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ABSTRACT

&

This experiment,tested whether music's instrumentation
affects response times on a vigilance task. Instrumentation
was varied by restricting the frequency range, thus elimina-
ting many of the overtones that determine timbre. Forty-one
subjects worked at the task for one hour while listening to a
program of 23 selections, alternately Wide-Range and Filtered.
The subjects showed significantly better alertness during the
Wide-Range condition throughout the hour. The Filtered con-
dition gave slower responses, greater variability, and inferior
individual consistency. Hence the music's instrumentation had
several significant effects on alertness. In addition, the more-
stimulating musical program here appeared responsible for
faster responses and lower variability than-inthe-preceding™

Timent.
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WORK PIERFORMANCE WITIT MUSIC:

INSTRUMENTATION AND FREQUENCY RESPONSE

INTRODUCTION

The discovery that human observers. searching for targets on radar scopes,
could not perform their jobs effectively for much more than half an hour was
momentous one, with far-reaching implications. It focussed attention on a troublc-
some and ironic fact about human functioning on monotonous tasks: doing nothing is
a hard job, and one which people do not perform with any great distinction.

These monotonous assignments are usually called vigilance tasks -- that is,
work situations where people try to respond quickly and accurately, even though
stimuli occur infrequently. Within the military, many of these vigilance tasks are
critically important: not only detecting faint targets on the radar scope or monitor-
ing a complex. automated missile system, but even such prosaic assignments as
watching for aircraft. Vigilance is also an important element in many civilian jobs,
such as a long-distance truck driver, an assembly-line inspector, or a worker who
operates automated machinery. These men need not respond constantly, and often
not even rapidly; yet they must always be ready to.

Despite the importance of these functions, it often proves impractical or
impossible to have machines take them over completely. Since men must work at
vigilance tasks, a large body of research has pursued possibilities which promised
to help human operators maintain their alertness. This experiment. and the two
preceding it. investigated whether manipulating environmental stimuli could improve
vigilance.

The first experiment (3) demonstrated that a program of music can not onlv
maintain alertness, but can actually improve performance at a monotonous task.
The second experiment (4) linked the program's general musical characteristics
to changes in behavior. The results showed that a single group of musical selec-
tions will have quitc different effects when the selections are given in different
orders. More spccifically. these experiments support the theoretical position
advanced by O'Nceill (2). which maintains that the "stimulation value™ of a given
musical arrangement depends on such variables as tempo, rhythm, instrumentation,
and orchestral siz.



Logically. the next step in experimentation should be manipulating cach of the
variables singly. whilc holding atl others constant. 1o obscrve how they affect alert-
ness at the vigilance task.  While this approach 1s casy to state, it proves stubbornly
difficult to mmplement. The experimenter cannot readily obtain two recordings of a
sclection using. for example. different tempos -- vet identical in all other ways.
Working with available recordings. he has no direct way to manipulate rhythm.
instrumentation. or orchestral size. Yot the average psvehologist is not prepared
to commission his own arrangements and conduct recording sessions 1o prepare
musical programs for his speciulized purposes.

On the other hand. thcere are many wavs to process music clectronically. If
one of O'Neill's variables could be translated into physical terms. it might then
become amenable to electronic manipulation in the psychological laboratory.

Instrumentation is such a variable. O'Neill has stated that some instruments
sound more stimulating than others do. For example., he considers strings least
stimulating. woodwinds intermediate. and brass instruments most stimulating. For
the moment. we will refrain from speculating ahout why the waveform of a trumpet
might be more stimulating than a violin's.

Why. though. does a trumpet sound different from a violin? According to
Fourier's theory. any complex waveform can be anzlyzed into component sine waves.
Since sine waves have a precise mathematical definition, one sine wave is much like
any other; they differ onlv in frequency and amplitude.  Thus when two instruments
play the same musical note. their fundamental frequencies are nearly identical. In
facr. one Bell Laboratories demonstration (1) shows that a soprano. a piano. and a
factory whistle sound alike -- if the harmonics are filtered out so we hear only the
fundamental pitch.

For it is the harmonics -- multiples of the fundamental frequency -- that give
musical instruments their characteristic timbres. Instruments sound different
because they generate varving numbers and intensities of harmonics. If the over-
tones could be removed entirely. differences in instrumentation would virtually
vanish; one instrument would sound about like all the others.

Even if it were technically feasible to remove all overtones from a musical
recording, it would not be desirable to make the sound so drab and colorless.
Nevertheless. the kev to managing the instrumentation variable in experimentation
lies in the fact thar a harmonic alwa s has a higher frequency than its fundamental.
It is simple to remove high frequencies with an electronic filter., although we can
never completely sceparate fundamenials and harmonics: occasional high-pitched
fundamentals mayv bc lost. while very low frequencies will still retain most of their
harmonics. Still. removing higher requencies will selectively discriminate against
harmonics, while lcaving the fundamentals relatively unaffected.



Restricting an audio system's high-frequency response will reduce the music's
harmonic content, thereby reducing the differences in instrumentation. O'Neill has
asserted that variations in instrumentation make music more stimulating. If so,
music reproduced with a wide frequency range should be more stimulating. Conse-
quently, it should maintain the subjects' alertness better and yiceld faster responsc

times.

METHOD

Subjects

The subjects were 41 male students from the author's classes at the Human
Engineering Laboratories.

Experimental Rooms

Each subject was tested while seated alone in one of four Industrial Acoustics
Co. model 402-A audiometric booths. These booths effectively isolated the subjects
from most of the extraneous noises they would otherwise have heard. Inside, the
booths were approximately 6 feet square by 6 1/2 feet high. A vigilance stimulus
box was on the table in front of the subject. To his left, on the floor, there was a
seven-inch loudspeaker in a closed baffle.

Music

In developing the musical program for the present experiment, it was possible
to take advantage of several findings from the previous studies. In the second
study (4), the experimenter chose the 23 selections more or less randomly, as a
block from an existing program. While this procedure can be defended as random
sampling, it unfortunately led to a heavy preponderance of slow and medium selec-
tions. To avoid repeating this bias. the author asked O'Neill to select another set
of 23 selections so they would encompass a broader range of stimulation values.
Table 1 compares the previous program and O'Neill's new program by classifying
the selections into four broad categories. '
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TABLE 1

O'Neill's Classification of Selections
in Present and Previous Programs

Number of Selections

Present Previous

Descriptive Category Program Program
Fast ) 1
Bright 9 1
Medium 8 11
Slow 1 10
Total 23 23

While both programs span the range from "slow' to "fast” selections. the new
program spreads the selections over the categories more evenly. As a whole, the
new program is much more stimulating than the previous one; only two selections
in the previous program were 'bright” or "fast,” but more than half of the new pro-
gram falls in these classes.

The findings of the previous study showed clearly that subjects perform better
with an ascending order of selections -- one which becomes gradually more and
more stimulating. Therefore O'Neill arranged the 23 selections in the new program
into an ascending order.

Muzak plaved cach selection from a disc and copied it onto a 7 1/2 inch per

sccond full-track rape recording. which was used as a master in preparing processed
tapes for the experiment.

The details of the new program developed for this experiment are shown in
Table 2.



TABLE 2

Program of Musical Selections and Stimuli

Music Program Stimuli
Start Stimulus
Time Selection Time Tube
:00 This is My Song 1:40 2

2:21 “*Sunny 5:09 1

5:39 Born Free

8:40 *More and More 9:25 3
11:40 So Nice 13:16 3
14:34 *QOde to Billy Joe
17:23 Incense and Peppermints 18:38 4
20:12 *Music to Watch Girls By 21:02 1
22:31 Hallelujah, Baby
25:19 *Please Wait 26:25 1
27:38 Magnificent Seven 28:58 2
30:08 *The Man Who Took the Valise
33:02 Don't Sleep in the Subway 33:52 2
35:51 *Up, Up, and Away 37:55 1
38:06 Samba Orfeu
41:22 *Only Love Me 42:29 4
43:40 Puppet on a String 44:36 2
46:01 *Stout Hearted Men
48:05 Brasilia 49:25 4
50:23 *Nancy Knows 52:13 3
52:37 Brasileando
54:41 *If You'll Just Come Back to Me 55:31 3
57:12 ['ve Got Rhythm 59:12 4
59:32 (End of program)

* Starred selections were filtered to restrict frequency range

(see text).



Frequency Range

The independent variable was the music's frequency range. Alternate
selections -=- those which would have even numbers, as starred in Table 2 -- were
filtered electronically to remove a substantial portion of the high-frequency range.

Odd-numbered (unstarred) sclections were not subjected to any deliberate
frequency restriction. However. the tape speed of the cartridge system itself, as
well as degradation during copving the master tape onto the cartridge. necessarily
produced some attenuation at high frequencies. This effect was assessed under the
same conditions the music would be subject to, by recording constant-intensity sine
waves on a cartridge. playing them back, and measuring the output level for cach
frequency. These calibrations showed that the system's overall frequency response
was flat within + 2 decibels (dB) as high as 6000 Hertz (Hz), then began to drop.
The attenuation was 7 dB at 8000 Hz, and 19 dB at 10,000 Hz. Thus the Wide-Range
system was flat to 6000 Hz. and it produced usable response at 8000 Hz. This
frequency range is approximately that used for speech tracks in motion pictures,
which are filtered at 8000 Hz. It is considerably wider than amplitude-modulation
radios, which are usually limited to 5000 Hz.

Because subjects heard unfiltered and filtered selections alternately. it was
important to choose a filter which could restrict the frequency range without intro-
ducing distortion, phase shift. and other contaminants which might draw a subject's
attention to its action. After listening to several filters with various high~frequency
cut-offs, we chose a Gramer Transformer Corporation No. 423W17 filter. This
unit has a nominal passband of 300~3500 Hz + 1.5 dB, with rejection of 50 dB or
more at 5000 Hz and above. Since loading affects a filter's frequency response.
the Human Engineering Laboratories' Acoustical Research Branch calibrated the
filter with the input and output loads that werc used. Its frequency response was
then flat within + 2 dB between 400 and 3600 Hz, attenuating 4000 Hz by 20 dB. and
5000 Hz by more than 50 dB. Low-frequency response began decreasing at 800 Hz,
reaching a 10-dB drop at 90 Hz.

For practical purposes, then, the Filtered condition removed all frequencies
above about 3600 Hz. while the Wide-Range system reproduced somewhat more than
another octave of high frequencies. The filter's high-frequency limit, which is
roughly the same as with an ordinary telephone. may appear drastic. However,
actual pilot tests with listeners who were not familiar with the selections showed
that they did not derect any difference between adjacent selections.

The filter was connected to a toggle switch, so it could be switched into and
out of the circuit noiselessly.



The master tape which Muzak had prepared was played through (or past) the
tilter, electronically compressed into a dynamic range of 20 dB to restrict variations
in physical intensity, and recorded on a 1163-foot Fidelipac tape cartridge at 3 3/4
inches per second. The filter was switched into the circuit before each starred
selection, then switched off again at the end of the starred selection.

During the experiment, the subjects heard the music program over their loud-
speakers. The loudness of the music at the subjects' ear positions ranged between
55 and 65 dB re 0.0002 microbar, as measured with a Bruel and Kjaer type 2203
Precision Sound-Level Meter.

Vigilance Task

This experiment used the same modified vigilance boxes as the preceding
study (4). Briefly, each subject saw four 6E5 "magic-eye" tubes, mounted 1 1/2
inches apart (Fig. 1). The control grids of these tubes were normally grounded,
giving a wide shadow at the bottom of the tube (from left to right, Tubes 1, 2, and
4). To display a stimulus, the tube's grid was biased with a 1-1/2-volt battery,
narrowing its shadow to about half its normal width (see Tube 3 in Fig. 1).

Immediately below each stimulus tube, there was a pushbutton. The subjects
were instructed to press these buttons to show they had perceived a stimulus.

The intervals between stimuli depended on several restrictions. It was stipu-
lated that 16 stimuli would be given during the one-hour session, spaced no closer
together than 1 1/2 minutes, and no farther apart than 5 1/2 minutes. The experi-
mental conditions for stimuli (Wide-Range vs. Filtered music) were counterbalanced
within each quarter hour of the session. During each quarter hour, the first and
fourth stimuli appeared during Wide-Range selections. and the middle two during
Filtered selections. The exact stimulus times were varied unsystematically so
subjects could not learn to anticipate them.

The sequence of the four display tubes was determined from a table of random
numbers, with the stipulations that a given stimulus must not occur more than twice
in a row, and that each stimulus must occur about equally often. As a matter of fact,
the random sequence exactly fulfilled both of these conditions.

The stimulus times and sequences are listed, in relation to the music program,
in the third and fourth columns of Table 2.



Fig. 1. VIGILANCE BOX
(Third tube from left displays a stimulus.)




Control and Data-Recording Lquipment

The music program was recorded on one track of a magnetic-tape cartridge.
Two tones. recorded on another track of the sume cartridge, controlled stimulus
selection and presentation automatically. This arrangement guaranteed that the
stimuli were alwayvs given in the same order and at exactly the same points in the
music progriam.

The subjects' response times were recorded on four tracks of a magnetic tape.
one track corresponding to each of the four booths. A timing (one of known frequency
was gated onto the tape when stimuli were presented. and turncd off when a subject
pressed the correct pushbutton. Later, these tone bursts were played back into an
electronic counter. The cycle counts., when divided by the timing~tone frequencv.
gave response times correct to the nearest millisecond.

This apparatus has already been described in detail elsewhere (4).

Procedure

The subjects were tested in groups of three or four, each in a separate booth.
All of the experimental sessions were scheduled to begin at three o'clock. to mini-
mize any effects that differing times of day might have on a subject’s alertness.

To assure that every subject received exactly the same instructions. they werc
recorded on a separate tape cartridge, complete with control tones that selected and
presented two stiinuli to illustrate the directions. After each subject was seated in
his booth at the beginning of the experimental session, he heard these instructions
over his loudspeaker:

Modern missile systems are becoming more and more automated.
Once a target has been detected, the system practically runs by itself --
it can track the target automatically, compute its course, and fire at it
until it has been destroyed. But soldiers still have to keep watch on radar
scopes to detect targets in the first place, and to decide which targets to
fire at. This experiment will measure how well you can detect target
signals.

The box 11 front of you has four electronic tubes in it, representing
the four seciors a target can approach from. Notice that each tube has a
wide shadow at the bottom -- this means there aren't any targets in that
sector.



Now if a target does appeir, one of the shadows will narrow to
about half the size it is now. Watch. (Stimulus appears.) When a
shadow does narrow. you should push the button under that tube.
Push it now. (Pause)

This is how you tell the computer to track in that sector. Notice
that, when you push the button. the shadow widens back to its normal
size as the computer takes over.

When you see a target, push the button firmly until you hear it
click, and then hold it down for 2 moment until you see the shadow
go back to normal. Let's try it again for practice, to see how fast
you can react. (Second stimulus appears.)

The important thing is pushing the button fast. Try to push the
button just as quickly as you can when you see a target, because you're
being scored on how fast you respond. But be careful not to press the
buttons unless you do see a target. If you press a button when there
isn't any target, that counts against you as an error.

Notice, too. that your booth is soundproofed, so you won't be
distracted by hearing people talking, telephones ringing. and things
like that. We have to use soundproofing to keep these noises under
control. Our first subjects complained the booths bothered them
because they were unnaturally quiet, so now we counteract that by
playing background music.

Remember, when you see a target, press the button just as
quickly as you can. If you have any questions, open your door and
ask them now. If not, begin watching for targets as soon as the
music starts playing.

10



A short time was allowed to give the subjects an opportunity to ask questions
if they wanted to. hut no subject requested further instructions. The music program
itself began within a minute after the instructions were completed.

Although the subjects were told they would be penalized for responding when
there was no stimulus, such responses were not recorded. This instruction was
given mainly to discourage subjects from holding buttons down continuously.
Observation through the booths' one-way windows showed that subjects virtually
never pressed buttons unless there was a stimulus,

At the end of the session, the experimenter asked the subjects rather vague
questions, such as, "What do you think the experiment was about?” Although most
subjects were willing to hazard a guess, none of them was ever able to verbalize
the hypothesis under test. The subjects’' comments indicated they were totally
unaware that the music's frequency response had changed.

11



RESULTS AND DISCUSSION

Response Measures and Criteria

In comparing the wavs that Wide~Range and Filtered music affected the subjects’
alertness, we will use the same three criteria developed in the preceding study:
mean response times, variabilitics. and intrasubject reliabilities.

If Wide-Range music is truly more stimulating, its effect should be reflected
in faster response times.

Although there were differences among means in the previous study, the pro-
grams had a much more pronounced effect on variability. Hence if the music's
frequency response is an important variable, the Wide-Range music should also
narrow the variability of response times.

Finally, the subjects' reliabilities -- the extent to which they retain their
places in the rank order of response times throughout the hour -- proved to be a
sensitive index of differential effects. First, if either condition affects the subjects
consistently throughout the hour. the quarter-hour means for that condition should
show correlation with each other. Second, if Wide-Range music and Filtered music
affect subjects differently, there should be little correlation between performance
under the two conditions.

Thus a music program would have greatest practical efficacy if it produced
these three effects:

1. Shorter mean response times.
2. Less variable response times (smaller variances).

3. Higher individual reliabilities (larger correlations between
a subject's performance during different time periods).

12



Mean Response Times

As in the previous studies, the number of stimuli was selected so individual
response times could be pooled to get more stable estimates of the parameter, by
giving accidental fluctuations an opportunity to offset each other. Statistically,
this treatment has the added advantage that it reduces the skewness of individual
response-time measurements. yielding a more nearly normal distribution which
can be analyzed with parametric methods.

Therefore a total of 16 stimuli was arranged so there were four in cach
quarter hour: two during Wide-Range selections, and the other two during Filtered
selections. While it would have been desirable to give still more stimuli under
each condition, it seemed more important to preserve the task's realistic monotony
by spacing the stimuli at about the same intervals as in the previous studies.
Consequently, a subject's quarter-hour means for each condition are somewhat
less stable than before. because they are based on two measures, rather than
four.

Within each quarter hour, the conditions were counterbalanced to assure
that progressive response changes, such as fatigue and boredom, would have the
same net effect on the Wide-Range condition as on the Filtered condition. Thus
the means for the two conditions were comparable during each quarter hour.

Table 3 gives the quarter-hour means for Wide-Range and Filtered conditions.
Consistently, in each quarter hour, the mean response time was faster with Wide-
Range music than with Filtered music. The probability that this would occur by
chance is the same as the probability of flipping four unbiased coins and getting
four heads -- i.e., one chance in 24, or one chance in 16. Since this is the
smallest probability possible with four such events (p = . 063), it is interpreted
as indicating that the subjects responded significantly faster with Wide-Range
music than with Filtered music.

Furthermore. even the slowest quarter-hour mean for Wide-Range music
(. 936 second) was faster than the fastest one for Filtered music (. 962 second).
All four means for the Wide-Range condition were faster than any of those in the
Filtered condition. This finding verifies the prediction based on O'Neill's theory;
the music did maintain alertness better when it had a wide frequency range and,
as a result, more variation in instrumentation.

Comparing the two means for individual quarter hours, the Wide-Range and
Filtered conditions differed very significantly during the second quarter hour
(t=2.44, p=.0073). The difference between conditions also verged on significance
during the first quarter hour (t = 1.44. p = .076). Although the third and fourth
quarter hours did differ in the predicted direction, these means, taken individually.
did not differ enough to reach statistical significance.

13



TABLE 3

Mean Response Times (Seconds) and Variances
for Wide-Range and Filtered Selections. by Quarter Hours

Quarter

Condition fHour Mean Variance

Wide-Range 1 . 887 0532
2 . 909 .092
3 .921 112
4 . 936 193

Filtered 1 . 986 . 150
2 1. 106 . 208
3 . 962 . 2353
4 . 966 .379

[t seems noteworthy that cven the slowest quarter ~hour mean in this experi-
ment (1. 106 second) was faster than the fastest one in the previous study (1.121
second). Since the conditions of the two experiments differed in several wavs,
this improvement cannot be attributed conclusively to any onc variable. [t scems
likewise inappropriate to compare the results statistically. Nevertheless. the two
situations were generally comparable, and both used enough subjects to assurc
reasonably stable estimates of the population means. The most important diffcrence
between the two experiments is that the new program. used here. included far morc
selections rated "bright” and "fast.,” and only one judged "slow.” Thus it scems
eminently reasonable to attribute the improvement in performance here to the more-
stimulating musical program.

The trend of quarter-hour means within the Filtered condition was not an
orderly one: these response times were somewhat longer during the first hall
hour, and particularly long during the second quarter hour. These degraded
response times represent the well-known vigilance decrement. which typically
appears after about half an hour at :hic monotonous task. Note. however. that the
longest response times occurred during the second quarter hour. In the previous
study, using a less-stimulating musical program, response times were longest
during the third quarter hour. Apparently the new musical program. with greater
stimulation, partially offset the vigilance decrement. The second-quarter decre-
ment seen here might be reduced cven further by increasing the program's
stimulation values during the second quarter.

14



In fact, the unfiltered condition seemed to do exactly that. The means for
quarter hours indicate that Wide-Range music afforded greater stimulation than
Filtered music. Correspondingly, the trend of the Wide-Range means was a
steady progression, with each quarter slightly slower than the one before it; the
abrupt vigilance decrement vanished completely.

Altogether, these results virtually specify the program of stimulation which
will give best performance at tasks like the one used here. In the previous study,
the ascending program's stimulation values increased very gradually during most
of the hour, finally rising sharply in the last few minutes. The present study,
using greater average stimulation values and a more-nearly linear increase,
reduced response times considerably and smoothed out the third-quarter vigilance
decrement. Howcver, the means still showed small, though steady, increases
during the hour. As a hypothesis for further experiments, it might prove effective
to increase stimulation even more sharply during the first half hour, and then more
gradually thereafter.

In summary, the quarter-hour means unmistakably demonstrate that Wide-
Range music is more stimulating than Filtered music, affirming that instrumen-
tation does affect alertness at the vigilance task. Furthermore, the means from
this study and the preceding one strongly suggest that making the program more
stimulating has directly improved the subjects' response times.

Variability of Response Times

An unexpected finding in the previous study was the dramatic effect the
musical program exerted on the subjects’ variability. This area deserves careful
scrutiny, since minimizing variabilities offers a most attractive opportunity to
improve the predictability of behavior.

Variances for each of the conditions, by quarter hours, have already been
presented in the fourth column of Table 3. Both conditions showed the same regular
trend: the subjects became progressively more variable during the hour. The F -
ratios in Table 4 evaluate the significance of this increasing variability for each
experimental condition. These F's reveal that, of the three pairs of adjacent
quarters, two show significant increases in variability with the Wide-Range con-
dition -- perhaps because its initial variability was so small -~ although none of
the pairs of adjacent quarters differed significantly with the Filtered condition.
The remaining three comparisons involve quarter hours which are temporally
separated from cach other; all three pairs differed significantly, for both con-
ditions. Clearly. the subjects did become more variable as the hour wore on.

15



TABLLE 4

F Ratios Compuaring Variabilities Between Quarters of Program

Quarter Hours Condition
Compared Wide-Range Filtered
*

1vs. 2 1.771% 1.387
2vs. 3 1.217 1.226
3vs. 4 1.741% 1.486
lvs. 3 2.154%% 1.700*
2vs. 4 2.120%% 1.822%
1vs. 4 3.750%#% 2.527%%

“* Significant beyond . 01 point.
* Significant beyond .05 point.

The Wide-Range condition gave considerably smaller variances than the
Filtered condition did. As a matter of fact, only the last quarter of the Wide-
Range condition was as variable as the very first quarter of the Filtered condition.
The F ratios in Table 5 test the statistical significance of these differences.
Subjects were very significantly more variable in the Filtered condition during the
first three quarters, and significantly so during the last quarter. Thus the subjects
were always significantly less variable with Wide-Range music than they were with
Filtered music.

We may also compare these variances with those engendered by the less-
stimulating ascending program in the previous study. With the previous program,
the overall variancc was . 384 -- almost exactly twice the variance of the most-
variable quarter in this study. Lven during its least-variable quarter, the previous
program produced a variance of . 156, which is greater than three of the Wide-Range
quarters here.

16



There can be little question that the musical program's stimulation value has
again exerted a profound influence on the subjects’ variabilities. Making the pro-
gram more stimulating, by substituting selections which are rated more stimulating,
reduces the variability of response times. Alternatively, making the program more
stimulating by giving Wide-Range music, rather than Filtered music, also makes
response times less variable. In essence, more-stimulating programs give better
control over variability.

TABLE 5

F Ratios Comparing Variabilities
Between Conditions, by Quarters

Quarter Hour F Ratio
1 2, 885**
2 2.261**
3 2.277**
4 1.944%

** Significant beyond .01 point.
* Significant beyond . 05 point.

Consistency (Reliability) of Individual Performance

The third criterion is individual consistency during the hour -- the extent to
which individuals maintain their relative positions within the group. The previous
study noted that some conditions can disrupt individual consistency. Such effects
are very undesirable, since they make it impractical to select personnel for
vigilance tasks, or even to predict how adequate their performance will be,

17



As before, individual consistency has been cvaluated with Spearman rho
corrclation coefficients, comparing the subjects' performance during quarter hours
of the same experimental condition (Table 6). With the Wide-Range music, five of
the six rhos reached significance. and two of them were very significant (p less
than .01). These results indicate that the subjects did respond consistently while
listening to Wide-Rangce music.

TABLE 6

Correlations Between Responsce Times for Quarter Ilours
Within the Same Condition

Quarter Hours Condition

Compared Wide-Range Filtered
1vs, 2 +.307% +. 088
2vs. 3 +, 3567 +. 109
3vs. 4 +.269% +.275%
l1vs. 3 +. 247 +.178
2vs. 4 +. 414%% +. 006
lvs, 4 +.310% +.215

% Significant beyond .01 point.
* Significant beyond .05 point.

Parenthetically, we should note that the correlations between quarters are
smaller here than in the previous study. The alternation between Wide-Range and
Filtered conditions. analogous to the Increasingly Variable program used before,
may well have reduced these correlations below those characteristic of an
uncomplicated ascending program.

With Filtered music, only onc of the six rhos was statistically significant.

Apparently the effect of Filtered music varies considerably during the hour, so
that it becomes difficult to predict whether a person will do poorly or well.
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Since it is known that subjects stay more alert in some quarters than in others,
we might reasonably expect their alertness to depend mostly on time of the hour,
regardless of whether they are listening to Wide-Range or Filtered music. The
rhos in Table 7 correlate the two conditions for each quarter. The coefficient for
the third quarter hour is very significant, but the other three do not differ signifi-
cantly from zero. This finding contradicts our expectation: variations in alert-
ness depended mostly on the music's frequency range, rather than on time of the
hour.

TABLE 7

Correlations Between Response Times
Under Wide-Range and Filtered Conditions, by Quarters

Correlation
Quarter Hour Coefficient
1 +. 183
2 +. 164
3 +.416%*
4 +. 202

** Significant beyond .01 point.

Thus the individual-consistency criterion leads to the same conclusion as the
other two indices: the music's frequency range does affect performance at the
vigilance task, and Wide-Range music gives better alertness than Filtered music.
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Conclusions

The three criteria agree in demonstrating rhat Wide-Range music maintaing
the promptness of response times significantly better than Filtered music. This
finding means that the music's instrumentation. which was controlled through
filtering. does affect performance. Thus it validates another aspect of O'Neill's
theoretical position and broudens the scientific basis for manipulating instrumenta =
tion as one means of maintaining the human operator's alertness. In addition, the
results imply that realizing music’s full potential for improving performance will
require good audio equipment which can reproduce an extended frequency range.
Speech-range audio systems -- such as intercoms. with their restricted frequency
ranges -= will be significantly less effective.
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SUMMARY

1. This experiment aimed to determine whether the instrumentation of a
musical program affects response times on a vigilance task. Instrumentation
was varied by restricting the music's frequency range, thus eliminating many
of the overtones that determine a sound's timbre.

2. Forty-one subjects worked at the task for one hour while listening to
a program of 23 musical selections. The first selection (and other odd-
numbered selections) were played with a wide frequency range. Even-numbered
selections were filtered to remove frequencies above 4000 Hertz (Hz), and to
gradually attenuate low-frequency response below about 800 Hz.

3. Response times were averaged for each of the two conditions, by
quarter hours. The subjects responded consistently -- and significantly --
faster with Wide-Range music than with Filtered music. All four Wide-Range
means were faster than the shortest Filtered mean.

4. As in the previous study, the musical program affected variabilities
even more extensively than means. For every quarter hour, the subjects
were significantly less variable when listening to Wide-Range music. For
three of the four quarters, variability with Wide-Range music was lower than
it ever was with Filtered music.

5. While listening to Wide-Range music, the subjects showed significantly
greater consistency, as measured by rhos correlating mean performance during
quarter hours. Five of the six pairs of quarters were correlated significantly
or very significantly during Wide-Range music, but only one pair showed a
significant correlation during Filtered music.

6. The Wide-Range and Filtered conditions appeared to have different
effects onthe subjects, since three of the four quarters showed no significant
correlation between the two conditions. Thus response times depended more
heavily on the experimental conditions than on time of the hour.

7. All of these results demonstrate that the music's instrumentation
does affect alertness significantly. and that an extended-range audio system
is required to take full advantage of instrumentation as a tool for maintaining
peak alertness.

8. The new program of music used here was designed to give considerably
greater stimulation than the one used previously. Its greater stimulation values
probably account for generally faster responses and lower variability than in the
previous study.

21



RETFTERENCES

Bell Telephone Laboratories. The science of sound.
New York: TFolkways Records, 1959,

O'Neill. D. M. Music to enhance the work environment.
Mgmt. of Pers. Quart., 1966. 5. 17-23.

Wokoun, W. Vigilance with background music.
Technical Memorandum 16-63. U. S. Army Human
Engineering Laboratories. Aberdeen Proving Ground,
Md., August 1963,

Wokoun, W. Effects of music on work performance.
Technical Memorandum 1-68, U. S. Army Human
Engineering Laboratories, Aberdeen Proving Ground,
Md., January 1968.

22



Hy, USA Materiel Commuand,
AMCR L(Dr. Thomas, Ofc Res
AMCRD (Air Def & Msl Ofc)
AMCRD (Air Mobility Ofc)
AMCRD (Comm -Elec Ofc)
AMCRD (Ground Mobility Ofc)

AMUORD (Weapons Oéc)
ANFERTS (2.« dogum)

UISA Mate nc Command Board
Bldg 3072 APG

Pres USA Maintenance Board
AMXNMB-EME, Fort Knox, Ky

Usa Test & Eval Command
Bldg 3071, APG

Dv. }. E. Unlaner, Dir, Res Labs
LS\ Behavioral Science Rsch Lab

Washington, D. C,

LisA Behavioral Science Rsch Lab
Washington, D. C,

Behavioral & Social Science Res Div

Ol¢, Chicf of Res & Development, DA

Washington, D. C.,
0, USA Res Ofe, Box CM
{w1ke station, Durham, N, C.

Neputy Chief of Staff for Personnel
Dept of Army, Wash, D. C
Personnel Res Div

(3, USA Mobility Equip R&D Labs.
{“ort Belvoir, Va.

Teeh NDocument Center

Human lFactors Branch

STINFO Branch

Combat Opns Res Gp
I'eat & Laper Br, PO Box 116
Fort Belvoir, Va.

Dr. flmmoran B. Cobb
0G, USACDC, Ft Belvoir, Va.
chueen ¢
CHDUONR
CDCRIS

0, USACDC Special Wartur.
lore Bragg, N. C.

(10, USACDC Avn Agency
Fort Rucker, Ala.

), HSACDC Engincer Aw nevy
iFort Betvoir, Va.,

N, TISACDC CBR Agency
Fort MoClellan, Ala.

00, USACDC Comm -Electr Agency
bort Monmouth, N, J.

Agency

Wash, DC
& labs)!

1
1
i
1
1
i

1

CO, USACDC Transportation Agency
Fort Eustis, Va.

CO, USACDC Infantry Agency
Fort Benning, Ga. 1

CO, USACDC Air Def Agency
Fort Bliss, Texas 1

USACDC Liaison Office
Bldg 3071, APG

CG, USACDC Combat Arms Group
Fort Leavenworth, Kan. 1

USACDC Experimentation Command
Fort Ord, Calif.
Liaison Office 1
Tech Libr, Box 22 1

Plans Officer (Psychologist)}
G-3/2 Section Hgs, USACDCEC
Fort Ord, Calif. L

CG, USACDC Combat Serv Support
Grp, Fort Lee, Va. 1

CO, USACDC Maint Agency, APG 1

CO, USACDC Artillery Agency
Fort Sill, Okla. 1

CO, USACDC Armor Agency
Fort Knox, Ky. i

CO, USACDC Med Serv Agency
Fort Sam Houston, Texas 1

CO, USACDC Military Police Agency
Fort Gordon, Ga. 1

CO, USACDC Supply Agency
Fort Lee, Va. 1

Director of Research
HumRRO Div No. 5 (Air Defense)
PO Box 6021, Fort Bliss, Texas 1

USA Armor, Human Res Unit
Fort Knox, Ky.
Library 1

CO, USA Meced Res Lab, Ft Knox 1

' Commandant, Army Logistics

I

Mgmt Ctr, Fort Lee, Va.
E. F. Neff, Proc Div 1

Dir Res, USA Avn HRU
PO Box 428, Fort Rucker, Ala.
Librarian 1

Commandant, USA Artillery &

Missile School, Fort Sill, Okla.
Dir, Dept of Gunnery
USAAMS Tech Library 1

%]

DISTRIBUTION LIST

He, USA Tank-Automotive Command

Warren, Mich.
SMOTA-RR
SMOTA-RTS. 1

Hq, USA Detroit Arsenal
Warren, Mich,
SMOTA -RCEC

CG, USA Weapons Command
Rock Island Arsenal, T1.
AMSWE -RDT
AMSWE -SMM -P
SWERI-RDD-PD

CO, USA Mecd Equip Res & Dev Lab
Fort Totten, Flushing, LI, N, Y.

CO, Yuma Proving Ground
Yuma, Ariz. -
Tech Library

CG, USA Electronics Command
Fort Monmouth, N. J.
AMSEL-RD-GDA

CG, USA Elee Proving Ground
Fort Huachuca, Ariz.

Tech Info Center

Jeff Abraham, Test Directorate

CG, US CONARC, Fort Monroe, Va.

ATIT-RD-RD

CO, Harry Diamond Laboratorics
Washington, D. C.
AMXDO-EDC (B. I. Green)
CO, USA Edgewood Arsenal
Human Factors Br
Psycholagy Br
Env tivg Agency Library

CO, Frankford Arsenal, Phila,
SMUFA-N/6400/202 -4 (11F)
Library (C2500, Bl 51-2)

Pa.

CO, Picatinny Arsenal, Dovcr,
SMUPA-VC1 (Dr. Strauss)

Libr, George Washington Univ.
HumRRO, Alexandria, Va,

CO, USA Res Inst of Iinviron Mod
Natick, Mass.
MEDRI-CL (Dr. Dusek)

Dir, Walter Reed Army Inst Res
Washington, D. C,
Neuropsychiatry Div

CG, USA Missile Comimand

Redstone Arsenal, Ala.
AMSMI-RBLD
AMSMI-RHP (Chaikin)

A



President

USA Intantry Bd

1 Benning, Ga 1
GO Watervliet Arsenal, N, Y.

SWIEWY RDT 1
LSAETL TSB
ot Bolvair, Va.

1. Lk |
in. l\.'m‘kt*. I‘{SR, 7710 Ol1d
Springhousc Rd, M%Lcan, !

a.

oL Wihate Sands Msh Range

White sands Missile Range, N. M.
Techmeal Library |
STEWS TE Q (Mr. Courtney) !
STULWS LG-VT (Tech Libr) |

Uy venl byuip Tuest Activity
M thods Fogr Dir Hum Factors
tort Lew, Va, 1

[ S\ 1ropic Test Ctr, PO Drwr 942
Pt ey ton, Canal Zone
s havioral Scicntist 2

G/ir_ Flon}:)c Flight Dynamics
%ét[i attcrson AFB, OlnoI

D, Adilitary Psychol & Leadership

¢S Aahhtary Acadeniy, West Point, NY I
Iocth Libre, Bldg 313, APG 1
P h Labr, Bro 3, D&PS, Bldg 400 1

Cuorsoir, Naval Training Dev Cor

OpLado, Fla, 1

Heo o 05 Medical R&D Command
“a Navy Bldg, Wash, D, C.
fic! avioral Scicnees Rsch Br 1
Dy, coval Rescearch Laboratory
W ostngton, DL CL
Clode 5120 |
Clocs ~TH3A 1

ot 135 Ofe of Naval Rescarch

S b BYowt, 2
farzr Psychol Br(Mr. arrn) |
Ilectronic s bl

Sooh e, Calit
o tnan actors |
C Ly Laadson Ofc, Bt oA !
Do e Poleott, Cte by Al
(o ot Y val Studies, W e Pl
et oo Man |
Dr. Morgan Upton
KT AT Med Res Lo
Lo el Adr Dev Cr, Tolmss e, Pan
E oo Lindson Ok 2 R |
2NEHC (AT
Contiss VB NL Y |
wos LY, Bldg 390, G |
ST OANRID Brooss a5, o |

6570 AMRL (MRHE) 2
6570 AMRL (MRHER /Bates) |
n570 AMRL (MRHE /Warrick) |

Wright -Patterson A['B Ohio

Electronic Sys Div (AFSC)
Scientific & Tech Info Div (IESTT)
l.. (3. Hanscom Field, Bedford, Mass |

civil Acromedical Institute
F'ed Avn Agency Acro Ctr
PO Box 25082, Okla City, Okla
Psvehol Br, AC-118 |

Defense Documentation Center
Cameron Station, Alexandria, Va. 20

US Dept Commerce, CFSTI
Sills Bldg, Springficld, Va. 2

UISPO Dept, Bur Res & kngr
7900 Wis  Ave, Bethesda, Md.
Mr. D. Cornog 1

Ctr for Resecarch in Social Systems
The American University
Washington, D, C. 1

Dr. Richard A. Wunderlich
Psychol Dept, Catholic Univ
Washington, D. C. 1

Serials Unit, Purdue Univ
Lafayette, Ind. |

Dr. I°. Loren Smith
Nept Psychol, Univ Delaware
Newark, Del, 2

Dir, Hum Engr Info & Analysis Serv
Systems Bldg, Tufts University
Mudford, Mass, |

Dr. Leonard Ulr
Computer Sci Dept, Eniv Wisconsin

1210 Davion St., Madison, Wis. |
Stoer st for Rescarch
nooo fith St., Silver Spring, AMd.

(YIS o I
Ao -t 1 Heseareh
135 7o 0 W ddy Pehe, Pa

e i
Ve Lot Do Research

POBR VL, oo Alto, Calif,

Libvars 1

Analvses
V.o Dr. |, Orlansky |

Inat for 1 1o
Arlineron

Ui b bast Rescarch Labs

.t Toeh Repr Libr) |

T
Phatide o

Dept Payvod, Lindy of Maryland
Colloge Pave . ML l

Mr. George Ganem, [tek Corp.
10 Muguire Rd.
Lexington, Mass |

Roescarch Analysis Corp

Mclean, Va,
Doc 1Tabr 1
Ritchic, Inc., Dayton, Ohio !

Libr. Chrysler Dol bngr, Detroit |

STl Loy Wondson, Man T etors,
Tne .. San Do, Colifl, !
Do Hennert |, Baner

GhMEReh Labs,
Worren, Mich,

GAN Tech Cr

AC Llectronies Div, GMe!
NMihwaakee, Wis,
Tech Libr Dept 32-55 |

Dir, Hungan tactors kngineering
Nil Voh Org, GMe

Teel Center, Warren, Aich. I
Hugln - vireraft Co, Tech Doc Ctr
Culver Caty, Calif,

Enginceering Tibrary !
Mo Hoeory BoGattmann

Sandix Corp., Athuquergue, NoML

N Robort oy Roser, HE, Sys kg
Generl Dyviamics Pomona
B 2507, Pomona, Calif, L

Ay, Beliavior b Sciences
[itton Scwentific Support Lab
ot Ord, Calif. |

Sprint Human Factors MP 337
Aarto Cou, Orlando. Pl |

Pavehotopical Abstroacts
P20t 17 Sr 0 NG W,
MWosbaa b Do i

e, vonnen, HE Depr Dok Group

[

Cocto ) Precision,
Brch ootm, SNy,

Y browe, JER YL Tibearny
ol SUitc Colloee it b el

Scterob ot Panbe Health
Plavsard Lingy, Bostorn,

Dr. abonidid,

NMiss, l

. Peaeson, Dept Tndustrial Ener
NCState oy, Raledigh, NoO, 1

Dr. Sewdcastetn, Lockheed ANst s
Space Ve sunnyvale, colit, I

N, Lunes Moretand, RaD e
W mghouse Elee Corp,
Partsburgt, Pa. |
Grnmnean Aclt Engre Corp
Bothpage, LI NG Y.

leu Bricker, Lile Scivntist

Plant 5 |



Unclassified
Security Classification

DOCUMENT CONTROL DATA-R&D

Security classilicstion ¢l title, body of abstraci and tiexing snnotation must be entered when the cverall report ls clasaiiled
(] )

1. ORIGINATING ACTIVITY (Corporate author 28. REPORT SECURITY CLASSIFICATION
P )

U.S. Army Human Enginecring Laboratories Unclassified

2b. GROQUP

Aberdeen Proving Ground, Maryland 21005

3. REPORT T TLE

WORK PERFORMANCE WITH MUSIC: INSTRUMENTATION AND FREQUENCY RESPONSE

4 DESCRIPTIVE NOTES (Type of report and inclusive dates}

s. \UTHORI(S) (Firat name, middle initial, laat namo)

William Wokoun

6. REPORT DAVE 78 TOT . 10 GF Pr3ES 75. NO. OF REFS
July 1968 28 4
88. CONTRACT OR GRANT NO. %A ORISIIATOR'S AEFOPT NUMBER(S)

b PROJECT NO. Technical Memorandum 9-68

c. b, OTHER XKEPORT NO:i3) (Anv cther numbers that may b» arsigned
thia regort)

d.

10. CISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution is unlimited.
Released to Department of Commerce for sale to the public.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

13. ABSTRACT

This experiment tested whether music’s instrumentation affects response times on a
vigilance task. Instrumentation was varied by restricting the frequency range, thus elim-
inating many of the overtones that determine timbre. Forty-one subjects worked at the
task for one hour while listening to a program of 23 selections, alternately Wide-Range and
Filtered. The subjects showed significantly better alertness during the Wide-Range condi-
tion throughout the hour. The Filtered condition gave slower responses, greater variability,
and inferior individual consistency. Hence the music's instrumentation had several signifi-~
cant effects on alertness. In addition, the more-stimulating musical program here appeared
responsible for faster responses and lower variability than in the preceding experiment.

[ ) AEPLACES OD FORM 1473, | JAN 84, WHICH 1S
D t NOV ..‘ 473 OBMOLETE FOR ARMY USK. Unclassified

Becurity Classification




[nclassified

Neonrly Classificate n

4 LINKY A LINK B LINK C
L wYE A
ROLE wT ROLE wT ROLE wT
Human Factors ingincering
Music
Work Performance
Vigilance
T Y B
Unclassified

Sacurity Classification



