying in the distribution of 

their sound-silence durations. Until quite recently objective measure

1 
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ments were seldom used in the study of rhythm. In the nineteenth 

century and the early decades of the present century, psychologists 

conducted numerous studies using the method of introspection in which 

the stimulus characteristics of the components of rhythm, such as in

tensity, frequency, duration of the sound-silence intervals, and the 

temporal spacing of these elements were varied for the purpose of de

termining the effect upon the auditor. Ruckmick (1913, 1918, and 1924) 

compiled a series of unannotated bibliographies covering this area of 

research. 

In the past two decades Fraisse and his students in France have 

conducted a series of experiments in which they varied the components 

of auditory models and made graphic and chronoscopic recordings of the 

subjects' responses (Fraisse, 1956). These reports included studies of 

spontaneous rhythmic performance (Fraisse, 1947), the reproduction of 

rhythmic models (Fraisse 1948), and spontaneous motor accompaniment to 

musical rhythm (Fraisse, Oleron, Paillard, 1953). 

Weitz and Fair (1951), in the most recent survey of studies on 

rhythm, report isolated examples of objective methods used in securing 

recordings of subjects* productions or reproductions of auditory models. 

Subsequently, Smith (1957) made kymographic recordings of subjects' re

productions of eight auditory models. 

Of all the studies reviewed only three were found which deal 

specifically with the accuracy with which subjects can synchronize with 

evenly-spaced trains of auditory stimuli presented at varying rates. 

Each of these three studies made instrumental recordings of the subjects' 

performance. 



The first of these, a pioneering experiment of Dunlap (1910) , 

was extensive in its conception, including both visual and auditory 

displays. However, as the author himself emphasized (p. 416), the pro

cedure was not carried out systematically enough to establish definite 

conclusions concerning the influence of rate of presentation upon accu

racy of synchronization with auditory models of evenly spaced sound-

silence intervals. Of special interest are the beginnings of a method

ology for experiments dealing with accuracy of synchronization including 

graphic measurements and a technique for handling the results obtained 

from such measurements. 

Dunlap used five subjects including himself. They were pre

sented with auditory models consisting of the snap of an electrical 

. spark followed by a fixed interval of silence. The repetitive presenta

tion of a model constituted a series. Models were altered by using 

various fixed intervals of silence duration, ranging from .250 to 2.446 

seconds. Since the duration of the spark was practically instantaneous, 

the rate of presentation was dependent upon the duration of the silence 

interval for each model used. Dunlap instructed each of his subjects to 

synchronize with the snap of the spark by tapping on a key, the move

ments of which were recorded on a kymograph. 

Perfect synchrony involved onset only and took place when the 

subjects' recorded taps coincided exactly with the onset of the stimulus 

sound. Discrepancy in time between the snap of the electrical spark and 

the corresponding tapped response of the subject constituted an error in 

synchronization. When the subjects' taps came before the corresponding 

snap of the electrical spark, the error was termed negative. Taps 



occurring after the corresponding snap were termed positive. The alge

braic average of the individual errors in each series was termed the 

constant error, and variability was reported in mean.variations. 

Because of the primitive character of his equipment Dunlap was 

unable to present stimuli at the same rate of speed on consecutive 

occasions. This accounts for the use of more than 100 rates within 

the range of .250 sec. to 2.446 sees, and the lack of consistency in 

the number of stimuli presented at the various rates. The number of" 

stimuli presented in one sitting as compared to another varied widely 

within a range of 11 to 72. 

Although Dunlap had difficulty in holding the kymograph to a 

constant speed, he was able to make several observations concerning 

his data. He found that the subjects' constant errors and mean varia

tions fluctuated widely at all rates of presentation, and were generally 

as great at the faster rates as at the slower ones. The direction and 

magnitude of the constant errors appear to have no definite relation to 

the rate of stimulus presentation. The mean variations for Dunlap him

self at the most rapid rates (.500 sec. to .250 sec.) were within a 

range of .010 sec. to .021 second. One of his subjects was not able to 

synchronize at the .354 second rate. 

It was not until the thirties that another experimenter, Woodrow 

(1932), studied the relationship between accuracy of synchronization with 

models of evenly spaced clicks and the rate of presentation. As in the 

Dunlap experiment the rates were dependent upon the fixed intervals of 

silence between clicks. The eight rates of fixed intervals which he pre

sented to his six subjects varied from one click every .250 sec. to one 

every 4.0 seconds. 



Woodrow's subjects responded by tapping a key which activated a 

circuit producing auditory clicks. Subjects were instructed to synchro

nize these clicks with those of the auditory models. Only one of the 

rates was used each day. At each sitting the subject was given eight 

forty-second periods of synchronous tapping, with a rest of one-half 

minute between each period. The first three periods constituted the 

practice session. During the last five forty-second periods, chrono-

scopic samples were taken of the subjects* taps. The various rates 

used succeeded each other first in the order of shortest to longest 

(ascending series), and second, in the reverse order, from longest to 

shortest (descending series). 

Woodrow decided to use the chronoscopic setup for recording the 

subjects' responses rather than a graphic method. Moreover, he was 

interested only in sampling these responses. At each rate he measured 

only one tap every four seconds, thus equalizing the number of samples 

for all rates. For instance, at the rate of one stimulus every four 

seconds each response was measured, whereas at the rate of four stimuli 

a second only every sixteenth response was recorded. 

Woodrow stated that his chronoscopic set-up afforded a satis

factory technique for measuring the accuracy of synchronization. He 

reported his subjects' constant errors and standard deviations as per

centages of the rate. For example, at the rate of one sound every 250 

msecs. the average of the constant errors for all subjects in absolute 

values is -4.4 msecs., with a standard deviation of 19.5 msecs. These 

values are reported in Table 1 as 1.3 per cent and 7.8 per cent respec

tively,' as~ they became after having been expressed as a percentage of 



TABLE 1* 

SUMMARY, ALL SUBJECTS 

Constant Errors and Standard Deviations for All Subjects at All Rates 

Both C.E.'s and S.D.'s are expressed as absolute values and as per
centages of the rate. 

Av. C. £•• Av. c>. D. 
Rate ** ; 

Absolute Percent Absolute Percent 

250.0 -4.4 1 •
 

00
 

19.5 7.8 

400.0 1 Ul
 
•
 

00
 

-1.5 22.5 5.6 

571.4 -2.8 -0.5 24.4 4.3 

666.7 -8.4 -1.3 25.9 3.9 

800.0 -9.3 -1.2 27.1 3.4 

1000.0 -10.8 -1.1 39.0 3.8 

2000.0 -31.6 -1.6 89.8 4.5 

4000.0 

CM •
 

i 

CM •
 

H
 a 242.0 6.1 

* Adapted from Woodrow. 

** Rates reported in milliseconds. 
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the 250 msecs. rate. 

Woodrow found that the smallest error variation, 3.4 per cent, 

occurred at the rate in which a click was presented every .300 second. 

The standard deviations expressed as percentages increased regularly 

on both sides of this most favorable model until at the fastest rate, 

one sound every one-fourth second, it had reached 7.3 per cent, and at 

the slowest rate of one sound every four seconds it was 6.1 per cent. 

With practice, subjects became "adapted" to a range of rates extending 

from at least 666.7 msecs. to 1,000 msecs. so that on the average they 

showed the same variability for all the models within this range. 

After the Woodrow study, research on synchronization in which 

objective records were collected was neglected until recently. Bartlett 

and Bartlett (1959) conducted a series of experiments in which they re

quired th.eir subjects to synchronize with one sound in a series of 

equally-spaced auditory stimuli. Objective measurements were obtained 

by taking readings from a Berkeley Model 410 electronic counter. 

In one of their preliminary experiments (pp. 207-208), a highly 

trained subject attempted to throw off the count toggle switch of the 

Berkeley counter in synchrony with the slam of the mechanical registers 

in the machine, which occurred at the rate of .833 second. The results 

of single samples of fifty readings yielded means deviating no more than 

.010 sec. in either direction from synchrony and standard deviations 

ranging from .020 sec. to .030 second. Similar results were secured, 

from the performance of two highly trained musicians. In addition twelve 

untrained students contributed a sample of 25 readings each. Their con

stant errors ranged from -.163 sec. (anticipation) to +.046 sec. (delayed). 



The mean of their 12 standard deviations was .037 sec. with a range 

from .019 sec. to .079 second. 

Another of these experiments (pp. 208-210) dealt with the 

effect of practic^on synchronization. Once more the rate of one 

sound every .833 s^. was used. However, the counter was modified so 

that the sound became a click in the subjects' earphones. A free 

finger tap upon a lever was substituted for the throwing-off of the 

toggle switch. After five familiarization trials, the students were 

given five blocks of 20 trials each. There Vas a rest period between 

each block of trials. For the first four series the subject was in

formed by the experimenters after each trial as to the type and extent 

of his error. In addition the Berkeley counter gave him a clue as to 

his success in synchronization. If he heard the click with which he 

was trying to synchronize, he had achieved perfect synchrony or else he 

was late. If he did not hear the click, he had anticipated. Signifi

cant improvement in both constant errors and standard deviations occur

red between the first and fourth training series. The fifth series of 

trials did not differ significantly from the fourth. 

The results indicated the importance of having a training period 

with a large number of trials if the subjects are to master the task of 

synchronization. The experimenters also stress the need for having a 

large number of trials with well-trained subjects in the experiment 

itself if one wishes to obtain better than gross effects. On the other 

hand they mention the tendency of subjects to lose interest in their work 

when presented with repeated trials involving one rate of speed, and 

conclude that the most economical and perhaps the most valid means of 
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collecting data is to gather a moderate number of samples. 

The three other synchronization studies in this same series 

dealt with motor modes, sensory modes, and sensory-motor modes. Of 

particular interest was the sensory-motor mode and rate comparison ex

periment (pp. 211-214), which used rates ranging from .125 sec. to 4.0 

seconds. *rhe results for three subjects indicated that ear-finger per

formance was superior to eye-finger performanc£_£or^rates of .250 sec. 

and possibly .500 second* There was little differenc5~between ear-

finger and ear-toe results. At the rate of .125 sec. (eight signals 

per second) ear-finger performance was about at a chance level. As the 

rates became slower, performance improved progressively until an asymp

totic level was attained. 

The sensory modes and rates experiment (pp. 214-216) compared 

visual signals, auditory signals, and simultaneous audio-visual signals 

at five rates ranging from .167 sec. (6 per second) to .500 sec. (2 per 

second). One of the subjects was an orchestra conductor and an instru

mentalist, the other was-an Air Force officer highly skilled in sending 

telegraphic code. The results indicated that synchronizing responses to 

auditory stimuli were much better than- responses to visual stimuli when 

rapid rates of presentation were used, while performance in response to 

simultaneous audio-visual stimuli was no better than that to auditory 

stimuli alone. The low variability of the auditory data was notable 

(p. 215). 

In summary it may be noted that the studies cited above by Dunlap, 

Woodrow, and Bartlett and Bartlett have a number of features in common. 

Objective measurements of subjects* performance were reported by all, 



Dunlap using the kymograph, Woodrow the chronoscope, and Bartlett and 

Bartlett the Berkeley electronic counter. However, Dunlap made con

tinuous graphic recordings, whereas Woodrow and Bartlett and Bartlett 

relied on the sampling technique. Dunlap's method permitted the obser

vation of the totality of subjects' performance, including the drift 

phenomenon. (By drift phenomenon is meant the fact that frequently ' 

after the subject has tapped at a rate that leads gradually to asychronism 

he begins again at a somewhat different rate in order to correct his 

error.) The experimenter's observations of these factors enabled him 

better to coach the subjects so as to improve their performance during 

the training period. - — 

Equally-spaced intervals of silence duration and extremely brief 

auditory stimuli were used in all of these experiments. A wide variety 

of rates were explored, Dunlap using an array of rates varying from .250 

sec., to 2.446 sees., while Woodrow explored a range varying from .250 sec. 

to 4.0 seconds. Bartlett and Bartlett used the same range as Woodrow, 

adding to it a faster range from .250 sec. to .125 second. 

In each of these experiments, subjects were required to synchro

nize only with the onset of the stimulus sound. None of the experi

menters were concerned with the ability of subjects to synchronize with 

the duration of the sound, although Dunlap proposed doing so. The rates 

of stimulus presentation were systematically varied in these studies, 

but no variations were made in either sound durations or in lengths of 

silence within a given series or model. There remained, then, a need for 

information pertaining to duration and a number of other aspects related 

to the presentation of auditory stimuli. 
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From a practical point of view, up to the present time auditory 

stimuli in themselves, with the exception of verbal messages and tele

graphic communication, have been generally utilized for giving yes or 

no information. In order to transmit qualitative information it is 

necessary to have variations in auditory stimuli, such as variations in 

frequency, intensity, and duration. Synchronization with the qualitative 

aspects of auditory stimuli has had a beginning, notably in the use of 

fly bar equipment (flying by auditory reference) in blind flying. Syn

chronization has lpng played a notable role in the performance of music, 

yet scientific investigations of the role of synchronization in music 

are virtually nonexistent. 



CHAPTER II 

METHODS 

Subjects 

Eight male undergraduate students in general psychology at the 

University of Arizona comprised the group of subjects used in this study." 

These subjects were paid volunteers, and were selected from a much larger 

group. The only consideration in this selection was the assurance that 

they would be able to engage in all phases of the study without inter

ruption. After selection, information was obtained concerning their 
r 

general backgrounds (see Table 2). 

Materials 

A few general considerations guided thinking in regard to the 

construction of the auditory models used in this experiment. It was 

felt that certain rates would undoubtedly call forth relatively greater 
o 

accuracy than would other rates, and possibly certain arrangements of 

the sound-silence durations would likewise promote more accurate per

formance. The model-rate combinations were designed to be within the 

physiological capabilities of most trained subjects. It was the inten

tion of the experimenter that the combinations of models and rates should 

lie along a continuum extending from the easier combinations which should 

be mastered by most, if not all, subjects to the most difficult model-

rate combinations which should be mastered by few, if any, of the subjects. 

Although the rates and the models are essentially interdependent, 

these will be considered independently for descriptive purposes in the 

following explanation. 

12 



TABLE 2 

13 

BACKGROUND INFORMATION ON SUBJECTS 

Subject Age Otis College Major Musical Training 
IQ Type Years 

1 19 123 Liberal Arts Zoology Drums 3 

2 24 112 Engineering Elect. Engineering None 

3 19 131 Liberal Arts None Clarinet 3 

4 21 113 Liberal Arts Psychology 
Clarinet 
Choral 

2 
2 

.5 20 .124 Liberal Arts English Clarinet 5 

6 20 125 Engineering Engineering-Physics None 

7 21 127 Liberal Arts Chemistry 
Banjo 
Piano 

1 
1 

20 124 Liberal Arts Psychology 
Piano -
Choral 

1 1/2 

1 

Mean Age 20 yrs. 6 months 

Mean 1Q 122.4' 



A number of studies show that the sensory and motor aspects of 

the organism impose certain limitations at rapid rates of performance. 

Taubman (1954) found the approximate limit for receiving and counting 

accurately brief auditory signals to be eight per secpnd. However, 

when the total number in the train is low, higher rates can be counted. 

Bartlett and Bartlett (1959) conclude that: 

"Synchrony with one of a series of sensory events becomes re
duced to a random performance when temporal intervals are very 
short, and, further, sensory mode probably sets the rate limit" 
(p. 205). 

Maximum rates for digital tapping vary from 5 to 14 taps per second 

(McCormick, 1957) with a mean of about 8.5 which can be increased to 

only 9.3 with long practice (Seashore, 1938). Preferred tapping rates 

occur in the range from 1.5 to 5 taps per second (Miles, 1937). 

From a review of synchronization studies, it appears that per

formance is by no means perfect at any rate. As stated earlier (p. 6), 

Woodrow (1932) found .800 sec. to be the optimum rate for his subjects, 

whose group average standard deviation at this rate was a low 3.4 percent 

of the rate. Further investigation led Woodrow to conclude: 

"It was found that as practice was continued the subjects be
came adapted to a range of rates, extending from at least 666.7 
to 1000.0, so that on the average they manifested the same vari
ability for all the rates within this range" (p. 378). 

Bartlett and Bartlett (1959, pp. 212-213) found that synchroni

zation performance at 8 signals per second (.125 sec. rate) was about 

at chance level. In the study already cited, Woodrow stated that the 

highest constant errors and standard deviations for his subjects when re

ported as percentages of the rate occurred at his most rapid rate, .250 

sec. (see Table 1). For the slowest rates, on the other hand, Wo<?drow 



reported that ability to synchronize broke down between the rates of one 

sound every four seconds and one sound every two seconds. At the approxi

mate rate of one sound every 3.34 seconds, error in synchronization equals 

error in reaction time. The reaction time referred to here is of the type 

in which the subject reacts to every sound in a continuous series of 

evenly-spaced sounds. This type of reaction time lies within the range 

of .120 sec. to .180 sec. for most subjects. Woodrow designates the 

point where error of synchronization equals error of reaction time as the 

upper limit of synchronization (pp. 374-376). The results of the 

Bartlett and Bartlett study (pp. 211-214) above on interval between 

signals and sensory-motor mode, when converted into absolute units, as 

suggested by the experimenters (p. 212), indicate that in general at the 

four second rate, the constant errors equal or surpass reaction time. 

The requirements of the present experiment demanded that the sub

jects synchronize their taps on the telegraph key with both the onset and 

the duration of the sound intervals. In performing this task they of 

necessity had to synchronize with the duration and onset of the silence 

intervals, although this was not called to their attention. As mentioned 

before, previous experimenters asked their subjects to synchronize only 

with the onset of instantaneous sound intervals, and with the duration of 

the silence intervals. It remained to be seen whether accuracy of syn

chronization with duration could equal or surpass accuracy of synchroni

zation with onset, or whether the additional task of synchronization with 

duration would increase or decrease accuracy in synchronization with onset. 

In view of the facts and considerations reported'above, four rates 

and four models were chosen. These formed 16 model-rate combinations. 
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The four rates selected were: 1.0 second, 2.0 seconds, 3.0 seconds, and 

4.0 seconds per model presentation. However, since the arrangement of 

the sound-silence durations within each model' varied, the physical de

mands of synchronization varied within any one rate. The fastest tapping 

demand was five taps per second as occurred in Rate 1.0 second, Model 1, 

and the slowest had 2.4 seconds between taps as found in Rate 4,0 

seconds, Model 4. 

In the construction of the four experimental models it was de

cided that frequency and intensity would be held constant while the ele

ments of sound-silence in the model would be varied. The four models 

were constructed in terms of 10 parts of 1.0. The sound intervals util

ized were 1/10 and 2/10, and the silence intervals were 1/10, 4/10, and 

6/10 of the length of the total model. See Figure 1 for details of 

model-rate combinations. The models were designed in terms of these 

sound-silence intervals in such a way that the number of varying elements 

of sound-silence duration and onset increase progressively by steps of 

one from one model to the next. Hence, Model 1 has two varying elements, 

Model 2 has three, Model 3 has four, and Model 4 hds five. See Figure 2 

for an enumeration of the varying elements per model. 

The Otis Self-Administering Tests of Mental Ability (Higher Ex

amination: Form A) was used to obtain a measure of general ability for 

the subjects (see Table 2). In order to obtain a measure of musical 

aptitude, which may be considered to be related to the ability to syn

chronize with auditory patterns of varying complexity, the Seashore Mea

sures of Musical Talents were administered both before and after the main 

experiment. 



FIGURE 1 

TIME INTERVALS FOR SOUND AND SILENCE DURATIONS FOR THE SIXTEEN 
MODEL-RATE COMBINATIONS 



TMi NTERVALS FOR SOU NO AND SLENCE DURATIONS FOR THE FOUR MODELS 
IN THE FOUR RATES 

RATE - 1.00 SECOND PER MODEL 

MODEL 1  ̂

.1 .1 .1 .1 

MODEL 2 

MODEL 3 

MODEL 4 

A 1 ± 
10 *) 10 TO 

.4 .1 A 

*> h e i » & ib 
.1 .2 .1 .1 .1 .2 .1 

1 2 5" 
10 10 io 
.1 .2 J6 

1:00 SEC. TOTAL 

1XX> SEC. TOTAL 

1.00 SEC. TOTAL 

WO SEC. TOTAL 

RATE - 2.00 SECONDS PER MODEL 

MODEL 1 
J. 11 1 
10 10 10 10 
.2 .2 .2 .2 

etc. 

2.00 SEC TOTAL 

MODEL 2 
J. 
lO 
.2 

10 
.8 

4 
i5 
.8 2J00 SEC TOTAL 

MODEL 3 

MODEL A . 

2J00 SEC. TOTAL 

2X30 SEC TOTAL 



TME INTERVALS FOR SOUND AM3 SILENCE DURATIONS FOR THE FOUR MODELS 
M THE FOUR RATES 

RATE- 3.00 SECONDS PER MODEL 

MODEL i r——1_—i ; I I » 1 I 1 I 1 TOTAL 
H H H B SECS-
.3 .3 .3 .3 3.00 

MODEL 2 I I 
1 4. 1- 4. 
10 10 10 10 
.3 1.2 .3 1.2 3.00 

MODEL 3 I I I ~ I I " I F " I , 1 
1 1. 2. JL 1. JL 2. 1 
10 • 10 , 10 10 10 K» 10 10 „  ̂
.3 .3 .6 .3 .3 .3 .6 .3 3.00 

MODEL 4 I ' . I 1 ' 
£ IT 6 € 
.3 .3 .6 1B 3.00 

RATE-4.00 SECONDS PER MODEL 

MODEL 1 I I I I I 1 I I / T ' „TA, 
1 1 11 TOTAL 

iO 10 10 10 •tc- 5805 

.4 .4 .4 .4 4.00 

MODEL 2 F~ 1 I I I 
1 i 10 10 15 & 
.4 1.6 .4 1.6 4.00 

MODEL 3 I T 1 I I I I ' ' 
1 1  £  1 1 1  2 .  1  
io 10 io io 10 io • io i5 
.4 .4 .8 .4 .4 .4 .8 A 4.00 

MODEL 4 F~ 1 1 1 I 
io b £ I 
.4 .4 .8 2A 4.00 
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il BDMBULTIOM OP TBI VAKXZMO HJM*T3 PKR MODEL 

Model 

soyndgn^H^ 

Model 1 has two varying elements: 

Duration: Equality of the intervals 
of sound and silence 

N. of Klcmeiits 

Onset: Regularity of onset 

Model 2 has three varying elements: 
Duration: Inequality of intervals 

Sound 1/10 
Silence 4/10 

Onset: Regularity of onset 

Model 3 has four varying elements: 

Duration: Inequality of intervals 
Sound U Silence 1/10 
Sound 2/ID 

1 
2 elements 

3 elements 

Onset: Irregularity of onset 
A to C 2/10 
C to A 3/10 

Model 4 has five varying elements: 

Duration: Inequality of intervals 
Sound & Silence 1/10 
Sound 2/10 
Silence 6/1G 

1 
1 
U elements 

Onset: Irregularity of onset 
A to C 2/10 
C to A 8/10 

1 
1 
S elements 
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Tests for measuring reaction time to auditory signals will be 

described in the section on Procedures. 

Apparatus 

A diagrammatic representation of the apparatus used in this ex

periment is shown in Figure 3. For the purpose of this experiment, it 

was necessary to devise a special apparatus, an interval timer, which 

was capable of presenting auditory models with both their inner elements 

of sound-silence durations and their rates of presentation varied with 

objectively determinable precision. This interval timer was connected 

with pieces of standard electronic equipment in such a way that it was 

possible to record simultaneously on a polygraph record the auditory 

models and the subjects' responses. 

On the stimulus side, the apparatus consisted of an oscillator 

which provided the frequency output, an attenuator for control of the 

amplitude of the output, the especially-constructed interval timer 

assembly which timed the period of stimulus on and off, headphones, the 

polygraph for objective recording of the stimulus, and a voltage regulator. 

On the response side, the subjects were provided with a telegraph 

key which was connected to the polygraph, thus providing an objective 

record of responses. The subjects performed in a room (9'x7*) which was 

constructed in such a manner as to limit considerably the number of dis

tracting extraneous sounds from around the building. While the room was 

not absolutely soundproof, it fulfilled the requirements of this experi

ment. (For convenience, this room will be hereafter referred to as "sound

proof room.") A special audio-visual circuit provided for communication 



FIGUR3 3 

DIAGRAM OF THE APPARATU 
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between subjects and experimenter. 

The sound frequencies were generated by a Model 200 CD Hewlett 

Packard Wide Range Oscillator. The frequency range of this instrument 

is from five cps to 600 kc covered in five ranges. The output is 16 

milliwatts (10 volts) into a 600 ohm-rated load, 20 volts open circuit. 

The internal impedence is 600 ohms. 

The oscillator's three-conductor power cable was plugged into a 

power source of 115 volts. With the Vernier frequency adjustment dial 

set at eight and the frequency range dial set at X100, an 300 cycle out

put frequency is obtained. This frequency was used throughout the ex

periment. The output circuit of the oscillator was arranged for un

balanced operation by placement of a jumper between the ground terminal 

and the center terminal. 

Attenuation of the 800 cps sound was obtained by insertion of a 

Hewlett Packard, Model 350, Attenuator Set in the line. This model pro

vides an attenuation range of 110-db in one db steps from dc to 100 kc, 

and dissipates five watts. The attenuator set consists of two circuits, 

one of which is a 10-db section providing one db step attenuation, and 

the other a 100-db section adjustable in 10-db steps. The input and out

put impedences of the unit are 500 ohms. 

With the oscillator voltage output level set to an amplitude 

reading of 50 and the 100-db attenuator set at 100 ari3 the 10-db attenua

tor adjusted to zero, the sound at the earphones is barely audible. Dur

ing the experiment the oscillator amplitude control was set to maximum 

output while the 100-db attenuator dial was adjusted to 20 and the 10-db 



dial was set at a reading of five. This produced a moderately loud 

sound at the earphones. 

Commercial equipment is not available for the purpose of timing 

the sound-silence durations required by the model used in this experi

ment, so it was necessary to build a special interval timer to control 

the on and off durations of the 800 cps sound obtained from the oscilla

tor and attenuator units. 

The interval timer consisted of two units. For convenience these 

two units will be designated A and B. Unit A, the turntable unit, con

tained a R.C.A. 10 inch turntable, Model 53Y1A119. This turntable was 

driven by a Stromberg-Carlson direct current series wound motor, Model 

09078, .01 horsepower, 24 volts, .63 amperes. Both the turntable and 

motor were mounted on a wooden cabinet 26 inches square and eight inches 

high. The phonograph motor was connected to the power supply source 

housed in Unit B of the interval timer. Mounted horizontally one inch 

above the turntable was a Plexiglas contact bar 24 inches long by two 

inches wide by one-fourth inch thick. Eleven electrical contacts of 

phosphor-bronze (30 gage wire) brushes were mounted on this Plexiglas 

contact bar three-quarters of an inch apart. These were connected by a 

flexible cable through a multiple-contact connector to the switch and 

output (control) panel housed in Unit B of the interval timer. 

Riding on the turntable was a seven-pound Plexiglas disc, three-

eighths of an inch thick and 22 inches in diameter. , A pattern of aluminum 

foil capable of electrical conduction was cemented to the disc. Ten of 

the phosphor-bronze brushes on the horizontal Plexiglas bar could be 

0 

independently controlled by switches on the controImpanel of Unit B. 



The eleventh brush mounted on the Plexiglas contact bar two inches from 

the center of the turntable was the ground contact. The revolving of the 

disc provided a means of making and breaking the circuit leading from the 

attenuator and oscillator. With the switch open, the 800 cps tone sound

ed for the duration of contact between the phosphor-bronze brush and the 

aluminum foil. The blank surfaces on the disc provided for breaking the 

contact and thus turning off the tone. 

Since the four auditory models used in the experiment were divid

ed into sound intervals of 1/10 and 2/10 and silence intervals of 1/10, 

4/10, and 6/10, the degrees of a circle are divided into identical inter

vals. Hence a 1/10 interval equals 1/10 x 360°; or 36°; a 2/10 interval 

equals 72°; a 4/10 interval equals 144°; and a 6/10 interval equals 216°. 

All the intervals in each pattern add up to 10/10 or 360°. For example, 

in the case of Model 1, a 1/10 interval of sound alternated with a 1/10 

interval of silence five times in order to comprise one complete model. 

Therefore, five wedge-shaped pieces of aluminum (36°arcs) were cemented 

to the Plexiglas disc to provide the electrical contact. These were 

separated by five blank spaces of Plexiglas disc (also 36° arcs) which 

accounted for the intervals of silence. 

Unit B of the interval timer housed the power supply, rheostats, 

switch and output (control) panel, ammeter, stop watch, oscillator, and 

attenuator. The framework of this unit was a welded steel tubular frame 

stand, 30 inches high by 22 inches wide, 10% inches deep. This framework 

supported a hardwood table top 34 inches long, 12 inches wide, and inch 

thick. A 20 inch by 10% inch by % inch plywood platform was mounted hori

zontally on the framework 10 inches above the floor. 
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The power unit, mounted on the plywood platform, consisted of 

two 12 volt sulphuric acid storage batteries, 30 ampere hour, connected 

in series. The battery charge was maintained by an Electra Charger, 

Model EB-C-63C which was mouxated beside the batteries. 

The 24 volt battery output was carried by #12 wires to a Westing-

house heavy-duty rheostat mounted in a 12 inch by 10 inch by 7 inch 

louvered metal housing attached to one side of the steel framework eight 

inches above the plywood platform. The rheostat dial and its graduated 

scale as well as the main power switch were mounted on the front side of 

the metal housing. This rheostat provided variable resistance from 0 to 

80 amperes, and was connected in series with a trimmer rheostat which 

provided for much finer adjustments. 

The trimmer rheostat, ammeter, and stop watch were mounted on 

the panel backboard of the table top of the steel framework. The ammeter 

in the line provided an indication of current flow with readings from 0 

to 1.0 ampere. The two rheostats and ammeter provided an excellent 

method of controlling the speed of the turntable and securing highly re

liable presentations of sound-silence durations. This reliability was 

measured as 98.8 per cent consistent (i.e., a 1.2 per cent error was ob

served on repeated presentations of all 16 model-rate combinations). 

The interval timer switch and output (control) panel was mounted 

in an opening (of 13" x 9-V x -V' Masonite) cut in the table top above the 

metal rheostat container. The control panel contained 10 single-pole, 

single-throw switches, and 2 output terminals. Hach switch controlled 

contact through contact on the Plexiglas bar over the turntable of Unit A 

to model contact on the rotating Plexiglas disc, as indicated above. 
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In this experiment it was possible to assemble all four models 

used on a single Plexiglas disc. Only four of the phosphor-bronze brushes 

on the Plexiglas contact bar of Unit A and their four controlling switches 

in the switch panel in Unit B were needed. See Figure 3. . 

The oscillator and attenuator were placed side by side on the 

table top of Unit B. The oscillator ground terminal was connected to 

the attenuator ground terminal, while its 600 ohm positive output terminal 

was connected to output terminal #1 on the interval timer's control panel. 
* 

The attenuator's input terminal was connected to output terminal #2 on 

the impulse timer's control panel. Output terminal #2 on the impulse 

timer was also connected to J 6, Channel 3 driver amplifier, of the Grass 

Model 5 polygraph. A connection was also made between the ground term

inal of the attenuator and J 5, Channel 3 of the polygraph. With ear

phones plugged into the output and ground terminals of the attenuator a 

highly reliable presentation and graphic recording of the auditory models 

were secured. The power input to -the polygraph was through a Sorensen 

Model 500 S Voltage Regulator. The polygraph chart speed was 30nm/sec. 

See Figure 4 for polygraph recordings of the 16 model-rate combinations. 

A student's desk arm chair was provided for the subject in the 

sound-proof room. A pine panel board (12" x 7" x 1") was mounted to the 

arm of the chair. A slot (5" x %") was centered vertically at the back 

end of the board providing for its adjustable attachment to the underside 

of the arm of the chair. The telegraph key was placed three-quarters of 

an inch from the front end of the board. This assembly could be adjusted 

to conform to the length of the subject's arm and thus provide for a re

laxed placement of the heel of the subject's hand while he operated the 



FIGURE 4 

POLYGRAPH RECORDINGS OF STIMULI FOR TEE SIXTEEN MODEL-RATS COMBINATIONS 
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POLYGRAPH RECORDINGS OF STIMULI 
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key with his index finger. 

A modified Johnson Model 114-100 Delux key was used. This key 

was equipped with a tempered spring, and its chrome-plated key arm was 

suspended from hardened and polished fine point bearings. The spring 

tension, contact spacing and bearing pressure are easily adjustable, pro-

viding lively action. The key has .125 inch silver-plated contacts and 

Navy-type key knob. Weight tests showed it takes 50 gm. to trip it every 

time. If moved from position of rest, the key arm at the knob moved 

down approximately .152 mm. in making contact. The key was rendered 

noiseless by dampening the movable parts with fine pieces of foam rubber. 

The key was connected to Channel 4 driver amplifier, J 5 and J 6, of the 

Grass polygraph in order to obtain a graphic recording of the subjects' 

responses. 

Two earphone tip jacks were installed on one side of the board 

and in line with the telegraph key. These were connected to the atten

uator output and ground terminals. A Cannon-Bali "Master" Phones headset, 

Model 59J135, 2000 ohms, was plugged into the jacks. This headset was 

worn by the subjects as they received the auditory stimuli. 

The subject in the sound-proof room was able to communicate with 

the experimenter by pressing a push button mounted on.the board next to 

the telegraph key. This push button closed a circuit to the buzzer mount

ed on the backboard of the table top of Unit B of the interval timer in 

the experimenter's room. The experimenter was able to communicate with 

the subject by means of a miniature electric light bulb mounted next to 

the subject's push button. This bulb was lighted by means of a push button 

located on the table top of Unit B of the interval timer. Both lamp and 



buzzer were 6 volt DC. Power source was a separate 6 volt battery in

stalled on the underside of the table top of Unit B of the interval 

timer. Lighting in the sound-proof room was controlled by a manually 

operated rheostat switch located in the experimenter's room. 



36 

Procedures 

The experiment was performed on 12 consecutive days. During 

the first day the subjects were familiarized with the procedures and 

equipment to be used in the experiment, after which each performed the 

experimental task. Then followed nine days of practice sessions. On 

the eleventh day the records to be analyzed in this paper were collected. 

Finally, on the twelfth day, reaction times were gathered. Also, the 

Seashore Measures of Musical Talents were administered to all subjects 

on the first and twelfth days, and the Otis Self-Administering Tests of 

Mental Ability were given early in the experiment. 

Daily the eight subjects performed in four sittings each. Dur

ing one sitting all four models were performed at one of the'following 

rates: 1.0 second, 2.0 seconds, 3.0 seconds, and 4.0 seconds per model 

length. Each model was repeated for one minute, ten seconds. The first 

ten seconds were allotted for preparation of the subject and the one 

minute for the synchronization performance. The time interval of 60 

seconds for synchronization was chosen on the basis of subject perform

ance in a pilot study. This length of time was considered optimum for 

allowing sufficient time for practice without leading to fatigue or 

boredom. 

The order of subjects* sittings, the order of presentation of 

rates, and the order of model presentation during the course of one rate 

were randomized for the 11 replications of the experiment. The random

ization of rates and models was limited by the fact that each model must 

appear once and once only in a sitting of one rate, and that each of the 

four rates must be used daily. See Table 3. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TABLE 3 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Rates 
Nideks 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Rates 
Models 

Randomization 

4.0 sec. 
1-2-3-4 

3.0 sec. 
2-4-1-3 

1*0 sec. 
3-1-2-4 

2.0 see. 
4-1-3-2 

3.0 sec. 
1-3-4-2 

2.0 sec. 
1-4-2-3 

1.0 sec. 
4-1-2-3 

4.0 sec. 
3-4-1-2 

3.0 sec. 
1-3-2-4 

2.0 sec. 
2-3-4-1 

1.0 sec. 
3-2-1-4 

Four Rates 

2.0 sec. 
3-1-2-4 

1.0 sec. 
4-3-2-1 

3.0 sec. 
1-4-2-3 

4.0 sec. 
2-3-1-4 

1.0 sec. 
4-2-1-3 

4.0 sec. 
3-1-4-2 

3.0 sec. 
1-4-3-2 

2.0 sec. 
2-1-4-3 

1.0 sec. 
3-4-1-2 

4.0 sec. 
4-1-2-3 

3.0 sec. 
1-2-4-3 

Four Models 

3.0 sec. 
2-4-3-1 

4.0 sec. 
1-2-4-3 

2.0 sec. 
4-2-3-1 

1.0 sec* 
3-4-2-1 

4.0 sec. 
2-1-3-4 

1.0 sec. 
1-2-3-4 

2.0 sec. 
3-2-4-1 

3.0 sec. 
4-2-1-3 

2.0 sec. 
2-1-4-3 

1.0 sec. 
1-4-3-2 

4.0 sec. 
4-3-1-2 



Polygraph recordings were made of both model presentation and the sub

jects' performance during all replications of the experiment. 

Prior to the first day's familiarization sittings, the eight 

subjects were given an explanation of the purpose of the experiment. To 

create a high degree of motivation they were told that the experiment 

was in the interest of scientific research and that it was imperative 

R 
that they perform to the best of their ability. The hope was expressed 

that they would be pace-setters for future experiments. The procedures 

were explained, the subjects were allowed to become familiar with the 

sound-proof room, the earphones, the subjects' buzzer, the warning 

light, and the use of the key and earphones while stimuli were presented. 

The following instructions were given the subjects immediately 

preceding each sitting during the familiarization trials: 

"When you are ready to begin, signal by pressing the buzzer 
button. You are to synchronize with both the onset of the sound and 
the length or duration of the sound. After yen? press the buzzer 
button, the lights will be dimmed during a 30 second interval. When 
the stimulus begins, listen to it until the signal light flashes. 
The light flash is a signal for you to begin synchronizing. Use your 
index finger when tapping the key. Continue to synchronize for one 
minute, at the end of which time the signal light will flash again 
and the stimulus will cease. There will follow a 30 second rest 
period. Then a new model will be presented. Listen to it until the 
signal light flashes, and then synchronize with the model until the 
light flashes again. The same procedure is to be followed for two 
more models. There will be a total of four models at each sitting. 
At the completion of each sitting the light in the sound-proof room will 
be slowly turned on." 

After the first day these instructions were dispensed with as they 

were no longer necessary. 

Each sitting lasted seven minutes and 10 seconds. Introspective 

reports were then collected, and the subject was informed of his progress. 



Since each subject performed in four sittings a day, he spent 28 minutes 

and 40 seconds in the sound-proof room daily. Including both familiariza

tion and practice sittings for 10 days the subjects each spent approxi

mately four hours and 47 minutes in the sound-proof room of which two 

hours and 40 minutes were spent in actual synchronization with the 

models prior to the final run on the eleventh day. See Table 4 for pro

cedures followed in a typical sitting. 

The number of stimuli presented in a 60 second period varied 

from 30 a minute in Models 2 and 4 at Rate 4.0 sec. to 300 a minute in 

Model 1 at Rate 1.0 second. See Table 5 for the number of models and the 

number of stimuli presented in 60 seconds at the four rates. Due to the 

difficulty of the task, the experimenter presumed that all models at all 

rates demanded maximum concentration on the part of the subjects regard

less of number of stimuli presented. 

On the twelfth day the subjects were given a reaction time test 

in which they reacted to each sound in a continuous series of equally^ 

spaced sounds. For the first series the sounds were presented at the 

rate of one every two seconds, and in the second series the sounds were 

given at the rate of one every four seconds. Each sound served as a 

warning signal for the next sound. A total of one hundred reactions per 

subject were recorded. 
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Rate 4.0 sees. 

30 sees. 

Model 1 10 sees. 

60 sees. 

30 sees. 

Model 2 10 sees. 

60 sees. 

30 sees. 

Model 3 10 sees. 

60 sees. 

30 sees. 

Model 4 10 sees. 

60 sees. 

30 sees. 

TABLE 4 

Procedures for a Typical Sitting 

Subject enters sound-proof room, closes 

door, and signals with buzzer when ready. 

Light is dimmed slowly. 

Subject listens to the model. 

Warning light flashes. 

Subject synchronizes with model. 

Subject rests. 

Subject listens to the model. 

Warning light flashes. 

Subject synchronizes with model. 

Subject rests. 

Subject listens to the model. 

Warning light flashes. 

Subject synchronizes with model. 

Subject rests. 

Subject listens to the model 

Warning light flashes. 

Subject synchronizes with model. 

Light is turned on slowly and 

subject leaves sound-proof room. 

Total seconds per 
sitting 430 seconds (7 minutes, 10 seconds in Sound-proof room.) 

o. 
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Total Number of Models and Stimuli in 60 Second Period 

Rate Model Length of Stimuli 
1/10 2/10 

N of Models 
in 

60 seconds 

N of 

60 
1/10 

Stimuli 
in 

seconds 
2/10 

Total of 
Stimuli 

in 60 sees. 

1.0 1 . 1 60 300 300 

2 -.1 60 120 120 

3 .1 .2 60 120 120 240 

4 .1 .2 60 60 60 120 

2.0 1 .2 30 150 150 

2 .2 30 60 60 

3 .2 .4 30 60 60 120 

4 .2 .4 30 30 30 60 

3.0 1 .3 20 100 100 

2 .3 20 40 40 

3 .3 .6 20 40 40 80 

4 .3 .6 20 20 20 40 

4.0 1 .4 15 ; 5 75 

2 .4 15 30 30 

3 .4 .8 15 30 30 60 

4 .4 .8 15 15 15 30 



CHAPTER III 

RESULTS 

In measuring the 'duration responses of the subjects for their 

synchronization performance, the length to the nearest half-millimeter 

was determined for each response and recorded on the polygraph record 

above that response. The onset error for each response was also 

measured to the nearest half-millimeter according to its distance from 

the onset of the corresponding stimulus, and this error was recorded 

below the response on the polygraph record. See Figure 5. 

A perfect onset synchronization was scored 0; whereas, an early, 

or anticipated, onset was scored negative (-), and a late, or delayed 

onset response was labeled positive (+). In calculating the durational 

errors, the error of a response shorter than the sound stimulus was 

designated negative (-), and the error of a response longer than the 

stimulus wa3 scored positive (+). In both duration and onset errors, a 

negative score indicates a tendency to anticipate. In the case of onset 

the beginning of the stimulus sound is anticipated, whereas, in the case 

of duration the cessation of the stimulus sound is anticipated. On the 

other hand, a positive score signifies delay, or tardiness, of synchro

nization. A positive onset score refers to a late onset, and a positive 

duration score refers to tardiness in responding to the cessation of the 

stimulus. In both of the reaction time series responses were measured 

in the same fashion as the onset responses for synchronization. The on

set and duration scores recorded in millimeters were converted to 

•! 
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FIGURE 5 . .. 

MEASUREMENT OF SYNCHRONIZATION ERRORS 



POLYGRAPH RECORDING OF STIMULUS 
RATE 3.0 sees. AND RESPONSE 
Model 2 
Subject 5 

Stimulus 
S =9 mm 

Response 
7 Duration 9 9 8x 8 9± 

Error of Onset 
0 -1mm. -1 -1 "1 

Chart Spaed = 30mm/sec 
9mm. =.3 sec. 
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seconds by dividing these scores by 30, since the polygraph was run at 

the rate of 30 mm. a second. 

An especially designed plastic tool was used to measure the 

subjects' responses recorded on the polygraph records. It was useful 

in saving time and labor since both the onset and the duration of every 

subject's responses used in the present analysis were measured. 

During the nine days of training, a crude sampling technique 

was used to obtain some idea of the effects of daily practice. (A 

complete scoring of the daily records according to the method outlined 

above was not feasible because of time limitations.) This sampling 

technique consisted of measuring the duration and onset responses occur

ring every twelfth second in a 60 second model-rate presentation. In 

this way a total of five sample responses from each of the 16 model-

rate combinations of every subject was secured daily, As reflected in 

both the constant errors and standard deviations of these samples, the 

improvement during the first three days was notable. On the fourth day 

there was a plateau. Then on the fifth and sixth days there was a fur

ther decrease in errors. Again on the seventh day four subjects reached 

a plateau, while the other four continued their improvement. There 

followed two days of improvement for all subjects. See Figure 6 for an 

example of a subject's improvement in performance as reflected in the 

recordings. 

Synchronization with onset showed a gain in accuracy before any 

noticeable gain was shown for duration performance. The gains on the 

fifth and six days were attributable to increased accuracy in duration. 

The first model to be reproduced with a fair degree of accuracy was 



FIGURE 6 

ILLUSTRATION OF IMPROVEMENT DURING TRAINING PERIOD 



DAY 2 

Subject's Response 

p^Y g Auditory Stimulus 

Subject's Response 

my Auditory Stimulus 

Subject's Response 



Model 1 at Rates 3.0 sees, and 4.0 seconds. This was followed by Model 

3 at Rate 3.0 seconds. All the models at R.ate 1.0 sec. showed a large 

error for the first several days of the training period. In the training 

series for Model 3, Rate 1.0 sec. only two subjects attained a -level of 

performance which was consistent with their level of performance for 

other model-rate combinations. In the records of the other subjects 

there was little or no differentiation in synchronization between the 

1/10 stimulus and the 2/10 stimulus for this model-rate combination. 

It: was not until the eighth and ninth days that most subj-eets 

were able to synchronize with a fair degree of accuracy with Model 1 at 

the 1.0 sec. rate (5 taps per second). Until that time two subjects 

had frequently tapped four responses against five stimuli, and six 

subjects, while attaining a high degree of accuracy for onset, still 

underestimated duration considerably. 

During the first four days of practice the drift phenomenon 

was not noticeable because of the overall poor performance of the sub

jects. As performance improved later, however, drift became apparent. 

After maintaining a series of fairly accurate responses, the subjects 

would drift ahead or back until perceptible asynchronism was reached. 

The subjects then made a sudden correction, responding as accurately 

as before the drifting occurred, or even improving upon their earlier 

accuracy. As practice continued the magnitude of this drifting became 

progressively smaller, until by the tenth and eleventh days it was at a 

minimum. See Figure 7 for examples-of onset and duration drift. 

All of the responses of the eight subjects for the sixteen model-

rate combinations recorded on the first and eleventh days and the 



FIGURE 7 

EXAMPLES OF DRIFT IN THE POLYGRAPH RECORDS 
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reaction time records taken on the twelfth day were measured. However, 

only the results for the eleventh day synchronization sessions and the 

reaction time series are reported here. 

The accuracy of synchronization for every model-rate presenta

tion of each subject was determined by calculating the constant errors 

and standard deviations. As already indicated, by error is meant the 

discrepancy in time between the duration and the onset of a subject's 

response and those of the corresponding sound stimulus. By constant 

error is meant the algebraic average of the individual errors for a 

model-rate combination. The measure of the subject's variability is 

shown by the distribution of his errors about their average, or constant, 

error. 

The group averages of the constant errors and standard devia

tions for the 16 model-rate combinations are reported in absolute units 

in Table 6. The performance at the four rates is summarized under each 

model. In reading the table, columns 3 and 4 present the averages of 

the subjects' constant errors and standard deviations for those errors 

which occurred in synchronizing with the onset and duration of the 1/10 

stimulus sound. Columns 5 and 6 give similar information for the 2/10 

stimulus sound in the model. (Models 1 and 2 have only 1/10 sounds, and 

Models 3 and 4 have a combination of both 1/10 and 2/10 stimulus sounds.) 

The same information is presented in Table 7; however, in this case, the 

performance for the four models is summarized under each rate. The data 

which furnish the material for these two tables are reported in Appendix I, 

In measuring subjects' attempts to synchronize, it is necessary 

to determine the upper limit of the error of synchronization. This limit 



52 

TABLE 6 

AVERAGES OF CONSTANT ERRORS AND STANDARD DEVIATIONS 

Absolute Values in Milliseconds 

All models; all rates. 

Model Rate Duration Onset Duration Onset 
Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1 1.0 -.043 .016 + .003 .034 
2.0 -.019 .024 -.015 .022 
3.0 -.037 .031 -.021 .027 
4.0 -.050 .052 -.019 .026 

2 1.0 +.042 .023 -.033 .022 
2.0 +.019 .033 -.027 .040 
3.0 +.023 .054 -.035 .060 
4.0 +.030 .063 -.040 .073 

3 1.0 -.021 .023 -.003 .033 -.073 .034 -.028 .028 
2.0 -.009 .028 +.001 .030 +.004 .044 -.023 .026 
3.0 +.010 .039 -.021 .030 +.021 .057 -.034 .026 
4.0 +.015 .057 -.038 .038 +.022 .088 - .060 .034 

4 1.0 +.014 .044 -.037 .041 -.021 .043 -.017 .037 
2.0 + .022 .039 +.001 .053 -.046 .048 -.002 .046 
3.0 -.005 .066 -.012 .092 -.018 .063 -.015 .023 
4.0 -.006 .107 -.006 .125 -.009 .069 -.016 .034 



TABLE 7 

AVERAGES OF CONSTANT ERRORS AND STANDARD DEVIATIONS 

Absolute Values in Milliseconds 

All rates, all models. 

Rate Model Duration Onset Duration Onset 
Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 

2.0 

3.0 

4.0 

1 -.043 .016 +.003 .034 
2 +.042 .023 -.033 .022 
3 -.021 .023 -.003 .033 -.073 .034 -.028 
4 + .014 .044 -.037 .041 -.021 .043 -.017 

1 
o 

-.019 .024 -.015 .022 
2 + .019 .033 -.027 .040 
3 -.009 .028 +.001 .030 + .004 .044 -.023 
4 +.022 .039 +.001 .053 -.046 .048 -.002 

1 -.037 . .031 -.021 .027 
2 +.023 .054 -.035 .060 
3 +.010 .039 -.021 .030 + .021 .057 -.034 
4 -.005 .066 -.012 .029 -.018 .063 -.015 

1 -.050 .052 -.019 .026 
2 +.030 .063 -.040 .073 
3 + .015 .057 -.038 .038 + .022 .088 -.060 
4 -.006 .107 -.006 .125 -.009 .069 -.016 

.028 

.037 

.026 
.046 

.026 
.023 

.034 

.034 



may be defined as the point where the subject no longer makes smaller 

errors of synchronization than he would make if he simply reacted to 

each sound as in the reaction-time experiment. By error of synchroni

zation is meant not the constant error, but the average crude error, 

that is, the average of the errors neglecting their sign (Woodrow, 19 32, 

p. 375). 

In order to resolve the question of reaction-time error versus 

synchronization error, Woodrow*s suggestions were followed in making a 

comparison of these two factors. On the twelfth and last day of the 

experiment, the eight subjects were given a reaction-time test in which' 

they responded to each of a series of 100 evenly-spaced sound stimuli, 

presented first at the rate of one every 4,0 sees., then at the rate of 

one every 2.0 seconds. See Tables 8 and 9 for a summary of the reaction-

time averages. The averages for the eight subjects at the 4?0 sees. 

rate ranged from .142 sec. to .229 sec., with a mean of .164 second. 

The reaction times at the 2.0 sees, rate ranged from .120 sec. to .196 

sec., with a mean of .147 second. Woodrow (p. 376) reported the reaction 

times for most subjects in responding to each sound in a series of 

regularly repeated sounds as ranging from .120 sec. to .180 second. 

The average of the crude errors for the onset responses of each 

model-rate presentation for all subjects are reported in Table 10. An 

examination of Table 10 shows that the only crude error average for a 

model-rate combination which approaches the lower limits of Woodrow1s 

range of reaction time (.120 sec. to .180 sec. at the 3.0 sees. rate), 

is the .126 average crude error for onset 1/10 at Rate 4 sees., Model 4. 

However, the individual crude errors which make up the model-rate summary 



TABLE 3 

REACTION TIME AVERAGES 

V' 
Rate* 2.0 seconds 

"V 
Subject Average Mean Standard 

Reaction Time ' Deviation 

1 .155 .095 

2 .139 .018 

3 .135 .039 

4 .134 .058 

5 .196 .051 

6 .130 .041 

7 .136 .023 

8 .120 .025 

Ave, .147 .044 



TABLE 9 

REACTION TIME AVERAGES 

Rate a 4.0 seconds 

Subject Average Mean 
Reaction Time 

Standard 
Deviation 

1 .181 .050 

2 .148 .029 

3 .161 .017 

4 .144 .024 

5 .229 .079 

6 .143 .048 

7 .142 .019 

8 .166 .010 

Ave. .164 .035 



TABLE 10 

• SUMMARY OF CRUDE ERROR AVERAGES FOR ONSET 

Absolute Units in Milliseconds 

All rates; all models* 

Rate Model Onset Onset Average of 
Stimulus 1/10 Stimulus 2/10 Onset 1/10 

Onset 2/10 

1.0 1 .024 
2 .036 
3 .025 .038 .032 
4 .060 .040 .050 

.036 .039 (.036) 

2.0 1 .026 
2 .041 
3 .031 .033 .032 
4 .070 .031 .051 

.042 .032 (.038) 

3.0 1 .031 
2 .066 
3 .037 .043 .040 
4 .092 .029 .061 

.057 .036 (.047) 

4.0 1 .030 
2 .095 
3 .051 .065 .058 
4 .126 .037 .082 

.076 .051 (.066) 



of'crude error averages for Model 4 at Rate 4.0 sees. (Table 10) have 

considerable variability. The individual crude error averages of all 

subjects at this model-rate combination are given in Table 11 so that a 

closer examination may be made of these averages and a more meaningful 

comparison can be made between them and the individual reaction-time 

scores given in Table 8. Table 11 reveals that Subjects 2, 6, and 8 

had average crude errors of .162 sec., .149 sec., and .121 sec. respec

tively. From Table 8 it can be seen that these three subjects had reac

tion time averages of .139 sec., .130 sec., and .120 sec. respectively 

at the 2.0 sec., rate. Thus, for these subjects synchronization error 

was greater than their reaction time error. Apparently, for these three 

subjects the upper limit of synchronization occurs at or before the rate 

of 2.4 sees., which is the interval of silence preceding the 1/10 sound 

in Model 4, Rate 4,0 sees, (see Figure 1). 

The rank-difference correlation between subjects' total synchro

nization performance and reaction-time performance at the 2.0 sees, rate 

yielded a negative correlation (rho=-.50). A comparison of synchroniza

tion performance and reaction-time performance at the rate of 4.0 sees, 

was also negative (rho« -.12). The rank difference comparison between 

performance at the 2.0 sec. and 4.0 sec. reaction time rates yielded a 

positive correlation (rho=+ .45). (Since the N for each rho was small, 

no attempt was made to determine which level of significance was reached. 

These relationships are shown merely to indicate a trend.) 

The directions of the subjects' errors of synchronization are 

given in Table 12. This information was obtained by dividing the sum of 

the negative scores (anticipation) by their number, and the sum of the 



TABLE 11 

CRUDE ERROR AVERAGES FOR ONSET 

Model 4, Rate 4.0 sec. 

Subject Onset 
Stimulus 1/10 

1 .126 

2 .162 

3 .111 

4 .122 

5 .107 

6 .149 

7 • .107 

8 .121 

.126 
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TABLE 12 

DIRECTION OF ERROR. OP SYNCHRONIZATION 

Percentage of Positive and Negative Error in the Crude Error Scores 

Rate Model Onset Stimulus 1/10 Onset Stimulus 2/10 

% Neg. 7. Pos. 7. Neg. 7. Pos. 
( - )  (+) ( - )  (+) 

1.0 1 47.66 52.34 
2 91.67 8.33 
3 55.50 44.50 81.93 18.07 
4 83.14 16.86 71.46 28.54 

69.49 30.51 76.70 23.30 

2.0 1 70.94 29.06 
2 77.19 22.81 
3 49.67 50.33 71.59 28.41 
4 50.03 49.97 50.34 49.66 

61.96 38.04 60.97 39.04 

3.0 1 80.13 19.87 

2 72.95 27.05 
3 70.15 29.85 83.80 16.20 
4 51.63 48.37 70.55 29.45 

68.72 31.28 77.18 22.82 

4.0 1 76.27 23.73 
2 64.08 35.92 

3 80.24 19.76 94.72 5.28 
4 51.04 48.96 65.59 34.41 

67.91 32.09 80.16 19.85 



positive scores (delay) hy their number, and calculating the percentages 

of the total crude error for each model-rate presentation. This method 

presents the magnitude of the direction of error. Seventy per cent of 

the average of the onset errors for all 16 model-rate combinations were 

negative, indicating anticipation in onset. 

An examination of the averages of the constant errors and stan-

dard deviations reported in absolute units (milliseconds) in Table 6 

shows that the averages of the standard deviations become progressively 

larger as the rate of model presentation becomes slower. Hence, one 

might conclude that performance was best for all models at Rate 1.0 sec. 

and poorest at Rate 4.0 seconds. Such is not the case. A model pre

sented at Rate 4.0 sees, had a time duration four times the length of a 

model presented at Rate 1.0 second. For example, an error of+.020 sec. 

in a model at Rate 4.0 sees, comprises only .5 per cent of the model; 

whereas, the same error of+.020 in a 1.0 sec. model comprises 2 per cent 

of the model. Therefore, in order to make comparisons between model-

rate combinations, the constant errors and the standard deviations were 

divided by their respective rates. Thus, the averages of constant errors 

and standard deviations reported in Tables 6 and 7 were converted into 

relative units and appear in Table 13 where the model averages are 

grouped according to the rates. 

When the results reported in Table 13 are averaged and summarized 

in terms of rates in Table 14 it becomes immediately clear that there is 

a definite minimum variability among Rates 2.0 sees., 3.0 sees., and 

4.0 sees, for duration 1/10, onset 1/10, and duration 2/10. Also, the 

variability among these rates for onset 2/10 is comparatively slight. 

However, the standard deviations for Rate 1.0 sec. are almost twice the 



TABLE 13 

AVERAGES OF CONSTANT ERRORS AND STANDARD DEVIATIONS 

In Relative Values 

All rates; all models 

Rate Model Duration Onset Duration Onset 
Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.043 .016 +.003 .034 
2 +.042 .023 -.003 .022 
3 -.021 .023 -.003 .033 -.073 .034 -.028 .028 
4 +.014 .044 -.037 .041 -.021 .043 -.017 .037 

2.0 1 -.010 .012 -.008 .011 
2 + .010 .017 -.014 .020 
3 + .005 .014 + .001 .015 + .002 .022 -.012 .013 
4 +.011 .020 + .0Q1 .027 -.023 .024 -.001 .023 

3.0 1 -.012 .010 -.007 .009 
2 +.008 .018 -.012 .020 

v 3 +.003 .013 -.007 .010 + .007 .019 -.011 .009 
4 -.002 .022 -.004 .031 -.006 .021 -.005 .008 

4.0 1 -.013 .013 -.005 .007 
2 +.008 .016 -.010 .018 
3 + .004 .014 -.009 .010 +.006 .022 -.015 .009 
4 -.001 .027 -.002 .031 -.002 .017 -.004 .009 
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TABLE 14 

SUMMARY OF AVERAGES OF CONSTANT ERRORS AND STANDARD DEVIATIONS 

Reported in Relative Units 

All rates; all models 

Rate Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1.0 -.002 .027 -.018 .033 -.047 .039 -.023 .033 

2.0 + .004 .016 -.005 .018 -.011 .023 -.007 .018 

3.0 -.001 .016 -.008 .018 + .001 .020 -.008 .009 

4.0 -.001 .018 -.007 .017 + .002 .020 -.010 .009 

(3 



size of the standard deviations for the other three rates. 

The relative units reported in Table 13, when averaged and 

summarized in terms of models (as shown in Table 15), show that for 

duration 1/10 and onset 1/10 the standard deviations for Model 1 are 

lowest, those for Model 3 are slightly higher, and those for Model 2 

are higher still. However, for all three models these variabilities 

fall within a narrow range from .013 (duration 1/10, Model 1) to .020 

(onset 1/10, Model 2). Model 4 shows the greatest variability in com

parison with the other models for duration 1/10 (.028) and onset 1/10 

(.033). Both of these variabilities are more than 60 per cent larger 

than the next highest variability which occurs in Model 2. As far as 

duration 2/10 and onset 2/10 are concerned there is less of a difference 

in variabilities between Models 3 and 4. 

A concise picture of the distribution of both onset and duration 

constant error and standard deviation averages (in relative units) for 

all subjects is given in Figures 8 and 9. In organizing the data into 

distributions, Model 1 (1/10 duration and 1/10 onset) contributed 64 

frequencies (8 subjects times 4 rates times 2 sets of scores). Model 2 

contributed in like fashion. In regard to Models 3 and 4, however, the 

case is somewhat different, since both of these models have four sets 

of scores (1/10 duration, 1/10 onset, 2/10 duration, and 2/10 onset). 

Each model would contribute 128 frequencies (8 subjects times 4 rates 

times 4 sets of scores). These frequency contributions apply in the 

case of both constant error distributions and standard deviation dis

tributions. Models 3 and 4 were equated with Models 1 and 2 by dividing 

each of their frequencies by two. In the graphic representation of the 
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TABLE 15 

SUMMARY OF CONSTANT ERRORS AND STANDARD DEVIATIONS 

Reported in Relative Units 

All models; all rates 

Model Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 -.020 .013 -.004 .015 

2 + .017 .019 -.017 .020 

3 -.002 .016 -.005 .017 -.015 .024 -.017 .015 

4 + .007 .028 -.011 .033 -.013 .026 -.007 .019 



.FIGURE 8 

JDISTRIBUTION OF CON ST'ANT ERRORS FOR ONSET AND DURATION FOR ALL MODELS 

AND ALL RATES 

* Ordinate •frequency 

Abscissa * error index in relative units 

Duration 

Onset 
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FIGURE 9 

DISTRIBUTION OF STANDARD DEVIATIONS FOR ONSET AND DURATION FOR ALL 

MODELS AND ALL RATES 

Ordinate = frequency 

Abscissa = error index in relative units 
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distributions of Models 3 and 4 reported in Figures 11 and 13, the 

actual number of frequencies can be obtained by multiplying the fre

quencies along the ordinate by two. 

The onset curve (Figure 8) has greater height and less range 

than the duration curve. The scores at either thil are duration scores, 

and the scores furthest from perfect synchrony (zero) are negative, or 
* 

anticipation scores. 

The corresponding distributions of standard deviations for on

set and duration are illustrated in Figure 9. Here the greatest fre

quency of scores lies within the range of .010 to .020 for both onset 

and duration. In contrast to the graphic representation of the constant 

errors (Figure 8) the duration variability curve is higher than the on

set curve. However, the range for duration and onset variability is 

comparable, with the exception of one isolated duration score. 

The distribution of constant errors for Models 1 and 2 is given 

in Figure 10 in relative units. Model 1 is more leptokurtic than any 

of the other models (see Figure 10). With the exception of three iso

lated scores it also has a smaller range than the other models. 

Model 2 has the greatest scatter and the greatest number of 

positive scores of the four models, indicating the most delay in syn

c h r o n i z a t i o n .  W h i l e  M o d e l  3  ( F i g u r e  1 1 )  h a s  t h e  s a m e  h e i g h t  a s  M o d e l  2 ,  

its distribution is unimodal, and the range of positive scores is 

smaller, indicating more uniformity in performance. Model 4 (Figure 11) 

is more platykurtic than any of the other models. 

The variabilities for Models 1 and 2 are presented in Figure 12 

and those for Models 3 and 4 are given in Figure 13. Model 1 has the 



FIGURE 10 

DISTRIBUTION OF CONSTANT ERRORS WITH ONSET AND DURATION COMBINED FOR 

MODEL 1 AND MODEL 2 
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FIGURE. 11 

DISTRIBUTION OF CONSTANT ERRORS WITH ONSET AND DURATION COMBINED FOR 

MODEL 3 AND MODEL 4 
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Abscissa * error index in relative units 
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FIGURE 12 

DISTRIBUTION OF STANDARD DEVIATIONS WITH ONSET AND DURATION COMBINED 

FOR MODEL 1 AND MODEL 2 

Ordinate =frequency 

Abscissa • error index in relative units 

Model 1 • 

Model 2 





FIGURE 13 

DISTRIBUTION OF STANDARD DEVIATIONS WITH ONSET AND DURATION COMBINED 

FOR MODEL 3 AND MODEL 4 

Ordinate= frequency 

Abscissa= error index in relative units 

Model 3 

Model 4 
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highest frequency of the four models between 0 and ,010j and an equal 

number of scores between .010 and .020, In fact, 88 per cent of the 

total number of scores lie within the range of 0 to .020. However, the 

balance of scores are somewhat scattered. Model 2 has the fewest scores 

between 0 and .010 and the greatest number between .010 and .020. In 

fact, 88 per cent of the total number of scores lie between .010 and 

.030. 

These graphs indicate that Model 2 has greater variability than 

Model 1, even though the width of their ranges of variability is com

parable. Model 3 is intermediate between Models 1 and 2 in both the 

range of 0 to .010 and the range of .010 to .020. Also, 73 per cent of 

the number of scores occur between 0 and .020, and 83 per cent of the 

number lie within the range of 0 and .030. From this, it is apparent 

that variability performance in Model 3 lies between that of Models 1 

and. 2. Model 4 has the least height and the greatest range for variabil

ity of any of the models. Moreover, only 43 per cent of the number of 

scores are found between 0 and .020, and 68 per cent lie between 0 and 

.030. 

These graphs indicate that greatest accuracy of synchronization 

is found for Model 1, and that Models 3, 2, and 4 follow in that order." 

These findings substantiate the results of the analysis of the summary 

of constant error and standard deviation averages reported in 'fable 15.. 

However, the graph3 present a more complete picture, since the range and 

groupings of the scores of the individual subjects are illustrated. 

Neither Table 13, the averages of the constant errors and their 

corresponding standard deviations, nor the distributions or individual 
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constant errors and standard deviations (Figures 8 through 13) present 

the best method, of contrasting average subject performance among the 

16 model-rate combinations. It is difficult to make comparisons using 

the distributions because in each distribution so many scores are pre

sented. On the other hand, a summation or an averaging of constant 

errors is inadequate for giving a complete picture of the magnitude of 

error for a model-rate presentation since the positive scores cancel 

out the negative scores. For example, the average of the constant 

errors +.050 and -.046 is +.002. The average of the constant errors 

-k^.010 and.,-,006 is also+.002. Although both averages are identical, 

it is obvious that they do not indicate the magnitude of error for their 

respective columns. v 

The average forJa group of constant errors with both+• and -

values would appear to be more meaningful if the standard deviation of 

the distribution of individual constant errors about their average is 

calculated. However, this does not give all the information necessary 

about subjects' performance unless the corresponding variabilities of 

the individual constant errors are treated in similar fashion. That is, 

the mean of the corresponding variabilities must be ascertained and a 

standard deviation of these indices around their mean would have to be 

reported. Then we are left with four averages to be interpreted: the 

mean and the standard deviation for the constant error indices and the 

mean and the standard deviation for the variabilities of a model-rate 

presentation. 

The standard error index (V7oodworth, 1938, pp. 396-397), which is 

derived from the constant errors and their standard deviations, gives 
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a single performance score which is ideally suited for plotting the 

relationships of the 16 model-rate combinations. The formula for ob

taining the standard error is: 

(Standard Error) ̂=(Constant Error) (Standard Deviation)2. 

A geometrical representation of the three error indices is 

given by having the constant error and the standard deviation represent 

the two sides of a right triangle and the standard error represent the 

hypotenuse. A standard error which is derived from the variability 

about the constant error is equivalent to a standard error derived 

from the variability about the crude error. (The crude error is de

fined as 1/Nth of the sum of the single errors, with their signs dis

regarded.) See Figure 14, 

The relationships among the 16 model-rate combinations can be 

effectively shown by means of a series of graphs on which the average 

standard errors for duration are plotted on the ordinates and the 

average standard errors for onset are plotted on the abscissas. Such 

a method is used in Figures 15, 16, and 17, which summarize the group 

averages of synchronization error for the four rates, the four models, 

and the 16 model-rate combinations respectively. See Table 16 for a 

summary of the standard errors used in plotting these graphs. 

Figure 15 further clarifies the observations made earlier in 

this section, in that the averages of the four models presented at 

Rates 2.0 sees., 3.0 sees., and 4.0 sees, are grouped very closely. 

Also, the plot of the 1.0 sec. rate indicates that the models presented 

at this rate average approximately twice the magnitude of error as those 

presented at any other rate. 



FIGURE 14 

GEOMETRICAL REPRESENTATIONS OF THE ERROR INDICES 

Constant Error, Standard Deviation for Constant Error, and Standard 

Error for Constant Error are represented by triangle 

Crude Error, Standard Deviation for Crude Error, and Standard Error 

for Crude Error are represented by triangle 
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V FIGURE 15 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR THE FOUR RATES 

Based on the Combined Averages of the Standard Errors in Relative 

Units of All Models for Each Rate 

Average of All Models: Q Rates: 1.0 sec. 

^ 2.0 sees. 

3.0 sees. 

4.0 sees. 
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FIGURE 16 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR THE FOUR MODEL 

Based on the Combined Averages of Standard Errors in Relative Units 

for All Four" Rates for Each Model 

1 
Model 1=+ All Rates Combined. 

Model 2= 

Model 3a 

4 
Model 4a ̂  





FIGURE 17 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR ALL MODEL-RATE 

COMBINATIONS 

Based on Standard Errors in Relative Units 

Model 1 = -|-

Model 2 =(+) 

Model 3, Sound 1/10 = 

Sound 2/10 = 

Average of Sound 1/10 

and Sound 2/10 • 

Model 4, Sound 1/10 =• |g 

Sound 2/10 = 0J 

Average of Sound 1/10 

and Sound 2/10 = 

Rates: 1.0 sec. 

2.0 sees. 

3.0 sees. 

4.0 sees. 

= 1 

=2 

=*3 
=4 

The 2/10 sound error of Model 3, Rate 3.0 sees., and the Average 

sound error of Model 4, Rate 4.0 sees., are identical and are both rep

resented by the figure *3 on the graph. 
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TABLE 16 

SUMMARY OF STANDARD ERRORS FOR ONSET AND DURATION 

Computed from the Constant Errors and Standard Deviations of the 

Individual Subjects in Relative Units* 

All models, all rates 

Model Rate Duration Onset Duration Onset Average 
Stimulus Stimulus Stimulus Stimulus Duration 
1/10 1/10 2/10 2/10 Stim.1/10+ 

Stim.2/10 

1 1.0 .069 .042 
2.0 .021 .016 
3.0 .022 .014 
4.0 .023 .009 

2 1.0 .053 .044 
2.0 .029 .027 
3.0 .026 .028 
4.0 .025 .030 

3 1.0 .043 .039 .096 .051 .074 .045 
2.0 .026 .020 .028 .022 .027 .021 
3.0 .024 .017 .027 .018 .026 .018 
4.0 .026 .017 .028 .019 .027 .018 

4 1.0 .063 .061 .067 .055 .065 .058 
2.0 .030 .038 .040 .031 .035 .035 
3.0 .032 .033 .030 .012 .031 .028 
4.0 .035 .037 .020 .013 .028 .026 

Average 
Onset 
Stim.1/10+ 
Stim.2/10 

•Appendix 2 



Figure 16 represents the combined averages of all rates for each, 

model. The plots for Models 3 and 4 represent average scores for the 1/10 

and 2/10 sounds. With this averaging of the standard error scores the 

order of excellence of the models, was modified. Model 1 is the most 

accurate; Models 2 and 3 are now almost equal in regard to magnitude of 

error; and Model 4 comes last. It is of interest to no£e that Models 1 

and 2 are comparable in regard to duration error, but the onset error of 

Model 1 has only two-thirds the magnitude of the onset error of Model 2, 

The same applies to the relationship of Models 3 and 4. The models with 

the greatest onset error, Models 2 and 4, also have the longest intervals 

of silence preceding the sounds (See Figure 1). 

Figure 17 presents the group averages for all sixteen model-rate 

combinations. In the case of Models 3 and 4 the errors for the 1/10 

sound and those for the 2/10 sound, and the averages of these are plotted. 

The graphs of each model at all four rates and the graphs of all four 

models at each rate (Figures 18 through 25) present a break-down of the 

information included in Figure 17, and serve the purpose of illustrating 

with greater clarity the following observations concerning model-rate 

relationships. 

Rate 1.0 sec. will be considered separately since the group averages 

for subject performance at this rate are atypical of the averages for the 

other three rates. The four model-rate combinations at Rate 1.0 sec. 

present the greatest magnitude of error found in the experiment. The best 

plot at this rate (Model 2) is further from perfection, as represented by 

the point of origin, then the poorest score of the other three rates (Model 

4, 2/10 sound, Rate 2.0 sees.). See Figures 17 and 18. 



FIGURE 13 

GRAPHIC REPRESENTATION.OF SYNCHRONIZATION ERRORS FOR RATE 1.0 SEC. 

Based on Model Averages of Standard Errors in Relative Units 

Model 1 = + Rate = 1.0 sec. 

Model 2 a (+) 

Model .3, Sound 1/10 = © 

Sound 2/10 = 0 

Average of Sound 1/10 

and Sound 2/10 • 

Model 4, Sound 1/10 n QQ 

Sound 2/10 a Q 

Average of Sound 1/10 

and Sound 2/10 « 
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FIGURE 19 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR RATE 2.0 SECS. 

Based on Model Averages of Standard Errors in Relative Units 

Model 1 = + Rate <* 2.0 sees. 

Model 2 • (+) 

Model 3, Sound 1/ld = 

Sound 2/10 • 0 
Average of Sound 1/10 

and Sound 2/10 • 

Model 4, Sound 1/10 ™ ffl 

Sound 2/10 • 

Average of Sound 1/10 

and Sound 2/10 s 
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FIGURE 20 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR RATE 3.0 SECS. 

Based on Model Averages of Standard Errors in Relative Units 

Model 1 * + 

Model 2 » (+) 

Model 3, Sound 1/10 ™ © 

Sound 2/10 = 0 
Average of Sound 1/10 

and Sound 2/10 • ̂  

Model 4, Sound 1/10 • ffl 

Sound 2/10 = Q| 

Average of Sound 1/10 

and Sound 2/10 = U 

Rate = 3.0 sees. 
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FIGURE 21 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR RATE 4.0 SECS. 

Based on Model Averages of Standard Errors in Relative Units 

Model 1 - + 

Model 2 - (+) 

Model 3, Sound 1/10 = 0 
Sound 2/10 = © 

Average of Sound 1/10 

and Sound 2/10 * ̂  

Model 4, Sound 1/10 » gj 

Sound 2/10 • fljj 

Average of Sound 1/10 

and Sound 2/10 » 

Rate =4.0 sees. 
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FIGURE 22 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR MODEL 1 

Based on Rate Average of Standard Errors in Relative Units 

Model 1 = + Rates =1.0 sec. 
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FIGURE 23 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR MODEL 2 

Based on Rate Averages of Standard Errors in Relative Units 

Model 2 = (+) Rates =1.0 sec. 

2.0 

3.0 

4.0 
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FIGURE 24 . 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR MODEL 3 

Based on Rate Averages of Standard Errors In Relative Units 

Model 3, Sound 1/10 = 

Sound 2/10 = © 

Average of Sound 1/10 

and Sound 2/10 = © 

Rates =1.0 sec. 

2.0 

3.0 
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FIGURE 25 

GRAPHIC REPRESENTATION OF SYNCHRONIZATION ERRORS FOR MODEL 4 

Based on Rate Averages of Standard Errors in Relative Units 

Model 4, Sound 1/10 =» ffl 

Sound 2/10 =» 

Average of Sound 1/10 

and Sound 2/10 • J 

Rates = 1.0 sec. 

2.0 

3.0 

4.0 
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There is a wide range separating the four models presented at Rate 1.0 

sec. At one extreme, the average of the errors for the 2/10 sound of 

Model 3 is twice the distance from the point of origin as the average 

of the errors for the 1/10 sound in the same model. Only the Model 4 

errors are grouped closely at the 1.0 sec. rate. All of the Rate 1.0 

sec. plots show more duration error than onset error. However, this 

difference is slight except for the case of Model 1, and the 2/10 sound 

of Model 3. In the latter the duration error is almost twice the size 

of the onset error. An examination of the polygraph records for the 

eleventh day reveals that six subjects responded to Model 3 at Rate 1.0 

sec. in such a manner that the duration errors of the 1/10 sounds and 

those for the 2/10 sounds were practically equal. Only subjects 5 and 7 

differentiated between the two durations accurately and consistently. 

The ranking of the models at Rate 1.0 sec. in regard to accuracy 

is: first, Model 2, next, Model 1, followed by Models 3 and 4 which are 

comparable in their magnitude of error as measured from the point of 

origin. However, the averages of Models 3 and 4 differ in regard to 

the ratio of duration error to onset error. The Model 4 average with its 

6/10 interval of silence has a higher proportion of onset error than the 

Model 3 average, which has 1/10 intervals of silence only. 

There is a great deal of similarity in the plots of the four 

models at Rates 2.0 sees., 3.0 sees., and 4.0 sees, in regard to accuracy, 

range of performance, and in the ranking in accuracy of the models within 

their respective rates (Figure 17 and Figures 22 through 25). 

There is little difference in the distance from the point of 
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origin (perfect synchrony) of the three plots for Model 1 at these rates 

(Figures 17 and 22). This is the case also for Models 2 and 3, and the 

1/10 sound of Model 4 (Figures 23, 24, and 25). It appears that the rate 

of presentation has little influence upon the magnitude of error for these 

models at the three slower rates. For Models 1 and 2, the difference in 

error for these rates is chiefly a function of a change in the duration-

onset ratio. Onset performance improves, while duration performance de

teriorates as the speed of presentation is changed to a slower rate. 

In Model 3 (Figure 24) th,e range for both the 1/10 and 2/10 

errors at the three slower rates is restricted between a range of .024 

to .023 duration and ,017 to .022. onset. The duration-onset ratio, as 

well as the magnitude of error, do not appear to be affected by the dif

ferences in speed of presentation here (Rates 2.0 sees., 3.0 sees., and 

4.0 sees.). 

On the other hand Model 4 (Figure 25) presents a unique pattern 

of plots. The errors for the 1/10 sounds, Rates 2.0 sees., 3.0 sees., 

and 4.0 sees., lie within a narrow range, with duration error contribut

ing to the slight increase in error between the 2.0 sees, and the 4.0 

sees, rates. Sound 2/10, Model 4, on the other hand, shows great vari

ability from rate to rate. At Rate 4.0 sees, it has the greatest accuracy 

of all the 16 model-rate combinations, while at Rate 2.0 sees, it has the 

greatest magnitude of error for the 12 model-rate combinations presented 

at the three slower rates. At the 2.0 sees, rate the magnitudes of error 

of the 1/10 and the 2/10 sounds of Model 4 are comparable. At the 3.0 

sees, rate the performance for the 2/10 sound is far more accurate than 
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that for the 1/10 sound, with almost all of the superiority consisting in 

a smaller onset error. Between Rates 3.0 sees, and 4.0 sees, there is a 

slight decrease in accuracy for the 1/10 sound and improvement in dura

tion for the 2/10 sound. 

An analysis of variance was carried out which showed substantial 

and statistically significant contributions at better than the one per 

cent level of confidence for subjects, rates, and model-rate combinations. 

See Table 17. The level of confidence for the models reached the five 

per cent level. The Tukey Gap Test was run for model-rate combinations, 

and it revealed a significant gap between the models presented at Rate 

1.0 sec. and those presented at the slower rates. The gap between Model 

2 at Rate 1.0 sec. and Model 3 at 1.0 sec. approached significance. The 

Tukey Gap Test was also run for subjects and rates. Since no significant 

gaps were distinguished, it may be assumed that the variability found in 

each factor is contributed to equally by each member of the group. 

Only the Rhythm Test scores of the Seashore Measures of Musical 

Talents (Seashore, Lewis, and Saetveit, 1939) from the presentation of 

the test on the first day are used in this report. The rank-difference 

correlation between subjects' total synchronization performance and the 

Rhythm Test yielded a positive correlation (rho= + .57). Owing to the 

small number of subjects, and the low reliability of scores for the Sea

shore Measures at the upper ranges of performance, no attempt was made 

to determine the statistical significance of this relationship. This 

correlation is presented here merely to indicate a trend. 
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.TABLE 17 

ANALYSIS OF VARIANCE 

Source Degrees of Sura of Mean Sum JR. 

Freedom Squares of Squares Ratio. 

Subjects 

Duration/Onset 
Ratio 

Models 

Rates 

Model-Rate 
Combinations 

Duration/Onset 
Ratio x Model 

Duration/Onset 
Ratio x Rate 

7 

1 

3 

15 

35 

104,564 

2,110 

6,291 

36,189 

43,593 

1,150 

1,337 

195,739 

14,9 38 

2,110 

2,097 

12,063 

2,907 

383 

612 

23.34*** 

3.30 

3. 28* 

18.85*** 

4.54**. 

less than one 

less than one 

Error 

Total 

220 

255 

140,904 

336,643 

640 

*significant at the .05 level 

**significant at the .01 level 

***significant at the .0001 level 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

This exploratory study was an attempt (1) to determine the accuracy 

with which subjects could synchronize with repetitive models of auditory 

stimuli varying in the temporal spacing of their sound-silence durations, 

and (2) to determine the relationship between accuracy of synchroniza

tion and the rate of presentation of the models. Synchronization refers 

to the reproduction of an auditory model simultaneously with its presen

tation. An interval timer designed especially for this experiment was 

used along with standard equipment so that (1) auditory models were pre

sented in which both their sound-silence durations and their speed of 

presentation were varied in a precise manner, and (2) polygraph record

ings of the model presentations and of the subjects' corresponding syn

chronizing taps upon a telegraph key were made simultaneously. 

An extensive search of the literature revealed only three studies 

in which objective measurements were taken of the ability of subjects to 

synchronize with an auditory stimulus. Dunlap (1910) and Woodrow (1932) 

required their subjects to synchronize with each brief sound in a series 

of evenly-spaced sounds, while Bartlett and Bartlett (1959) required 

their subjects to synchronize with one in a series of evenly-spaced 

sounds. In the three 3tudies a wide range of rates of presentation was 

explored. However, in none of these experiments is the ability of sub

jects to synchronize with models of varying sound-silence durations in

vestigated; nor were the subjects required to synchronize with the duration 

112 



113 

of the sounds. 

The subjects of this study were eight male undergraduate students 

in general psychology at the University of Arizona. They were paid vol

unteers selected from a larger group. The task required these subjects 

to synchronize with the onset and the duration of each sound presented in 

the auditory model. Frequency and intensity were held constant, while the 

form (and, therefore, the complexity) of each of the four models was de

termined by varying the following elements, or rhythmical components: 

(1) the number of different sound durations, (2) the number of different 

silence durations, and (3) the positions of these within the model (Figures 

1 and 2). The four rates of speed used were: Rates 1.0 sec., 2.0 sees., 

3.0 sees., and 4.0 sees, for the presentation of an entire model. Each 

of the 16 model-rate combinations was presented for 70 seconds. For the 

first 10 seconds the subjects listened to the auditory models, and for 

the remaining 60 seconds they synchronized with them. This procedure was 

followed for 11 consecutive days. The polygraph recordings analyzed in 

this study were made on the eleventh day Rafter ten daily practice sessions). 

Reaction-time scores were ascertained for each subject in a special 

session on the twelfth day when the subjects were required to react to 

each of a series of evenly-spaced sounds presented first at the rate of 

one every four seconds and then one every two seconds. 

The results indicated that a long period of practice was necessary 

for the subjects to approach accuracy in synchronization. In the familiar

ization sittings of the first day, performance was highly inaccurate for 

all but one subject. Thereafter, most subjects showed bursts of rapid 

improvement interrupted by two learning plateaus. The improvement shown 
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on the ninth, tenth, and eleventh days was steady. On the eleventh day 

it appeared that most subjects had not reached their limit and were still 

capable of further improvement. Subject motivation remained at a high 

level throughout this experiment. These findings are in agreement with 

those reported by Bartlett and Bartlett (1959) to the effect that simple 

though the task of synchronization appears to be, a long period of moti

vated practice is required before subjects can be expected to approach 

optimum performance. 

Synchronization with onset improves before synchronization with 

duration. Even on the eleventh day none of the model-rate combinations 

showed more than minimal superiority of duration over onset performance 

(Figure 17). For several of the 16 model-rate combinations (Model 1 at 

Rates 1.0 sec. and 4.0 sees., Model 3, 2/10 sound, at Rate 1.0 sec., and 

Model 4, 2/10 sound, at Rates 3.0 sees, and 4.0 sees.) the onset error 

was only a fraction of the duration error. 

The phenomenon of drift was frequently observed, especially from 

the fifth through the eighth day of the practice sessions. Drift occurs 

when the subject's response pattern has accelerated or decelerated with 

reference to the stimulus model. Then he perceives that he has drifted 

ahead or behind in regard to onset with the stimulus or that he has 

lengthened or shortened the duration of the sound interval. Frequently, 

onset drift is coupled with duration drift. Once the drift becomes 

noticeable, the subject corrects himself and returns to_ a more accurate 

synchronization which is equal to or even superior to that which preceded 

the drift. After the eighth day drift gradually decreased both in the 

frequenty of its occurrence and in the magnitude of the error associated 
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with it, until by the eleventh day it had almost disappeared. The method 

of measuring each successive synchronization response is the only one 

which allows for the study of the drift phenomenon, as was observed by 

Dunlap (1910, pp. 411-412). 

The phenomenon of drift requires further study. It may be 

suggested, partly on the basis of the subjective reports made by the sub

jects, that several causative factors are involved. Among these are 

tenseness produced by overconcentration (trying too hard), brief fluctua

tions of attention, and the influence of subjective rhythm. Several sub

jects in the beginning days of practice distorted a particular model at 

one rate so that it resembled a different model at a different rate. 

This occurred most often when subjects lengthened the sound durations of 

[Model 2 at Rates 1.0 sec. or 2.0 sees, so that this model came to resemble 

Model 1 at a slower rate. (See Figure 1 for a comparison of the two 

models.) 

The purpose of the reaction-time series was to determine whether 

the subject's responses to the auditory stimuli reflected synchroniza

tion (simultaneous reproduction of models) or simply a reacting to each 

stimulus after it has sounded (reaction time). The average reaction time 

for each subject was compared with his average crude error of synchroni

zation with the onset of the sound (1/Nth of the sum of the synchroniza

tion errors for onset disregarding their signs), as suggested by Woodrow 

(1S32, pp. 374-376). Only in Model 4 at Rate 4.0 sees, did the group 

average crude error approach reaction time. Here the average crude error 

of .126 was within the range of .120 to .180 sec. for reaction time re

ported by Woodrow. (His subjects responded to each sound in a series of 
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evenly-spaced clicks presented at the rate of one every 3.0 sees.) The 

point where synchronization crude error is equal to reaction time repre

sents the upper limit of synchronization as defined by Woodrow. 

Negative correlations were found between the total synchroniza

tion performance and the reaction time performance at both the 2.0 sec. 

and the 4.0 sec. rates (rho=-.50, rho=-.12 respectively). A comparison 

of the 2.0 sec. and the 4.0 sec. reaction time errors yielded a positive 

correlation (rho=+.45). Seventy per cent of the magnitude of the crude 

errors for onset for the 16 model-rate combinations was negative, indi

cating anticipation. A positive correlation was found between subjects' 

accuracy of synchronization and their scores on the Rhythm Test of the 

Seashore Measures of Musical Talents (rho=+.57). These relationships, 

however, merely indicate a trend, since the number of subjects used in 

the rank-order correlations was small. 

An examination of the averages of constant errors and standard 

deviations in relative units for the 16 model-rate combinations (Tables 

13, 14, and 15) reveals that average performance for all models is fairly 

comparable at Rates 2.0 sees., 3.0 sees., and 4.0 sees. However, the 

models presented at Rate 1.0 sec. average almost twice the error of those 

presented at the other three rates. The variabilities of Models 1, 2, 

and 3 were within a comparatively narrow range of .013 to .024 sees. 

The variabilities of Model 4 ranged from .019 to .033 sees. The distri

bution curves give details of individual performance (Figures 8 through 

13). The graphs of the average synchronization errors (Figures 15 

through 25) based on standard error indices (Table 16) afford a summari

zation of the data for making comparisons between rates, between models, 
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and between the 16 model-rate combinations. Both the graphs and the dis

tribution curves substantiate the findings mentioned above. An analysis 

of variance showed that subjects, rates, and model-rate combinations made 

contributions to total variance at better than the one per cent level. 

Models contributed to variance at the five per cent level. The Tukey 

Gap Test revealed that there was a significant gap between the models 

presented at Rate 1.0 sec. and those presented at Rates 2.0 sec., 3.0 

sees., and 4.0 sees. Although variability within the group was demon

strated by the statistical analysis, the performance of no subject varied 

sufficiently from group performance to bias the date (Tukey Gap Test). 

Since this is an exploratory study for which there were few 

guides available for the structuring of its rational and methodology, 

dependability may be claimed only for the general trend of the amalgamated 

results of the eight subjects. It appears that four factors are related 

to the differences in the average group performance among the different 

models, the different rates, and the 16 model-rate combinations. These 

factors are: (1) the length of the duration of the sound intervals 

(Figure 1), (2) the length of the intervals of silence preceding the 

sound intervals, (3) the rate of presentation of the models, and (4) the 

number of varying elements of sound-silence durations within a model, i.e. 

the complexity of the model (Figure 2). Each of these four factors affects 

the subjects' accuracy of synchronization directly. Presumably each 

factor also acts in conjunction with the other factors in exerting its 

influence in a network of interrelationships. This attempt to evaluate 

the data of the results will involve oversimplification, since the un

determined effects of the interrelationships of the four factors will be 
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disregarded, and only the direct effects of these factors upon accuracy 

of synchronization, as revealed by graphic displays and tabular results, 

will be considered. Therefore, the conclusions reached will serve to 
* 

indicate only gross effects and to shed light upon specific points which 

need further experimental investigation. 

Various methods may be used to analyze the contributions made by 

each of the four factors to the total synchronization error found in the 

model-rate combinations. The one utilized here is that of comparing the 

errors of the 1/10 and 2/10 sounds within a specific model-rate combina

tion, where two or three of the factors are held constant and the others 

are varied. 

The first factor to be considered is factor one, the length of 

the sound durations. It can be analyzed to advantage in the comparison 

of the errors for the 1/10 and the 2/10 sound durations in Model 3 at 

any one of the three slower rates (2.0 sees., 3.0 sees,, and 4.0 sees.). 

The constants in this comparison are: the length of the preceding 

intervals of silence, the rate of presentation, and the number of vary

ing elements. This is the case because the errors for the 1/10 sound are 

compared with the errors for the 2/10 sound only within the same Model 

3-rate combination. A study of Figure 24 reveals that there is little 

difference between the magnitude of error (distance from the point of 

origin on the graph) of the 1/10 and 2/10 sounds at Rate 2.0 sees., al

though performance for the 1/10 sound duration is slightly superior. 

The same is true of Model 3 at Rates 3.0 sees, and 4.0 sees. The average 

onset plus duration errors for the 1/10 sounds at these three rates is 

109 per cent of the magnitude of error for the 2/10 sounds (Table 16). 
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For these model-rate combinations the factor of the difference in the 

length of the 1/10 and 2/10 sound durations appears to exert a compara

tively slight influence. 

The factor of the effect of the length of the sound duration 

upon accuracy of synchronization (factor 1) might be checked in future 

experiments by comparing two or more models in which the number of vary

ing elements, the rate of presentation, and the intervals of silence 

are constant, while the sound durations themselves are varied from 

model to model. A possible set of models is: 

A. /  3/20 \2/20/ 3/20 \2/20/ 3/20 \2/20/ 3/20 \2/20 

a. /  4/10 \Ui21 4710 \ l /10 

The influence of factor 2, the length of the interval of 

silence preceding a given sound duration, upon synchronization error 

seems to be dependent upon the particular model-rate combination in 

which the interval of silence is located. This varying influence of the 

silence interval can be demonstrated by comparing the 1/10 and the 2/10 

sounds of Model 4 at each of the four rates. In this case the two con

stants are the number of varying elements and the rate of presentation, 

since the 1/10 and 2/10 sounds are compared only within the same model-

rate presentations. However, the factor of the length of the sound 

interval cannot be held constant in this comparison, since Model 4 has 

both 1/10 and 2/10 sound durations. Nevertheless, the influence of the 

difference in sound durations appears to be nullified by the stronger 

opposing influence of the difference in the length of the silence in

tervals within Model 4. The explanation of this phenomenon will become 
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apparent in the discussion of the influence of the varying intervals of. 

silence in this model. Although in Model 3 the longer duration of the 

2/10 sound is associated with greater error, such is not the case in 

Model 4, probably because of the opposing effects of the varying intervals 

of silence, the'ifactor under consideration (Figure 1). In Model 4 at 

Rate 1.0 sec. the magnitudes of error for both the 1/10 and the 2/10 

sounds are equal (Figure 25). The same is true of Model 4 at Rate 2.0 

sees. However, in Model 4 at the 3.0 sec. rate and at the 4.0 sec. rate 

the magnitude of error for the 1/10 sound is approximately twice that for 

the 2/10 sound. The larger error for the 1/10 sound of Model 4 at these 

two rates is probably related to the fact that the 1/10 sound is preceded 

by a 6/10 interval of silence, whereas the 2/10 sound is preceded only by 

a 1/10 interval of silence (Figure 1). 

In Model 4, Rate 1.0 sec., the intervals of silence of .1 (the 

1/10 silence interval which precedes the 2/10 sound duration) and .6 

(the 6/10 silence interval which precedes the 1/10 sound duration) have 

an approximately equal effect upon the magnitude of error of the sounds 

following them, and in Model 4, Rate 2.0 sees., the same statement applies 

for silence intervals of .2 sec. and 1.2 sees. The equal effect upon 

synchronization error of these different preceding intervals of silence 

is an indication that subjects responded to the model as an entity, that 

is, as a rhythmical unit. If this were not the case a large difference 

in magnitude of error could be expected between sounds preceded by silence 

intervals of .1 -sec. and those preceded by silence intervals of .6 sec., 

or between sounds preceded by silences of .2 sec. and those preceded by 

* 

silences of 1.2 sees. This is supported by the Woodrow study (1932) 
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where a comparable difference in the length of the silence interval re

sulted in a large variation in the magnitude of synchronization error 

"(Table 1). 

In Model 4 at Rate 3.0 sees, the 1.8 (6/10) interval of silence 

preceding the 1/10 sound apparently produces more error than the .3 

(1/10) silence interval preceding the 2/10 sound. In a similar fashion, 

the 2.4 (6/10) interval of silence preceding the 1/10 sound in Model 4, 

Rate 4.0 sees., seems to result in more error than the .4 (1/10) 

silence interval preceding the 2/10 sound. 

Thus, it is seen that in comparing the magnitude of error of 

the 1/10 sound and the 2/10 sound in Model 4 at each of the four rates, 

the 6/10 interval of silence (factor 2) has slight effect when Model 4 

is presented at Rates 1.0 sec. and 2.0 sec.; however, at Rates 3.0 sees, 

and 4.0 sees, its influence is great. The point at which the interval 

of silence begins to play a decisive part in synchronization performance 

for this model lies somewhere between 1.2 sees. (6/10 interval of silence 

at Rate 2.0 sees.) and 1.8 sees. (6/10 interval of silence at Rate 3.0 

sees.). 

It is suggested that in Model 4 at the two faster rates (1.0 

sec. and 2.0 sees.) a rhythmical cohesiveness outweighs the influence of 

the varying lengths of silence; whereas, at the slower rates of 3.0 sees, 

and 4.0 sees, the interval of silence gradually exerts a progressively 

disrupting influence in regard to rhythmicity. Between the 2.0 sec. 

rate and the 4.0 sec. rate there is a very gradual deterioration in 

accuracy of synchronization with the 1/10 sound, until at Rate 4.0 sec3, 

synchronization error approaches reaction time. At the same time there 
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is a rapid improvement in accuracy of synchronization with the 2/10 sound. 

It is suggested that this improvement of the 2/10 sound occurs because, 

at the 3.0 sec. and 4.0 sec. rates, the 1/10 sound is acting as a warn

ing signal for the following (2/10) sound. The .4 interval of silence 

between the 1/10 and the 2/10 sounds at Rate 4.0 sees, may be near the 

optimal silence interval intervening between a warning signal and the 

auditory stimulus to which a response must be made. The .4 sec. interval 

approaches the .5 sec. interval suggested by Bartlett and Bartlett (1959, 

p. 217) as the optimal interval for separating two stimuli which must 

-register independently of one another in the central nervous system with

out the intrusion of extraneous factors. As indicated above, the 6/10 

interval of silence, in Model 4, begins to exert a decisive influence 

somewhere between 1.2 sees, (at Rate 2.0 sees.) and 1.8 sees, (at Rate 

3.0 sees.). It is suggested that between 1.2 sees, and l.S sees, a 

break-down in rhythm begins. This is in line with Woodrow's finding 

(1932, p. 377) that at about 1.5 sees, to 2.0 sees, the experience of 

rhythm, the synchronization with auditory stimuli, and the reproduction 

of empty time intervals begin to become difficult. Thi3 is confirmed 

by the subjective reports of the subjects in the present experiment. 

The longer interval of silence proceding the 1/10 sound of Model 

4 is associated with a higher proportion of onset error as compared to 

duration error at all rates (Figure 25). 

Figures 26 and 27 demonstrate that the influence of a given 

interval of silence varies with the model-rate combination. For example, 

for onset (Figure 27) the optimum interval of silence for Model 3 begins 

at approximately .2 (Rate 2.0 sees.) and continues through .4 (Rate 4.0 



FIGURE 26 

QRAPHIC REPRESENTATION OF THE INFLUENCE OF INTERVALS OF SILENCE UPON 

SYNCHRONIZATION WITH DURATION IN THE 16 MODEL-RATE COMBINATIONS 

Based on Standard Errors Reported in Relative Units 

Ordinate = synchronization error in seconds 

Abscissa = length of the preceding interval of silence 

Model 1 = 

Model 2 = 

Model 3, 1/10 sound • . , . . 

2/10 sound = ... ... — ... — 

Model 4, 1/10 sound = i i i i i i i i i i i i—> 

2/10 sound I — 4  •  •  •  t  >  *  •  <  >  

Rates >1.0 sec. 

2.0 

3.0 

4.0 
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FIGURE 27 

GRAPHIC REPRESENTATION OF THE INFLUENCE OF INTERVALS OF SILENCE UPON 

SYNCHRONIZATION WITH ONSET IN THE 16 MODEL-RATE COMBINATIONS 

Based on Scandard Errors Reported in Relative Units 

Ordinate = synchronization error in seconds 

Abscissa = length of the preceding interval of silence 

Model 1 = 

Model 2 = 

Model 3, 1/10 sound = 

2/10 sound = 

Model 4, 1/10 sound = (. 

2/10 sound 

Rates = 1.0 sec. 

2.0 

3.0 

4.0 

• • 

i I 1 t i—i—I—I—I—I—i—t-
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sees.). Further experiments would be required in order to determine the 

slowest point within this optimum range for Model 3. Perhaps accuracy 

of synchronization for this model would remain the same or even improve 

at a slower rate of presentation. The optimum range for the 2/10 sound 

of Model 4 apparently begins at .3 sec. (Rate 3.0 sees.). The optimum 

interval of silence for Model 1 appears to begin at .4 sec. (Rate 4.0 

sees.). For Model 2 the optimum interval of silence begins at some 

point between .4 and .8 sec. and extends past 1.6 sees. In the case of 

the 1/10 sound of Model 4 it begins somewhere between .6 and 1.2 sees, 

and extends to 2.4 sees. However, at this point synchronization error 

(as measured in crude error) begins to approach reaction time, and 

synchronization breaks down. 

From the above comparisons it appears that the optimal preceding 

interval of silence for synchronizing with standard sounds within the 

context of a model extends over a wide range, which in the cases of 

Model 2 and the 1/10 sound of Model 4 is wider than the range of rates 

for optimum performance of .6667 to 1.000 sec. reported by Woodrow 

(1932, pp. 368-370). Within this optimum range synchronization errors 

are at a minimum for any single model-rate presentation. Further re

search is needed to determine more exactly the limits of the ranges for 

the four models used in this experiment. 

The rate of presentation, factor 3, plays an important role in 

determining accuracy of synchronization. The results of this study in

dicate that there is a significant difference between the synchroniza

tion errors for the four models presented at Rate 1.0 sec. and those 

L 
presented at the other three rates (Figure 15, Table 17). The rate 
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1.0 sec. models average approximately twice the error and scatter of 

the other 12 model-rate combinations. Models 1 and 3 at the 1.0 sec. 

rate apparently approached the sensory-motor limitations of several of 

the subjects. In the practice sessions improvement was slow for these 

two model-rate combinations. Even on the tenth day Subjects 3 and 6 

tapped only 289 and 287 responses respectively to the 300 sound stimuli 

presented in 60 sees, for Model 1, Rate 1.0 second. As a rule, during 

the early days of the experiment, the duration of responses of most sub

jects for this model-rate combination was only a fraction of the length 

of the sound stimulus. On the eleventh day the average duration re

sponses of two subjects was only one-half the length of the standard 

sound of Model 1, Rate 1.0 sec. Moreover, the duration responses of two 

other subjects for the same model-rate combination averaged only two-

thirds the length of the standard sounds. This large magnitude of error 

for Model 1 at Rate 1.0 sec. was probably related to the brevity of the 

sound duration (.1 sec), at this rapid rate. 

In Model 3, Rate 1.0 sec., only two subjects consistently repro

duced the durations of the 1/10 and the 2/10 sounds with a fair degree 

of accuracy. The remaining subjects~made their responses-to the 1/10 

sound approximately the same duration as their responses to the 2/10 

sound. Three subjects complained that they could hear the differences 

in the duration of the two sounds, but motor-wise were unable to syn

chronize accurately with_t_hem. This inability to synchronize at this 

rapid rhythm was probably caused by the brevity of the sound durations 

(.1 and .2 sec), the short silence intervals (.1 sec), as well as the 

difference between the durations of the 1/10 and the 2/10 sounds within 

this model. 



129 

The fact that at Rate 1.0 sec., Model 2 with a 4/10 interval of 

silence had less synchronization error than Model 1 with its 1/10 silence 

interval indicates that at this rate an increase in the interval of 

silence aids accuracy of synchronization. 

As mentioned above, there is little difference between the 

average group performance of Models 1, 2, and 3 at Rates 2.0 sees., 3.0 

sees., and 4.0 sees. (Figure 15). The atypical results of Model 4 at 
* 9 

these three rates have already been discussed. 

Finally, the four models also play an influential role in de

termining accuracy of synchronization (Figure 16). When the models are 

ranked on the basis of the averages of the standard errors in relative 

units (rather than on the basis of the standard deviations), Model 1 is 

first; Models 2 and 3 are almost equal, and Model 4 comes last. A 

glance at Figure 2 shows that Model 1 has two varying elements of sound-

silence durations, Model 2 has three, Model 3 has four, and Model 4 has 

five. This ranking of the models tends to substantiate the speculation 

that exror in synchronization increases as the number of varying elements 

of sound-silence duration increases. The proximity of Model 2 to Model 3, 

however, casts a bit of doubt upon this speculation. However, the close

ness of these two models is possibly explained by the fact that the 4/10 

intervals of silence in Model 2 lead to more error than the 1/10 silence 

intervals in Model 3. It is suggested that another model, containing 

three varying elements of sound-silence durations (as in Model 2), be 

constructed. For example: 
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This model contains 1/10 intervals of silence as does Model 3. It is 

possible that this new model arrangement would show a substantially 

superior subject performance compared with that of Model 3. 

It appears that there is a relationship between the number of 

varying elements of sound-silence durations in a model (factor 4) and 

the average magnitude of error made by a group of subjects synchronizing 

with that model. However, since the contributions of the models used 

in this experiment to the total error variance is significant only at 

the five per cent level of probability, and since Model 2 (with three 

varying elements) has almost as much error as Model 3 (with four varying 

elements), a need for further research is indicated-to verify this con

clusion. 

~V"-' 
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APPENDIX I 

CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 1.0 second 

Model 1 

Number of Models in 60 second period=60 

Number of Stimuli in 60 second period = 300 

Subject Duration Onset 
Stimulus 1/10 Stimulus 1/10 
CE. S.D. C.E. S.D. 

1 -.060 .009 -.005 .015 

2 -.014 .020 -.013 .048 

3 -.013 .013 +.030 .063 

4 -.081 .006 -.005 .017 

5 -.039 .009 +.006 .014 

6 -.150 .041 -.005 .051 

7 _ +.011 .014 -.007 .016 

8 -.001 .017 + .024 .051 

-.043 .016 + .003 .034 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

- = — C o m p u t e d  f r o m  P o l y g r a p h  R e c o r d s  
') 

Absolute Units in Milliseconds 

Rate =1.0 second 

Model 2 

Number of Models in 60 second period =60 

Number of Stimuli in 60 second period =120 

Subject Duration 
Stimulus 1/10 
C • E. 3. D. 

Onset 
Stimulus 1/10 
C.E. S.D. 

1 

2 

3 

4 

5 

6 

7 

8 

+ .029 

+ .077 

+ .031 

+ .032 

+ .020 

+ .037 

+ .036 

+ .072 

.031 

.021  

.005 

.048 

.019 

,c6o < 

.010 

.022 

-.049 

- .061 

-.042 

-.040 

+ .002 

-.037 

-.023 

-.014 

.025 

.027 

.020 

.025 

.019 

.026 

.016 

.020 

+ .042 .023 -.033 .022 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate s1.0 second 

Model 3 

Number of Models in 60 second period =60 

Number of Stimuli .1 in 60 second period = 120 

Number of Stimuli .2 in 60 second period=120 

Subject Duration 
Stimulus 
C.E. 

1/10 
b.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulis 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 -.071 .008 -.018 .018 -.146 .018 -.052 .020 

2 -.021 .022 + .018 .044 -.092 .019 -.012 .036 

3 -.018 .015 -.009 .031 -.072 .036 -.048 .026 

4 -.041 .017 -.013 .023 -.122 .015 -.026 .023 

5 -.007 .013 + .009 .020 -.027 .028 -.005 .020 

6 -.017 .068 -.013 .071 -.065 .067 r.074 .074 

7 -.004 .019 + .002 .022 + .012 .074 -.009 .019 

8 + .008 .020 + .003 .032 -.070 .017 -.001 .003 

-.021 .023 -.003 .033 -.073 .034 -.028 .028 
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CONSTANT ERRORS AND STANDARD DEVIATIONS' FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 1.0 second 

Model 4 

Number of Models in 60 second period=60 

Number of Stimuli ,1 in 60 second period = 60 

Number of Stimuli .2 in 60 second period = 60 

Subj ect Duration 
Stimulus 
C. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 -.014 .042 -.034 .053 -.025 .053 -.063 .058 

2 -.006 .015 -.020 .041 -.095 .025 -.015 .032 

3 + .011 .010 -.065 .024 -.069 .021 -.031 .025 

4 + .010 .111 -.051 .053 -.036 .070 -.055 .059 

5 + .022 .015 -.013 .031 + .024 .054 ' + .023 .018 

6 + .023 .114 -.054 .062 + .025 .073 -.033 .052 

7 + .027 .021 -.003 .032 + .009 .014 -h 006 .022 

8 + .036 .022 -.057 .034 -.002 .037 -H033 .029 

+ .014 .044 -.037 .041 -.021 .043 -.017 .037 



CONSTANT ERRORS AND STANDAiU) DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 2.0 seconds 

Model 1 

Number of Models in 60 second period=30 

Number of Stimuli .2 in 60 second period=150 

Subject Duration Onset 
Stimulus 1/10 Stimulus 1/10 
C.E. S.D. C.E. S.D. 

1 

2 

3 

4 

5 

6 

7 

8 

-.019 .021 

-.025 .023 

-.076 .015 

+ .026 .016 

-.010 .031 

-.003 .022 

-.009 .043 

-.037 .019 

-.045 .010 

+ .002 .025 

-.021 .021 

-.037 .024 

+ .013 .019 

-.004 .034 

-.012 .017 

024 

-.019 .024 -.015 .022 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 2.0 

Model 2 

Number of 

Number of 

Subject 

Models in 60 second period = 30 

Stimuli .2 in 60 second period=60 

Duration 
Stimulus 1/10 
C.E. S.D. 

Onset 
Stimulus 1/10 
C. E. St D. 

1 

2 

3 

4 

5 

6 

7 

+ .010 

-.003 

- .021  

+ .064 

- .008 

+ .112 

- .002 

+ .008 

.023 

.035 

.030 

.039 

.032 

.050 

.017 

.037 

-.042 

-.023 

-.043 

-.054 

+ .002 

-.037 

-.011 

-.009 

.036 

.036 

.032 

.035 

.031 

.085 

.028 

.037 

+ .019 .033 -.027 .040 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 2.0 second 

Model 3 

Number of Models in 60 second period® 30 

Number of Stimuli .2 in 60 second periods 60 

Number of Stimuli .4 in 60 second period= 60 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 + .023 .031 -.012 .043 -.019 .074 -.064 .032 

2 + .059 .031 -.019 .030 -.041 .035 •4% 002 .022 

3 -.090 .022 + .002 .024 + .012 .052 -.046 .026 

4 + .037 .042 -.043 .028 + .062 .027 -.052 .022 

5 + .032 .023 + .019 .027 + .026 .038 + .003 .020 

6 -.026 .025 + .045 .034 -.031 .063 -.021 .034 

7 + .025 .021 -.006 .020 + .017 .033 -.006 .021 

8 + .009 .025 + .020 .037 + .004 .033 + .002 .029 

+ .009 .028 + .001 .030 + .004 .044 -.023 .026 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 2.0 second 

Model 4 

Number of Models in 60 second period =30 

Number of Stimuli ,2 

Stimuli ,4 

in 60 second period= 30 
* 

Number of 

Stimuli ,2 

Stimuli ,4 in 60 second period =30 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulis 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 + .078 .023 -.065 .059 -.027 .046 -.028 .020 

2 + .043 .091 -.008 .081 -.070 .028 + .015 .035 

3 + .013 .071 -.023 .034 -.113 .055 + .045 .084 

4 + .050 .033 -.043 .078 + .006 .032 -.051 .034 

5 + .016 .027 + .019 .045 -.022 .081 + .010 .030 

6 -.014 .014 + .110 .016 -.068 .027 + .020 .104 

7 + .011 .031 -.025 .050 -.021 .023 -.019 .027 

8 -.025 .023 + 4.040 .059 -.050 .094 -.008 " .037 

+ .022 .039 + .001 .053 -.046 .048 -.002 .046 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 3.0 seconds 

Model 1 

Number of Models in 60 second period = 20 

Number of Stimuli .3 in 60 second period=100 

Subject Duration Onset 
Stimulus 1/10 Stimulus 1/10 
C. S. <3. D. C. £•• S. D. 

1 -.114 .059 -.029 .020 

2 -.029 .033 +.009 . .039 

3 -.105 .031 -.049 .033 

4 . +.013 .027 -.051 .026 

5 -.009 .021 -.001 .032 

6 -.026 .001 -.009 .029 

7 -.025 .026 -.024 .016 

8 -.004 .048 -.015 .024 

-.037 .031 - . 021  .027 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate=.3.0 seconds 

Model 2 

Number of Models in 60 second period= 20 

Number of Stimuli .3 in 60 second period = 40 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

1 -.006 .106 -.076 .053 

2 + .112 .061 -.073 .057 

3 -.003 .041 -.043 .066 

4 +.094 .054 -. 101 .071 

5 -.001 .039 -.003 .040 

6 + .029 .045 + .025 .083 

7 -.004 .038 -.019 .042 

3 -.036 .045 + .008 .070 

+.023 .054 -.035 .060 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate =3.0 seconds 

Model 3 

Number of Models in 60 second period =20 

Number of Stimuli .3 in 60 second p eriod =40 

Number of Stimuli .6 in 60 second p eriod =40 

Subject Duration 
Stimulus 
C. E. 

1/10 
S.D. 

Onset 
Stimulus 1/10 
C. E. S. D. 

Duration 
Stimulus 
C.E. 

2/10 
S. D. 

Onset 
Stimulus 
C. E. 

2/10 
S.D. 

1 .068 .046 + .014 .004 + .043 .044 -.063 .029 

2 + .053 .038 -.008 .031 -.091 .045 + .026 .023 

3 -.069 .025 -.019 .037 + .023 .062 -.047 .022 

4 + .108 .048 -.104 .050 + .082 .055, -.089 .033 

5 -.005 .030 + .007 .023 + .023 .018 -.013 .025 

6 -.021 .031 -.012 .045 + .029 .062 -.040 .027 

7 + .021 .028 -.014 .013 + .013 .119 -.018 .026 

8 + .059 .067 -.035 .031 + .045 .047 -.030 .024 

+ .010 .039 -.021 .030 + .021 .057 -.034 .026 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate =3.0 seconds 

Model 4 

Number of Models in 60 second period =20 

Number of Stimuli .3 in 60 second period = 20 

Number of Stimuli .6 in 60 second period = 20 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C. 

2/10 . 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 + .014 .065 -.027 .086 -.045 .19 3 -.059 .024 

2 + .103 .079 -. 113 .078 -.025 .057 + .020 .024 

3 -.064 .066 + .020 .036 -.051 .062 -.009 .024 

4 + .088 .069 -. 106 .103 + .033 .035 -.046 .020 

5 -.061 .038 + .067 .066 + .001 .035 -.009 .016 

6 + .020 .072 + .039 .126 -.058 .049 + .011 .032 

7 -.043 .049 -.014 .073 -.029 .029 -.006 .024 

8 -.097 .091 + .038 . 114 + .032 .046 -.020 .021 

-.005 .066 -.012 .092 -.018 .06 3 -.015 .023 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate ="4,0 seconds 

Model 1 

Number of Models in 60 second period =15 

Number of Stimuli .4 in 60 second period =75 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

1 -.151 .085 -.037 .026 

2 + .017 .035 -.019 .032 

3 -.115 .042 -.031 .008 

4 -.017 .072 -.037 .030 

5 -.004 .033 -.027 .030 

6 -.062 .033 + .002 .032 

7 -.026 .073 -.014 .023 

8 -.041 .039 + .012 .026 

-.050 .052 -.019 .026 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate* 4.0 seconds 

Model 2 

Number of Models in 60 second period= 15 

Number of Stimuli ,4 in 60 second period= 30 

Subject Duration 
Stimulus 1/10 
C. i£. 3. D. 

Onset 
Stimulus 1/10 
C.E. S.D. 

1 

2 

3 

4 

5 

6 

7 

8 

-.017 

+ .153 

-.036 

+ .137 

+ .028 

-.048 

-.011 

+ .031 

.085 

.077 

.059 

.061 

.065 

.039 

.049 

.070 

-.076 

-.109 

-.017 

-.199 ' 

+ .033 

+ .092 

-.014 

-.033 

.106 

.082 

.085 

.078 

.061 

.042 

.063 

.064 

+ .030 .063 -.040 .073 

« 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate= 4.0 seconds 

Model 3 

Number of Models in 60 second period = 15 

Number of Stimuli . 4 in 60 second period = 30 

Number of Stimuli . 8 in 60 second period = 30 

Subject Duration Onset Duration Onset 
Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
C.E. S.D. C.E. S.D. C.E. S.D. _ C.E. S.D. 

1 -.146 .031 +.008 . .031 -.022 .067 -.077 .025 

2 +. 100 .042 -.075 .030 +.045 .056 -.069 .031 

3 -.067 .053 -.024 .040 -.001 .063 -.096 .035 

4 +.073 .064 -.114 .055 +.054 .107 -.103 .043 

5 -.029 .038 -.017 .028 -.001 .041 -.042 .027 

6 +.075 .044 -.039 .043 -.012 .131 -.039 .042 

7 +.019. .099 -.029 .032 -.025 .169 -.029 .029 

8 +.092 .084 -.011 .042 +.135 .073 -.027 .040 

+.015 .057 -.038 .038 +.022 .088 -.060 .034 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Rate = 4.0 seconds 

Model 4 

Number of Models in 60 second periods 15 

Number of Stimuli , 4 in 60 second periods 15 

Number of Stimuli . 8 in 60 second period s15 

Subject Duration 
Stimulus 
C.E. 

1/10 
S.D. 

Onset 
Stimulus 
C.E. 

1/10 
S.D. 

Duration 
Stimulus 
C.E. 

2/10 
S.D. 

Onset 
Stimulus 
C.E. 

2/10 
S.D. 

1 +.102 .121 -.126 .087 +.039 .063 -.072 .024 

2 +.135 .127 -.118 .156 -.006 .109 +. 008 .036 

3 -.099 .067 +.042 .109 *.010 .105 +.007 .035 

4 + .029 .146 -.075 .148 + .021 .034 -.060 .026 

5 +.003 .103 +.046 .123 -•021 .050 -.003 .031 

6 -.037 .108 +.082 .144 -.065 .063 + .032 .061 

7 -.076 .073 + .038 .107 -.054 .056 -.019 .029 

8 -.103 .108 + .060 .124 +.026 .072 -.021 .033 

-.006 .107 -.006 .125 -.009 .069 -.016 .034 
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APPENDIX II 

CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Reported in Relative Units* 

Rate B 1.0 second; all models 

Sub Model Duration Onset Duration Onset 
ject Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 

C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1 1 -.060 .009 -.005 • .015 
2 -.014 .020 -.013 .048 
3 -.013 .013 +.030 .063 
4 -.081 .006 -.005 .017 
5 -.039 .009 + .006 .014 
6 -.150 .041 -.005 .051 • 

7 + .011 .014 -.007 .016 
8 -.001 .017 + .024 .051 

1 2 + .029 .031 -.049 .025 
2 + .077 .021 -.061 .027 
3 + .031 .005 -.042 .020 
4 + .032 .048 -.040 .025 
5 +.020 .019 + .002 .019 
6 +.037 .030 -.037 .025 
7 +.036 .010 -.023 .016 
8 + .072 .022 -.014 .020 

1 3 -.071 .008 -.018 .018 -.146 .018 -.052 .020 
2 -.021 .022 +.018 .044 -.092 .019 -.012 .036 
3 -.018 .015 -.009 .031 -.072 .036 -.048 .026 
4 -.041 .017 -.013 .023 -.122 .015 -.026 .023 
5 -.007 .013 +.009 .020 -.027 .028 -.005 .020 
6 -.017 .068 -.013 .071 -.065 .067 -.074 .074 
7 -.004 .019 +.002 .022 +.012 .074 -.009 .019 
8 + .008 .020 +.003 .032 -.070 .017 -.001 .003 

1 4 -.014 .042 -.034 .053 -.025 .053 -.063 .058 
2 -.006 .015 -.020 .041 -.095 .025 -.015 .032 
3 + .011 .010 -.065 .024 -.069 .021 -.031 .025 

4 + .010 .111 -.051 .053 -.036 .070 -.055 .059 

5 + .022 .015 -.013 .031 + .024 .054 + .023 .018 
6 + .023 .114 -.054 .062 + .025 .073 -.033 .052 
7 -.027 .021 -.003 .032 + .009 .014 +.006 .022 
8 + .036 .022 -.057 .034 -.002 .037 +.033 .029 

•Constant errors and standard deviations were divided by Rate 1.0 second. 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Reported in Relative Units* 

Rate =2.0 seconds; all models 

Sub Model Duration Onset Duration Onset 
ject Stimulus 1/10 Stimulus 1/10 Stimulus 1/10 Stimulus 1/10 

C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1 1 -.0095 .0105 -.0225 .0050 
2 -.0125 .0115 +.0010 .0125 
3 -.0380 .0075 -.0105 .0105 
4 +.0130 .0080 -.0185 .0120 
5 -.0050 .0155 +.0065 .0095 
6 -.0015 .0110 -.0020 .0170 
7 -.0045 .0215 -.0060 .0085 
8 -.0185 .0095 -.0075 .0120 

1 2 +.0050 .0115 -.0210 .0180 
2 -.0040 .0175 .0115 .0180 
3 -.0105 .0150 -.0215 .0160 
4 +.0320 .0195 -.0270 .0175 
5 -.0040 .0160 +.0010 .0155 
6 +.0560 .0250 -.0185 .0425 
7 -.0010 .0085 -.0055 .0140 
8 +.0040 .0185 -.0045 .0185 

1 3 +.0115 .0155 -.0060 .0215 -.0095 .0370 -.0320 .0160 
2 +.0295 .0155 -.0095 .0150 -.0205 .0175 +.0010 .0110 
3 -.0450 .0110 +.0010 .0120 +.0060 .0260 -.0230 .0130 

4 +.0185 .0210 -.0215 .0140 +.0310 .0135 -.0015 .0100 
5 +.0160 .0115 +.0095 .0135 +.0130 .0190 +.0015 .0100 
6 -.0130 .0125 +.0225 .0170 -.0155 .0315 -.0105 .0170 

7 +.0125 .0105 -.0030 .0100 +.0085 .0165 -.0030 .0105 
8 +.0045 .0125 +.0100 .0185 +.0020 .0165 +.0010 .0145 

1 4 +.0390 .0115 -.0325 .0295 -.0135 .0230 -.0140 .0100 
2 +.0215 .0455 -.0040 .0405 -.0350 .0140 +.0075 .0175 
3 +.0065 .0355 -.0115 .0170 -.0565 .0275 +.0225 .0420 

4 +.0250 .0165 -.0215 .0390 +.0030 .0160 -.0255 .0170 
5 +.0080 .0135 +.0095 .0225 -.0110 .0405 +.0050 .0150 
6 -.0070 .0070 +.0550 .0080 -.0340 .0135 +.0100 .0520 
7 +.0055 .0155 -.0125 .0250 -.0105 .0115 -.0095 .0135 
8 -.0125 .0115 +.0200 .0295 -.0250 .0470 -.0040 .0185 

*Constant errors and standard deviations were divided by Rate 2.0 seconds. 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Reported in Relative Units* 

Rate =3.0 seconds; all Models 

Sub Model Duration Onset Duration Onset 
ject Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 

C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1 1 -.0380 .0197 -.0097 .0067 
2 -.0097 .0110 +.0030 .0130 
3 -.0350 .0103 -.0163 .0110 
4 +.0043 .0090 -.0170 .0087 
5 -.0030 .0070 -.0003 .0107 
6 -.0087 .0003 -.0030 .0097 
7 -.0083 .0087 -.0080 .0053 
8 ->.0013 .0160 -.0050 .0080 

1 2 -.0020 .0353 -.0253 .0176 
2 +.0373 .0203 -.0243 .0190 
3 -.0010 .0137 -.0143 .0220 
4 +.0313 .0180 -.0336 .0237 
5 -.0003 .0130 -.0010 .0133 
6 +.0097 .0150 +.0083 .0277 
7 -.0013 .0127 - .0063 .0140 
8 -.0120 .0150 +.0026 .0233 

1 3 -.0227 .0153 +.0047 .0013 +.0143 .0147 -.0210 .0097 
2 +.0177 .0127 -.0027 .0103 -.0303 .0150 +.0087 .0077 
3 -.0230 .0083 -.0063 .0123 +.0077 .0207 -.0157 .0073 
4 +.0360 .0160 -.0347 .0167 +.0273 .0183 -.0297 .0110 
5 -.0017 .0100 +.0023 .0077 +.0076 .0060 -.0043 .0083 
6 -.0070 .0103 -.0040 .0150 +.0097 .0207 -.0133 .0090 

7 +.0070 .0093 -.0047 .0060 +.0043. .0397 -.0060 .0087 
8 +.0197 .0223 -.0117 .0103 +.0150 .0157 -.0100 .0080 

1 4 +.0047 .0217 -.0090 .0287 -.0150 .0643 -.0197 .0080 
2 +.0343 .0263 -.0377 .0260 -.0083 .0190 +.0067 .0080 
3 -.0213 .0220 +.0067 .0287 -.0170 .0207 -.0030 .0080 

4 +.0293 .0230 -.0353 .0343 +.0110 .0117 -.0153 .0067 
5 -.0203 .0127 +.0223 .0220 +.0003 .0117 -.0030 .0053 
6 +.0067 .0240 +.0130 .0420 -.0193 .0163 +.0037 .0107 
7 -.0143 .0163 -.0047 .0243 -.0096 .0096 -.0020 .0080 
8 -.0323 .0303 +.0127 .0380 +.0107 .0153 =.0067 .0070 

•Constant errors and standard deviations were divided by Rate 3.0 seconds. 
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CONSTANT ERRORS AND STANDARD DEVIATIONS FOR ALL SUBJECTS 

Reported in Relative Units* 

Rate =4.0 seconds; all Models 

Sub Model Duration Onset Duration Onset 
ject Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 

C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1 1 -.0378 .0213 -.0093 .0065 
2 +.0043 .0088 -.0048 .0080 
3 -.0288 .0105 -.0078 .0020 
4 -.0043 .0180 -.0093 .0075 
5 -.0010 .0083 -.0068 .0075 
6 -.0155 .0083 +.0005 .0080 
7 -.0065 .0183 -.0035 .0058 
8 -.0103 .0098 +.0030. .0065 

1 2 -.0043 .0213 -.0190 .0265 
2 +.0383 .0193 -.0272 .0205 
3 -.0090 .0148 -.0042 .0212 
4 +.0348 .0153 -.0497 .0195 
5 +.0070 .0163 +.0082 .0152 
6 -.0120 .0098 +.0230 .0105 
7 -.0028 .0123 -.0035 .0157 
8 +.0078 .0175 -.0082 .0160 

1 3 -.0365 .0078 +.0020 .0078- -.0055 .0167 -.0193 .0063 
2 +.0250 .0105 -.0188 .0075 +.0112 .0140 -.0173 .0078 
3 -.0168 .0133 -.0060 .0100 -.0002 .0157 -.0240 .0088 
4 +.0195 .0160 -.0285 .0138 +.0125 .0267 -.0258 .0108 
5 -.0073 .0095 -.0043 .0070 -.0002 .0102 -.0105 .0068 
6 +.0188 .0110 -.0098 .0120 -.0030 .0327 -.0098 .0105 

7 +.0048 .0248 -.0073 .0080 -.0062 .0422 -.0073 .0073 
8 +.0230 .0210 -.0028 .0105 +.0337 .0182 -.0068 .0100 

1 4 +.0255 .0303 -.0315 .0217 +.0097 .0157 -.0180 .0060 

2 +.0338 .0318- -.0295 .0390 -.0015 .0272 +.0020 .0090 
3 -.0248 .0168 +.0105 .0272 -.0025 .0262 +.0018 .0088 

4 +.0073 .0365 -.0187 .0370 +.0052 .0085 -.0150 .0065 
5 +.0008 .0258 +.0115 .0307 -.0052 .0115 -.0008 .0078 
6 -.0093 .0270 +.0205 .0360 -.0162 .0157 +.0080 .0153 

7 -.0190 .0183 +.0095 .0267 -.0135 .0140 -.0048 .0073 
8 -.0258 .0270 +.0150 .0310 +.0065 .0180 -.0053 .0083 

•Constant errors and standard deviations were divided by Rate 4.0 seconds. 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Subject 1 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.060 .009 -.005 .015 

2 + .029 .031 -.049 .025 

3 -.071 .008 - .018 .018 -.146 .018 -.052 .020 

4 -.014 .042 -.034 .053 -.025 .053 -.063 .058 

-.029 .023 -.027 .028 -.086 .036 -.058 .039 

2.0 1 -.019 .021 -.045 .010 

2 + .010 .023 -.042 .036 

3 + .023 .031 -.012 .043 -.019 .074 -.064 .032 

4 + .078 .023 -.065 .059 -.027 .046 -.028 .020 

+ .023 .025 -.041 .037 -.023 .060 -.046 .026 

3.0 1 -.114 .059 -.029 .020 

2 -.006 .106 -.075 .053 

3 -.068 .046 + .014 .004 + .043 .044 -.063 .029 

4 + .014 .065 -.027 .086 -.045 .193 -.059 .024 

-.044 .069 -.030 .041 -.001 .119 -.061 .027 

4.0 1 -.151 .085 -.037 .026 

2 -.017 .085 -.076 .106 

3 -.146 .031 + .008 .031 -.022 .067 -.077 .025 

4 + .102 .121 -.126 .087 + .039 .063 -.072 .024 

-.053 .081 -.058 .063 + .009 .065 -.075 .025 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Sub iec'c 2 

Rate Model Duration Onset Duration -Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees - • C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.014 .020 -.013 .048 

2 + .077 .021 -.061 .027 

3 -.021 .022 + .018 .044 -.092 .019 -.012 .036 

4 -.006 .015 -.020 .041 -.095 .025 -.015 .032 

+ .009 .020 -.019 .040 -.094 .022 -.014 .034 

2.0 1 -.025 .023 + .002 .025 

2 -.008 .035 -.023 .036 

3 + .059 .031 -.019 .030 -.041 .035 + .002 .022 

4 — .043 .091 -.008 .081 -.070 .028 + .015 .035 

+ .017 .045 -.012 .043 -.056 .032 + .009 .029 

3.0 1 -.029 .033 + .009 .039 

2 + .112 .061 -.073 .057 

3 + .053 .038 -.008 .031 -.091 .045 + .026 .023 

4 + .103 .079 -.113 .078 -.025 .057 + .020 .024 

+ .060 .053 -.046 .051 -.058 .051 + .023 .024 

4.0 1 + .017 .035 -.019 .032 

2 + .153 .077 -.109 .082 

3 + .100 .042 -.075 .030 + .045 .056 -.069 .031 

4 + .135 .127 -.118 .156 -.006 .109 + .008 .036 

+ .101 .070 -.080 .075 + .020 .083 -.031 .034 



CONSTANT ERRORS AND STANDARD DEVUTIONS OF INDIVIDUAL SUBJECTS 
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Computed from Polygraph Records 

Absolute Units in Milliseconds 

Sublect 3 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 

sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.013 .013 + .030 .063 

2 + .031 .005 -.042 .020 
0 

3 -.018 .015 -.009 .031 -.072 .036 - . 048 .026 

4 + .011 .010 -.065 .024 -.069 .021 -.031 .025 

+ .003 .011 -.022 .035 -.071 .029 -.040 .026 

2.0 1 -.076 .015 -.021 .021 

2 -.021. .030 -.043 .032 

3 -.090 .022 + .002 .024 + .012 .052 -.046 .026 

4 + .013 .071 -.023 .034 -.113 .055 + .045 .084 

3.0 1 -.105 .031 -.049 .033 

2 -.003 .041 -.043 .066 

3 -.069 .025 -.019 .037 + .023 .062 -.047 .022 

4 -.064 .066 + .020 .086 -.051 .062 -.009 .024 

-.060 .041 -.023 .056 -.014 .062 -.028 .023 

4.0 1 -.115 .042 -.031 .008 

2 -.036 .059 -.017 .085 

3 -.067 .053 -.024 .040 -.001 .063 -.096 .035 

4 -.099 .067 + .042 .109 -.010 .105 + .007 .035 

-.079 .055 -.008 .061 -.006 .084 -.045 .035 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Subiect 4 
-

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.081 .006 -.005 .017 -

2 + .032 .048 .040 .025 

3 -.041 .017 -.013 .023 -.122 .015 -.026 .023 

4 + .010 • 111 -.051 .053 -.036 .070 -.055 .059 

-.020 .046 -.027 .030 -.079 .043 -.041 .041 

2.0 1 + .026 .016 -.037 .024 

2 + .064 .039 .054 .035 

3 + .037 .042 -.043 .028 + .062 .027 -.052 .022 

4 + .050 .033 -.043 .078 +.006 .032 -.051 .034 

+ .044 .033 -.044 .041 + .034 .030 -.052 .028 

3.0 1 + .013 .027 -.051 .026 

2 + .094 .054 -.101 .071 

3 + .108 .048 -.104 .050 + .082 .055 -.089 .033 

4 +.088 .069 -.106 .103 + .033 .035 -.046 .020 

+ .076 .050 -.091 .063 + .058 .045 -.068 .027 

4.0 1 -.017 .072 -.037 .030 

2 + .137 .061 -.199 .078 

3 + .078 .064 -.114 .055 + .054 .107 -.103 .043 

4 +.029 .146 -.075 .148 + .021 .034 -.060 .026 

+.057 .086 -.106 .078 + .038 .071 -.082 .035 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Subiect 5 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.039 .009 + .006 .014 

2 + .020 .019 + .002 .019 

3 -.007 .013 + .009 .020 -.027 .028 -.005 .020 

4 + .022 .015 -.013 .031 +.024 .054 + .023 .018 

2.0 1 -.010 .031 + .013 .019 

2 -.008 .032 + .002 .031 

3 + .032 .023 + .019 .027 + .026 .038 +.003 .020 

4 + .016 .027 +.019 .045 -.022. .081 + .010 .030 

+ .008 .028 + .013 .031 + .002 .060 +.007 .025 

3.0 1 -.009 .021 -.001 .032 

2 -.001 .039 -.003 .040 

3 -.005 .030 + .007 .023 + .023 .018 -.013 .025 

4 -.061 .038 + .067 .066 + .001 .035 -.009 .016 

-.019 .032 + .018 .040 + .012 .027 -.011 .021 

4.0 1 • -.004 .033 -.027 .030 

2 +.028 .065 + .033 .061 

3 -.029 .038 -.017 .028 -.001 .041 -.042 .027 

4 +.003 .103 + .046 .123 -.021 .050 -.003 .031 

-.001 .060 + .009 .061 -.011 .046 -.023 .029 



CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Subiect 6 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.150 .041 -.005 .051 

2 + .037 .030 -.037 .026 

3 -.017 .068 -.013 .071 -.065 .067 -.074 .074 

4 + .023 .114 -.054 .062 +.025 .073 -.033 .052 

-.037 .063 -.027 .053 -.020 .070 -.054 .063 

2.0 1 -.003 .022 -.004 .034 

2 -.112 .050 -.037 .085 

3 -.026 .025 + .045 .034 -.031 .063 -.021 .034 

4 -.014 .014 + .110 .016 - .068 .027 + .020 .104 

-.039 .028 + .029 .042 -.050 .045 -.001. .069 

3.0 1 -.026 .001 + .009 .029 

2 + .029 .045 + .025 .083 

3 -.021 .031 -.012 .045 + .029 .062 -.040 .027 

4 + .020 .072 + .039 .126 -.058 .049 + .011 .032 

+.001 .037 + .011 .071 -.015 .056 -.015 .030 

-4.0 1 -.062 .033 + .002 .032 

2 -.048 .039 + .092 .042 -

3 + .075 .044 -.039 .048 -.012 .131 -.039 .042 

-4 -.037 .108 + .082 .144 -.065 .063 + .032 .061 

.018 .056 +.034 .067 -.039 .097 -.004 .052 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Sublect 2 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 

sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 + .011 .014 -.007 .016 

2 + .036 .010 -.023 .016 

3 -.004 .019 + .002 .022 +.012 .074 -.009 .019 

4 + .027 .021 -.003 .032 + .009 .014 + .006 .022 

+ .018 .016 -.008 .022 + .011 .044 -.002 .021 

2.0 1 -.009 .043 -.012 .017 

2 -.002 .017 -.011 .028 

3 + .025 .021 -.006 .020 + .017 .033 -.006 .021 

4 + .011 .031 -.025 .050 -.021 .023 -.019 ' .027 

+ .006 .028 -.014 .029 -.002 .028 -.013 .024 

3.0 1 -.025 .026 -.024 .016 

2 -.004 .038 -.019 .042 

3 + .021 .028 -.014 .018 + .013 .119 -.018 .026 

4 -.043 .049 -.014 .073 -.029 .029 -.006 .024 

4.0 1 -.026 .073 -.014 .023 
• 

2 -.011 .049 -.014 .063 

3 + .019 .099 -.029 .032 -.025 .169 -.029 .029 

4 -.076 .073 + .038 .107 -.054 .056 -.019 .029 

-.024 .074 -.005 .056 -.040 .113 -.024 .029 
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CONSTANT ERRORS AND STANDARD DEVIATIONS OF INDIVIDUAL SUBJECTS 

Computed from Polygraph Records 

Absolute Units in Milliseconds 

Subiect 8 

Rate Model Duration Onset Duration Onset 
in Stimulus 1/10 Stimulus 1/10 Stimulus 2/10 Stimulus 2/10 
sees C.E. S.D. C.E. S.D. C.E. S.D. C.E. S.D. 

1.0 1 -.001 .017 + .024 .051 

2 + .072 .022 -.014 .020 

3 +.008 .020 + .003 .032 -.070 .017 -.001. .003 

4 -.036 .022 -.057 .034 -.002 .037 + .033 .029 

+ .029 .020 -.011 .034 -.036 .027 + .016 .016 

2.0 1 -.037 .019 .015 .024 

2 + .008 .037 -.009 .037 

3 + .009 .025 + .020 .037 + .004 .033 + .002 .029 

4 -.025 .023 + .040 .059 -.050 .094 -.008 .037 

-.001 .026 + .009 .039 -.023 .064 -.003 .033 

3.0 1 -.004 .048 -.015 .024 
'. 

2 -.036 .045 + .008 .070 

3 + .059 .067 -.035 .031 + .045 .047 -.030 .024 

4 -.097 .091 + .038 .114 + .032 .046 -.020 .021 

-.020 .063 -.001 .060 + .039 .047 -.025 .023 

4.0 1 -.041 .039 + .012 .026 

2 + .031 .070 -.033 .064 

3 + .092 .084 -.011 .042 + .135 .073 -.027 .040 

4 -.103 .108 + .060 .124 + .026 .072 -.021 .033 

-.005 .075 + .007 .064 + .081 .073 -.024 .037 


