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SUMMARY PAGE

THE PROBLEM

To investigate the possible relationship between attitudes
toward rudiation hazards and knowledge of the biological effects
of radiation through the development of a questionnaire for use by
submarine personnel.

FINDINGS

The data demonstrate a significant correlation among: favor-
able attitudes of submariners toward radiation hazards; knowledge
of the biological effects of radiation and specialized training re-
garding radiation.

APPLICATION

The findings suggest that the Radiation Knowledge Attitude
Questionnaire could be used successfully in a submariner enlisted
population to evoluate attitudes toward radiation, which, in turn,
could be correlated with knowledge of the biological effects of
radiation to provide relevant information regarding a submariner's
adjustment status during long-duration submerged cruises. In
addition, this information will be useful in evaluating the effective-
ness of training in the area of radiation technology generally and
in the area of radiation safety in particular.

ADMINISTRATIVE INFORMATION

This report was prepared by LCDR. Joseph A. Parent, Jr.,
MC, USNR in partial fulfillment of the requirements for qualifica-
tion as Submarine Medical Officer.

It was approved for publication on 10 June 1970 and designated
as SubMedResLab Report No. 628.

PUBLISHED BY THE NAVAL SUBMARINE MEDICAL CENTER
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ABSTRACT

The development of the Radiation Knaowledge Attitude Ques-
tionnaire (RKA), its validation, key construction, and determina-
tion of reliability, are described. The sample population of one
hundred subjects was composed of: submarine medical techni-
cians, Prospective Submarine Medical Officers, Station Hospital
Corpsmen, and FBM enlisted crew members. The scores of the
three parts of the RKA Questionnaire were evaluated using the
chi-square method in regard to major group, subgroup, number
of patrols and education. A significant correlation was found
among: favorable attitudes toward radiation, knowledge of the
biological effects of radiation, and specialized training regarding
radiation. Within the FBM enlisted crew group, the number of
patrols personnel had did not seem to have any demonstrable
effect on attitude or degree of knowledge. However, any effect
of the number of patrols may have been obscured by the presence
of personnel with specialized training in radiation within the
comparison groups. Those with one year or more of college in
the FBM enlisted crew group seemed to have a more favorable
attitude toward radiation hazards and a higher degree of knowledge
about the biological effects of radiation than those with only a high
school education. However, in the unspecialized Station Hospital
Corpsmen group, the degree of education did not have any apparent
influence on attitudes or knowledge about radiation.

In general, the study demonstrates the potential relevance of
data pertaining to the interaction of a submariner's knowledge of
radiation biology and his attitudes toward radiation hazards. This
information is useful in assessing the effectiveness of the sub-
mariner .,election techniques and in ascertaining the efficacy of
the ungoing training programs in the biology of radiation exposure
and in the application of radiation safety procedures.
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THE RELATIONSHIP OF KNOWLEDGE OF BIOLOGICAL EFFECTS OF
RADIATION AND SUBMARINE CREW MEMBER ATTITUDES TOWARD

RADIATION HAZARDS

INTRODUcTION incidence of lung cancer. 2 0 , 25 Increased
use of nuclear materials for peace time

Reports of radiation injury date back power and the presence of commercial
to the late 19th century, in the early enterprises involving nuclear materials,
years after the discovery of the radio- have increased public awareness.
activity of uranium by Becquerel. Accidents in this particular field over
These early injuries were skin burns, the years have been relatively few and
In 1927 experimental work revealed the the overall safety record of government
effects of radiation on the genetics of and commercial nuclear enterprises
the fruit fly. 7 Dramatic demonstration and experimentation has been excellent.
to the public of its dangers occurred However, medical personnel and facili-
when cancer of the bone became evident ties previously unfamiliar with radi-
in the radium dial painters. 7 Since the ation exposure problems have had con-
sensational and devastating effects oi tact with exposure incidents. 12 Medical
nuclear reaction were made evident at and public concern with the effects of
Hiroshima and Nagasaki in 1945, the diagnostic x-ray and isotope use has in-
general public has been acutely aware creased and not without a reasonable
of the hazards of radiation. References basis.3, 14,19 The exposure from diag-
to the various effects of acute and nostic x-rayhas a wide range. 13, 19,27
chronic exposure to radiation have been Standards for isotope use in pediatrics
numerous in the medical literature and have not yet been well defined. 2 2

public media as well. Evidence has Chromosomal abnormalities have been
accumulated from the Hiroshima and reported in subsequent offspring from
Nagasaki experiences implicating radi- mothers who had diagnostic, abdominal
ation in an increased incidence of radiographic exposure. 2 4 Chromosome
leukemia, 2,5 thyroid concer, 23 and changes in peripheral blood leukocytes
breast cancer. 2 6 Public concern with have been reported after diagnostic x-
radioactive fallout from nuclear tests ray and also after radioisotope therapy
and dangers from nuclear powered for thyroid disease. 4, 6 In-utero radi-
ships and power installations has been atn i exposure has been Implicated as
evident in recent years. 11 The refer- a pot sible factor in leukemia. 10

ences in the public media to radiation Ther ipeutic radiation has been also
hazards have often been of sensational implicated as a factor in some studies
nature and without discrimination, but of leukemia, but remains in doubt at
not entirely withiout a factual basis, this time, except for the more con-

vincing British study in patients who
Problems of environmental radiation received therapeutic radiation for

exposure have also come under medical ankylosing biondylitis. 16 Public in-
and public scrutiny. Uranium miners quiries as to the danger of diagnostic
have been found to have an increased racdation are not too uncommon, even



in regards to the common chest x-ray. 3  detail, and humor are all methods of
The development of safety controls in dealing with anxiety.
diagnostic radiology has been less than
ideal. Among personnel on FBM sub-

marines, essentially the same obser-
The general public, it would seem, vations were made, but in relation to

tends to equate all forms of radiation different groups. Personnel with no
and all sources, as well as the hazards specialized training regarding radia-
involved. Coupled with the general tion other than routine indoctrination
spread of highly emotionally charged seemed to be more apprehensive about
inf6rmation about radiation are the the biological effects of radiation than
somewhat natural mysterious qualities weapons- or nuclear-power-trained
of radiation especially evident to those personnel. However, even among J
who are relatively uninformed about the specifically trained personnel there
physics of radiation. Rauid-tion can seemed to be, again, this quite variable
neither be seen or felt in the usual attitude toward radiation hazards.
sense, yet has such awesome effects Radiation safety on nuclear submarines
even to the changing of genetic nature, is rigidly supervised and maintained.
The prodigious strides in technology It han not assumed the proportions that
have advanced far ahead of the general control of atmospheric conditions has
attitude toward radiation hazards, assumed. 9 One of the most significant
Mental adjustment to work with radia., but incongruous problems encountered
tion is of importance for reasons of was with air activity related to radium
safety, work efficiency and general dial watches and instruments which
emotional health. was solved by prohibiting their use

aboard nuclear submarines. 8 The
It has been the author's personal probability then of harmful effects of

observation that those working with radiation during prolonged submergence
radioactive materials and x-ray equip- on nuclear submarines is quite
ment often make humorous remarks remote. 8, 9
about radiation effects. A type of
nervous humor seemed to be present, However. in spite of specialized
particularly in students, or those who training regarding radiation in crew,
were just being familiarized with this groups, basic indoctrination in other
field of knowledge. 'a addition, ex- groups and this probability, the
tremes in attitude are evident, some question exists, "Is there a pre-
being very cautious and others being dominantly favorable attitude toward

quite careless, with no obvious con- radiation hazards?" Even more basic
cern. The very cautious do not seem to the situation is the question, "What
to display any of the nervous humor and is a favorable attitude toward radiation
neither do the careless. It seems to hazards? " In surveying the literature
be another group within the experienced it was noted that items rega:ding at-
personnel which displays the nervous titudes toward radiation hb',.rds had
humor. Denial, careful attention to been included in psychologik test
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material previously, 18,21,28,29 but agrees with the item. The items in
there had been no test instrument de- Part H are answered yes or no, de-
veloped specifically for determining pending on how the examinee feels the
attitudes about radiat!on hazards on item applies to himself. Part III is
nuclear submarines. However, it had true and false test of the knowled,
been found that 35% (11 men) of a of the biological effects of radiw
random sample of 31 enlisted men
from a nuclear submarine had ex- Each part of the questionnaire
pressed concern about the possibility developed from about 65 to 70 rew
of injury due to radiation during routine items. The items were developed into
operations. 2 8 It had also been found in their final form after careful attention
another study that 15% of enlisted to composition and direction. The
volunteers (N=236) sampled and 5% of language of the items was purposefully
officer (N=185) for submarine service made nontechnical and nonmedical.
indicated their belief that "the danger Items with double meanings were ex-
of radiation exposure aboard nuclear eluded or rewritten if it was feasible.
submarines is serious. ,,29p 30 Both of Items were designed to contain only a
these results were obtained in the single obvious idea as far as was
relatively early years of operation, in possible. Ambiguous items or those
1957 to 1959. It is possible in view of which involved a complicated interpre-
the safety record on nuclear submarines tation were avoided. The items were
that there has been some change in arranged in questionnaire form in
general attitude of personnel on nuclear random manner except for separating
submarines. It was decided to investi- items of a similar nature. The items
gate the possible relationship between were reviewed and commented on by:
attitude toward radiat!on hazards and Benjamin B. Weybrew, Ph.D., Head,
knowledge of biological effects of radi- Personnel Research Branch, Submarine
ation through the development of a Medical Research Laboratory; CDR D.
suitable questionnaire. R. Feely, MC, USN, Director, School

of Submarine Medicine; CDR R. F.
Reed, MSC, USN, Head, Nuclar

METHOD AND PROCEDURE Medicioie Division, School of Submarine
Medicine; CDR G. F. Douglas, MSC,

Development of the RKA Questionnaire USN, Prospective Head, Nuclear
Medicine Division, `c hool c' Submarine

The final form of the Radiation- Medicine; I.CDR E. P. Klndwall, MC,
Knowledge-Attitude Questionnaire USNR, Instructor, School of Submarine
(RKA) has three parta, each consisting Medicine; and LCDR S. C. Klagsbrun,
of twenty five items. The questionnaire MC, USNR, Psychiatrist, Nival Duab
is contained in Appcndix B. Parts I and marine Medical Center, Naval Sub-
II of the questionnaire deal with the de- marine Base New London, Groton,
terminatioua ol attitude toward radction Cont. Approprfate suggestions about
hazards. Each item in Part le an- -the itcms wez e utilized to improvem4
swered on a graded plus or minus them. Minor charugta in .he items were
scale, depending on bow the examinee also made after some Initial testing.



Additional data to be collected were: Validation of the RKA Questionnaire
1) Name, 2) Rate, 3) Service Number,
4) Date, 5) Age, 6) Birth Date, 7) Edu- The objective (J validation was to
cation, 8) Major, If College Trained, determine what would be considered a
9) Nuclear Power Training, 10) Loca- favorable response to the attitude items
tion of Training, 11) Other Specialized in Parts I and II and then construct a
Training Regarding Radiation, 12) key using this information. This was
Nuclear Submarine Duty, 13) Number accomplished through the use of the
of Patrols, 14) Present Duty Station, judgments of ten experts, using the

format in Appendix A. The format was
Subjects given to ten Naval Medical Corps and

Medical Service Corps Officers who,
The RKA Questionnaire in its final by their training in ruclear medicine

form was given to four major groups. and health physics, were considered
Group I was Submarine Medical Tech- expert judges regarding the determina-
nicians from the School of Submarine tion of what would be considered a
Medicine who had just completed the favorable attitude toward radiation
nuclear medicine section of their hazards. They are listed in the Ac-
course. Group II was Prospective knowledgements and Include members
Submarine Medical Officers who had of the staff of Brookhaven National

just completed the nuclear medicine Laboratory, staff of the school of Sub-
section of their course. Group III was marir.n Medicine, and the Squadron 14
composed of corpsmen from the station Medical Officer, The format requires
hospital, Naval Submarine Base New the judges to designate whether a
London, Groton, Conn. Group IV was particular response to an item Is a
composed of enlisted crew members favorable one. The number of judges
from a FBM submarine. Table I on the indicating whether a response is favor-
following page indicates the composi- able is then used to determine whether
tion of these groups. The only subjects the item will be used for the key to
of Groups I through III who had ex- determine if an attitude is relatively

perience on nuclear submarines were favorable In a test subject. In order to
two members of Group I. There were be used as a keyed item it was required
nine crew members from the FBM who that the expert judges' response to the
had not previously been on an FBM item be at least 9070 and the remainir.g
patrol. The questionnaire was not response could not be a neutral one.
given to the FBM group while on patrol Table 11 shows the responses of the
but during the off crew period of shore judges to each item and the resulting
duty. This may have had some influ- keyed Items. The keyed items are also
ence oi response, since it has been ob- indicated in the RKA Questionnaire in
served that concern about atmosphere Appendix B. Items 14 and 22 were not
conditions fluctuates according to used becausu one judge scored a
whether the crew Is on patrol or on neutral response to these items. In
shore duty during the off crew period. 3 0  Part I a total of 17 items were kcyed
This would he likely to apply to attitude and in Part II 10 items were used. Notc.
tWw, rd ratfiation hazards dso. thA 13 of the items k, yed it Part ! ind
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la A,- 1. Co npr-itiorn 01 Choup~s and Subgroups

Group I I Group II Group III Group IV
Submarine v ospective Station FBM

Medical Submarine Hospital Submarine
Technicians M. 0. Corpsmen Crew

N -9 N =10 N =-l7 N-ý64

Nuclear Weaponm, Other

1 HfMC 10LT, INC 1 HM1 2 EMC 1 FTCM 1MMC

2 HM1 3 HM 3 1 EMI 1 FT2 3 MtJVI 1

6 HM2 6 HN 3 EM2 2 FTG2 1 MM3

7 HA 1 MMCS 1IFTB2 2 ET1

1 MIMC 1 TMC 1 ETN2

2 MM1 2 TM2 1 Ici

5 MM2 1 TM3 1 RMC

1 MM3 1 TMSN 1 RM3

1 CC 1 MT]. IQMC

1 ICi i MvIT2 1 QM1

1TC2 I MT3 2 QM2

2 ETI 2 QM3

2 ETR2 1 SKC

1 51(2

1 CSC

I CS2

2 CS3

2 TN

1 YNSN

I F'N

iSN

N23 13 28

5
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T'lebhl II. ExlwlV lt hlidgm'l 1" vnhlw thmi and Kesy it', Panrt Ir1d O 'l P rt II

Pit rt 1 1141 11 ~

No. Fitvo Pith)o FaIIvorauilti' 4m-z Koiy ti Vow rtkhli~ F~nvo rabI0 #o - K

, - ... ... . ... . .. . .. . ... . ...., , - ... . .. . .. ~ . n. ,, -,. ..- I

1 10 ()0 64 1

" 1 ,0 (,4 .,

3 2 8

4 / 9 o - ,
5 8 2 0 19 0

6 0 10 0 7 0

7 0 10 0 0 10 0

8 0 10 0 1 ) ,,

9 3 7 0 2 3 0

10 0 10 0 -. 0 10 0-

0 6ii 101 0 - o o

12 0 10 0 - 2 a 0

13 1 9 0 -4 8 0

14 0 10 0 -0 9 1

15 6 3 1 1 9 0-

16 6 4 0 C) 4 0

17 0 10 0 - 3 11 0

18 0 10 0 - 0 10 0 -

19 0 10 0 - 2 8 0

20 7 3 0 1 8 1

21 0 10 0 - 1 9 0 -

22 4 6 0 0 9 1

23 0 10 0 - 3 7 0

24 0 10 0 - 0 10 0

25 10 0 - 9 0 04
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hitlr III lilt'I 4,1U1M 1kilyi d III I' itI II 1'"'i, '1I 'l'lojoIlivv of Iit, setudy wAN to
v'ohl vol it 10OW, roeil'l,1ms' h). IOhu vxho1't I Il\'NmtIIp ti't 1 |AM Ilhh1 tto1rolatioI or

Jdl a's. " It rVnlm eI.I •'tltt' V I 1 Iti1t 1'Ithi 1111 hetwiot1 itt titudei atnd
Ill P1'at I IhA I thf tpple•1nov It tho It61U k1wtow lldi| r1ga rdlhg rdaditii.u, It was
hr Ilu ills, thrl, o r (i' il,11,I'1111g o u til h01 olio1rIIil tho,1 to ditt'11m1no If th1i1'o %van

iutimwr ,oait) Ito h p Norti'o, The koy tiny I'pllimphhip ht'twwelon Part I aind
fi1'll, { 11110 1 1111 11, \whlo, dovolo|plil, 111.1' Ill, I.1, • , NvAR Illo1't• a losst hlill

hl~dhIIIlld it l'VI~llIvoI l}i~lt l I,41 114 l'Abllh ohl~llt, v Iolatiho11ahl IllAl (I| 1 1 1x1l1"ll 1
littitu~do Itql |i•ti |lhol tho iv l'o. l11114 Ill getting• a high Moore' till PartI I llnd 11

ItolltiN \vor' vo1rf1led 1aNIng th is r•oll1.o high Ist)For titt I1Part Ill or it low sNotres
11116-41 Ill ItiIpti'gtl1 T het higholr oat Imth Pa rtmi ' I'hei, Intokrlaationahtp
tIl. Avorls itO l'iiri III thil, Aritoilr of Pusrt I and Part III asoortis was do-
1't'iatlvi, luVhOdgii r II hhwl t'trntll tld ut1t1M ohli s tatre, 'lh results
,l'hols of dn 1.i Aionh, 1'r" Nlhowl) It Tble,6 III. T1o rehikttlui-

ahip boteeu1 Plart I and Part III scores
is mlgnitfienni tt less than the . 001

IRKSU ITh AND) DIISC(USSI()N levl. The contingoncy coefficient
whieh indioates the size or degree of

Moltbtlltty w\apI tllniltid fly c0m.. interrelntionship whioh eoistit was
p,1tihg it Mplit-hsl , Putira't,, Pri'd'ct vtaloulated to be 0.34. The nuxiinun
Moulncit (l'~o,11,'soaa (1airt hAl( tWat value for the contingency coefficient for
versusm seond hk le tost) theni correcting the two by two table is 0.70. The value
to wholh teat lonith using the Spoarnmn obtained indicates a significant degroe
Brown forniula. The corrected value of interrolationship.
Indicates the reliability of the whole
test. Reliability could also be deter- Table IV shows the means and
mined experimentally using the retest standard deviations of scores from
method. This would be done by giving Part I through III. Part II values are
thi questionnaire at sooond time to the shown only to indicate the low range of
samno group under exactly the same variability botween the various groups
conditions as thu first trial. However, on this part of the questionnaire. Values
this is highly Impractical, so the split- for Part II of the last two combined
half calculation is used. The PPMC patrol groups were not calculated since
values for Part I and Part HI, when the reliability of Part II at that point in
corrected for whole tent values, are the study had been determined to be
0.92 and 0. 80 respectively which are zero. Note that on scanning the means
quite reasonable results since the of Parts I and HI, in those groups with
maximum value is 1. 0. Part II, was specialized training regarding radia-
calculated to have a negative PPMC tion, the values are generally higher
value which indicates a zero reliability for the means than those without
or reproduki-bility. Subsequent to this specialized training regarding radia-
calculation tlre was no longer any con- tion. Group 171, the Station Hospital
sideration of Part II data. Corpsmen, have no specialized training

7



Tablh Ill. Intorrolationship of Pert I and Part Ill Scores Chli Square

RKA Part Ill

<Median >Median

RKA > Median 17 317 52

Part I <Median 31 15 48

48 52 100

Median Part I = 12
Median Part TII = 18

N = 100

X2 = 12. 83 P<.001RKA

Table IV. Means and Standard Deviations

RKA Part I Part 17 Part III

N M N M o N M

Group 1 9 13.11 5.32 9 8.66 0.58 9 22.33 2.04

Group 17 10 12.30 4.67 10 Y.90 1.22 10 23.00 1.73

Group Ill 17 6.82 5.52 17 8.52 0.81 17 16.00 2.37
Group IV 64 10.57 6.68 64 8.66 3.15 64 17.15 4.23

Nuclear 23 13.78 4.17 23 9.00 0.84 23 19.22 2.79

Weapons 13 10.08 7.21 13 8.69 1.01 13 14.62 5.91

Other 28 8.00 8.33 28 8.36 1.09 28 16.61 3.33

0 Patrols 9 11.33 6.15 9 F, P" 0.91 9 16.i56 5.84

1 Patrol 17 10.41 6.81 17 8.94 0.74 17 16.12 5.28

2 Patrols 7 11.71 7.13 7 8.14 0.86 7 18.00 2.07

>2 Patrols 31 10.03 6.67 31 8.61 1.20 31 17.68 3.05

>1 Patrols 55 10.36 6.79 ***************** 55 17.24 3.88

>1 Patrol 38 10.34 6.78 ************* 38 17.74 2.911

8
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regarding radiatior and have the lowest group and not to weapons personnel in
means for Parts I and III. Groups I and general. However, there was found to
II have somewhat similar training in be no significant difference between the
nuclear medicine and medical orienta- Weapons Subgroup and Subgroup Other
tion and their means are quite similar, in Part III scores using the chi square
Within the FBM Group the Nuclear Sub- method. Note that the Part II means
group has the highest means for Parts I vary little among all the groups and
and III. Subgroup Other has the lowest subgroups. The means for the various
mean for Part I. The Weapons Sub- Patrol Groups also do not vary widely
group is intermediate, except for its for either Part I or Part Ill.
low mean for Part Ill. This low mean
on Part III may be due to several qalte Table V shows the comparison of
low scores in this Weapons Subgroup, a Part I and Part III scores between the
finding which may be peculiar to this major groups.

Table V. Comparison of Group Scores Chi Square

N/N 9/10 9/17 9/64 10/17 10/64 64/17

Groups **, I/Il I/III I/IV fl/Ill iI/IV IV/TI

RKA Part I 0.02 6.25* 1.70 7.40** 0.99 6.72**

RKA Part 1I 0.00 18.92** 8.95** 19.95** 9.83** 6.90**

df=1

**=significance P< . 01 (chi square, median split)

*=significance P<. 05

***(Note: By convention in all chi square tables, if a significant

difference exists between groups or subgroups, the group or
subgroup with the more favorable attitude or greater knowledge
will be the numerator in the table.)

9



A significant difference was noted in from Group IV, the FBM Enlisted Crew
both Part I and Part III scores between Group.
all groups and Group III, the Station
Hospital Corpsmen. This indicates a Table VI shows that there was a
relatively more favorable attitude and significant difference in Part I and Part
higher degree of knowledge about radi- III scores between the Nuclear Subgroup
ation biological effects in all other and Subgroup Other. This indicates a
groups in comparison with Group III. relatively more favorable attitude
All groups except Group III have some toward radiation hazards and a greater
specialized training regarding radia- degree of knowledge of radiation's
tion. There was also a significant biologic effects in the Nuclear Sub-
difference in Part III scores when corn- group, according to the RKA Question-
paring Group I and Group II with Group naire. There was no significant dif-
IV. This was n6t surprising since ference between the Weapons Subgroup
Group I and Group II were both medi- and Subgroup Other. A significait dif-
cally oriented groups and have quite ference is indicated between the Nuclear
similar training in nuclear medicine, and Weapons Subgroup only in the Part
However, there was no significant dif- III scores. There may, however, still
ference in attitude among Groups I, I1, be a difference in attitude toward radi-
and IV according to the RKA Question- ation hazards between thes-, twr ub-
naire. Note that there was also no groups, but the sensitivity of x-art I is
significant difference found between not great enough to detect it. Another
Group I and Group 11. possibility is that there actually is no

difference in attitude between these two
Table VI shows the chi square corn- subgroups because of their specialized

parison of the scores of the Subgroups training qualitatively, yet some

Table VI. Comparison of Subgroup Scores Chi Square

N/N 23/13 23/28 13/28

Nuclear Nuclear Weapons
Subgroups Weapons Other Other

RKA Part I 1.56 4.65* 0.76

RKA Part 1I 5.06* 5.79* 0.10

df=l

*=Bigniflcance P <. 05 (chi square, median split)

10
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difference in their knowledge exists and the Weapons Subgroup in Fart
because of the relitively greater depth scores but none in Part II scores. A
of training of the Nuclear Subgroup. more favorable attitude might be ex-
There is probably a grey zone where pected in the Weapons Subgroup because
there are differences in the knowledge of their training and orientation tc.
of a group and not in the attitude, since nuclear weapons and submarines. The
knowledge alone is not the only factor similarity in knowledge is difficult to
in determining attitude. Also, the explain. This probsbly is not char-
Weapons Subgroup tested was relatively acteristic of weapons personnel in
smaller than the Nuclear Subgroup and general but is related to a number of
sample size may also be a factor. quite low scores in this particular
However, since no differe! !e was found weapons group. The sample size of
between the Weapons Subgroup and the Weapons Subgroup is also quite
Subgroup Other in attitude, and a dif- small and this may be an additional
ference was found between the Nuclear factor.
Subgroup and Subgroup Other in atti-
tude, one might infer from equalities No significant difference was found
that there might be a difference in atti- between Groups I and II and Subgroup
tude between the Weapons and Nuclear Other except in Part m. This could be

Subgroup. explained by the nuclear submarine
experience and basic indoctrination in

In Table VII a comparison of Groups radiation safety of Subgroup Other with
and Subgroups is made. a resulting similarly favorable attitude,

yet obviously not the depth of knowledge
There was a significant difference of Groups I and II. There is no differ-

between Group III, the Station Hospital ence statistically between Group III and
Corpsmen, and the Nuclear Subgroup in Subgroup Other in either Part I or Part
bo4.h Part I and Part III scores. This III.
indic' tes a relatively more favorable
attitude toward radiation hazards and a A comparison of scores on Part I
relatively higher degree of knowledge and Part III was made considering the
about the biological effects of radiation number of submarine patrols which had
in the Nuclear Subgroup according to been made by members of the FBM
the RKA Questionnaire. There was no Group, Group IV. The composition and
significant difference between Groups I partition of the different patrol groups
and I1 and the Nuclear and Weapons is shown in Table VIII. No significant
Subgroup except on the Part III scores. difference was found between the vari-
This would tend to support the hypothe- ous patrol groups. Previously, in dis-
sis that there is no difference in attitude cussing tho means of the scores, it was
between the Nuclear and Weapons Sub- noted that there was little difference in
group, since Groups I and U would the means of the patrol groups. A pos-
probably be the strongest in favorable sible factor in obscuring any difference
attitude because of their training in in the patrQl groups could be the rela-
nuclear medicine. There was a sig.- 111vely high percentage of nuclear power
nificant difference Ixtween Group tlY trained personnel ihk the patrol groups
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Table VIII. Composition of Patrol Groups within Group IV

Patrols 0 1 2 >2

N 9 17 7 31

1 MM1 1 MM1* 2 MM2* 1 MMC*
2 MM2* 1 MM1 1 IC2* 1 MMC
1 MM3* 1 MM2* 1 FTB2** 1 MMCS*
2 EM2* 1 EM2* 1 QM3 1 MMI*
1 FTG2** 1 ETR2* 1 FN 1 MM1

1 CS3 1 ICC* 1 SN 1 MM3
1 TMSN** 1 1C1* 2 EMC*

2 TM2** 1 EM1*
1 TM3** 2 ET1*
1 CSC 2 ET1
1 CS3 1 ETR2*
1 QM2 1 ETN2
1IQ v3 1 1C1
1 SK2 1 TMC**
1 RM3 1 MT1**
1 YNSN 1 MT2**

1 MT3**
1 FTCM**
1 FT2**
1 FTG2**
1 QMC
1 QM1
1 QM2
1 SKC
1 RMC
1 C02
2 TN

N-% --9/ N-- N--o

Nuclear 5-56% 6-35% 3-43% 9-29%

Weapons 2-22% 3-28% 1-14% 7-23%

Other 2-22% 8-47% 3-43% 15-48%

* Nuclear
* *Weapons

13



in which any differences would be most Table IX. Comparison of College
iikely to be evident. These groups versus High Scbool Education
would be those with the least or no sub- in
marine experiences. The 0 Patrol Groups II and IV Chi. Square
Group had 56% nuclear power trained
personnel and the 1 Patrol Group had N/N 8/9 9/55
35%. The percentage of weapons per-
sonnel would also be a consideration
since they also receive more than the Education College College
routine indoctrination about radiation. High School High School
The effect of the number of patrols Groups III IV
would be more likely demonstrated
within a group Without specialized train- Part 1 0.07 5.89*
ing regarding radiation such as Sub-
group Other. However, Subgroup Other Part 111 0.06 4.93*
had an inadequate number of personnel A

in the 0, 1, or 2 patrol categoriem for
statistical evaluation. The patrol df-1
groups were also recombined into new *=significance P= < .05
groups for comparison to try and
further determine if there were any (chi square, median split)
differences in Part I or Part III scores.
These comparisons were miade: 1) 0 education groups. A significant differ-
and >_ 1 patrol 2) 0+1 and > 1 patrol and ence was found in Part I and Part III
3) 0 and >1 patrol. No significant dif- scores only in Group IV. In Group IV
ference was found among these groups only 9 of the total N of 64 had any
using the chi square method. With a college training of one year or more.
larger sample size comparisons of Three of those with college training
patrol experience within each subgroup were also nuclear power trained. None
could be made which might provide in- of those with college training were
formation on subgroup differences due weapons personnel. In the College
to patrol experience. Group: one had no patrols; four had

one patrol; two had two patrols, and two
A comparison of those in Groups III had more than two patrols. These re-

and IV with a high school education and suits may suggest that college training
those with one year or more of college does not have a significant effect on at-
is made in Table IX. No evaluation of titude or knowledge about radiation un-
education within the Subgroups of Group less specialized training or a particular
iV could be made because of the low N orientation to radiation is also present.
of the education groups. Group 11 was
excluded from this comparison because
of the medical school training which is SUMMARY AND CONCLUSION
particularly specialized. No compari-
son could be made using Group I alone In the determination of the conclu-
because of an Inadequate N of the sions from the data of this study the
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-pe-ific limitations of the size of the parts was found by chi square. The
sample groups and their selection are scores of Parts I and III were evaluated
recognized, as wellasthe many factors using the chi square, considering the
that affect attitude, and The various in- following comparisons:
fluences affecting the development of a
test instrument to measure psychologic 3.) Major Groups (considers special-
data. ized training regarding radiation)

The objective of the study was to 2) Subgroups of Group IV (considers
develop a questionnaire to investigate specialized training regarding radiation
the possible relationship between atti- within the submarine group)
tude toward radiation hazards and the
knowledge of the biological effects of 3) Major Groups and Subgroups
radiation. A three part, 75 item test (considers similarities and differences
instrument was developed and named between major groups and submarine
the RKA Questionnaire. Parts I and I. subgroups)
were concerned with the determination
of attitude and Part III with the deter- 4) Number of Patrols (considers
mination of knowledge about the bio- effect of the number of patrols within
logical effects of radiation. The RKA the submarine group) 4

Questionnaire was given tc four differ-
ent major groups -..ith a total sample N 5) College Training versus Higti
of 100. The Groups were: Group I, School Educat'on (considers effect of

Submarine Medical Techniciam.- Group education within Groups III and IV)
II, Prospective Submarine Medical
Officers; Group HII, Station Hospital The conclusions that were drawn from
Corpsmen; Group IV, Enlistpd FBM the data of the AKA Questionnaire In
Crew Members. A key was developed this study an-i its particular sample
for Parts I and Ii using the judgments groups are:
of ten experts who determined whether

the items Indicnted a favorable or un- 1) The FKA Questionnaire, ex-
favorable attitude response. The Items cluding Part II, seems to be a reliable
were keyed so that a high score indi- test Instrument for determining rela-

cated a relatively favorable attitude. tive favorability of attitude toward
The reliability of the questionnaire was radiation hazards and correlating this
determined by using a Split-half with the degree of knowledge about the
Pearson Product Moment Correlation, biological effects of radiation.
correcting for test length using the 2) Generally a relatively favorable
Spearmanattitude correlates with specialized
for Parts I and II Indicated a significant training regarding radiation and the
degree of reliability. However, Part 11 degree of knowledge about the anologica
was found to be unreliable and was then effects of radiation.
excluded from the study. A significant
relationship between a high score on 3) The number of patrols on a
Parts I and III or a low score on both nuclear submarine was found not to

15
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APPIMAN1X A

HXPilI•'JOIX•IMIKIN'I CONCIMININOI "IDIRIW•'rIN" Ol

AT'I 111D 'IU WAI I) I, A TIONA'l'N

iouI•U3 Itot J. Psrroht, MC., IUSNR
Md•ll Otficvr - .t;11N 602(hoild)

RQNjhIltmo to 4 NQI'rivo of toNt itom 1pert.aillittg to arItttudol ittlil knowledge
hav• 1voIt ohbtinod from moro than 100 onlistod %%tuh1rlners, ThlNOh dika are
now i•Ioin .ley•mtd; howovr, we uood juignients from 1eXirts iu tho riad•ation
filhd •,a to lhe directinl of thoe attitude dio eon ho linferrod from how tihe sub-
ject% i'11po•td•d to vach Iom , I lore, wo uolo "diroctim of atitiudo' to roetr
to wh•thor ro"ponfIvi, it tho Agro• dh'ectlon or dinagroo dlrection aro tn11icative
ti (iavorablo (tipproprita , deoIrablo, proplr) aittkl~lo towdrd ma ttern pertalning

'7hri-, aro two part# to the quost Io111al•e, vach requiring altitly d ffor•it

Part I PXA Mitd lation Kno&l-%~astiwrnaIro

Nuto that the man have responded to each item by choosing a number from
- 4 through + 4 to Indicates (I) whether dhey agree or disagree (plus or minus)
and, (2) how hitensoly do they agree (+) or disagree (-). I

Now we are asking the expert Judges to decide whotehr agreeing (+ response)
or disagrooig (- response) in, In your opinion, ijdlcative of favorable or
desirable atvitudleu toward the radiation situation. To do this, simply check
ONR of the two colunmns for each item, either AORRHINO to the item (+ response)
Is favorable or DISACREBHING to the Item (- response) is favorable. With this
Information wv will be able to gpt an attitude score to relate to a number of
background anti persotality var•ables.

Thank you tit advance for your assistance.
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APPENDIX A (Continued)

Part I - RKA (Radiation Knowledge Questionnaire)

Itom N b Agreeing (+ Response) Disagreeing (- Response)
IIs Favorable Is Favorable

I -- "----

2

3-

4 -- -

11 ------

7 -

8 - -

9 -

10 - -

11 -

12 - -

13 - -

14 - -

16 - -

17 - --

18 - -

19--

20 -

22 -.-

23--

24-

25
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APPENDIX A (Continued)

The task for Part JI of the RKA Questionnaire is similar. Note that the
men choose either YES or NO to each item. We are asking the expert Judges
to indicate whether a response YES or a response NO is, in your opinion,
favorable. Please check one or the other.

Response YES Response N
Item Number Is Favorable Is Favora.

2 I
4

5

6

7-

8

9 --

10

11

12

13 - -

14

16 .

17

18

19

20

21 -

22 - -

23 -

25 -

22



APPENDIX B

RKA QUESTIONNAIRE - DATA SHEET AND PART I RESPONSE FORMAT

(Print all information)

Name: Last_ First_______ Rate/Rank: Date:Last First MiddlT "

Service No.: Date of Birth: Age:

Education: Major if college trained:

Nuclear Power Training: Yes No If yes, indicate place:

Other training having to do with radiation: Yes No If yes, explain

Nuclear Submarine Duty: Yes - No __ If yes, number of patrols

Present duty station:

This is a questionnaire which is designed to determine your attitude toward radiation.
We would appreciate your frank and honest response to each item. All responses will be
treated in a CONFIDENTIAL manner.

+4 1 2 3 4 5

Agree strongly [ I [ I [ I [I [ I
+3 6 7 8 9 10

Agreeconsiderably [ I [ I I I [ I I 1

+2 11 12 13 14 15

Agree slightly I I [ I I I I I

+1 16 17 18 19 20

0 Neither agree or 1 I I I ( I
disagree 21 22 23 24 25

Disagree slightly

-2

Disagree considerably

-3

Disagree strongly
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APhi}DIX B (CONTINUED)

RKA QUESTIONNAIRE j

Part I
(Keyed Items Indicated by Minus)

Name: Service No.

Last First Middle

1. I should know more about the effect of radiation on the human body.

2. Men serving aboard nuclear submarines are more likely to develop some type
of cancer because of the radiation.

3. Duty on nuclear submarines is more dangerous because of the radiation.

4. Men serving aboard nuclear submarines are more likely to develop kidney
disease because of the radiation.

5. There is a definite risk of radiation exposure aboard a nuclear submarine.

6. Men serving aboard nuclear submarines are more likely to develop lung
disease because of the radiation.

7. A man should not have too many patrols on a nuclear submarine because of the
radiation.

- 8. Men serving aboard nuclear submarines are more likely to develop tlhroid
cancer because of the radiation.

9. The nuclear reactor is a greater source of danger on a nuclear submarine than the
atmospheric conditions.

- 10. Men serving aborad nuclear submarines are more likely to develop heart
disease because of the radiation.

- 11. The nuclear reactor is the greatest potential source of danger aboard a
nuclear submarine.

- 12. Men serving aboard nuclear submarines are more likely to develop brain tumors
because of the radiation.

13. Men serving aboard nuclear submarines are more likely to develop eye disease
because of the radiation.
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APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE

Part I
(Keyed Items Indicated by Minus)

14. The radiation on a nuclear submarine affects a man's ability to have
sexual relations.

15. The nuclear reactor is a greater source of danger to personnel on a nuclear
swLhmarine than the nuclear weapons that are carried.

16. Men serving aboard nuclear submarines should be very concerned about their
yearly exposure to radiation.

17. A man serving aboard a nuclear submarine has a greater chance of developing
sterility because of the radiation.

18. Radiation aboard a nuclear submarine has some effect on a crew member's
intelligence.

19. Men serving aboard nuclear submarines are more likely to develop disease

of the testicles because of the radiation.

20. Working with radioactive materials is risky business.

- 21. Men serving aboard nuclear submarines are more likely to develop skin
cancer.

22. Radiation is a somewhat mysterious force.

- 23. Men serving aboard nuclear submarines are more likely to develop mental
conditions because of the radiation.

- 24. Men serving aboard nuclear submarines are more likely to develop intestinal
disease because of the radiation.

- 25. Men serving aboard nuclear submarines have more stomach problems because
of the radiation.
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APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE
Part II

(Keyed Items Circled)

This is a questionnaire which is designed to determine your attitude toward radia-
tion. We would appreciate your frank and honest response to each item. All responses
will be treated in a confidential manner.
INSTRUCTIONS: Read each item carefully. Circle YES if the item applies to you,

or NO if the item does not apply to you.

Yes No 1. I would feel concerned about the radiation if I had to have five

chest x-rays in one year.

Yes No 2. I am concerned about radioactive fall-out at times.

® No 3. If offered an excellent job In civilian life that involved working
with radiation, I probably would take it.

Yes No 4. If an atomic attack occurred, I would have more fear about the
radiation than the blast.

Yes No 5. I would feel very anxious if asked to enter the reactor compart-
ment to do some routine work.

Yes No 6. I would rather undergo an operation for cancer than receive radi-
ation therapy, assuming they would have about the same long-term
results.

Yes 7, 1 would rather be burned extensively in an attack than exposed to
any radiation.

Yes (No 8. I would worry greatly if told I had been exposed to aignificant
but not dangerous amount of radiation.

Yes No 9. I feel that there is more danger from radiation aboard a nuclear
submarine than from an enemy attack on the submarine.

Yes (N) 10. If I were a truck driver I would rather have a Job hauling gasoline
than radioactive substances.

Yes No II. I have occasionally worried about the effects of radiation on myself.

Yes No 12. I would rather have both legs broken than receive an exposure tv,
radiation that was significant but would not cause symptoms.
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APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE

Part II
(Keyed Items Circled)

Yes No 13. On a nuclear submarine I would rather not work consistently
near the reactor compartment.

Yes No 14. If I were a laboratory worker I would rather work with viruses
and bacteria than radioactive substances.

Yes 15. If I were on nuclear submarine duty and my wife had an abnormal
baby, I might think it was because of radiation.

Yes No 16. In the event of an attack, I would b3 more concerned about the
effects of radiation from a bomb than the possibility of germ
warfare. j

Yes No 17. I would feel somewhat nervous if asked to participate In a test
that involved eating a harmless radioactive substance. I

Yes o 18. I feel that men serving aboard nuclear submarines have shorter
life spans because of the radiation.

Yes No 19. I would feel concerned about the radiation if I had to have three
chest x-rays in a year.

Yes No 20. If I were a laboratory worker, I would rather work with chemical
poisons than with radioactive substances.

Yes (No 21. I have dreamed about being exposed to radiation.

Yes No 22. I would be worried ablout the radiation if a man in the bed next
to mine in the hospital had been exposed to radiation and was
seriously ill.

Yes No 23. If I developed leukemia after serving aboard a nuclear subma-
rine, I might feel that the radiation was responsible.

Yes (No) 24. If I were a truck driver I would rather have a Job hauling ex-
plosives rather than, radioactive materials.

( No 25. I would worry less about radiation if I knew more about its
effects on the human body.
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APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE

Part MI

(Keyed Items Circled)

INSTRUCTIONS: Answer each item as carefully as possible. Circle T before the
statement if it is TRUE or MOSTLY TRUE. Circle F if it is
FALSE or MOSTLY FALSE.

T (1) 1. The bone marrow is relatively resistant to radiation effects.

(F 2. It is possible for a man to receive exposure to radiation that
would affect his ability to produce children but not make him
feel ill.

T F 3. Radiation exposure can cause cataracts.

F 4. Radiation can cause bone cancer.

T (F) 5. The principal danger from fall-out is external exposure to
radiation.d F 6. Human red blood cells are relatively resistant to radiation.

F 7. Hair loss is a symptom of significant radiation exposure.

T (F) 8. The same dose of radiation to the intestines and to the brain
is more likely to cause injury to the brain.

T ('? 9. A person can feel the radiation if he passes nbxt to a strong
radiation source.

1F 0. Significant exposure to radiation can shorten life without causing

a specific disease.

T C ) 11. Men are more resistant to the effects of radiation that rats.

T F 12. Diarrhea is a symptom of significant radiation exposure.

F 13. Radiation has been shown to be a factor in some cases of

thyroid cancer.
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crew members. Thc scores of the three parts of the RKA...Qesttonnaire were evaluated using
the chi-square method In regard to major group, subgroup, number of patrols and education.
A significant correlation was found among;" favorable attitudes toward radiation, knowledge of
the biological effects of radiation, and specialized tratning regarding rad~ation. 'Within the
FBM enlisted crew group the number of patrols personnel had did not seem i.o haie any
demonstrable effect on attitude or degree of knlowvledge. However, any effect of the uumber of
patrols miay have been obscured by the presenco of personnel with specialized training in
radiation within the comparison groups. Th:)se with one year or more of college in the FB.M
enlisted crew group seemed to have a more favorable attitude toward radiation hazards and a
higher degree of knowledge about the biological effects of radiation than thoce with only a highi
school education. However, In the unspecialized Station Hospital Corpsmien group, the degree
of education did not have any apparent influence on attitudes or knowledge about radiation.
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