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I NTRODUCT ION

An earlier report from this laboratory demonstrated

the dependence upon 60Co exposure dose rate of postirradia—

• tion hypotension and performance decrement .1 As dose rate

increased over the range from 50 to 180 rad/min , hypotension

• appeared earlier and its rate of development was more rapid.

Likewise , with higher dose rate there was a greater inci-

dence and severity of behavioral impairments as disclosed

by our delayed matching—to—sample , shock-avoidance task.

Because the initial postexposure appearance of both

hypotension and performance decrement occurred systematically

later as dose rate was lower , we proposed the existence of a

cumulative dose threshold for the elicitation of this early

syndrome . The minimum effective total dose was estimated

as being approximately 300 rad midbody . Additionally, a

dose rate prediction was derived from a model based on the

data obtained at that time which predicted a near-zero m ci-

dence of the early .syndrome at a dose rate of approximately

30 rad/min.

The purpose of the present study was to test the low

dose rate prediction by exposing a new group of monkeys to

33 rad/min while monitoring their matching-to-sample per-

formance and blood pressure .

5
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METHODS ANIJ MATERIALS

Subjects

The subjects of the present study were 18 male rhesus

monkeys (Macaca mulatta), weighing between 2.5 and 3.0 kg,

obtained from Primate Imports Corp. of New York . They were

observed and treated as necessary for enteric diseases and

tuberculin tested before entering training. Two to seven

days prior to irradiation they were surgically implanted ,

under halothane anesthesia , with a femoral arterial catheter.

The catheter , which extended in to  the abdominal aorta , was

continuously infused with heparinized saline (3-10 units/ml /

30 m m )  outside the test sessions.

Apparatus

Each animal was seated through the work week in a

plastic restraining chair , which included a head restraint

to maintain orientation toward a stimulus-response panel

facing the animal in the test and exposure cubicle. The

panel consisted of five plastic , circular keys arranged so

that four of the keys were in a horizontal row with the

fifth one centered above them . (Only the center two keys

of the row of four were used with the present subjects.)

A slide projector transilluininated the keys from behind ,

6
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displaying the task stimuli , which were 55 multicolored

drawings and patterns.

Procedure

The animal  was i n i t i a l l y  shaped by c o n v e n t i o n a l

operant  c o n d i t i o n i n g  procedures to escape and e v e n t u a l l y

avoid shock to the  feet  (6— 10 mA , 0 .5  sec) by press ing the

plastic keys when illuminated. Over a several week train-

ing period the  animal  e v e n t u a l l y  achieved the  m a t c h i n g

t a sk .  Here the  upper key was l i gh t ed  w i t h  a sample s t i m u l u s

selected from the  a r r a y  of 55. If  the  animal  pressed the

• sample key in less than  5 sec , he avoided a shock , the

sample ex t ingu i shed, and up to a 10-sec delay period ensued

• before the two c3nter keys in the lower row were illuminated ,

one d i sp lay ing  the  same stimulus as had appeared on the sam—

pie key ear l ie r , t he  o ther  showing a d i f f e r e n t  s t imu lus .

Pressing the  correct match  key avoided a shock and i n i t i a t e d

a 10—sec t ime-out period before  the  next  t r i a l .  Complete

de ta i l s  of the procedure and appara tus  are ava i l ab le  in

Bruner et al.2’3

Rad ia t i on  Exposure

When daily matching—to—sample performance accura-

cies had stabilized at above 70—percent cl irrect , each

7
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animal was run 4 or more days under sham radiation condi-

tions. The animals were food-deprived 16 hr prior to ir-

radiation . Each monkey was irradiated dorsoventrally

while performing the task after a 30-minute warm—up run .

Dosimetry was determined wi th  l ive and cadaver monkeys

using high—sensitivity Lithium Flouride thermoluminescent

dosimeters . For 14 of the animals , the source-to-subject

dis tance was ad jus ted  to produce approximate ly  1000 rad at

33.33 rad/min midbody absorbed dose (which will be re-

ferred to as 33 r ad/min  for s i m p l i c i t y ) ,  t a k i n g  into ac-

count decay of the 60Co. The remaining  four  monkeys re-

ceived 1000 rad at 50 r a d/m i n .  Fur ther  de t a i l s  regarding

our exposure and dosimetery techniques may be found in

Bruner et al.2’3

Continuous remote po lyg raph  recordings of blood

pressure and heart rate were instituted approximately 30

mm prior to beginning the exposure , and continued without

interruption up to 60-mm postexposure . The exposure du-

• ration was 30 mm and 20 mm for  the 33 and 50 rad/min

groups , respectively. All present references to post-

exposure are with respect to time from the exposure ’ s

start . Therefore the initial 30—mm postexposure period ,

during which some of the significant early effects occurred ,

8
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re fers  to the  same 30-mm period dur ing  which  the exposure

was a d m i n i s t e r e d  at the  33 rad/min dose rate. Shortly after

complet ion of the exposure the  per formance  task was inter-

rupted  fo r  a few minu tes  f o r  the  subs t i tu t ion  of a new

matching—to—sample slide tray and the determination of a

blood pressure zero reference. The performance task was

then restarted and continued for the remainder of the 60-

mm period. The average duration of the procedural inter-

rupt ion was 6 m m .

Assessment of PD-ETI

Percentage correct match ing scores as well as

penalty scores were computed for each subject according to

the met .oi described in the previous reports.’3 The

percentage-correct measure is simply the number of correct-

response trials divided by the total number of trials pre-

sented over a 20-mm period. This simple measure scores

both errors and omissions as incorrect responses . With

the penalty measure , errors and omiss ions of different

types were assigned differentially weighted penalties ac-

cording to their relative frequency of occurrence prior to

t irradiation , such that match errors , sample and match omis-

sions , and , espec ially , runs of errors and omissions were

weigh ted in relation to their relative rarity during the

9
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baseline sessions. These scores were summed over 20-mm

periods for pre- to postirradiation comparisons.

The particular penalty weighting values employed

are tabula ted  in Appendix Table A-i , and an example of how

the scoring was applied is shown for a previously run 180—

rad/min monkey in Appendix Table A-2, both tables being re-

produced from Bruner et al.2

If an animal  f a i l ed  to respond to six successive

sample presentations , it was considered to have met our

criterion of Early Transient Incapacitation (ETI), or more

simply referred to as “Quit’ here. During such Quit periods ,

following which the animal usually resumed pressing, the

shock was disconnected , although the sample stimulus con-

• I • tinued to cycle.

RESULTS

33 Rad/Min Performance

The trial-by-trial responses made by each 33-rad/min

monkey dur ing  the i n i t i a l  60—m m postexposure are presented

in Appendix Tables A—3 through A-20 along with their pena1ty

score determinat ions. The penalty scores derived therefrom

were summed for each postexposure minute and these are pre-

sented in Table 1.

10
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In Table 1, on ly  one of the  14 monkeys showed a

definite increase in penalty scores during the first 30—

mm postexposure . This was Monkey No. 860, which showed its

performance decrement primarily in the form of failures to

respond to several nonconsecut ive sample or match st imulus

presentations beginning at the 14th minute (Table A-16), or

after absorption of approximately 467 rad. This monkey

then resumed good matching performance at minutes 21—24

before showing a second 4-mm period of impairment .

The only other suggestion of transient impairment

during the initial 30 mm was shown by No. 854’s slightly

elevated scores at mmnutes 24—25 , resulting from one sample

omission followed by a match error (Table A-3). This was

not judged statistically significant , however , as will be

• 

• 

explained later.

A scheduled interruption for changing slide trays

after completing the exposure was carried out between 30-40

mm after the exposure ’s start . This procedural interrup—
• 

tion was performed only if the animal ’s performance appeared

satisfactory based on on—line examinat ion of the remote data

• 
I 

printouts. In the case of Monkey No. 868, it was noticed at

the 30th minute , just before the planned interruption , that

the animal ’s performance appeared to be faltering, so the

12
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slide change was delayed . A f t e r  several incorrect  match

choices between minutes 30-33, the monkey failed to respond

to a sample presentation (Table A—b ). Then at minute 36, the

animal ceased responding altogether , and could not be re-

started either by the administration of shocks or by manual

manipulation. Accordingly No. 868 received a penalty score

of 150 for  minu te  36 due to meeting our quit (Q)  criterion

of 6 consecutive sample omissions , which we have defined as

constituting incapacitation on this task .’3

• All other animals performed well after the proce—

dural break except No. 849, which showed several errors and

omissions over a 10—mm period beginning at the 49th minute

(Table A-9).

The severi ty of performance decrement (PD ) was

evaluated statistically by computing PD ratios as described

• in the earlier reports .~~~
3 The PD ratio is analogous to a

standard z score , and is obtained by dividing the difference

between each 20-mm postscore and the mean prescore by the

standard deviation of the animal ’ s prescore . The derived z

score or PD rat io , as we cal l  it , therefore represents the

degree of change in performance following irradiation , ad-

justed for individual differences , and may be referred to a

Normal Distribution Table for expected p values. For z =

13
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3.0, for example , p = 0.0013, one-tailed.4 We have adopted

the convention of utilizing a PD ratio of 3.0 or greate r as

a criterion for identifying significant PD.

Table 2 presents the pre-post changes in performance

penalty scores summed over 20-mm blocks and the respective

PD ratios for the 0—20 , 10-30, and 40—60 mm blocks post-

exposure . The 20—40 and 30-50 mm blocks were not calculated

because they included the procedural interruptions for slide

changing and blood pressure zero reference determinations.

The animals are listed in Table 2 in order of increasing

severity of PD according to the 0—20 mm PD ratio magnitude .

The PD ratios using the penalty score sums , as

shown in Table 2, disclose the significant decrement ex—

hibited by Monkey No. 860 between 14- and 28-mm postexposure

• 
as noted in Table 1 earlier. No other animals demonstrated

• 
significant behavioral impairment by this measure during the

first two overlapping 20-mm blocks comprising the initial

30—mm post. A significant PD ratio was also obtained for

the 40—60 mm decrement shown by No. 849. The incapacita-

t ion of No. 868 , having occurred during the 30—40 n u n period ,

was not incorporated into this selective analysis.

Table 3 presents pre-post changes in percentage

correct match ing choices in analogous format to the penalty

14
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score analysis just described for the same postexposure

periods . As we also found in the earlier dose—rate report ,~-

the percentage correct measure failed to adequately disclose

the severity or significance of decrement as detected by the

penalty score method.

• 50 Rad/Min Performance

Four monkeys received 50 rad/mmn in the present

series in order to expand the N at this dose rate to 12,

as 8 had been already run as reported in the earlier paper)-

The individual penalty scores of all 12 50—rad/min monkeys

over the first 20-mm postexposure , which was also the

exposure ’s duration for this group , are given in Table 4.

The four new animals are Nos. 921, 894 , 864 , and 901. The

procedural interruption occurred shortly after the exposure ’s

completion and therefore no 20-30 mm performance data were

available. The trial-by-trial responses of the four new

animals are presented in Appendix Tables A-17 through A-20.

Of the previous eight animals receiving 50 rad/min

only two had shown performance impairment. These were Nos.

863 and 814, both of which met the quit criterion at 13 mm

post . Both recovered 3 mm later and rapidly resumed normal

performance. Of the four new 50-rad/min monkeys , none quit

but two obtained PD ratios greater than 3.0, as shown in

17
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Table 5. No. 864 had been a very stable , good performer

pr ior to irradiation , and consequently, had a very low

standard dev iation (Table 5). This animal’ s signi f icant

PD ratio of 3.31 resulted solely from the occurrence of a

• samp le omiss ion at minute 15 and a match omiss ion at minute

16. Thus , its PD was considered mild. The other new animal

showing a significant PD ratio , No. 901 , fa iled to respond

to two sample presentations at minute 20. Not shown in

Table 4 is tha t th is monkey also fa iled to press the

next two successive samples , these be ing presented at the

start of minute 21. Following these four consecut ive sample

omiss ions , No. 901 performed normally , mak ing only one match

error during the subsequent 4 mm at which time the procedural

interruption was carr ied out .

All the 50—rad/min animals were res ta r ted  on the

performance task by 30—mm postexposure. All performed

normally thereafter except for No. 829 which made a few

sample and match omissions at various times between 38 and

60 mm post , and No. 801 wh ich made six consecutive match

errors just after the restart at minute 31.

Thus , the early PD shown by 4 of the 12 50-rad/min

monkeys consisted of one mi ld and one moderate PD rat io and

two q u i t s .  For each of these four , the impairment appeared

19
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within 20—mm postexposure and endured only 2-6 mm (Table

4 ) .

75 and 180 Rad/Min Performance

In the previous dose-rate paper ,’ we reported that

out of 12 animals exposed at a dose rate of 75 rad/min , two

had ETI ’ s and two showed PD ratios exceeding 3.0 within 20

mm of the exposure ’ s start . The two signif icant PD rat ios

were 6.53 and 17.01. The next highest ratio was 2.12 and

all others were less than 1.0. The PD first appeared be-

tween 6- and 10—mm postexposure and was over with by 16-

mm post for that group .

At a mean dose rate exposure of 180 rad/min)- we

observed 8 out of 16 animals show ing PD rat ios greater than

3.0 plus 5 monkeys which showed early transient incapacita-

t ion (ET I, synonymous with Quits) within the first 20—mm

post . Two others had PD ratios between 2.0 and 3.0. Two

of the incapacitated monke~7s revived by 17—mm post and re-

sumed normal performance. Two of the other Quits resumed

normal performance only after a break and manual stimula-

tion about 40-mm postexposure . The remaining monkey ’s

incapacitation was permanent and death ensued within the

hour . However , the observed severity of effects in this

group was tempered somewhat by the fact tha t a few of the

21
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animals were already deb ilitated prior to irradiation as a

result of difficulties with their surgical implants as pre-

viously noted. 2’3

Dose Rate Comparisons

To review , the inc idence of performance decremen t

and/or ETI as a funct ion of 60Co dose rate is summarized in

Table 6 , in terms of the number of animals (and percentage )

• in each group obtaining PD ratios less than 2.0 , greater

than 2 . 0 , greater than 3.0, or which quit. The dose-rate

effect is readily ev ident in this table , alth ough very

little difference is discernible between the 50— and 75—

rad/m in groups.

• A depiction indicating the PD ratios and the inci-

dence data as a function of dose rate is presented in

Figure 1. The percentage of animals in each dose-rate

group having PD ratios greater than 3.0 or which quit (i.e.,

last column in Table 6) is plotted on the right-hand ordi-

nate in Figure 1 as a function of dose rate (on a log scale).

The individual animal’s PD rat ios are indicated on the left

ordinate as are the frequenc ies of animals ’ hav ing PD

ratios exceeding 10 or ETI’s. The latter represent cate-

gories rather than scores , therefore the ir locat ion on the

vertical reflects an ordinal rank but does not represent a

22
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si- a led  d i s t a n - t . ~\ st r ~& i gilt I m e  has been drawn in  by eye

t o  f i t  t he  foui ’  g r o u p  I n c  idI n -e points on t h e  r i g h t  o r d i n a t e .

The l i L L e ’ S 1)( ~~~i t  ion  wa~-; chosen t o  imply that t h e  33 rad/min

in c i d e n -e p o i n t  mi gh t  h a v e  bVI II u n d er e st  ima ted  because one

a n i m a l  n o t  i n c lu d e d  in this anal ysis quit at 36—mm post

( N o . 868) ,  and as w e l l  to  imp l~ - an overestimate by the 180

rad/min point because some of those animals may have been

predisposed to PD/ET I due to surgical implant injury .

The locations of the PD ratios against the left

ord inate in Figure 1 do not relate quantitatively to the

funct ion drc’wn for the incidence points. The depiction of

the PD ratios here  was to show : (a) that within-group van —

• ability appeared to increase with dose rate even among the

subjects performing within normal limits; and (b) that the

an imals tended to dichotomize into those af fec ted and those

unaffected by exposure , as opposed to reveal ing a graded

response Ofl the PD rat io measure . Onl y for  t he  h ighest

dose rate group was an intermediate degree of decrement

apparent.

Blood Pressure

Figure 2 presents mean percentage blood pressure

(BP) and hear t rate (HR) postirradiation relative to preradi—

ation baseline for 12 of the present 1-I 33—rad/min animals (the

25
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BP recordings were unreliable for two), super imposed upon a

figure presented in our prior dose-rate report 1 show ing t h e

postrad iation responses of the previously run 50- , 75— , and

180-rad/min 60Co groups , plus a pulsed gamma-neutron group of

non performing monkeys from the AFRR I laboratories.5 Add i-

t ionally. in this figure , the 50—rad/m in group data has been

updated to incorporate the 4 new animals ’ responses , yielding

an N of 12 in each of the 5 group curves shown where useable

BP data were available. The raw data for mean BP and HR of

each of the 12 33-rad/min animals and the 4 new 50-rad/min

an imals are presented in Appendix Tables A-21 and A-22

In the prev ious repor t it was noted that the three

60Co groups and the 4000-rad pulsed group all showed similar

degrees of hypotension .~ - The average depth of hypotension

was about 5O~ and every an imal in the 60Co groups exh ibited

some hypotens ion. Of the four new 50—rad/min monkeys ,

however , on e did not show a BP drop . Likewise , in the new

group of 12 33-rad/min monkeys , one showed no discernible

early hypotensive response .

The chief difference among dose-rate groups noted

in the earlier findings is borne out strikingly in the pre-

sent comparison ; namely, t h a t  t he  on set of hypo tens ion

occu rred later and its rate of fall was slower as dose rate

was l o w e r .  As bef ore , the 60Co groups ’ data indicate that

27
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the first signs oi~ develop ing hypotens ion appeared af ter

cumulat ive absorption of approximately 300 rad , wh ich wi l l

be examined in  more de t a i l  below .

The prominent new trend demonstrated by the 33-rad/

mm group is that their mean BP curve showed no pronounced

phasic dip and recovery as did the highe r dose—rate groups.

The 33—rad/min  group ’ s mean BP exhibited instead a gradual

decl ine (beginning most clearly after about 9 mm post ) to

i ts  lowest po in t  at 25 mm post and rose only slightly

t h e r e a f t e r. Many  i n d i v i d u a l  3 3-r a d/m in  a n i m a l s  d id  reveal

distinguishably U-shaped i~P curves , however , as is evident

in the raw data of t he  Appendix , bu t as their hypotensive

dips were relatively shallow , varied in time phase , and

spanned long durat ions , they were masked in the averaged

curve shown .

The t iming and ex ten t of the blood pressure changes

are compared in more detail over dose-rate groups in Table 7.

The table ’ s first column indicates that the first noticeable

drop in BP occurred significantly later as dose rate was

lower. The second column i n d i c a t e s  the approximate cumula-

tive dose absorbed at the time of the first drop . The three

lower dose-rate 60Co groups revealed simi lar mean cumulat ive

absorbed doses of approximately 300 rad at the onset of hypo-

t ens ion , support ing our earl ier conclus ion of a minimum

28
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effective total dose , or threshold , for the induction of the

hypotensive response.1 As mentioned in the earlier repor t ,

the  higher  c u m u l a t i v e  dose shown for  the  180—rad/min  group

was probably an overestimate resulting from the poorer timing

resolution associated with the higher dose rate delivery,

yielding an inflated “threshold” for them .

Column three  of Table 7 gives the  lowest pe rcen tage

BP observed for each animal after exposure averaged for each

group . This mean differs from the group curves of Figure 2

which showed BP averaged for  each m i n u t e  p o s t i r r a d i a t i o n.

Column three reflects a rough trend for the depth of hypo-

tension to be greater  as a f u n c t i o n  of h ighe r  dose r a t e .

Due to the considerable individual variability, however c

• only the 33— and 180-rad/min groups are significantly dif—

• ferent on this measure. The lowest BP percentage of 50 shown

for the AFRRI group is probably not comparable in this regard

because that figure is not the mean of each animal ’ s lowest

BP (which data were not available), but rather was the

group mean at the third minute postirradiation . In all

likelihood , the AFRR I mean lowest BP percentage shown by

individual animals was at least as low as our 180-rad/min

group since the AFRRI monkeys received 4000 rad .

The t ime of observation of the  lowest BP fo r  each

animal is averaged for each group in Column 4 of Table 7.
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Th is t ime post irrad iat ion is sign i f ic a n t l y  delayed with

lower dose rate. The mean time required for BP to fall

from its in it ial drop to the lowest po int is given in

Column 5 (wh ich in e f f e c t  is Column 4 minus Column 1). The

BP f a l l  t ime was briefer as dose rate was higher , as was

suggested by the steeper slopes of the curves for the

higher dose—rate groups in Figure 2.

The average number of minutes postexposure by which

BP recovered to a stable level-—or in some cases , to a peak

level followed by a slight decline--is presented in Column

6 of Table 7. A t rend is indicated for  the  t ime of recovery

to occur later  as dose ra te  was lower , but t h i s  is in f l uenced

by the displacement in t ime of the  onset of hypotens ion and

the  ensu ing  recovery cyc le .  The BP percentages  to w h i c h  t he

several groups recovered at the times just noted in Column 6

are given in Column 7. These values are very similar at ap-

proximately 80% of preradiation baseline for all groups. The

minutes to recovery in Column 8 reflect the mean time between

the point of deepest hypotension to the point of recovery or

stabilizat ion (i.e., Column 6 minus Column 4). These means

are also very sim il a r .

Th i s  ana ly s i s  i nd i ca t e s  genera l ly  tha t  the phasic

hypotensive response occurred ea r l i e r , developed more r ap id ly

and i t s  depth was more severe as a f u n c t i o n  of h igher  dose-
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rate exposure. The duration of recovery did not vary much

over groups , however , as the time to BP stabilization elapsing

from either the onset (Column 1) or deepest point (Column 4)

to the time of recovery (Column 6) was between 18 and 22 mm

for  al l  60Co groups.

Heart Rate

Heart rate (HR) increased after 8-9 mm post for the

33—rad/min group , which represents a somewhat delayed response

re la t ive  to the  higher  dose—rate groups based on a comparison

of the curves of Figure 2. About the same higher , stable HR

was achieved by the 33-rad/min group as the other groups at

the f i n a l  observations. No orderly relations between HR

• change and dose rate were noticeable besides the delayed ap-

pearance of tachycardia with lower dose rate , which corres-

ponds to the delayed onset of hypotension observed with

lower dose rate.

Association Between BP and PO/ETI

Every animal which showed significant early PD/ETI

likewise showed concurrent hypotension , irrespective of dose-

rate group . The mean percentage BP recorded during the minute •
when penalty score increases were first clearly noticed was

36.89 (s.d. = 14.13) for the 18 animals showing PD/ETI for

32
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wh ich useable BP data were ava i lable  ( four  and two BP records

were unuseable for the 180— and 33—rad/min groups , respectively).

In o ther  word s, 84Y (the percentage included by the mean + 1

s.d. in a norma l distribut i on) of the PD animals had undergone

• drops in BP to 51~ or less of baseline (mean + s .d .  = 36.89

+ 14.13 = 51%), at the t ime of PD onset . In 13 of the 18

cases the nadir of hypotension preceded the onset of PD by

• 1-4 mm , and in most cases , by 2 m m .  In the other five

cases , the lowest BP po in t  and PD onset occurred during the

same minute. In all cases , the BP had already started fal-

ling at least 1 mm prior to the initial penalty score in-

crease.

A ch i square 2 x 2 contingency analysis of the asso-

• ciation between depth of postradiation hypotension and PD/ETI

was ca r r i ed  o u t  and is presen ted  in Table 8. The chi -square

t echn i que was deemed appropriate because of the tendency for

radiation-i uI - tad PD/ETI to be categorically present or ab-

sent r a t h e r  than varying continuously in degree from absent

to ETI.2 For example , the penalty PD ratios associated with

no decrement cannot be interpreted as quantitatively des—

cribing the qualitative goodness of the unaffected perform—

ance. For this reason , the classification of significant PD

when the  PD ratio exceeded 3.0, or when an ETI occurred , was

33
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a C o n v e n i e n t  c r i t e r i o n  f o r  t i e -  d i c h o t o m y  r e q u i r e d  for  c o n t i n -

g e n cy  a n a lv ~~~~ s.

In  Tab le  8 , s i x  f o u r — f o l d  c o n t i n g e n c y  anal yses are

pi -~~se i i t ed  to  c h a r a c t e r iz e -  th e  BP—PD / ETI  i n t e r d e p e n d e n c e .  A l l

a n i m a l s  o f  t h e  f o u r  dose - r a t e  g r o u p S  h a v i n g  useable  BP d a t a

• ( N  = - 18)  ~~ - re  in c l u d e d . The q u a d r a n t  l a y o u t  at the  l e f t

i n d i c a te s  t h e  p os i t  ion o •f t he  r e s pec t i v e  groups w i t h i n  each

of t h e  s ix c o n t i n g e n c y  t a b le s .  The f r e q u e n c y  of monkeys  in

each group h a v i n g  PD r a t i os  less t h a n  3 .0  vs t h o s e  y i e l d i n g

r a t i o s  g rea te r  t h a n  3 .0  p tu s  those  w h i c h  qu i t  ( E T I )  dur ing

t h e  f i r s t  2 0 — m m  po Sto xpo~~ur ~e formed one d i cho tomy . The

f r e q u e n c y  e x h i b i t i n g  BP n a d i r s  d u r i n g  the  i n i t i a l  20 mm

which  were g rea te r  vs less t h a n  the  i n d i c a t e d  percentages  of

p r e r a d i at i o n  b a s e l i n e  f o r m e d  t h e  a p p o s i n g  d i cho tomy . The

sum of t h e  ~~r& Iup f r e q u e n c i e s  is shown in the concen tr ic

box of each q u a d r a n t .  The t a t t e r  sums were us ed fo r t h e

c h i - s q u a re  a na ly se s .  The in d i v i d u a l  group f r e q u e n c i e s  are

p r e s e n te d  fo r  i n f o r m a t i o n  o n l y .

The K I i ! f m ~~ry  at  t he  l e f t  in Table 8 g ives  t h e  c h i —

square  v a l u ’- s  and ( ) n t i n g e n l -v C - c l e f  f i c i en t s 4 fo r  t h e  six

a n a l y s e s  [c = , 2 + ( N  + 2 )~~
] 

I t  is  ev iden t  t h a t  t h e

s t r e n g t h  of  a s s oc i a t i o n  b e t w e e n  PD/ETI  and BP was g r e a t e s t

(C  = .51)  when tu e  an i ma l s  were  d i c h o t o m i z e d  a c c o r d i n g  t o

• -~~~~ •~~~~ • ~~~~~~~~~~~~~~~~~~~~~~ ‘~: ~~~~~~~~~~~ 
~~~~~ ‘ -‘ ~~~~~~~~ ~~~C ‘~ S
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whe the r  or not  t he  lowest  postexposure BP was less than or

• equal to 35’~ of baseline . The next strongest association

was for  the  d i cho tomy  at 40~ BP (c  = - 1 4 ) ,  while a slightly

smaller C obtained at 30% .

• Dividing the animals at 55% BP failed to yield a

significant A
2

- Only one of the 18 animals showing signi-

fican t PD (exc]uding those w. thout BP data) exhibited early

- hy potens ion wh ich , at its nadir , was above 55~ of basel ine.

0nl~ 2 of the  18 l ikewise  exceeded 45% b a s e l i n e  BP. These

and other  such outcomes can be determ ined from the indiv idual

- 
group fre quenc ies shown in the cor ners of the quadrants in

• i Table 8. It is apparent that a cutoff at 50% 13P and below

• q u i c k l y  engages the  PD responders . Nevertheless a sizeable

proportion of subjects undergoing BP drops of 50% or more

I did not demonst ra te  PD/ETI (17/33 = 52~~).

• Later Effects

Some signs of performance impairment became obv ious

for several of the animals between 30 and 60 mm post-

exposure.  These cases involved both an ima l s  who showed and

• did not show PD p r ior  to 30 m m .  The later decrements were

observed for two monkeys in the 33-rad/min group , and for

two , four , and four , respectivel y , in tn~ 50- , 75— , and 180—

r a d/ m i n  groups. Such decrements were not associated with
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f u r t h e r  changes in BP , however , w h i c h  had s t a b i l i z e d

e a r l i e r .  Such second or delayed decrements have been re-

ported be fore ,3 ’” and seem most read il y ascr ibable to the

motor impairment and distraction associated with concurrent

emesis or retching episodes. Emesis has been shown to

occur most regu l a r l y  in monkeys between 30 and 60 mm post—

exposure with X—radiation in the present dose—rate range .6

Our own monitoring of the animals at this time period via

closed—c ircuit television has supported this conclusion .

DISCUSSIOh~

The present results establish the existence of a

systema t ic relat ionship between 60Co exposure dose rate and

(a) the incidence and sc :erity of PD/ETI and (b) the develop-

ment of hypotension . ~Nith respect to the gradations of PD

produced , the four dose rates adm inistered appeared to en-

compass reasonably well the effec tive range over which dif-

ferential PD e f fec ts  may be discern ible. Prev ious related

stud ies have emp loyed only dose rates of 200 rad/min or

greater and have reported no dose-rate effects .2’7 9

The dose ra te model developed from the present data

(Fig. 1) implied a near-zero incidence of PD/ETI at 25 rad/min ,

and predicted a median effective dose rate at about 94 rad/min.
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An upward e x t r a p o l at i o n  f o~~- 1 t - t s  t n ~~t v i r t u a l l y  a l l  a n i m a l s

would e x h i b i t  s i g ni  f i c a n t  P h / I t t  i q I ~ I I - o x im at - l y  350 r a d / m i n .

I t  should be r e c o g n i z e d  t h a t  II k i ~- I  I o n s  such as t h e  aI ov-

are p r e d i c a ted  upon t h e  use  of  ~~~ l o x  f ) e r f o r m a r l c o  t a s k

and sensitive sc o ri n g  t t ( h r I l~~ cie • ~ or o  p r e s e n t l y u t i l l z I- d .

O the rwise  h i g h e r  dose r a t e  ‘ s t  i :t t c-s ~~~I i u l  d be p roposed  by

a n a l o g y  to our e a r l ie r  f i i i d i c ~c I L i t  11)  was  d e t e c t c - d  by  t h e -

present methods at  su b — ,t  a n t  i al  I v Lo~~- i  t o t a l  1 ;~~o - ~ t h a n  h a d

prev iously been considered c - I t ~~ . - t 1 ~~ O . -~

The present  r e s u l t  5 l i i i !  1 /01 ~-o pp or t  t he v l ob — I

espoused n o t i o n  of  a m i n i m u i i j  e f  t~ -c1 I - C r  t i l r i . , h I ) l d  -

l a t iv e  t o t a l  dose for  the  eU C i t a t .  j i i  O f  t h e  imm e d i a i • t HI~5I 
—

irradiation syndrome .~ - ’ 2 The d:~ t a  n -~~ a v a i l a b le  f r o m  o u r

lower dose ra te  groups al  1:1w t L~ co r i e l u —  I I  t h a t  the t h r c - s h —

old c u m u l a t i v e  dose of 60Co i~ • j I 1 - ~ , x i r 1 I t e l v  ~1 t ) - i  rad for  t h e

• , hypotensive response - T h i s  i~ o r e  d C - l ’ i ved  f i - ~~m t h e  c a l cu l a -

t ion  of e s t ima ted  r r l i d h I o 3 ~ ~ih ~-~ •~~iO Ll i o o  at  t h e  t ime of tb / -

f i r s t  sign o t developing h \ 1 o t • 1 -
~ /1  i 05 t e x p os ur e  - Consider -

i n g  t h a t  we m i g h t  h a v e -  i i i ~ i ud~ d - o~~I I I n s e  l a te n c y  p r e c e d i n g

the v i s ib le  change i n  BP in  t 1~ ~~~~~~ 1 - a c  c u l a t  ion , t h e  th resh-

old dose m i g h t  be • ce -n  1 I ) W l  -r  . •~ i i v v t:- C ’ f ) / l f l S / -  I au nc v won I d be

over looked by t h e  p r c - ’-, i - n l  i~it t h ~~I 1  ~f : t - f l i i n i s t  ‘ ‘ r i n c  t h e  expo-

sure beyond t h e  on - I 1) I i r : ~ -
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• The two hypothesized thresholds , for  to tal dose and

dose rate , are proposed to operate jointly. That is , adm in-

istration of a suprathreshold dose rate (e.g. , 25+ rad/m in)

must be continued until the cumulative minimum (300+ rads)

ha s been at tained , accord ing to the present interpretat ion

of the data. This proposition , however , must await direct

empirical test . The potential importance for the full de-

velopment of deep hypotension and the subsequent occurrence

of PD/ETI , of con tinuing the exposure past the 300 rad

threshold , as has been our procedure , is unknown , bu t could

be read il y dete rmined by limit ing total dose below our

standard 1000 rad. Earlier we estimated the total dose

threshold for PD to be on the order of 500 rad .2

The relat ions between dose rate and hypotension were

strikingl y lawful among the present groups. The first signs

~
‘ j of BP drop were systemat ically delayed w ith lower dose rate

unt il app rox imately 300+ rad had been absorbed (calculated

dose). The slope (rate of fall) of the BP drop was more

gradual as dose rate was lower , and the BP nadir was shallower.

The progressively shallower hypotensive dips may be explained

by supposing that not only was the vascular response less

prec ipitous as the rad iat ion insult was administered more

s lowly , but also that any compensatory cardiovascular

39
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adjustments respond ing to count er the developing hypotens ion

would have more opportunity to offset it. Ultimately, there-

fore , at some sufficientl y slow exposure the immediate ,

phasic hypotension described here should not be visible.

Only the gradual , progressive hypotension regularly seen at

a la ter  t ime (e , g . ,  h o u r s ) p o s t i r r a d i a t i o n  in many species ,

at a var iety of dose rates , would be recorded .’°
Three forms of connect ion were demonstrated by the

present resul ts  between p o s t i r r a d i a t i o n  h y p o t e n s i o n  and

PD/ETI . First , all monkeys show ing PD/ETI demonstrated

some hypotension . There have been no reports of radiation-

induced PD/ETI in the absence of hypotension from other

laborator ies. Second , a close temporal cont inguity was

noted between the  hypotensive nadir and the onset of the

PD/ETI episode among those monkeys exhibiting measurable

impairment . This has been a regularly observed coincidence.”
-

• 
Third , an increasing strength of association was revealed

between depth of hypotension and frequency of PD/ETI as the

nadir of hypotens ion decl ined below 50~ of basel ine. These

assoc iat ions , tempered by the observat ion that many hypo-

tens ive  an imals  did not exhibit measurable PE/ETI , lead to

the conclusion that hypotension is a necessary but not suf-

ficient condition for the occurrence of PD/ETI.
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In a c o ncu r r e n t  report , we have emphasized the  ob-

vious point that “ . . .hypotension constitutes only one com-
ponen t of a comp lex composi te of card iovascular sequelae to

exposure. ”12 The record ing of only BP prov ides very litt le

informa t ion as the  s t a t u s  of the  numerous other c irculatory

v a r i a b l e s .  Immed iate post i rradiat ion measurements of card iac

out put and per iperal vascular res istance performed along

wit h  BP , in the contemporaneous report , were interpreted as

suppor ting the inference tha t an impa ired cerebral blood

supply forms the physiolog ical basis for the PD/ETI phenomena .12
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Table A—i

PENALTY WEIGHTS ASSIGNED FOR ERRORS AND OMISSIONS
USED IN CALCULATING THE PERFORMANCE PENALTY SCORE

Type Run Length Penalty Weights

Match Error (ME): 1 or 2 1 each ME
3 4
4 9
5 16

26 11 each ME

Match Omission (MO): 1 16
22 25 each MO

Sample Omission LSO): 1 4
2 25
3 50
4 75
5 100
6 (= Quit) 150

Mixed (MX): 25 each
occurrence

I
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TABLE A-2

INITIAL 20-MIN POSTIRRAD IATION PENALTY SCORING

Monkey 684: Exposure dose = 1000 rad , rate = 179 rad/min ,
durat ion = 5.6 mm , DMTS task , 4 match alternat ives ,

5—sec de lay  be tween  sample and match

M inute Trial Sample Match Penalty Min u te Trial Sample M atch Pena lty

I + — 36 + +
2 + — 37 + +
3 + — 4 ( 3 ME) 9 38 + +

1 4 + + 39 + +
5 + + 40 + +
6 + + 41 + +
7 + + 10 42 4- +

2 8 + + 43 + +
9 + + 44 + +

10 + + 11 45 + +
3 11 + + 46 +

12 + + 47 + +
13 + + 12 48 + — 1 (ME )

4 14 + + 49 + — 1 ( M E )
15 + — 50 + +
16 + — 51 + — l (ME)
17 + — 4 (3 M E ) 13 52 + +

5 18 + + 53 + +
19 + + 54 + +
20 + — 55 + +
21 ÷ — 14 56 + +

6 22 + - - 4 ( 3 ME) 57 + +
- - 25 (MX) 58 4- +

23 S0~~ 4 ( S O )  59 + +
25 (MX ) 15 60 + +

24 + , MO 16 (MO ) 61 * +
- - 25 (MX ) 62 + +

25 S0 16 63 + +
26 SO 64 + +
27 SO 65 + +
28 SO 66 * +
29 SO-. 100 (5 50) 17 67 - + +

25 (MX) 68 +
30 + ~~

- 1 (ME) 69 + +
7 - - 25 (MX ) 18 70 + — 1 (ME l

31 S0 4 (SO) 71 4 — 1 (ME)
32 + + 72 + +
33 + + 19 73 + +
34 + + 74 + +

8 35 + 4 20 75 + +

PENALTY SUM - 267

Legend : Sample + sample key press
Sample SO no response to sam p le , omiss ion (SO)
Ma tch + — cor rec t  match choice
Match — i n c o r r e c t  m a t c h  c h o i c e , e r ro r  ( M E )
Match MO no response t • - m a t c h  s t i m u l i , o m i s s i o n  (MO )
MX mi x ,-d . Conse cu t t s , -  errors and omissions di f f e r i n g

in type , i-to wn by das hed lines

T r i a l  l nd ii- at ,-s each s.- i u , n t i a l  p resentation of both sample and match
stimuli , .‘xc .-pt wher e i-amp S- imissi ons occurred in which case t r i a l ’
Ind icates onl y  that It.- s a m p le  was pr e sented , as the m a t ch  a l t e r n a t i v e s
were not presented f o l l a i n g  a samp le omission . Next to each p e n a l t y
assi gnment in p a r e n t h e s i s  i s  the n jrn /o- r i f  t y p ~~( s )  o f error(s) and/or
omi ssion(s) c o n s t i t u t i n g  th ,- s r .- See T i l l .  A - I  S r  th ’ - .-o mpl.-t ~ - p e n a l t y
score a.I g h t In~~a - s 1 g n m e n t s  as a f u n c t i o n  of ,-rr rs and omissions.
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TABLE A- 3

Monkey 854: Exposure dose = 1000 rad , r a t e  = 33.33 rad/min ,
duration = 30 mm , DMTS task , 2 match alternatives ,

5—sec delay between sample and match

Mi... P e n a l t y  Mi, . H l , , ~~~~ ) > 1 ) :  0 0. ‘ u  I t

4 4- 65 i . 127 +
7 4 — 1 ( li P. 1 18 66 + — 1 ( M I  128 * +
3 4- * 67 *

1 4 * • 194 + 3 i :o  + —

~ 4- * Ii) * * 1 1 9 1  * — 
— —

6 4 * 19 70 + • : 12 4- — I 1 lii ’
7 .- * 71 133 + +

• 2 8 4- + 72 * + .14 134 i *
9 ÷ * 20 73 + + 1 3 1  * +

10 *- * 74 * . 130 +
3 11 * 4- 71, * + .15 1 2 7 + +  - —

12 4- 4- 2 1  74) + - I ( l i i )  1 . 4 * *
13 4- — 1 (~~~~) 77 + 1:11 - *
14 + — 1 ( M E )  78 + 140

4 15 + + 79 * . LI 14 1  4-
16 4- 4- 22 +0 + 142 8 *
17 • 4- 81. ÷ — 1 ( >14-. ) 14 3  * +

• 18 + — 1 (ME ) 82 + * 17 11-1 + *
5 19 * — 1 (ME ) 23  83 + — I ( M E )  l i i -

20 4- + I - I  + 5 l i i ,  4- +
21 • + *3 + * 147 * *
22 4- — 1 (ME ) 86 * -18 14 4 -  +

5 23 4- 4 2 1  87 50 4 (SO ) 149 • +

24 * * 211. E X )  1.50 + 5

25 * 4 4* 4- — 1 ( tIE ) 151
7 26 + — 1 ( M L )  141 + + 19 152 -

27 + + I I  + + 1:1 . — — I ( >0. 1
28 4- * 21 91 — . • 11) 1 + -

29 * + 92 * 6’ 1 97  +
8 30 + + 93 * * 17.6 *

31 * + 94 * * 157 4- 5

32 4- + 26 95 * * U , -  + +

9 33 4- 4- 1)11 + 4- — 51 i~~ + +

34 + 4- 97 4- 5 111 4- 
—

35 * 4 27 914  + * 110 5 +
36 + + 99 + — 1 ( M E )  52 1112 + *

10 37 + + 100 * * 1 ’ 1  —

38 + — 1 ( M E ) 101 + — 1 ( liE ) 16-i 4- - 1 115
• 39 * — I ( M E )  28 102 * — 1 ( M E )  53 1(15 *

40 4- * 103 * 166 + 1 •
11 41 + * 104 + + 1 - 7  + *

* 42 4- — 1 ( M E ) 105 + 1 1  1 , 8  +

43 * * 29 11>6 * i l l
44 + 107 + * 1 7 ’  - +

12 ‘15 * 8 108 + * 7 7 1
l I  4 + 109 * * 5)’ 1 7 2 ’ +

- i 7  + 8 30 110 * — 1 ( M E l  1 7 : 1
‘1+ 111  + + 174 + - 1 • ‘.1) ,

13 19 4 4- 112 * — 1 ( M E ) 56 175 + -
50 + 4 1 1 3  * + 1 7 :  +
51 4 — 1 ( M E )  3 1  11- i  4- 4 1 7 7  * — I ‘10

1-i 52 + + 8 911 . BREAK 1 7 *
53 4- 4 115 + + . 7  171 91) 1
54 * + 115 * 4 1 1 -  5

55 * + 117 + — 1 1 0 1 :
13 56 • * 118 . + 142  ‘

97 4 * I )  I 1 +  * —~~~~~~~ 8 1+ ’)
38 * 4- 12) ) * 18 1

lii  51) + * 121 * * 1+19 5 - I ‘it
— 41 ( 1 + 4- 122  + + 146 - — 1 II)

t 31 * + 41  123 ,~~~~ 311 1 4 - 7  ‘ *
17 62 4 — 1 2 )  — 1 (15 • 18 , 8 + +

53 * . 12 19 4 + 18 1  + +

64 * * 2 1 2 1  + - I ‘ ‘ I i  1 1 - 5 — 1 ( i i i . )
01) 1 , 1  ‘ — 1 ( ‘- I I I

9 0 4 - ’ • 8 : ’ •  , I - .
0— 2 0 m i s  12 2~~- ’ , :  - - - - •  . I ’ . ’ non  - 11’

10—30 si n  — I l  30—SO mitt • 13. - .
~ J x  ( - - V i m -f l Ier  ( r i P , P e n a l t Y  — u m *  - 8 r ; I . I ; . - l
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TABLE A-~1
Monkey 923: Exposu re  dose = 1000 rad , rate  = 33.33 rad/min ,

durat ion = 30 mm , DMTS task , 2 match alternat ives ,
10—sec delay between sample and match

-; -:
-- 7. -. * E —
— -: .5 it 2

1)10 , H ~~ P+-nhal t \ II I ) ) . ~ I’ s- i t s 1 t -. ‘((1) . _‘ Penal ty

1 * * I 
‘ iii — n (7 . 103 + — 1 (ML )

2 4 + 21 52 ’ * 11>2  + — 1 (816 )
1 3 ‘ + 7.3 * + I 103 * +

-I 4 + ‘9 * . 
‘ 

- 
-14 1( 4 4  + — 1 ( M E )

5 4 + 22 .7. + * 103 T R I A L  L0ST~
2 I) + + 30 * * - 

.13 101) T R I A L  LOST~
7 * -e — 7.7 * 107 + +
8 + + 2 :> 7.14 4- — 1 i tlI 108 * +

3 9 + + 7 ) )  * _ -lG 109 4- — 1 (816 )
i l l  + — 1 ( M L )  ((9  + 4 110 + +

-l 1 1  ÷ — 1 ( M .~~ 
21 0)  * + 111 ÷ +

12 4- + 02 + + 47 112 + +

1~ + + 7 . 3 1  * — I ( M L ) 113 + — 1 ( M L )
7. 11 + + 

- > 3 )  + + 11-I + +
13 + (7.9 * + 48 115 + —

i i )  4 + 2 4 :  10 + + 116 4 —

>5 17 + + (7 4 i- 117 + —

18 + + o+ ~- + 118 4 —

19 + 4 2 7 io ÷ + 40  119 + — 16 (5  M E )
7 20 * + 7(1 4 4 120 * +

21 + — 1 c iT E) 73 + * 121 + +

22 4 + 2 (8 72 + - I ( ME] 50 122 + +

8 23 + 4- 
- 73 4 + 1.23 + - I ( M E )

— 24 + - 1 ( l IE)  74 4 + 124 4 ÷
25 4 + 29 75 + + 51 125 + +

o 26 + + 7(1 + — 1 ( M L ) 126 + *
27 + — 1 (816 ) 77 ÷ ÷ 52 127 + +
28 4 + 

— 
:1 )) 7(8 + + 128 + +

10 29 4- — 1 ( M E )  7 1)  4 + 129 4 ÷
30 ÷ + 1)1 14>5 + - 53 130 + +

31 + + ) SU N .  ( ( ( ( ( . 5 6  - 131 + — 1 ( M E )
11 32 + 4 (11 4 -‘ I ( 1(L ) 132 + +

33 4 ÷ (82 + * _ , ~-L i33 “- ~
12 3-I + — 1 ( M L )  ( ( 1  83 + - I ~~‘u ,_ 134 + — 1 ( M E )

S — ‘ 35 + + 84 ‘
‘9

’ ’ T ’ — 135 + +
36 * * 37 85 + * 55 136 + +

13 37 + + 86 ÷ 137 — 1 ( I l L )
1 9 1 ( H ) .  ‘9’ ’ ~~~~~~~~ 

- - ~ 7 + * 138 + +
( ( 8 * * ~~~~~~~~~~~ + — 56 139 + +

39 + + .87. 4 - 140 + — 1 ( M E )
0 + 4 4- +- - 141 + +

17 ( 1  + — 1 , \+~~~ _ ‘ f l * .  -‘97 1 ) 2  * +

42 + * 0 ’ - 
4 * + I )1  4 +

13 + + o : : ÷ —  1 9) ) , , .- i ~~ fl - I + —

1(8 ( 4 *  i ( 4 . )  * + 1 ) 3  + —
(1

_
I * * ( 1  95 + — I ( M L )  1-10 — -1 (3 M E )

) I)  (3  1>5 + — I ( M l , )  59 117  * +
47 ÷ ÷ g7 * 148 * +
- 114 + ÷ ,, . 12 98 ÷ I l l )  + +_ _ 20 19 ÷ + 99 ÷ + 60 150 + +
90 + — 1 ( M L  - l o t >  + +

(8 1 ) ) ) )  :1)18 — I - ‘ I  7 .0 ( 1 1 1  ( ( I ., 6: - —
0 — 2 0  m m + t . ( 1 ~ 

- . ‘ : 9 - I : -  *1 1 11 1 0 7 . 1) 1”  - 1 0 — 6 0  m m 3 -l . 7 - 1
111-3 ( 1 m i t t  * - 1’ , - * 30— 50 i-o n 3 5 , 7 . 8 * 5

* ( . 11 d a t a ,  1 -0*5 y som -, i x )  r ; ip 1 a t  ‘-6 fr o m  ava  I l a b )  - m i n u t e s  -
‘ (- . x p - r m n i ’ - n I ’ - r  b r i s k .  ( - I i : t ) t y  s im s - x l  r * p - ’ L a t ’ ’ d  fr om  , v + i l a b l e

It ! I I I  ( i - s  -
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TABLE A- 5
Monkey  877: E x p o su r e  dose = 1000 rad , rate = 33.33 rad/min ,

duration = 30 m m , 1)MTS task , 2 match alternatives ,
10-sio- d e l a y  between sample  and m a t c h

3 3 1

* 7, 1 1* 7, 7, ‘t 7. 7,* 6 — --- 6 ,- -— B
.5 .1 ‘1 - .5 *1 * 1-. -* *M i m i . I-’ ~ 2* Pc-n-,tl ty tIm . F— *9 2* ( ‘ - t i s l t y  M i t .  1— *9 2* P e n a l y y

I + + 20 57. *
2 + ÷ 53 + — 7 1 ( 3  * +

1 3 + + 3-1 + — 10) + +

- I + + 21  53 + — -1 ( 1 9 2 ) . )  7. ) ) 3 3 + 
____

2 5 + — 1 (816 ) 51) + + 1 ) 0 ’ 4- +

>5 + r 57 + + 107 * — 1 3 . 1 ) )
7 + + 22 5(3 + + 

- 
( (  1 ) 1 4 -  *~~~~~~~~ _________ -

3 (8 + + 59) + + ) : ‘ I  + *
I ) + + 23 60 + + 

—~ ( 7  1 1  , * -

4 10 + + 131 + + 1 1 1  4- —
-

11 + + 62 + — 1 ( M L )  112 * *
12 + + 24 63 + ÷ ‘ I , 1 ( 1  -

5 13 + + 64 + + ( 1 - I  +

14 + + 25 (55 + + - 7 113 *
6 15 + + (733 + — 1 ( Ml- . )  10l~ + — 1 (ME )

16 + + >57 + + 1.17 +
17 + + 20 >5(8 + + 48 11* -

7 18 + + 69 + + 112  * *
19 + + 70 + + 12u * +

8 20 + + 27 71 + + -19 12 1 + +
21 + — 1 (116 ) 72 + + 122 + +
22 + + 2 14 7: + - -  1 ( M E )  123 + —

9 23 + + 7 1  + + 50 12-1 * —

24 + + 75 + — 1 ( M L ) 125 + — 4 (3  M L )
25 + + 29 7) 1 + + 126 + +

10 26 + + 77 + 4- 51 127 + *
27 + + 7 1> + + 128 + —

11 28 + + 73) 7 3 )  + + 129 -

29 ÷ — 1 ( M I ) ) ) 8(( + + 52 130 — -l ( 3  M L )
30 ÷ + 1-] + + 131 + +

1.2 31 + — 1 ( l I E )  71 ((2 + + 5(2 • +
32 + + - ) M I X .  BREAK 177. 1 + +
33 + + 83 + + 1 7 . 3  +

13 34 + + I ) - )  + ÷ 54 1101 + — ( ( I L )
35 + — I ( M E ) :1,3 (( 7, + + (101 ÷ +

14 36 + + 84 , ) + — 1 ( M L ) 137 + — 1 ( 1
37 + + 87 + — 1 ( M E ) 55 119+ * + 

-38 + + 37 88 + ÷ 12 (
~ ~- +

15 39 + + 89 + • 543 11( 1 + +
-10 + 90 + — I ( M E )  1-I l + — I ( M I  I

1)5 I I  + - 38 91 + + 1-12 +
12 + * 92 + + 57 14:) — 1 (ML

3 13 + + 93 + + 14-1 * *
1 7 14 + * - - 39 9.1 * + 1-1 5 * —

-15 + + 95 + — 1 (ME ) 58 1-10 * —

-16 + + -10 96 + * 1 ( 7  — 4 3 M E )
18 47 + + -- ~7 + 1 ( 4  4

48 + + 98 * + 5:’ 1 > 5 ’
19 -19 + * — -11 99 * * — ~~

‘ ) 5 o  *
50 + — 1 ( M I . )  1) 3 °  ÷ * I (>5) ( 7 1  + +
51 + — 1 511- . )  1 0)  + — 1 ( M I - . )

I ’  - i 1 0 l y  Sums f o r  2 ( 1 — 8 1  o )11~~cks
0—20 m i t  7 2 0 — 10  m m  = 15’ -10-60 m i t  = 21

10—30 m m 13 31)— SO m m  I I  (9’
tE x p o r i m i ’n t e r  ( . r - s k . “ n a l i v  sums -xl rip ’.(ated (r n  iv a  i ) a b l e

m l  l u te s  -
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TABLE A- 6
Monkey 898 : Ex posure dose = 1000 rad , rate 33.33 rad/min ,

durat ion = 33 mm , DMTS t a sk , 2 ma tch  a l t e r n a t i v e s,
10—sec delay between sample and match

7, - 
= — , —-

~ 
*
~ 

it 7,
-
~~ ~ ‘19 -

‘1 111 . ‘— ( ‘ -I o i ( t v  M m .  4-. ’.’) 2* ) 1 - 1 : a l I y  M m .  1— *7 2* Peria )ty

I + + J’ -
~

’
~~ + + -42 104 + +

2 * + 
-- 

54 ÷ + 1 105 + — I (ME )
_______+ +  - 55 + + 106 + +

-1 + + 2 (1  56 + + 43 107 + +
5 + + 57 + + 108 + +

2 13 + +   58 + + 109 + - 1 (ME )
7 + + 21 10) + > 44  110 ÷ +
8 + + ~~~~~~~~~TT2 + + 111 + +

3 9 + + 22 1 )  *  112 + +
10 + + ( 10 + —  1 (ME ) 45 113 + +
11 + + 23 63 + + 114 + +

4 12 + + 13-1 + — I (M E )  115 + +
13 + — 1 ( M E )  65 + + -16 116 + — 1~~~ M L 1
1-1 + + 2-1 66 + + — 

- - 
117 + +

5 15 + + 
— 

67 + + 118 + +
16 + + 68 + — 1 ( ilL ) 47 119 + — 1 ( M E )

(1 17 + + 25 69 + + 120 + +
ill + + 70 + + 121 + +
19 + + 71 + + 48 122 + +

7 2(1 + + 26 72~~~~ + 123 + +
21 + + 7. , + + 124 + — 1 (ME )
22 + + 73 + - 1 ( M E ) 49 125 + +

8 23 + + 27 75 + + 126 * — 1 ( M E )
2-1 + + 76 + + 127 + +
25 + + 77 + + 50 128 + +

9 2 6 + +  °8 78 + + 129 + +
27 + + 79 + + 51 130 + +

10 28 * + 29 80 + — 1 ( M L )  131 * +
29 + + 81 + + 132 + +
30 + + 82 + - 1 (816) 52 133 + +

11 31 * + 30 83 + + 134 + — 1 )816 )
32 + + 

— 
8-1 + + 135 ‘- +

33 + + 85 + + 53 136 + +
12 34 + + 1)1 1>11 * + 137 + +

35 + + 87 + + 54 138 + +
4 36 + + 32 1>8 + + 139 + +

13 57 + — 1 ( M E )  - -1 9 ) 2  - B R E A K  140 + +
3(8 + + 

-
~~ 89 + — 1 ( IlL ) 55 141 + +

( ‘II + * 90 * + 1-12 + +
1-I 40 + + :17 91 + + 1-1 3 + +

-11 + + 92 + + 56 144 + +
4 -42 + — I ( M E )  :1(8 143  * + 1- 15 + +

15 43  + + (1-) 19 + 1-16 + +

-14 + + (1 . 1 * + 57 1-1 7 + +
16 15 + + ( F -  + 1( 8  + +

- 1 4 - 3  + + ( (7  + 1-19 + — 1 ( M L )
- 17 + + I l l >  -+ 58 150 + +

17 -18 + + 10 ( > 3 ’  + * 151 + — 1 ( M E )
-19 + + 100 + + 152 +
50 + + 101 + 59 153 + +

1* 51 + + -11 102 + + 154 + +
52 + + 103 + + 60 155 + *

P s - n a )  t y  3uno. fo r  2 0 — M i t  I I ) , ’cks
0—21 ) m m i i  3 20 - ) ) )  m m  8 .7 5k  

- 
40—6 0 m i t  * 9

10— 30 mit t = (3 :1( 1—511 m m  + 1) ’
‘3  4- 3 ’  r (  * r n l ’ r  b r e a k , ‘i l l : ,  t v  s l i m s  i - N I  r a p . ’ (  s l i d  f rom  a v ai l a bl e
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TABLE A-7
Monkey 834 : Exposure  dose = 1000 rad , r a t e  = 33.33 “ ad/mm ,

durat ion = 30 mi DMTS task , 2 match al ternat >.~ -s ,
10—sec delay between sample and ma tch

I) Ii Ii
-i ,n -= —it n. mi .0 ~ . * B.
E —‘ ‘~ E ‘ -— 8 —

Mitt, ~ Pena l t y M I I I . Penalty Mi t, Penalty

1 + - 1 ( M L ) (5-) ÷ + 106 + +
2 + + 19 55 + + 107 + +

1 3 ÷ — 1 (ME ) 56 + + 42 108 + — 7 ( M L )
4 + + 57 + + 109 + +
5 + + 20 58 + + 43 110 + +
53 + — 1 ( 8 1 6)  5)) * + 111 + +

2 7 + + 60 + + -14 1 1 2 + +
8 + + 21 61 + * 113 + *

3 9 + + 62 + — 1 ( M E ) 114 + +
10 + + 63 + + -15 115 * — 1 ( M E )
11 + + 22 64 + + 116 + — 1 ( M L )

4 12 + + 65 + + 117 + +
13 + — 1 ( M E )  66 + + 1.( 118 + — 1 ( M E )
1-1 + + 23 67 * * 119 * +
15 + + 6lm~~

”
~ * 12) 1 + +

5 16 ÷ + 2 -I  69 + - 1 (ML)  - 17 1191 + +
17 + + 70 + — 1 ( M E ) 122 +
18 + + 71 * 123 + +

6 19 + + — 
27 72 + — 1 (ME ) 11* 12-1 + *

20 + - 1 (ML) 7’,) + + 125 + *

7 21 + + 7-I + + 12>5 * — 1 ( M E )
22 + + 2 ,) 75 + + — ) o  1197 + — 1 (ME )

8 23 + — 1 (ME ) 76 * + I 128 + +
24 + + 77 + — I ( M i ) - 129 * +
25 + + 27 78 + + 50 130 * —.
26 + + 79 + + 131 * *

9 27 + + 80 + + 132 * *
28 + — 1 ( M E )  28 81 + — 1 7 1 133 * *
29 + + 82 ’ + 

- 
1 34  * *

10 30 + — I (ME ) 8)) + 
-. - - 5>51 + — I ( M L )

31 + + 2 ( 4  4 - I  * 1 11>5 * +

11 32 + — 1 ( M L )  357 , + - 1 ( ‘10 137 * *
33 + + 

-_ 
8i3 * - 1 (ML ) ( i : - ~ ÷ *

• 34 + + 39) 4 - 7  ÷ + 
- 

~~~~i T -  *
12 35 + ÷ 4- _s * * 1 - ) - - + *

36 + + 
- 

35’ ’ ,  - 1 ) 9 3 ) .o .... - s . - ’ — 1 ( 9 ( 9
13 37 + + ( 1  7.0 + *_ - - 

I - * - I ( ‘ I I
38 + + 7 912 , (00 (6 

- - - 
f l_ i  *

39 + + (3 1 k ‘
* 1 1)  *

14 4 0 +  + - - 
77 - I s , 11~~~~~’ - (~~~~‘. I I J

41 + + t ) , (  + - 1 ~ M>5 I fl’ +

42 + + 9-1 + + 13 7  + — 1 ( 8 1 6)
15 43 + — 1 ( M E )  1) 8 ‘7 + + ‘ -7. 1 ) 3 5  + +

I’ 4-I + + 7 ) ’ + - l ( M E ) — — 1 1 9 4  4-
16 -4 5 + * 97 + — 1 ( 81)- ) 57 15>5 - +

-16 + + 39 98 + + 151 * +
-17 + + 9-3 + C ‘ 352 + +
- 115 + — 1 ( M E ) 100 + ÷ 7 1-4 153 + — 1 (,~

) 
-

17 19 + + 10 1(11 * 154 + +
50 * — 1 ( M E )  102 * + 155 + — I 9) 1
51 + + 103 * + ‘0 156 * - I ~~~~~~It S 52 + + -11 10- )  + +  157 * *
53 + + l O T , . .  1198 + +

60 117 9 + *

P e n a l t y  Sums (‘ or 2 0 - M m  - 1 - - -

0—20 mit t  1-I  2 0 — - I l l  m i t  * ) I ( — > 5 I  I i i  B 15
10—30 m i t t  12 30—50 m i t  = 12. 21 ’

‘I- . x p ’ - r i m e n t i - r  I, r,- -ak , penalty sums I x l  r * ( o l a t ( ’ d  f rom a v a i l a b l e
til l ( 1 ) 1 1 5  -
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TABLE A-8

Monkey  804 : Exposure  dose 1000 rad , r a t e  = 33.33 rad/min ,
duration = 30 mm , DMTS task , 2 ma tch  a l t e r n a t i v e s,

10-sec delay between sample and match

-* — -~~ 7) 7)
it 7. 0 — _7 —i —‘

B *-* it 7, 7, it 7. 1.

1* ii -— B 7, -~ B

M iii . E- ‘~ ~ Penalty M m ,  ~ ~~~~~ l’ t-moi i ty Mm , ~ ,~~ Penalty

1 + + 19 -19 + — 1 ( M L ) 96 + +
2 + — 1 (919 ) 50 + + -13 97 + +

1 3 + — 1 ( M E ) 51 + + 98 + — 1 ( M E )
4 + + 20 52 + — 99 + +
5 + + 53 + — 44 100 + — 1 ( M E ) -2 6 + + 21 54 + — 4 (3 ME~ 101 + +
7 + — 1 ( M E ) 55 + + 102 + +
8 + + 56 + + 45 103 + +

3 9 + + 22 57 + + 104 + +
10 + + 58 + — 1 ( M E )  46 105 + +

4 
~~~ 

+ + 23 59 + + 106 + — 1 ( M E )
12 + + 60 + + 107 + +
13 + — 1 ( M E )  61 + + 47 108 + +

5 14 + + 24 62 + + 109 + +
15 + + 63 + + 48 110 + +

6 16 + + 64 + + ill  + +
17 + + 25 65 + + 112 + +
18 + + 66 + + 49 113 + +

7 19 + + 26 67 + + 114 + +
20 + + 68 + * 50 115 + +

8 21 + — 1 ( M E )  27 69 + — 1 ( M ) - . )  1113 + +
22 + + 70 + + 117 + +

9 23 + + 71 + + 51 118 SO 4 ( S O )
2-1 + — 1 ( M L ) 28 72 + + 119 + +
25 + - 1 ( M L ) 73 + + 120 + +

10 26 + + 7-1 + — 1 ( M E ) 121 + +
27 + + 29 75 + — 1 ( M E )  52 122 + +
28 + ÷ 76 + + 123 + — 1 ( M E )

11 29 + + 77 + — 1 ( M E )  53 124 + +
30 + + 30 78 + — 1 (ME ) 125 + +
31 + + 79 + + 126 + +

12 32 + + 80 + + 54 127 + —

33 + + 31 81 + + 128 + —

13 34 + + 6 M I N ,  BREAK 129 + - -l ( 3  M E )
35 + + 82 + + 55 130 + +
36 + + 83 + + 131 + — 1 (ME )

1-I 37 + + 38 84 + — 1 ( M E )  132 + +
38 + + 85 + + 56 133 + +

15 39 + + 86 + - 1 ( tIE ) 134 + +
40 + + 39 87 + + 57 135 + +

16 41 + - 1 ( M E )  88 + + 136 + +
42 + + 89 + + 137 + +
43 + + 40 90 + — 1 ( M E )  58 138 + - 1 ( M E )

17 44 + + 91 + + 139 + +
45 + — 1 ( M E )  41 92 + — 1 ( M E )  140 + +

18 46 + + 93 + — 1 ( M E )  59 141 + +
47 + + 94 + + 142 + +
48 + - 1 ( M E )  42 95 + + 60 143 + — 1 (ME )

Pena l t y  Sums f t t r  2 0 — M E n  8 1 i + t ’k s
0—20 mm = 12 ,33 20-10 mi ii 16.71k 40—60 mm ~ 17

10— 30 m m n  = 13 30—50 m i i i  = 11,69*
*) 7 x p u r m m i n t t . r  b r eak , penalty sums extrapolated from available

m i n u t e s -
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TABLE A-9
Monkey 849: Exposure dose = 1000 rad , ra te = 33.33 r a d/m i n ,

d u r a t i o n  = 30 mm , DMTS task , 2 mat ch al terna ti ves ,
10—sec delay between sample and match

1)
— ‘-4 ,~: I) Ii
it 0. (4 — — ‘~~ — — ‘~~- .  8 i-i it p. o *t P. 0
I-. it it -- i 8 i-s --i 8

M iii. 4- 
~~ Penalty 

- 
Mi ii. ~ ~ Penalty M ii i . ~ ~ Pe nal ty

1 + + 19 ‘19 + + 96 + +
2 + + 50 + + 46 97 + +

1 3 + + 20 51 + + 98 + +
4 + + 52 + + 99 + +
5 + + 21 53 + — 1 (ME ) 47 100 + — 1 (ME )

2 6 + + 54 + + 101 + +
7 + — 1 (ME ) 55 + + 102 + — 1 (M E )

3 8 + + 22 56 + + 48 103 + +
9 + — 1 (ME) 57 + + 104 + +
10 + + 58 + + ~~49 105 + — 1 (ME ) _

4 11 + + 23 59 + — 
-— 

25 (MX)
12 + + 60 + - 106 + MO 16 (MO)

- 5 13 + + 24 61 + — 4 (3 ME) 25 (MX)
14 + + 62 + + 107 SO 4 (SO)

6 15 + — 1 (ME) 25 63 + + 25 (MX)
16 + + 64 + + 50 108 + — 1 (ME )
17 + + 65 + + 109 + +

7 18 + + 26 66 + + 110 + +
19 + — 1 (ME) 67 + — 51 111 + +
20 + + 27 68 + — 112 SO 4 (SO)

8 21 + + 69 + — 4 (3 ME) 52 113 + +
22 + + 70 + + 114 + — 1 (ME)

9 23 + — 1 (ME) 28 71 + — 1 (ME) 25 (MX)
24 + + 72 + + 115 50 4 (SO)
25 + + 29 73 + + 25 (MX (

10 26 + + 74 + + 116 + MO 16 (MO )
27 + + 30 75 + + 25 (MX )

11 28 + + 7 MIN. BREAK 53 117 + — 1 (M E )__
29 + + 713 + + 118 + +

* 30 + + 38 77 + + 54 119 — 1 (ME)
12 31 + + 78 + + 120 + — 1 (ME)

32 + + 39 79 + + 25 ( M X )
* 33 + * 80 + + 121 + MO 16 (MO)

13 34 + + 81 + — 1 (ME) 55 122 -4- +
35 + + 40 82 + + 123 + +

5 14 36 + + 83 + + ~
_
~?sL, 

+ +
37 + + 41 84 + + 125 + +
38 + — 1 (ME) 85 + + 57 126 + +

15 39 + + 42 86 + — 127 + — 1 ( M E )
40 + + 87 + — 25 (MX )

16 41 + + 88 + — 128 50 4 (SO)
42 + + 43 89 + — 9 (4 ME) 129 + +
43 + — 1 (ME ) 90 + + 58 130 + +

17 44 + — 1 (ME) 91 + — 1 (ME) 131 + +
45 + + 44 92 + — 1 (ME ) 59 132 + — 1 (ME)

— 18 46 + + 93 + + 133 + +
47 + + - 45 94 + + 60 134 + +
48 + — 1 (ME) 95 + — 1 (ME )

Pe nal ty Sums for 20—Mitt Blocks
0-20 mm = 9 20-40 mm = 16,92* 40-60 mm = 286
10—30 mm = 14 30—50 m iii = 172,30*

*Experimenter break , penalty sums extrapolated from available
blocks.
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TABLE A - b

Monkey 868: Exposure dose 1000 rad , rate = 33.33 rad/min ,
duration = 30 m m , DMTS task , 2 match alternativ ei ,

10—sec delay between sample and match

.

~ 
‘H

M E n .  ~ Pena l t y M I I I . P e n a l t y  M i i i .  ~ ~ Penalt y

1 + + 26 70 + +
1 2 + + 13 36 + — l ( M E ) 71 + +

3 + + 37 + + 72 + +
4 + + 14 38 + + 27 73 4- +

2 5 SO 4 ( S O )  39 + + 74 + +
6 + + - 10 + + 28 75 + +
7 + + 15 -II + + 76 + +

3 8 + + -12 + — l ( M E ) 77 + +
9 + + 43 + + 29 78 + — 1 (81!) )

10 + + 16 -14 + + 79 + +
4 11. + + -15 + + 80 + — 1 (ME )

12 + + 17 -16 + + 30 81 + — 1 (81!))
5 13 + + - 17 + — 1 (ME ) 82 + +

14 + — 1 ( M E ) -18 + + 31 819 + — 1 ( M E )
15 + + 18 -19 + + 84 + +

6 16 + + -~~~~~~~~~~ 50 + + 85 + — 1 ( M E )
17 + + 51 + — 1 ( M E )  32 86 + — l (M J0 )
18 + + 19 52 + + 87 + +

7 19 + + 53 + + 88 SO 4 ( S O )
20 + — 1 ()1~~) 5— I + + 25 (MX )
21 + + 20 55 + + 89 + —

8 22 + + 56 + + 33 90 + —
23 + + 21 57 + + 91 + — 4 ( 3 ME )

9 24 + + — 58 + + 34 92 + +
25 + — 1 ( M E ) 59 + + 93 + — 1 ( M E )
26 + + 22 60 + + 94 + +

* 
10 27 + — I (ME ) 61 + + 35 95 + +

28 + + 23 62 + + 96 SO
29 + + 63 + + 97 SO

11 30 + — 1 ( M E )  64 + + 98 SO
31 + — 1 ( M L ) 24 65 + - 1 ( M L )  99 SO
32 + + 66 + + ioo SO

12 33 + — 1 ( M L ) 25 67 + + 36 101 So 150 (6 SO)
34 + + 68 + + Quit
35 + + 69 + + D id n o t

__________ ______ ________ ______ _______ 
Resume

Pena l ty Sums for 20-Mm Blocks
0—20 m iii = 15 10—30 mm = 11 20-40 mi ii = 191 Quit
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TABLE A-li

Monkey 906: Exposure dose = 66.7 rad , rate = 33.3 rad/min ,
duration = 20 mm , DMTS task , 2 match alternatives ,

10—sec delay between sample and match

a a a
— — = — — _c — —it 0. (4 *5 0. (4 it 0. 7,
-= 8 *-‘ -‘* E *-‘

Mitt . ~ Penalty Mitt. ~ Pen a l t y  M i t t ,  
~ ~ Penalty

1 + + 57 + + 112 + +
2 + + 58 + + 113 + +

1 3 + + 20 59 + — I ( M E )  43 114 + — 1 (M E )  —
4 + + 60 + + 115 + +
5 + - 1 ( M E )  61 + + 116 + ÷

2 6 ÷ — 1 ( M E )  21 62 + + 44 117 + ÷
7 + + 63 + + 118 + —

S + + 22 64 + + 119 + -

3 9 + + 5 M E N .  BREAK 120 + - 4 ( 3  ME)

10 + + 65 + + 45 121 * *
11 + + 66 + + 122 * ÷

4 12 + + 67 + ÷ 123 + ÷
13 + + 28 68 + - 1 ( M L )  46 124 + +
14 ÷ + 69 + + 125 • + 1 (ML)

5 15 + + 70 + + 12(1 - +
16 * + 29 71 + + 47 127 * +
17 + + 72 + + 128 + -,-

6 18 + + 73 + + 129 * - 1 (ME )
19 + - 1 ( M E )  30 74 + ÷ 48 130 + +
20 + + 75 + + 131 + — 1 (RE )

7 21 + + 31 76 + + 132 + +
22 + + 77 + — 1 ( M E )  133 ÷ +
23 + — 1 (ME ) 78 + + -19 134 + +

8 24 + + 32 79 + + 135 + —

25 + - 1 (ME ) 80 + + 136 + —

26 + + 81 + + 50 137 + — 4 ( 3 P JE )
9 27 + - 1 (ME ) 33 82 + + 138 + +

28 + + 83 + + 139 + +
10 29 + + 84 + + 51 140 + ÷

30 + + 34 85 + + 141 + +

31 + + 86 + — 1 ( M E )  132 + +
11 32 + + 87 + ÷ 52 1-1 3 + +

33 + + 35 88 + + 144 + +
= - 34 + — l (ME ) 89 + + 53 145 + +

35 + — 1 (ME) 90 + + 146 + +
12 36 + + 36 91 + — 147 + +

37 + — 1 ( M E )  92 + — 148 + — 1 ( M E )

38 + + 93 + — 54 149 + — 1 ( M E )
13 39 + + 94 + — 9 (4 ME)  1511 + +

40 + + 37 95 + + 151 + +
41 + — 1 (ME ) 96 + — 1 (ME ) 55 152 + — 1 ( M L )

14 42 + + 97 + — 1 (ME ) 153 * — 1 ( M l )
43 + + 38 98 + + 154 + +

15 44 + + 99 + ÷ 56 155 + +

9 45 + + 100 + - 1 ( M E )  156 + — 1 (M E )
46 + — 1 (ME ) 39 101 + + 157 + — 1 (ME )

16 47 + + 102 + + 57 158 + +
* 48 + — 1 (ME) 103 + + 159 ÷ ÷

49 + + 40 104 + + 160 + +
17 50 + + 

— 105 + + 58 161 * +
51 + — 1 ( M E )  106 + — 162 + +
52 + ÷ 41 107 + — 163 + —

- 18 53 + + 108 + — 59 164 + —
54 + + 109 + - 9 ( 4  ML) 165 + — 4 ( 3  ME)

55 + - 1 (M E )  110 + + 166 + +
19 56 + + 42 111 + + 60 167 + +

+ Penalty Sums for 20-Mm Blocks
0—20 miii = 15 20-40 mm = 20.77 40-60 mitt = 31
10—30 mitt 13. 33* 30—50 mm = 35

tExperimenter break , penalty sums extrapolated from available
iti,i nj it es .
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TABLE A-l2

Monkey 820: Exposure dose = 1000 rad , rate = 33.33 rad/min ,
d u r a t i o n  = 30 mi DMTS task , 2 match  a l t e r n a t i v e s,

10—sec delay between sample and ma tch

a a a— _c -. — — —V i t O .  5) it 0 . 5 )

M i t t .  ~~ Penalty Mi tt , ~ Penalty M m ,  ~ Penalty

1 + + 19 55 + — 1 (ME) 42 108 + — 1 (ME)
2 + + 56 + + 109 + +

1 3 + + _~~ - - 
57 + + 110 + +

4 + + 20 58 + — 1 (ME) 43 111 + — 1 (ME )
5 + + 59 + + 112 + — 1 (ME)

2 6 + + - 60 + + 113 + +
7 + + 21 61 + — l (M E ) -44 114 + — 1 (M E )

3 8 + — 62 + + 115 + — 1 (E)
9 + — 63 + - 1 ( M E ) 116 + +
10 + — -I (3 ME) 2 2  ( 1 - I  + - + 45 117 + +
11 + + (5 * — I ( Ml- .)  118 ÷ +

4 12 + — 1 ( M E )  66 + + 119 * +
13 + + 23 67 + - 1 (t IE )  46 120 . ÷  

_____- -
14 + — 68 + — 1 (ME) 121 -

5 15 + — - 69 + + 122 + -

16 + — 70 + + 47  123 + — 4 ( : I M L (

17 + — 9 (4  MI- . (  71 + + 12 -I + +
6 18 + - 72 + + 125 + +

19 + * 25 7:1 + + - I s  12 (1  + +
20 + + 7 )  * + 127 + *

7 21 ÷ + - 75 + * 128 * +
22 + — 1 ( M i . ) 11, 74-i + + -4 )) 129 + —
23 + + 4- - 77 + + 130 + —

8 24 + — I cM ). ) 2 7  7+ * - I _( !~ 
( 50 131 + — 4 ( 3  MI-I )

25 + + ‘ I )  a + 1~~2 + +
26 + + 811 + — 13) + +

9 27 * + 2+ 81 - __________ 51 134 + +

28 ÷ + 82 - 135 + *
10 29 + — i_ k)i) 9 — 83 - (‘ (4 91. 1 13) 1 + +

- -  30 + — 1 ( M L ) s-I + + - 32 137 + — 1 (ML )
31 + + 2-3 85 * * 138 + — 1 (Ml. )

11 32 + — 1 ( M L )  8(1 • + 139 + +
* 33 + — 1 (ME ) +7 + — 1 ( M l  1 53 140 + ÷

34 + + :10 8)) + + 141 + —

12 35 + + 89 * + 1-4 2 + -

36 + + 90 + • - 5-1 1-1 3 + - 4 (3  ML~
37 + + 91 * + 1-44 + +

13 38 + + 31 92 + __________ So 145 + +
39 + + (1 M I N .  ( I I I )  (K  146 + —

40 + + 93 + 1-17 + —

_14 41 + + 1 ) 4  + - I ( M E ( - 56 148 + — 4 (3  Mi
42 + + Is os + * 149 + +

3 
15 43 + — 1 ( M E )  96 + — 1 ( ME. ) 150 + +

44 + + 97 + + 57 151 + -

45 + + 98 + - 1 (M I - I ) 152 + -

16 46 + — 1 (ML ) 39 99 + + 153 + — 4 ( 3  ML
47 + + 100 * + 58 154 + + 

—-

48 + + 101 + — 155 + +
17 49 + + — 

40 102 + — 156 + +
+ + 103 + — 4 ( 3  M I . )  59 157 + *

51 + — 1 (tIE ) 113-1 * + 158 + +
18 52 + — 1 ( M E )  -II  105 + + 159 + - 1 ( M E )

53 + + 106 + + 60 160 + - 1 ( M E )
54 + — I (ME ) 107 + +

Penalty Sums for 20—Mitt Bloc k—
0—20 mitt = 27 20—40 mitt = 30.86* 40—60 mlii — 30.33
10— 30 mm 26 30—50 mm = 29,23*

•Experimenter break , penalty sums e x t r a ) I c I h i t l - 1 )  f r o m  available
m i n u t e s .
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TABLE A- 13

Monkey 821: Exposure  dose = 840 rad , r at e  = 33.33 rad/min ,
duration = 25 mm , DMTS task , 2 match a l t e r n a t i v e s ,

10—sec delay between sample and match

— — — -, = — — =
it 7,, 7, *6 7, it

-~~ 0 .— - — ii — E —
1* .l it 7, ~. it 7,

M iii , 1-’ 5’) ~ P en a i t i  M m . H 01 Ii e n a l t s  M m .  4-- 01. Pena lty

1 + + ~~~~~~ + 109 + +

2 + + 1 ~~ + * 110 + — 1 1(l)- i
1. 3 + + 20 51) ÷ — 1 (ML ) Ill + - I ( M ( J

4 + + 57 * + 4-1 112 + +
2 5 + 58 + + 

— 11.1 k
— 6 + — 1 (1(E ) 21 59 + + 114 *

7 + + 130 + — 1 ( 111. 1 15 _j i l  + +
3 8 + + 61 + * 11( 1 + — 1 ( 9 ) )

9 + + 22 62 + + 117 +
10 + + 63 * * 4” 11) 1  * — 1 ( M ) - . )

— 
4 11 + — 1 (1(E ) 64 -m- ÷ 119 1 - 1 (91 ,

12 + + 23 65 + + 120  *

13 + + 66 + + 17 )~~~~~~~* •
5 14 + + 24 67 + + 122 *

15 + + 68 + — I (ME ) 12 :1 * - 1 9) I
6 16 + — 69 + * -18 12-i  - 1 ML 9~~~~

17 + — 25 70 + - 1 (1(E ) 125 *
18 + — 71— 77 ( 2 ’  m i l l ,  p e r —  12( 1 +

7 19 + — 9 (4 ME) ( I r m i m l l l - - ) 1)’ h t e ~l 19 127 ‘ — 1  I
20 + + due t , ,  t t o i s , -  i t t  15’ *
21 + + r ’+ irn . 121 ) + +

8 22 + + 78 + * 31, 13~ + - 1 ( M l  I
2 3 + — 1 (1(E ) 28 79 + + 131 + +
24 + + 80 + + 132 + +

9 25 + + 81 + - 51 15 * —

26 + * 29 82 + - 13-) —

27 + — 1 ( M E )  ‘
~~~~ — 4 ( 3 —H ) 11 4 ( 3 9)- )

10 28 * + 8-I * * 52 13’ ~~~~~~~~~
29 + — 1 ( 9 4 - . ) 85 + + 1 . 7 + — l I M E )
30 + + .1 0 86 + * 15+ • *

11 31 + + ‘~ ( ( I N  - lIN EAL ~~ I so +

32 + + 1 - 4 0  + — 1 ( 11) )
33 + + M M  + + I-I l 5’ — 1 ( M i . )

• 12 34 + + $9 * * 54 1-12 4 *
35 * + :17 9 * + 1 - 4 5  + +

13 36 + + — 

— - 
91 

— 
* — 1 ( Ml - . I i ( 1 - 1 + — 1 ( (IL

37 + — 1 ( Ml- 1 92 * 15 1 - 4 5  +
38 + — 1 , 9, 1 :18 93 + — jM4-. 1 1 1,1 — I (ME

14 39 * + 0) * . , I ,  7 +

40 + - I ( M I  1)5 + • - 1 ( M E )
41 + + - * * I I I

15 - 4 2  + + ~~~ ( I l 0 j. _ * * — —  
57 15( 1 ‘ — I ( M l )

43  + + 1 
~~ + 151 * +

44 + + ( ( ( I  + * 153 ‘ — I ( M l  I
16 45 + + I I I  1 1 , 1 ,  * — I ~ M( I 153 + — 1 ( M I - I

46 + + 1(1 1 ~~~~~~~~~~~~~~~~~~~ 58 154 + *
47 ÷ — 1 ( M I - ) 1) 2  * - - 9 )  I - (1~ . + — I (9 ( 1

17 48 + + 41 103 • ‘ i :~, - • +
49 ÷ - 

- - 
19-I . - 

-
~ -~ I I~ ~- : .  157 

50 + — 11) 5 * — - 1 . ’ — I ’  9) 1
18 51 + — - 1 ( s M l .  - 12 1( 1) 1 + + - I

53 + + 
j  

43 11)1 1 + 1 ( 1 (E )  
‘ . ~~-

Pi r~~’ ( I ~~ ~-um s for 20—M m lU ck-
0—20 mm 23 20—40 mItt I1i . ’~7’’ ‘, ‘ - -  m m  SI-’

10—30  m i t t  = I ) 1 . $9 30—50 m I tt 21. 1 3 ’
l o s t  da(  a - 1 1 * 1 1 1 )  Sl l f l l  I +1 t I - I l l  i d  f rom , i  .o I ,d~ 1 * - -s m n I l )  • - -  -

“ - x ( ~ i - r  m m , - , I 1 , - r  (, r , - , i k , 4 11 n ; m  I i  — 11 *7, - M I  r a p o ) a t e d  f rom a v ai l *~ - 1 ’
m l , , )  I I - ‘— -
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TABLE A-14

Monkey 915: Exposure dose = 1000 rad , rate = 33.33 r a d / m i n ,
durat ion = 30 mm , DMTS task , 2 match alternativ ei’3 ,

10—sec delay between sample and match

—

9)13. 
~ 

Penalty M m .  P m ’ n i i ( t v  M m r i . H P e n a l t y

~ 1 16 :~ -- 

- 
‘~~~ -

~~ :~ 
+ 

- - I (ME )

1 3 + — 1 ( M E )  - 15 + — 1 ( M E ) 84-i  + •
4 + + 17 46 + + 

- 
-1 11  87 + + 

-
5 + + 47 + + 88 + +

2 6 + — 1 (ME ) 48 + + 89 * *

7 + + 18 49 + ~~~~~~~~~~~~~~~~~~~~~~~~~ -16 90 i - 1 ( M E )
S + + 50 + - 1 ( 9 ) . )  91 + +

3 9 + + Si + + 4 7  ( 4 - 2  + +
10 + + 19 52 + +  I l S  + +

4 11 + + 53 +~~~~~~~ (II + — 1 ( l ~~ )
12 + + 20 5--I + + 45 (Iii + +
13 + + 55 + + 4 - I l  + —

5 14 + — 1 ( M E )  56 + + - I I )  97 + —

15 + — 1 ( M E )  21 57 + + 
— 

98 + — 4 ( 3 ML )
6 16 + + 58 + + 99 + +

17 + + 22 59 + — 
- 50 100 + +

18 + + 60 + — 101 + — 1 ( M E )
7 19 + + 61 + — 51 102 + +

20 + — 1 (ME ) 23 62 + — 9 ( - I ME ) 103 + — 1 (ME )
8 21 + — 1 (ME ) (32 + + 52 10-I + +

22 + + 6-4 + + 105 + +
23 + + 24 65 + + 106 + +

9 24 + ~  66 + + 53 107 + +
25 + ~~~~~~~~~~~~ 25 67 + + 10)4- + +
26 + + 68 + + 5-4 109 + +

10 27 + + 
— 

69 + + 110 + +
28 + + 26 70 + + 111 + +
29 + — 71 + + 55 112  + +

11 30 + — 27 72 + + 
—- 

113 + +
31 + — 73 + — 1 (5(E ) - 5(1 114 + +
32 + — 9 ( 4 9) ,)  7-1 + + 

— 
115 + +

12 33 + + 28 75 + — 1 ( M )- H 116 + —
34 + — 1 (91 ) 74-3 + + 57 117 + —
35 + + 21’ 77 + + r 118 + —

13 36 + + 7 8 + + ~~~~ 119 + — 9 (4 9 ) )
37 + + 7 ( 4 -  + — I ( *4) 1 58 120 + +

14 38 + + 20 so + + 
- 

121 + — 1 ( M I - )
39 + — 1 (ME )  I S M I N .  BREAK 1 2 2  + +
40 + + 81 + + .~~ I ) 0 (  + +

15 41 + + 8l:  * + 
+ 

1 2 4  +

42 + + s - + + L ~~~~~~~~~~~~~ - - 1 ( M ) . (

- [or 24- III
0—20 mm = 19 2I1- u mm l I - 6 ( 1  m m  = 23 .53

10— 30 mi ii = 25 3 ) l - 5 . I I  m~ n *

* L x p I s r m m . f l ( ( -.r ( , r ’ - ok , p~*fl a l l y  *11111 - - , • \ I  r m 4 m l I t -d r ’ .ivs,iI,ihh -
m inut m-s . 
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TABLE A-15

Monkey 881: Exposure dose = 1000 rad , r a t e  33.33 r a d/m i n ,
du ra t i on  = 30 mm , DMTS task , 2 match  a l t e r n a t i v e s,

10—sec delay between sample and match

mm mm I)
— — .0 — — .0 — — .0
*8 0. 51 *8 0. 1) *8 0. Si

-.-i 8 #* -— S *-~ * S
M m .  Penalty M m ,  Penalty M m .  Penalty

1 + + 55 + + 108 + - 1 (ME )

2 + + 19 56 + + 43 109 + - 1 (ME )
3 + + 57 + + 110 + +

1 4 + — 58 + + 111 + — 1 (ME )
5 + — 20 59 + — 1 (ME ) 44 112 + +
6 + — 60 + — 1 ( 1(E) 113 + - 1 ( 1(E )

2 7 + — 9(4 ME ) 61 + + 114 + +
8 + + 21 62 + + 45 115 + — 1 (ME)
9 + + 63 + + 116 + — 1 ( M E )

3 10 + + 64 + + 117 + +
11 + — 1 ( M E )  22 65 + + 46 118 + +
12 + + 66 + + 119 + —

13 + + 6? + + 120 + —

4 14 + + 23 68 + + 47 121 + — 4 (3  ME)
15 + — 1 (ME) 69 + + 122 + +

5 16 + — 1 (ME ) 24 70 + — 1 (tIEj  123 + +

17 + + 71 + + 48 124 + +
18 + + 72 + + 125 + +

6 19 + + 25 73 + + 126 * +
20 + + 74 + — 1 (ME) 49 127 * +

21 + + 75 + + 128 + +

7 22 + + 26 76 + — 1 (1(E) 129 + +

23 + — 1 (ME ) 7? + + 50 130 * - 1 (ME )
24 + + 78 + + 131 + — 1 (1(E)

8 25 + + 27 79 + — 1 ( M E ) 132 + +
26 + — 1 (ME ) 80 + + — 

51 133 + =
27 + + 81 + — 13-I + +

9 28 + + 28 82 + - 135 + +
4- 29 + + 83 + — 4 (3 ME) 52 136 + — 1 (ME )

10 30 + — 1 (1(E ) 84 + + 137 + — 1 (ME)
31 + — 1 (ME ) 85 + + 138 + +
32 + + 29 86 + + 53 139 + — 1 (ME )

11 33 + — 87 + + 140 + +
4- 34 + — 30 88 + + I l l  + — 1 ( 1(E)

35 + — 4 ( 3 ME ) 89 + — 1 (1(E ) 5-4 1-4 2 + — 1 (1(E )
36 + + 90 + — 1 ( 1(E ) 1- 13 + +

4- 12 37 + + 31 91 + + I-i-I + +
38 + + 92 + + 55 145 + — I, (ME)
39 + + 93 + + 1-4 13 + +

13 40 + + 32 94 + + 147 + +
41 + + 6 M I N .  BREAK 56 148 + — 1 (ME )

14 42 + + 95 + - 1 ( M E )  149 + +
43 + + 96 + + 150 + +
44 + + 39 97 + + 57 151 + +

15 45 + — 1 (ME ) 98 + — 1 ( M E )  152 + +
46 + + 99 + + 153 + +
47 + + 40 100 + - I (ME) 58 154 + - I (ME )

16 48 + + 101 + — 1 ( M E )  155 + — 1 (1(E )
49 + + 102 + + 156 + +

17 50 + — 1 (ME) 103 + + 59 157 + — I (ME )
51 + + 41 104 + + 158 + +

52 + + 105 + + 159 + +
18 53 + + 42 106 + + 60 160 + +

54 + + 107 + +

P e n a l t y  Sums fo r 20—Mit t  Blocks
0—20 miii — 23 20—40 mm ii = 16.50k 40—60 m m = 23
10-30 mm 17 30-50 mitt = 22 .50*

SExper imente r break , penalty sums extrapolated from available
minutes.
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TABLE A—1 6

Monkey 860: Exposure  dose = 1000 rad , r a te  = 33.33 r a d/ m i n ,
durat ion = 30 mm , DMTS task , 2 match alternat ives ,

10-sec delay between sample and match

mm 5. 7,— — .0 ‘ -- -V — — .0
*8 0. V 1+ 0. 5 *8 7,. 1)
* S -* -— a — -* 4*5. *6 it I-. it Ii 5. it 16

~ Penalty Mir ~. m 5 ’~ ~ P e n a l t y  M m .  ~~ 5” 
~~ Penalty

1 + — 1 ( M E )  49 + + 39 94 + +

2 + + 17 50 SO -1 (SO)  95 + +
1 3 + — 1 (1(E) 51 + + _4.O 96 + - 1 (1(E )

4 + — 1 (ME ) 52 SO 4 (SO) 97 + +
5 + + ,~~_ 53 + + 41 98 + +
6 + + 54 SO 4 (SO) 99 + +

2 7 + + 25 ( M X )  100 + +
8 + + 55 + — 1 (ME ) 42 101 + +

3 9 + + 56 + + 102 + +
10 + — 1 ( 1(E ) 19 57 + + 103 + +
11 + + 58 + + 43 104 + +

4 12 + + 20 59 + MO 16 (MO ) 105 + — I (ME )

13 + — 1 ( 1(E) 60 + + 106 + +
5 14 + + 21 61 + — 1 ( 1(E ) 44 107 + — 1 (1(E)

15 + + 62 + + 108 + +
6 16 + + 63 + + 45 109 + +

17 + + 22 64 + + — 
- 

110 * +
18 + — 1 (ME) 65 + + - 46 111 * -* __________

7 19 + + 66 + + 112 * +
20 + — 23 67 + - 1 (ME ) 47 113 * — 1 (ME )
21 + — 

- 
68 + - 1 (ME ) 114 + - 1 (ME )

22 + — 4 ( 3 ME ) 69 + + 115 + +
8 23 + + 24 10 + + 48 116 + — 1 (ME )

24 + + 71 + + 117 + — 1 ( 1(E )
9 25 + + 72 + + 118 + +

26 + + 25 73 + - 1 (ME ) 49 119 + — 1 (ME)
27 + + 25 (1(X) 120 + +

10 28 + + - 74 + MO 16 (1(0) 121 + — 1 (ME)
29 + — 1 (ME) 25 (MX) 50 122 + ÷
30 + + 26 75 + - 1 (1(E ) 123 + +

11 31 + + 25 ( M X )  51 124 + +
32 + + 76 + MO 16 (MO) 125 + +

12 33 + + 25 ( M X )  126 + +

34 + + 77 + - 1 ( 1(E ) 52 127 + - 1 (1(E )
* 35 + ÷ 27 78 + — 1 (1(E) 128 + — 1 (1(E)

- 13 36 + — 1 (ME) 25 (MX) 53 129 + +
37 + + 79 + MO 16 (MO ) 130 + +
38 + + . ?.S~~~. 8O + + 131 + — 1 ( M E )

14 39 + - 1 ( 1 ( E )  81 + + 132 + +
24 ( M X )  82 + + 54 133 + +

40 SO -1 (SO)  29 81 + — 1 ( M L )  134 + +

41 + ÷ 84 + — 1 ( M E )  55 135 + +
42 50 85 + + 136 + — 1 (1(E)

15 43 SO 25 (2 SO 30 86 + + 56 3.37 + +
4-1 + + 13 M IN. BREAK 138 + +
45 SO 4 ( S O )  87 + + 57 139 + - 1 (ME)

25 (MX ) 88 + + 140 + +
- 44 - )  + — 1 (ME ) 37 89 j ~ 58 141 + +

25 ( M X )  90 + - 1 ( M E )  142 + +
16 47 + MO 16_j~~~) IS 91 — 1 ( M E )  143 + —

—
~~~~~~~ 25 (MX ) 

- 
92 + + 59 144 + —

48 + — 1 ( 1 ( E )  93 + + 145 + — 4(3 1(E)
60 146 + +

Penal ty Sums for 20—M m Blo ,-k -.
0—20 mit t  = 21 4 - 4 -  20—40 mitt = 264.27k 40-60 mitt — 17

10—3 0 m m I m  1 1 4 - l I  30— 50 m i t t  15,7 1
•EX I I ’ -r l men tm- r break , p e n a l t y  sums I - s I r a ) l l ( l * t I - d  f r m , m  a v a i l a b l e

m m  tm m l  I - s

61 
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TAIII.1-. A— 17

Monkey 921: i- . x p~~~ U l s  dos( ’ = 1000 rad , rate = 50 l ’a d / r n i f l ,
duration = 2() mm . DMT S t a s k , 2 match alternati v~-s ,

L0—svc delay between sample and match

— — — 0 — — .0— ii V. 5’) -~ 0. 51

M i i i ,  ~ P i’ ima l t y  M i i i . ‘ Penalty M imi . I-— P m n n a l t y

I + + 50 + — 1 (511:) (38 * +
2 + 4- 51 + + I 99 + +

i :1 + - 
— 

19 52 + + __J 43 100 * +
I + - 53 + + 101 + +

~ + — -l ( 3  101 20 54 + + j -14 102 + +
2 (1 + + 

____________ 
55 + ~ I 103 ÷ +

- 
7 ~~~~~ 

-
+
— 56 + + j 104 + +

s + + 21 57 + + ~~~~ - 15 105 * +

:1 + — 1 ( M E )  58 + — 1 ( M E ) 1 I I ) i  * — I (Ml
— 1 (ME ) 59 + + 1 1(7  *

11 + + 22 60 + — 1 (ME ) - 16 11l’ — 
-~~~~~

1 12 * +
______ ____ 

7 M I N , IIRE AK -*,
_ 

—

+ + ± 111) + — 4 (3 (3.)
5 1-I + + 1)2 + + I •  .~~~ ~~~~~ + +

15 + + 31) 63 + + ~~~~~~~~~ • 11:. + —

16 + — 1 (111-: ) 6-1 + + 113~~~~ —

6 17 + — 1 (ME ) 4-55 + + I+  1 1 4  + -
18 + + 31 66 * + I i  -

- — * ( 1) -
19 + + 67 + +  

- 
I l i ; + *

7 20 + + 4-38 + —

2 )  + + 32 (39 +— 
_____ 

u s  +

8 22 + — I ( M E )  70 + — 1 ( 3  ME)  119 + — I (Mi - . )
+ + 71 + + L I~~ - -  

120 + - 
+ 

- —
2-I + + 33 7 2 * _~~~~~~~~~~~~~~ I ~ 2 l~~~~

9 25 + + 73 + 51 IS~ m- +

24-i + + 34 74 * + 3 5 . 3  - *
27 + + 75 + — 15-4 +

10 28 + + 76 + — 52 125 * +

29 + + 
— 

35 77 —~~~~~~~~~ 120 +
11 30 + — 1 ( M E ) 78 — 9 (4  M L )  53 127 ‘ —

* 31 + + 79 * +
32 + + 36 80 + + 129 *

12 33 + — 1 (M E ) 61 + — 1 ( M E )  
-

34 + + 82 + - 1 (5(E )  131 *
35 + + 37 83 + + 55 - 

—_____

13 36 + + 84 + + 1:1:3
:17 + + 

- — 
85 + — I I - i  - 1 ( . ‘

~~~ (

_ _ _ _ _
H

~ 

iP~11_P-~
—-

~--HT7~- ---
_ _

:: i~ n 1
~HJ—~——i-~+ ~~~~~~

(1l.313j(L Sums  f i m r  20-9 i n  B l o c k - .
0 — 2 0  m m = 19 2 0 — 1 0  m i i i  : 4 - 1 ,36’ 9 1 - 6 , 1  n - i t ,  19

10—30 m i i i  15, 83  1) 9 - 5 1)  m m  = 37
i mi n t e r  b r ’ - , m k  - penal t . m m s  o xt  ra po la t e d  V r r -  av a l  l a b l e

m i n u t e s  -
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TA III ,E A — l 8
Monkey 864: Exposure dose = 1000 rad , rate = 50 rad/mmn ,

durat ion = 20 mm , DMTS task , 2 match alternatives ,
10—sec delay between sample and match

— — .0 — .0 — ‘ -~~
.2 ~ .s g .

5. 3 5. *1 5. V
M i m i ,  4--. -is Penalty M m , i-. us )‘ m - n z m ) t v  M i m i ,  E- us — P e n a l t y

1 + — 1 (9 0)  18 50 + — 1 ( 1 ( E )  ((8 + +
2 + — 1 ( M L ) 51 - 

+ +  I ) ) )  + +
1 3 + + 52 + + 38 100 + +

-I + + 19 53 + — 
_________ 101 + +

5 + + 5-1 + — 
~~~ 102 + +

2 6 + + 55 + — -1 (3 ME) 103 + — 1 (915 )
7 + + 20 56 + + 104 + +

3 8 + + 57 + * 40 105 + +
9 + + 58 + + 5 M I S .  BEEAK

10 + — 1 ( M E )  21 59 +_~_~~~ + 106 + +
4 11 + • 

— 3 M I S , BRE,I K 107 + — 1 ( M E )
12 + + 60 + + 108 + +
13 + — 1 ( M E ) 61 + — 1 ( 9 0 )  46 109 + + 

____

1) 14 + + 62 + — 1 (90 ) 110 + +
15 + + 25 63 + + 111 + +

Ii 10 + + _~_,__.__~~~ 64 + + -47 112 + +

17 + + 65 + + 113 + +
18 + — 1 (510 ) 26 66 + — 1 (91.) 114 + +

7 19 + + 67 + — 1 ( 1)E ) 48 115 + +
20 + — 1 (3,10 ) 68 + 116 + — 1 ( M E j
21 + + 69 + + 49 117 + +

8 22 + + - 27 70 + ~~~_Li~~~ 118 1- +
23 + + 71 + + 119 + +
2 1  + + 72 + + 50 120 + +

1) 25 + + 
_________ 

28 73 + +  121 + +
24 - i + 

— 
7 1  + —  1 ( M L )  51 122 + +

10 27 + *  _________ 
29 75 + + 

— 
123 + — 1 (ME )

28 + + 76 + + 12-4 + +
29 + — 1 (90 ) 77 + + 52 125 + — 1 (ME)

11 30 + ÷ 
_______ 

30 78 + + 124-i + + 
—

31 + — 1 ( M L ) 79 + - 53 127 + +
32 + + 80 + — 128 + +

• 12 33 + + 31 81 + — -l ( 3 M E )  129 + +
3- 1 + + I 82 ~ + 54 130 + +

* 13 i .  + — 1 (ME ) 8:1 + + 131 + + 
—

3 m .  + + 1 1(5 8 )  + — 1 ( 5 3 ( i 132 + +
37 + + 85 + 

—
+ 55 133 + — I K M ) : ) S

1-I  It, + + I ~ 4 - ( + 13-i + +
i i i  S0 -l ( S O )  

- 
6) 57  + * - 135 + +

I I  * + ~~~~~ TSs + + 56 136 + — 1 (90 )
15 ~~~ + + ( I  s~ • * 137 + +

-42 + MO 1 ’- ( M O )  - ( 4 - I l  * * 138 + + - -

- 4 3  + + 1 4 - 1 + 57 139 + +

16 I I  + — 
.1 + • 1-10 + +

I:  + — 1 (1( L )  O s m .  58 141 + +
I i  + + I 4 - I  * * 1 4 2  + +

17 7 +  + —I SO i l , .  
_____ 

59 1- 13 + +
9-4- + * - - . + + 1-4 4  + +
I I I  + + 1 :17 I 4 - 7  s + 60 1- 15 + +

1 5 - n m  l t )  S u r s V r  ~5~~
I.:

.
.M I  Il ) 4 - h + k -

0—20 miii = :6 s I l  II)  m~~n - 1 1 .2 5 ’  
- 

- 4 1 1 — 4 - i l l  m m  = 8 , 0 0 *
1 ( 1 — 3 0  m m = - I l  - I . ’ 30—50 m m = 1 1 1 . 1 ( 7 ’

*)  \ ) ‘ I - r ) m * - t t t ( - r  l , r m - a k  , . - n a l i ,  slims -s t r ; m ~~~ l s i t i - m )  ft- mini a v a ilable
m m i i  I m t I - . -
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TA13LI-: A - l9
Monkey ~~) -1 : E x p o s u re  dose = 1000 rad , r a t e  = 50 rad/min ,

duration = 20 mm , DMTS task , 2 match alternatives , —

10—sec delay between sample and match

4-—. 55 :5’ l i - n a )  t y  M l i i ,  ~— -is ) 1 - l l a  I t y  ‘ l I t ,  - 
H US Pena l tI ’

1 + — 1 ( M E ) 19 S I  ,- + I l l )  + +
2 + * 112 + + 1112 + + —

1 3 +
_ _ _~~~_~ -_______ 53 + + 42  I 95j~~~~~~~~~*

4 + + 20 54 + 1 m m - I  * +
5 + + - —  3 M I S .  BREAK -- 105 + *

2 6 + + 55 + + -43  lOll m +
7 + + 2-1 54- i + + 

— 11I 7 * +
3 8 + + 57 + + -1 1’ , s  + -

+ 25 58 + +_ .~~~~~~~~~~ i - : + — l i M l i
10 + + 51) + + 11 * — - —4 11 + + 4-30 + + 

- 
I i I ~~~~~~~~ 

- 
- ) 91 3

12 + + 26 II  + 
-__________ 1’ 1) 5  — 1)1  I AI .  1111 ) F V ) . ) ’

o l,i + + — I — 
+ ) _( I 4 3~~ 1 1 ) 1 1 1 9 1

14 + -* 
- :17 1 3 + + - 1 1 :  * *

15 + + 0 + + - I l - I  +
6 16 + + 25 011 * + 7 115 + +

17 + + 
-
~~~~~ 110 + + 

- - 1 1 - - 
l l m , + +  

—

7 18 + + (7 5’ — 1 1 9 1 . 3  117 * +
19 + — 1 ( 9 ) . )  5.13 115 + + - 48 118 * + -
20 + * 

- - 
~~~~ + + ~ F— — -----

~
-i-

~
-- - + + 

-

8 21 + — 1 ( Ml: ) 70 + — 1 ( Ml- . )  ~~~~~~~~~~~ + + - -
22 + U 

- 30 71 + + I 121 + +
23 + * 72 + + 122 + — 1 l 5 ” ( I

9 24 + + 73 + + :L 5 0  1211 + +
25 + — I ( M E )  31 7 -4 + + 

— -  
- 12- I + — I ( 13) I

26 + + 71) + + 
-

- 1211 + +
+ — 1 ( M L ) — 

32 7li + -~~~ j J (l- 1 11 1 :i~~~~~~~~~~~~~~~~~~~~~~~~ _
28 + + 77 + 12 7  + +
29 * + 78 + — 1 ( 9 k )  52 128 + + 

—11 30 + + — 33 79 + ‘  129 + — 1 ( M L ) - —

31 SI) 4 ( SI) )  80 + + 130 + +
• 25 ( M X )  81 + + 53 131 + +

32 + — 1 (Ml-: ) 34 8 2 +  + 132 + +
12 33 + + 83 + + 133 + +

3-i + + 35 84 + ÷ 
_________ 

5-)  I I I ) + +
13 35 + + 85 + + 1:15 + — 1 ( M 1 - )

36 + + 86 + + 45 i : i 4 - i  — 
+ +

37 + + 36 87 + +  1:17 + —
- : 14 38 + + 8 8 + —  

- - 
1 ( M L )  

— 138 + —
39 + + :17 89 * - ij))))J_ 56 139 * - 4 6j55)1-.

—~~~~~ - - )Q . - — I ( 9 0)  ( 4 - I l  * + 1 10 + +
I l  + + I I I I I  + + 1 )1  + +

* 4 2  + I 5(5~~~il3 ~ 
57 1 4 2  + + _______

1 : )  * — I s + — 1 (ML ) 143 + +
( ( I  + .~~_ 11-I + - 1 ( . 4-0 . )

-I S + — -l ( 3  4-IL ) (15 + — 1 ( M E ) 58 1-4 5 + — 1 ( M L )
~7 Ill + + ( 4 - C  + — 1 (9).>- - 

- 1 7  + + I 40 (17 + + 1-1 7 + +
134 - + + 14- 8 + — 1 (9 1)  ~~ 

1) 8 + +
1* 19 + + ____ l 14 - 14-  + + . 5’ +

5 ( 4 - . — 

~_J, 
-II  100 + 60 150 + +

I t ,  1) 4- -
~ iiwns 1 *  r 21 ‘1 11 131 lIES

0—20 m m  = - 1 1  2 0 — 4 0  m m  1(1 18 4 0 - 4 - 1 0  m i t t  1-I ”
Ill —Il) m m 1 1.7 1’ 30— 50 m i i i  12

Exp i- rm m * -n t l- r t l r ls mk . )I - l m a )  t y  sums- .- xl r l m ) l l a t i - l l  f rom 15)1 1 l a b l i -
m m  I t ’ s .

•‘ Ellu ilim (’nt fall I t - ’ . 4 - ’ l I l h I  ( V  s , m m , m  ex t  r i m p o )  h I )  f r om  av, m i ) . m l O m -
m m n m m t  -s  -
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TABL 1- A- 2 4 - i

M onk ~’v ~)01 : !-~xpos u t e  d m ) , ~~’ = 1000 rad , f a t  m -  = 50 rad/min
d u r a t i o n  20 r u i n , DM’~~ t i ok , 2 m a t c h  a l t e r n a t i v e s ,

10—sec d e l a y  be tween  s a m p l e  and  m a t c h

.7 ~
‘ - .- .7 II.

-5 5 11 .-. -- ‘7

4-t i n ,  55 51 I’ , s i l t y  ‘-l om - 3— 55 75 1 ’  m x l i )  ( I i , ,  - H 55 is Penalty

1 * 53 + * 103 + - 1 ( 4 - 4 - I- . )
2 + - 11- i SO 104 + +

1 3 *  - j ~~~~~~~~ J 111- . SO -~~~~~~~~~~ —— 4~~~~~ 105 + - 1 ~ 75~j4 + - I 1 4-IL l 511 SO 106 + +
5 + + 5,  SO 100 (-4 50) 107 + +

2 Ii + + 514- + 4 42 108 + *
4- 7 + + 1 5(1 + 109 + + 

—

3 8 + + 
- - 

315 + -13 1 ) 1 , +~~~~~~~~~~~ i 4 - f t1
9 + - 1 ( M E )  I 61 + + 111 + * 

--

10 + + I 22  :~ + * ____________ 115 + *
4 11 + + -:1 + * 4.) 115 — 1 I Ml- . ,

+ ~~~~~~~~~~ I 23 ‘ (  * + 1 ) - )  + i-
13 + + r —

~~~~’ ” + 115 + +
5 1-1 * + l ; l i  + — 1 M I ,  -15 116 * +

15 + + 2 4  1 -7  + + 117 + +

r + + 

I
I ___~~~~ 

_____4- 19 * + -: +115 - 11)11 Si: 
~~ 

1 —

7 20 - . J  7 ) .  + 1 2 2 * -
21 * — I ( M E )  1 29 - - 72 - - 191~~ 12:1 + — -l ( 3  ME)

B + + 
7 1 1 1)  

+ ___
7

____ —________

I) 1 t ~~~~~~~~ 
- 

7 11 - +~~ ~~~~~~~~ 5 i ’  127 + + -
24-i + + / 7  — 1 +3 :- I 1 2 +  * 

- 
*

II) 27 + + 
~~5 31 78 — 1 M i  12s’ +

28 + + 1 79 * + —j 130 +

29 * I s -  - + 131 -
11 30 ~~~~~ ‘ 55 ,*1 5’ —— ___ S I  132 +

I I )  + * . F- - - 133 - -l 7 Ml *
:12 + + I ~ 1 + ~~J I  13-I  *

12 :13 * * - 
~~~~~~~~~~ s - I  + 

- 1 I ~i2 1 I .7~~~
3 4 + +  s . + *

1:1 33 * — I (4-i)5.2~~~~~~~~~~ 
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