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. · 1Bfflt1CT 

Thia ·tnwstiption we a pilot ataq to .detend.ne 
• the teaporart threshold 1hift1 resulting frOII aponn 
to high-intenai tJ illpu].ae noise. The threehold ebifta 
induced nre ·of a telfPONl'J nature, i,1., there wre no 
inltancee ot peranent hearing loe••• aong UV' ot the 
experblental 1ubjeot1. The purpo1• of the 1tuct, wu to 
a:p1ore ftJ'ioua pbpioal plNlllten of a sound source . 
and relate th8II to an, decN11111t1 ther..., ban on audi
tor, acuity. 

~ enlined •n received audicmetric teste 
both before and after exposure to a high-intensity 111-
pu].ae noi11 pnerated by an M-14 ritle. Rate and n-. 
ber of illpu].a11 nre ftl'ied aeparateq and exud.ned at 
three teat trequmcies. Dae to inter-subject ditfer
encea, ollq general illlplloationa are indicated. Rec
Ollllllftdations are included tor tuture research. 
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A PILOT STUDY' OF TEI✓rPO:lARY TI·ffiESI{OI::J SHI?l'S 

RESULTING FROM EXPOSURE TO HIGH-INTENSITY IMPULSE NOISE 

n{TRODUCTIO!J 

The purpose of tht$ report is to present an interim progress state
r:: ::;nt in the area.of noise exposure, and in particular, exposure to high
intensity impulse noise. The problem arises from the fact that, while 
new weapon systems have increased the destructive capabilities of the 
individual soldier, the weapons have also i.~creased the magnitude and the 
incidence of hazardous noise 8A1)osure. The direction of research, there
fore, will be to relate some of the physical characteristics of the sound 
source with their e'ffects on the auditory acuity of the user. 

There are a number of important physical parameters of the sound 
source. These include: (1) intensity (sound pressure level), (2) charac
teristics of the energy spectrum, (3) rise time, (4) decay time, (5) to
tal duration., (6) total energy, (7) repetUion rate; (8) number or im
pulses, and (9) location of exposure. In addition, environmental para
r·oters must be included such as: (1) temperature,. (2) humidity, (3) wind 
veloci ty~ ~nd (4) sou..~d field. Finally, subject parameters to be con
sidered are: (_) previous noise exposure, (2) medical histo?')·, and (3) 
~cuity requi~~ments of the task. 

vJhen investigating these parameters, a procedural difficulty arises 
in that t he parameters are not necess~rily mutually exclusiva. r:t ·was not 
technically f~~sible to manipulate each variable independent'.cy-, and si,r,~e 
t ey may be raasonably assu~ed to interact vTith each other, certain deci
sions were In3.de on which parameters would be studied imnediately; that 1s1 
those v~riQbl es that would be experimentally held constant and those that 
wou: d b0 r,.anipulated. This rather arbitiary choice or variables points 
to the necessity for further research into the area of impulse noises. In 
gen0ral, lUtle or no research has been reported on some of the variables. 
Therofo·· ... , -this study was designed to eliminate any methodological prob
lems as weil as to determine the ra."lge of values that are encountered in 
rcs~arch in the area of impulse noises. 

EJi':-:on 

Subjects 

Fo-:·~y enlisted p :."'-onnel from "'foo.dquarters and. Headquarters Company,. 
c ..... :-.~::'n.nie3 A and B :J Spc::.al T· oops a-~ Aberdeen ~"'oving Ground, Haryland, 
$ J l .. v~d ~s subjects (f.). 0:f the 40 ~s:; d~ta on 30 were used. Ot\e S was 
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re j cct• ... 1i bccc..1.:.ac of an unintentional interr-'1pti~::: in the sound source 
(rifla misfire) a.i.:~ .une Ss were rejec:ted because their audiograms indi
cated that their heartng acuity could not be considered under the.Army's 
categ ry of Clas s A; i.e., they deviated by 15 db or more in one or more 
or the 11 test frequa~cies. This, it may be noted, is a 22.5% rejection 
r a te. The mean age of the 2, s was 2 3 years, 8 months, ranging from 17 to 
36 years. The mean time-in-service was 3 year~, 1 month, ranging fro~ 
2 months to 15 years. 

A pre-test interview disclosed the following information: 

a. The medical history of each subject. 

b. A family history of any deafness. 
i 

c. The pre- crvice and active service occupational speciality. 

d. Extent, if any, of corr.bat and overseas duty. 

e. Pre"fious noise exposure, especially while in servic_e (firing 
ran~e ) ~hi-~ noi e, etc.) • 

.Appa:--.:.tus 

Tns i mpulse noise ,-..... s generated by a U. s •• my 7 .62rr~ M-14 rifle 
u~in0 ball arrJnu.nition and fired from a fix d rifle moW'lt (Fig. 1). There 

-:: .1;:; re tuo r easons why this weapon was selected as the sound source. Fi~"st·, 
hot,h ·the r ate of i pu_se a.l'ld the nu.'nber of i p ..,es could be controlled 
s -~:z.:..".: .. tcly, '--r. ' secondly, this weapon is rep- 3.ci~.g the. Garrand }11 as the 
!.I·. :-:.; 1.; st=. .ci:.r .:.~ di vidual rifle • 

• :. C.:..., to.iled sc~i..)t i on of t ho physical i easure a:.ts n,.ade on the sound 
s-·1:."'cc :-ill • e · r0s nt ed in a later report (If.BL TJch H ,.:o 15-61). The 
s .J·-:.d : :. .:issure l cv · at firing position was 158 db (re. O.OO02 dyne/cu?-) 
1 ::.jh a ::: 3 · · ili ty. Included in the Appendices of this report 
( •• ) .~ .):-idic - .;; • and B) o.ro an oct.~ve band analysis and a diagram of the con
st ..... -~ .. ... : -p~.:: .; .:;u:--a contours of the sound field. 

'rhc ~uditol""J t'.~"'--- holds were determined by a st n ·a.rd M.:...ico audio
metc- (H-lB ). ~t 1e two experimenters , both tr .... inod in audiometric tech
niquJs, ·administe~-d the tests. 

E.. .• ch day three Ss wer0 tested separately. Each S was given a pre
t fls audiogr:-... '11 on his right ear• This audiogr~m, and-all SUCC01.,din g 

~u i OJ:.'""'-111.::> , i . . ~ r.; -' v :1 at t he : ,.?erimental site (Fi'. 2). In the exp .... :--i
~ .. ::·:~~.1 po:.,.:.t:... .. t he S uas ~cat ... 3' 911 t o the - ~ft .:ll'la. .1 1 41J' to the roar 
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-or the breech or the rifle, racing in the direction of tire. At this 
position the S received the same impulse that he would have received it 
he had actually fired the weapon· (Appendix B). However, this position 
gave the experimenters greater control·over the application or the inde
pendent variables. The Swore earphones; the left earphone was positioned 
over the left ear throughout the experiment, while the. right earphone was 
positioned just in front or the right ear, over ~he ~•s temple during the 
firing. The~ was alerted or the impending fire immediately before the 
13xperimental condition. After tire, ha was immediately tested by' replaQ• 
!ng the right earphone over his ear. A three-frequency check was then 
administered. The frequencies, 3000 cps, 4000 cps, and 6000 cps were· 
chosen in order to determine which frequency; if art1, was the most sensi
tive to temporary threshold shifts (TTS). Previous research has sh0Wl1, 
these three .test-frequencies to be the most sensitive; Mlrray and Reid, 
l9h6; Ward, Senders, and Glorig, 1961. 

The exact number or audiograms that-were administered depended upon 
the individual S's recovery rate. Seventeen were administered tor the 
slowest recovery rate. The first audiogram was a complete check or all 
frequencies and was used as a selection device. Only the three chosen 
test-frequencies were used on the subsequent audiograms in order to ob
tain as much useful information as possible in the shortest period_ ot 
time. The actual time schedule of the audiograms was as follows: 

a. Initial complete audiogram 

b. Three-frequency checks: 

1. Immediately before firing 

2. Immedia t el:, ( 0) after firJ.Jlg 

3. One mi~ute after ·r1~~ng 

4.· Two minutes after tiring 

,. Five minutes after firing 

6. Ten minutes after firing 

1. Twenty minutes after tiring 

B. Thirt7 minutes after firing 

9. Forty-five minutes after tiring 

10. One hour after tiring 

11. One and one-half hours after firing 

~ • .. Two hours after firing 
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13. Three hours after firing 

lli. Four hours after firing 

15. Twenty-four hours after firing 

16. Forty-eight hours after tiring 

During the testing ot ones, the other two Se were physical:cy, removed trom 
the immediate test vincinity and as added precaution against uncontrolled 
exposure they were required to wear ear protectors •. The order in which 
the treatments were administered and the assignment of' treatments to Ss 
was randomly determined. The time period between the testing ot successive 
§_s was determined by the preceding~• 

h"})erimental Design 

The independent variables were: (1) rate of impulse - there were two 
rates of impulse, single ·fire (one round per second) and rapid tire (760 
rounds per minute or 12.7 rounds per second) (2) total nwnber of' impulses 
- there were three levels of total impulses (20, 25, and 30 rounds). Pre-. 
liminary- work had indicated that ·levels of' at least 20 impulses were neces
sary in order to produce temporary threshold shirts or meaningful decrement, 
both in extent and duration. The dependent variable was the magnitude of' 
temporary thres~old shirts. 

Since all Ss were tested over all three test-frequencies, the design 
resulted in a 2-x 3 x 3 factorial with non-independence in the frequency 
treatment and five ~s per group (Fig. 3). 

RBSULTS AND DISCUSSION 

Difference scores were computed for each S by comparing his pre
exposure with each post-exposure audiogram. Tne data in means are present
ed in T~ble 1 and in medians in Table 2 according to experimental condi
tions and recovery interyals. 

The mean difference scores were then analyzed by an analysis or vari
ance desig:, (Lindquist, 1956) Type III. The shorter recovery intervals 
(O, lj 2, 5 min.) were each analyzed separately, while the longer inter
vals (10 rain., 20 min., •• 4 hours') were not analyzed. The rationale for 
this cut-oi'f was that .with increasing recovery intervals there were pro
gressiv~ly mora Ss who returned to their pre-exposure thresholds, there-
fore the assumption of normality could not be met. · . 

The su.-rmT'ary tables for each analysis of variance are presented in 
. Appendix C, while a s,unma.ry of the signii'i~ant · findings is presented in 

Table 3. . 



20 

Impulses 2S 

30 

4 kc 6 kc 3 kc 

Frequency* 

~he frequency variable is.not an independent measure as all 
subjects served in the three frequency conditions. 

Fig. 3. Diagram or Experimental Design 
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In gerie~al, the various error terms of the analyses of variance were 

rather large. Thus, in order to examine the variability of §_s within 
treatment·conditions and the variability of the Ss x frequency interaction 
within treatment conditions, Bartlett tests for homogeneity .of ·variance 
(Edwards, 1960) were computed. The§. variances for the different trea~ 
mant groups proved highly significant (F • 16.84, P<.01). Examination of · 
the raw data shows the [ variance.under the single·rate-2; ·1mpu1ses treat
·ment to be at least 2-3 times greater than the S variance under IJ\T other 
~reatment. The~ x trequen01 variances did not-prove to be significantly 

• different (F • 7.29, P<.20) for ·the various treatment conditions. T~s 
indicates that the variability of the Ss' pattern of scores across fre
quency within each treatment condition-does not var, with different tre•t
ment conditions. Since homogeneity of variance .was onl7. partiall7 present, 
the hypothesis of random sampling from a common population variance was . 
rejected. Close scrutinJ of the original data indicates that of the five 
Ss in the single rate-2S. ·impulse groµp, three had a TTS at· the 0-!nterval 

· In the range of SS-60 db, one S had a very. sh.ort transient TTS ot 20 db 
for one minute, while the fiftn S had only a ·~mall TTS {S db) at ~000 cps 
which was recovered immediately'. - · · 

The extreme variance that a~ one group contributed is not totally 
unexpected. The sensitivity or' individual Ss to TTS is quite well docu
mented (Ward, et al., ·196l)J there seems tone a ~oportion of the popu
_lation who will ha~e large· shifts almost regardless of the magni~ude of 
the impulse. Thus, without prior lmowledge of a S •s susceptibility to T'IS, 
it seems quite possible ·that by a chance occurence three· Ss who were quite 
sensitiva ware randomly placed in the sama experimental group. Subjects 
in other groups had indications of high susceptibility, e.g., the single 
-30 and the rapid-30 groups each_ had a 2, who .showed a disproportionate TTS, 
in fact, one Sin the single~30 group hid upward~ of a SS db TTS which re-
quired 4 8 hours tor total recover,. . 

Since further ;nvestigations may also have similar variance problems, 
a discussion or the transformations that can be used seems appropriate. 
This discussion is included in Appendix n. In this study the means of the 
various treat~ents tended to be proportional to the standard deviations. 
Therefore, a logarithmic transforma~ion was applied.to the data (log X+l). 
For purposes or general interest, both a square root(~) and a reci
p~:·ocal trQr.sformation {1/X+S) were also applied. The summary tables for 
each analysis of variance are presented in Appendix c, while a swnmar, ot 
the significant findings is presented in Table;. 

The mean data has· been plotted graphically and is presented in Figs. 
t~-7 although the values suffer from the data of extreme individuals. 
Median values were not plotted because of the rapid recovery to pre
exposure thresholds tor the .majority or the [s. 

In Fig .. 4 the mean TTS across all Ss was plo·~ted against recovery 
~ .... · erval. The curve, it may be noted, Is a classic example or a recovery 
curve wit~ a large initial threshold shift followed by a rapid recoveey in 
t e first :i: cw minutes which, in turn, is followed by a slow recovery over 
a long p~riod or time. Within the first .two rninutes after exposure there 
is almost SO% recovery. 
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. TABLE l 

MEAN T~Y T~H0LD S~IFT IN DE_CIB~IS ! 

Frequencr . Impulses Rate 
Recovery · Total 
Interval 3KC · 4KC 6KC 20 2, 30 Single Rai?id TTS 

0 min. 6.2 1,.3 · 9.8 · .,~3 18.l 7.8 1).6 ·7.3. 10.4 

1 min. s.s 9.2 9.0 · 3., 13.S 6.7 10.1 ,.1 7.9 

2· min·. 3.0 . 6.S 1.1 J.O 9.8 . 4.3 7.1 4.3 s.1 

s min. l.S . 4 •. 2 6.3 1.2 1.3 . 3.S 4.9 3.l 4.0 

10 min. 1.2 2.7 ,.3 .s 6.o · 2.7 3.7 2.4 3.1 

20 min. .a 2.7 · 4.7 ~3 ,.7 2.2 3.4 2.0 2.7 

30 min. .a 2.S 3.3 .3 . 4.8 1.5 2.8 1.7 2.2 

45 min. 1.0 2.2 . 3.3 .2 4.8 l.S 2.9 1.4 2.2 

l hr. .s 1.8 2.8 • o 3.7 1.s ?,.3 . 1.1 1.7 

l :a hrs. .3 1.0 2.3 .o 2.7 1.2 1.7 .a 1.2 

2 hrs. .3 1.3 2.0 .o 2.7 1.0 1.8 .1 1.2 

3 hrs·. .3 1.3 1.7 .o 2.3 1.0 . 1.6 .1 1.1 

4 hrs. .; 1.0 · 1.s .o 2.3 .a . 1.6 .6 1.1 

OBSERVATIONS 30 JO 30 30 30 JO 45 4S 90 

* For purposes or analysis the total or 90 observations has been parti
tioned three ways: frequency, number of impulses, . and rate. This is 
also the case for Table 2. 

8 
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TABIE 2 

MEDIAN TEMPORARY THRF.SHOLD SHIFT IN DECIBEIS 

FrequenCJ . Impulses Rate 
Recovery Total 
Interval )KC 4KC 6KC 20 2; 30 Single Rapid TTS -

0 min. 0 7.S s s s 0 , , s 
l min. 0 s.o 0 0 s 0 0 0 0 

2 min. 0 0 O · 0 2.S 0 0 0 0 

5 min. 0 0 0 0 0 0 0 0 0 

10 min. 

20 min. 

30 min. 

4, min. 

l hr. 
I 

li hrs. 

2 hrs. 

3 hrs. 

4 hrs. 

OB.SERVATIONS 30 30 30 30 30 30 4S 4S 90 
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. In Fig •. S the rate ot impulse .is plotted with mean TTS in decibels 
and recovery interval (RI) as :the axes. For the two impulse rates, a . 
comparison or the heights or the ordinate at each abscissa point indicates• 
that the single-tire -rate is always numeric•~ more adverse to auditoey 
acuity than is the rapid-r~e rate~ These differences are not atatistical-

.11' significant whe~ ana~ed either ·at each recovery- interval separate~ 

.or when tested across an· intervals • . The error terms 1n the anal7ses ot 

.variance were too large to det1ot·1M&ll. differences. Theretore, it ~lid 
difference~ exist, bu~ were· not detected, · .thq can· probab~ be ac~ounted 
r~r by the acoustic reflex (Fletcher, ·1960). The rapid rate or tire (32.7/ 
sec) is· well within the activation period or the acoustic renex (AR)., and 
therefore, some· degree ot attentuation or the impulse may be present. 

In Fig. 6 the toUIJ. number of impulses is plotted with the mean TTS 
in decibels again on the ordinate an~ the recovery interval on the abscissa. 
It may be .noted that the greatest TTS is associated with the median number 
or impulses (2S). The least number of .impulses (20) caused the smallest 

.TTS while the greatest amount ot impulses (30) caused an effect which fell 
between ·. the 20 and 2S impulse cur"es. These diff" erences between the curves 
at the various recovery intervals are not statistically significant, as 
indicated by the analyses or variance. Here again, large error terms 
(between §_s, within groups) prevent detection of differences. 

In Fig. 7 the three tes~-trequencies are plotted with mean TTS in 
decibels on the ordinate and recovery interval on the abscissa., The dif
ferences between the test-frequencies at each recovery interval were ana
lyzed by "t" tests for correlated measures. Table 4 presents the findings. 
It may be noted from Fig. 7 that the 6000 cps test-frequency is numarical
ly more sensitivo to TTS at all points on the abscissa beyond the one
minute recovery interval.- ·When significance testing was applied, the dif
ferences between the 4000 cps and 6000 cps frequency were significant o~ 
.:lt the O minute recovery- interval (4000 cps was r:10::-3 scaJitive), never at 
any other recovery .interval. From Table 4 it may also 1n noted that the 
JOOO cps frequency was always statistically significantly different trom 
4000 cps Jt all recovery intervals while it is significant from 6000 cps 
only at the O and 2 minute recovery interval. There.ro:-e, wheri the great
est amount or information is to be obtained in the shortest period ot time, 
it rrJJ.y be or value to eliminate the 3000 cps check, since either 4 kc or 
6 kc is the most sensitive. 
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0 min. 

· 1 min. 

2 min. 

.. 

; :rJ.n. 

10 min. 

TABLE 4 

SUMMARY OF "t" ANA.LISFS 

Test Frequenc1 

3000 cps hOOO cps 

3000 
LOOO .Ol* 
6000 .o, .01 

3000 
llOOO .02 
6000 .10 .is 
3000 
hOOO .01 
6000 .02 .so 
3000 
hOOO .02 
6000 .10 .20 

3000 
4000 .o, 
6000 .10 .20 

* Table entries rater to probabilit;r levels. 
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' I. --- ----v-~~-r:---;r-~-=-----~~--------------.-------------

SUMMARY AND CONCWS IONS 

· Thi~ ~vestigation was a pilot study to determine the effects of ex
posure to high-intensity impulse noise on auditory acuit7. Thirt1 enlisted 
men were tested before an4 after exposure to the tiring ot an M-14 rifle 
{158~PL). Both rate or tire (l/sec. and 12. 7/sec.) and number or impulses 
(20, 2S, ~nd 30) were varied lndependentq and the effects. were tested .at 
three test-fi:equenc~aa (3000, 4000, and 6000 cps). 

The conclusions and recommendations resulting from the investigation 
are: 

a. ·Research in the area of audition suffers from several experi
mental design diffiQul.ties, of which the between-s~bjects variance is the · 
most important. While the type or design used in this study is quite ef
ficient in many other areas, it has not been in thi·s study. For this rea- · 
son any final conclusions drawn from the data must be treated as.tenuous 
and only indicative at.best. · 

b. The inter-subject variance problem can be controlled by 
lr..: .. ge samples, or be repeated measurements on the same subject,· or by a . 
selection and/or matching procedure. . . 

I 

c. After the first few minutes both the 4000 cps and 6000 cps 
are equally sensitive for detecting .temporary threshold sbii:'ts while 3000 
cps is rs.ther insensitive. Therefore, it tilr.a is crucial, this latter 
test frequeney rray be eliminated. · 

d. The independent variables, rata of ~:.p~lse, and total number 
of impulses resulted in statistically ur.reli~b~ dii'ferences. 

e. Implications tor further research were noted • 

. 17 
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A:PPENDIX A · 

OCTAVE BlND ANAIISIS OF M-lh 

180----------------------
170 · -o- 31·911 left and 1

1
·4.S" behind rnazzle 

160 -A- Ope,atori right ear 

140 

130------+---=r--+---+---4---+----+---+---c 

120 ..__..._ _ _,,., __ ..,_ _____ __. _____ _.. __ ._ _ _, 

OA ll J}Q. soo ~ 1200 2400 1. :--~ 
150 300 600 1200 2400 4800 Toke 

FREQUENCY BAND I~ CPS 
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Source 

Rate 
L"Ilpulses 
Rate X Impulses 

ANALYSIS OF VARIA.NCE OF' DIFFERENCE SCORES 
.FOR 

· Q. MINUTE REtOVmY INTERVAL 

ss dt m 

871 l an 
2,777 2 1,.389 
3,612 2 1,806 

Between Ss, within Grps. 9,922 24 413 
TError l) 

F 

2.ll 
3.36 
4-37* 

- -- - - - - - - -.- - - - - - -- - -- - - -- - -- - - - - - - -- - - - -
Total between Ss - 17,182 · 29 

- - -- - ·.- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -
Frequency 1,371 
Frequency x Rate .34· 
Frequency x Impulses ll.4 
Frequency x Rate x Impulses 283 
Ss x Frequency, within G rp& 2,048 
- {Error 2) 

2 
2 
4 
4. 

48 

685 
17 
29 
71 
43 

16.0QH 

· l.67 

----------------------------------------
Total within 2s 3,B,o_ 60 

Total 21,032 89 

* Ecyo~d .05 level of significance 
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'ANALYSIS OF VARIANCE· OF DIP'FERmCE SCORF.S 
FOR 

1 MINUTE RECOVERY INTERVAL 

Source ·SS ell 115 

Rate . 3SO l 3,0 
Impulses 1.,472 2 736 
Rate x Impulses 2.,98, 2 1.,493 
Between Ss; within Grps. 9.,,47 24 .. 398 

. -(Error 1) . 

p 

l.lS 
3.7S* 
--

---------~------------------------------
Total between Ss - 14_.,3,4 29 

- -- - - - - - - - -- - - - - - - - - - - - - - - -- -. -- ----- - -- -
Frequency · 233 2 117 ).47* 
Frequency x Rate 44 ? 22 
Frequency x Impulses · 1$4 4 37 l.lS 
Frequency X Rate X Impulses 306 4 ·. 16 2.28 
Ss x Frequency., •within Grps. 1.,613 
- (Error ·2) 

48 33 

- - - - - - - - - - - - - -- - · - - - - - - - - . -- - - - - - - - - - ----
Total within E.S 60 

Total 16.,704 89 

*Beyond.OS lovcl of significnnce 

28 



• 1 

~JALYSIS OF VARIANCE OF DIF~CE SCORES 
. ·FOR 

.: £ MIHUTE Rm>VERY_ nlTERVAL 

·· Source !S .. err i-rs p 

Rate 174 l 174 
Impulses 839 2 420 1.78 
Rate x Impulses ' • 1,628 2 814 . 3.4S* 
Between Ss, within Grpa. S,610 24 236 

-(Error l) 

----------------------------------------
Total between Ss - 8,311 29 

- - - - -- - -- -- -- - - -- - - -- - - - - - - --- - - - - - -. - - - -
Frequency 3S4 
Frequency x-Rate 10 
Fre~uency x Impulses 43 
Fr·equency x Rate x Impulses 470 
Ss x Frequency, within Grps. 21090 
- (Error 2) 

1'otal within Ss - 2,967 

Total ll,278 

. . 

* B=.:,or.d .os level or significance 

29 

2 
2 
4 
4 

48 

60 

.. 89 

/ 

177 s 
11 

ll8 
44 . 



Source 

Rate 
Impulses 
Rate x Impulses 

Ai"1ALYSIS 0, VARIANCE or DIPF~CE SCORES 
FOR 

i MINUTE RECOVERY INTERVAL 

ss- di' 

n l 
S82 2· 
904 2 

Between Ss, within Grps. 3,653 24 
-(Error 1) 

MS 

n 
291 
4S2 
152 

1.91 
2.97 

- .. - - - - - - - -- --· - - - - - - - - - - - - - - - - -- -- - --- - --
Total between Ss - .s,210 29 

- ----- ----------------------------------
Frequency 3S2 
Frequency x Rate 0 
Frequency x Impulses . 76 
Frequency x Rate x Impulses 495 
Ss x Frequency, within Grps. J.,977 
- (Error 2) 

2 
12 
4 

48 

176 
0 

19 
123 
41 

4.29* 

- - - - - - - -.-.-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 1 

Total within Sa -· 2,900 60 

Total 8,110 89 

* S:ycr.d .c; level ot signiticance 

30 
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I 

. Source 

Rate 
Impulses 

ANALYSIS OF V ARIA?iCE OF THE DIFFERENCE SCORES 
WHEN TRANSFOR.\IED TO A LOGARITHMIC SCALE 

FOR 
0 RECOVERY INTERVAL -

ss d! MS 

0.3679 1 0.3679 
3.0382 2 1.5191 
3.8377 2 1.9189 Rate x Impulses 

Between Ss, within .Grps.17.3936 24 0.7247 
-(Error 1). . 

F 

2.10 
· 2.6S 

-------------------------------------------------~-------------------------~-~-
Total between Ss - 24.6374 29 

-------------------------------------------------------------------------------' . . , 
Frequency 2.7447 
Frequency x Rate o.6~2 
Frequency x Impulses 0.4115 
Frequency x Rate :x Impulses o.5977 
Ss x Frequency, within Grps. S.S399 
- (Error 2) · 

Total within· Ss 9.9850 
I -

Total 34.6224 

~JJ E~:~nd .01 leve~ ot signiticance 

31 

2 
2 
4 
h 

48 

60 

· 89 

1.3724 
0.3456 
0.1029 
0.1494 
0.1154 

11.89H 
2.99 . 

1.29 



Ml~YSIS·OF VARIANCE OF THE DIFFER~CE SCORES 
WHm TRANSFOR.\fED ~O A. ~IPROCAL SCALI 

FOR 
0 amovmy INTmYAL -

Sourc.e ss dt .. . MS 

Rate ·: 2,.924 · .. ·1 .. 2,924. 
Impulses ·. · · 3S,627 2 17,814 . 
Rate x Impulses 42,808 2 21,404 . . 
Between.~s, withi~ Grps. ·230,s11 . 24 9,60S · 

(Errori) · 

. 

,. 
--1.as 
2.2)' · 

- - -- - ~ - - ..... .. - - - -·- - - - -·- --- - -- -- -- - -- - - -- --. -. . .. 

Total between §_s 311,876 · ·29 
. . . - - - - -. - ~ - - - -. - - - -. - . - - - -. - - - _, --· - - -- - --. -- -- -- -

Frequency 37,167 
Frequency x Rate · · · 10,667 

· Frequency x Impulses 6, .348 
Frequency x Rate x Impulses 10,884 
~s x Rreq.uency, within·G~s. ~,046 

{Error 2) . 

2 
. 2, 

4 
4 

46. 

- - - - - - - - - - - - - - - -.. - - -- - - -
Total within Ss - lS7,ll2 · . 60 

Total 462,988 

H Beycr.d • o:. ~~-;~l ot sig:-J.:icance · 

32 

18,;584 
S,334 
1,587 
2,721 
1,793 

10.J6H 
2.97 

l.S2 

- - - - - - - - - - - - -- --



Source 

Rate 
·-Impulses 
Rate x Impulses 

ANALYSIS OF VARIAUCE OF THE DIFFERENCE SCORES 
W~ TRANSFORMED 'ID A SQUARE-ROOT SCALE 

FOR 
0 RECOVERY INTERVAL -

ss d£ MS 

9$,193 
.. 

1 9$,193 
420,.,09 2 210,2,, 
,,,,494 2 277,747 

Between Ss, within Grps • 1,9$9,$19 24 81,647 
. · -(Error 1) 

F 

1.17 
2.58 
3.40 

-- - - - - - - -- -· - ·- - - - - - - - - - - - .. - - -- - - - - - - - - -- -
Total between Ss 3,030,71$ 29 

--------------------------~-------------. .c 

Frequency · 28$,9$9 2 142,980 16.20-~ 
Frequency x Rate ~~,421 2 17,211 1.94 
Frequency x L~pulses 20,100 4 ,,02, 
Frequency x Rate x ~ulses . 59,043 4 14,761 1.66 
Ss x lre(uency, within ·arps. 426,21, h8 8,879 .. 
- · Error ?} 

,: 

-- - - - - - - - - - - - - - - . ~ - - - - - - - - - - - - -· - - - - - - - - - -
'; 

Total wit~in ~s 8~5,738 60 

Total 3,856.,453 89 

~~~ B;;c:.d .Cl level or sizr,.if'icance 
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APPENDIX D 

DISCUSSIC!l OF TRAHSFORMATICR3 



The F test ot the an&q'Sia ot variance is a robust test under a vari
ety ot violations ot ·the asaumptiona (F.c!warda, 1960, pp 132). Evidence 
has been accumulated that in experimental work, where the number ot obae
T&tiona :11 the 1U11 tor th• ftl'iou treatn11nt1, the r te1t tor the •ans 
1n the anal1'1ia ot variance ii 11 ttle intluenced bJ hetrogenei tr ot nri• 
ance (Box, 19Sh). Box has indicated that, since the r teat 11 quite in
sensitive to nonnornality, and since with equal n•a it is also insensitive 
~o variance inequalities, it •7 be sateq used under most conditions. 

' 
The.relationship between variances and means ot the treatments 11 one 

indic-.tion .ot departure trom nm;,aal.ity, and this 1111Jce~ to be associated 
with hetrogeneity ot variance. Since Bartlett's test has indicated hetro
geneitr ot variance, the data was aaminfsd to determine the Nlationship 
between the means .and variances ot the experimental groups. It a relation
ship is indicated, then a transformation ot the raw data to a no,, scale 
may reduce the hetrogenaity ot variance. A tranatormation hE-8 two desir
able effoctsJ one, 1~ vlll tend to stabilize _the variance, and tlro, it 
will tend to decrease the skevness or nonnormality' ot the variable. 

The relationship ot t~: •ans ~ the varit.nces will dic:tate 1-:hich 
transtonr.ition· 11 . applicable~ It tbp means and variances ot.. the original 
data are correlated, a•~ root transformation is the beit choice 
(~att, 1936). It ·the metmB and ~e standard deviations ot the original 
c'b tend to be proportional, then a tr~r. ·.:o:-r:.ation to a logarithmic scale 
is rec~ndod (Bartlett, 19L7) • .l ·discussion ot use ot various other 
tra.~(?W.3.ticms ·m;q be found in F.c!wards, 1960J Bartlett, 1947J or Mueller, 
1949. . . 
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