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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 evaluate 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 Radiatlon Khowledge 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 selection 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

Reports of radiation injury date back
to the late 19th century, in the early
vears after the discovery of the radio-
activity of uranium by Becquerel,
These early injuries were skin burns,
In 1927 experimental work revealed the
effects of radiation on the genetics of
the fruit fly.” Dramatic demonstration
to the public of its dangers cccurred
when cancer of the bone hecame evident
in the radium dial painters. 7 Since the
sensational and devastating effects or
nuclear reaction were made evident at
Hiroshima and Nagasaki in 1945, the
general public has been acutely aware
of the hazards of radiation. References
to the various effects of acute and
chronic exposure to radiation have been
numerous in the medical literature and
public media as well, Evidence has
accumulated from the Hiroshima and
Nagasaki experiences implicating radi-
ation in an increased incidence of
leckemia, 2,5 thyroid concer, 23 and
breast cancer.2% Public concern with
radioactive fallout from nuclear tests
and dangers from nuclear powered
ships and power installations has been
evident in recent years. 11 7The refer-
ences in the public media to radiation
hazards have often been of sensational
nature and without discrimination, but
not entirely wituout a factual basis.

Problems of environmental radiation
exposure have also come under medical
and public scrutiny. Uranium miners
have been found to have an increased

incidence of lung cancer.20:25 Increased
uge of nuclear materials for peace time
power and the presence of commercial
enterprises involving nuclear materials,
have increased public awareness.
Accidents in this particular field over
the years have been relatively few and
the overall safety record of government
and commercial nuclear enterprises
and experimentation has been excellent,
However, medical personnel and facili-
ties previously unfamiliar with radi-
ation exposure problems have had con-
tact with exposure incidents, 12 Medical
and public concern with the effects of
diagnostic x-ray and isotope use has in-
creased and not without a reasonable
basis.3» 14,19 The exposure from diag-
nostic x-rayhas a wide range. 13, 19,27
Standards for isotope use in pediatrics
have not yet been well defined. 22
Chromosomal abnormalities have been
reported in subsequent offspring from
mothers who had diagnostic, abdominal
radiographic exposure. 24 Chromosome
changes in peripheral blood leukocytes
have been reported after dlagnostic x-
ray and also after radioisotope therapy
for thyroid disease. 4,6 In-utero radi-
ation exposure has been Implicated as

a po:sible factor in leukemia, 10

Ther wpeutic radiation has been also
implicated as a factor in some studies
of leukemia, but remains in doubt at
this time, except for the more con-
vincing British study in patients who
received therapeutic radiation for
ankylosing spondylitis. 18 public tn-
quiries as to the danger of diagnostic
racaiation are not too uncommon, even




in regards to the common chest x-ray. 3
The development of safety controls in
diagnostic radiology has been less than
ideal,

The general public, it would seem,
tends to equate all forms of radiation
and all sources, as well as the hazards
involved. Coupled with the general
spread of highly emotionaily charged
information about radiation are the
somewhat natural mysterious qualities
of radiation especially evident to those
who are relatively uninformed about the
physics of radiation. Rauiztion can
neither be seen or felt in the usual
sense, yet has such awesome effects
even to the changing of genetic nature.
The prodigious strides in technology
have advanced far ahead of the general
attitude toward radiation hazards.
Mental adjustment to work with radia--
tion is of importance for reasons of
safety, work efficiency and general
emotional health.

It has been the author's personal
observation that those working with
radioactive materials and x-ray equip-
ment often make humorous remarks
about radiation effects. A type of
nervous humor seemed to be present,
particularly in students, or those who
were just being familiarized with this
field of knowledge. In addition, ex-
tremes in attitude are evident, some
being very cautious and others being
quite careless, with no obvious con-~
cern. The very cautious do not seem
to display any of the nervous humor and
neither do the careless. It seems to
be another group within the experienced
personnel which displays the nervous
humor, Denial, careful attention to

detail, and humor are all methods of
dealing with anxiety.

Among personnel on FBM sub-
marines, essentially the same obser-
vations were made, but in relation to
different groups. Personnel with no
specialized training regarding radia-
tion other than routine indoctrination
seemed to be more apprehensive about
the biological effects of radiation than
weapons - or nuclear-power-trained
perscnnel, However, even among
specifically trained personnel there
seemed to be, again, this quite variable
attitude toward radiation hazards.
Radiation safety on nuclear submarines
is rigidly supervised and maintained.
It has not assumed the proportions that
control of atmospheric conditions has
assumed.? One of the most significant
but incongruous problems encountered
was with air activity related to radium
dial watches and instruments which
was solved by prohibiting their use
aboard nuclear submarines.8 The
probability then of harmful effects of
radiation during prolonged submergence
on nuclear submarines is quite
remote, % 9

However, in spite of specialized
training regarding radiation in crew"
groups, basic indoctrination in other
groups and this probability, the
question exists, 'ls there a pre-
dominantly favorable attitude toward
radiation hazards?' Even more basic
to the situation is the question, '"What
is a favorable attitude toward radiation
hazards? ' In surveying the literature
it was noted that {tems regar ding at-
titudes toward radiatior ha-erds had
been included in psychologic test
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material previously, 18,21,28,29 14
there had been no test instrument de-
veloped specifically for determining
attitudes about radiation hazards on
nuclear submarines., However, it had
been found that 35% (11 men) of a
random sample of 31 enlisted men

from a nuclear submarine had ex-
pressed concern about the possibility
of injury due to radiation during routine
operations.z8 It had also been found in
another study that 15% of enlisted
volunteers (N=236) sampled and 5% of
officer (N=185) for submarine service
indicated their belief that "'the danger
of radiation exposure aboard nuclear
submarines is serious. 2930 Both of
these results were obtained in the
relatively early years of operation, in
1957 to 1959, It is possible: in view of
the safety record on nuclear submarines
that there has been some change in
general attitude of personnel on nuclear
submarines, It was decided to investi-
gate the possible relationship between
attitude toward radiation hazards and
knowledge of biological effects of radi-
ation through the development of a
suitable questionnaire.

METHOD AND PROCEDURE

Development of the RKA Questionnaire

The final form of the Radlatiun-
Knowledge-~Attitude Questionnaire
(RKA) has three parts, each ccnsisting
of twenty five items. The questionnaire
is contained in Appendix B. Parts 1 and
II of the questionnaire deal with the de-
terminatios of attitude toward radiation
hazards. Each item in Part] ie an-
swercd on u graded plus or minus
scale, depending on how the examinee

agrees with the item. The items in
Part I are answered yes or no, de-
pending on how the examinee feels the
item applies to himself, PartIilis &
true and false test of the knowled:

of the biological effects of radia:

Each part of the questionnaire
developed from about 65 to 70 rew
items. The items were developed intc
their final form after careful attention
to composition and direction. The
language of the items was purposefully
made nontechnical and nonmedical.
Items with double meanings were ex-
cluded or rewritten if it was feasible.
Items were designed to contain only a
single obvious idea as far as was
possible. Ambiguous items or those
which involved a complicated interpre-
tation were avoided. The items were
arranged in questionnaire form in
random manner except for separating
items of a similar nature. The items
were reviewed and commented on by:
Benjamin B. Weybrew, Ph.D., Head,
Personnel Research Branch, Submarine
Medical Research Laboratory; CDR D.
R. Feely, MC, USN, Directer, School
of Submarine Medicine; COR R. F.
Reed, MSC, USN, Head, Nuclcar
Medicine Division, School of Submarine
Medicine; CDR G. F. Douglas, MSC,
USN, Prospective Head, Nuclear
Medicine Division, 5chool ¢f Submarine
Medicine; LCDR E, P. Kindwall, MC,
USNR, Instructor, 3chool of Submarine
Medicine; and LCDR 8. C. Klagsbrun,
MC, USNR, Psychiatrist, Npoval Sub-
marine Medical Cernter, Naval Sub-
marine Base New Lundon, Groton,
Conn, Appropriste sugugestions about
the {toms were utilized o improve
them, Mincy changea in the items weore
also made zfter some inftial testing.
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Additional data to be collected were;:
1) Name, 2) Rate, 3) Service Number,
4) Date, 5) Age, 6) Birth Date, 7) Edu~
cation, 8) Major, If College Trained,
9) Nuclear Power Training, 10) Loca-
tion of Training, 11) Other Specialized
Training Regarding Radiation, 12)
Nuclear Submarine Duty, 13) Number
of Patrols, 14) Present Duty Station,

Subjects

The RKA Questionnaire in its final
form was given to four majcr groups.
Group I was Submarine Medical Tech-
nicians from the School of Submarine
Medicine who had just completed the
nuclear medicine section of their
course., Group II was Prospective
Submarine Medical Officers who had
just completed the nuclear medicine
section of their course. Group III was
composed of corpsmen from the station
hospital, Naval Submarine Base New
London, Groton, Conn. Group IV was
composed of enlisted crew members
from a FBM submarine. Table I on the
following page indicates the composi-
tion of these groups, The only subjects
of Groups I through III who had ex-
pericnce on nuclear submarines were
two members of Group I. There were
nine crew members from the FBM who
had not previously been on an FBM
patrol. The questionnaire was not
given to the FBM group while on patrol
but during the off crew period of shore
duty. This may have had some influ-
cnce ol response, since it has been ob-
served that concern about atmosphere
condliions fluctuates according to
whether the crew {8 on patrol or on
shore duty during the off crew pertod, 30
This would he likely to apply to attitude
toward radiation hazards also.

Validation of the RKA Questionnaire

The objective «f validaticn was to
determine what would be considered a
favorable response to the attitude items
in Parts I and II and then construct a
key using this information. This was
accomplished through the use of the {
judgments of ten experts, using the
format in Apperdix A, The format was
given to ten Naval Medical Corps and
Medical Service Corps Officers who,
by their training in ruclear medicine
and health physics, were considered
expert judges regarding the determina-
tion of what would be considered a
favorable attitude toward radiation
hazards. They are listed in the Ac-
knowledgements and include members
of the staff of Broockhaven National
Laboratory, staff of the school of Sub- *
marir.c Medicine, and the Squadron 14
Medical Officer. The format requires
the judges to designate whether a {
particular response to an item is a
favorable one. The number of judges
indicating whether a response is favor-
able is then used to determine whether
the item will be used for the key to
determine if an attitude is relatively
favorable in a test subject. In order to
be used as a keyed item it was required
that the expert judges' response to the
{tem be at least 90% and the remaining
response could not be a neutral one,
Table 11 shows the responses of the
judges to each {tem and the resulting
keyed items. The keyed items are also
indicated in the RKA Questionnaire in
Appendix B, Items 14 and 22 were not
used because one judge scored u
neutral response to these items, In
Part 1 a total of 17 items were keved
and in Part Il 10 items were used. Note
that 13 of the {tems keved in Part ! and
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Tade I, Co apreition of Jroups and Subgroups
Group [ !r Group II Group III Group IV ]
Submarine | v rospective Station BM
Medical Submarine Hoespital Submarine
Technicians M. O. Corpsmen Crew
N=29 N =10 N = 17 N - 64
Nuclear Weapons Other
1 HMC 10 LT, MC 1 HM1 2 EMC 1 FrcM 1 MMC
2 HM1 3 HM3 1 EM1 1 FT2 3 MM1
6 HM2 6 HN 3 EM2 2 FTG2 1 MM3
7 HA 1 MMCS 1 FTB2 2 ET1
1 MMC 1 TMC 1 ETN2
2 MM1 2 TM2 1 IC1
5 MM2 1 TM3 1 RMC
1 MM3 1 TMSN 1 RM3
1ICC 1 MT] 1 QMC
11IC1 i1 MT2 1 QM1
11C2 1 MT3 2 QM2
2 ET1 2 QM3
2 ETR2 1 SKC
1 SK2
1 C8C
182
2 83
2 TN
1 YNSN
1 N
1+ SN
N 23 13 28
e

L
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Table N,

Expert mdgen' Evaluation and Key or Pavt 1and Part 1

Part | Pavt 1l
Judgen Dadgon Judgon Ndgon
Posltive Noygative Ponltive Nopative
Itom | Responan | Reaponse | Elthor Renponue | Romponse | Blthoer
No. | Favorable | Favorable | tor- Koy Favorable | Favorable | tor- Kay
1 10 0 0 ﬂ‘— 4 0
2 1 9 0 - ] 4 0
3 2 ) 0 1 ¢ +
4 1 8 0 - 2 1 0
5 8 2 0 1 H 0 "
] 0 10 0 3 7 0
7 0 10 0 - 0 10 0 -
8 0 10 0 - 1 1] 0 -
9 3 7 0 2 ] 0
10 0 10 0 - 0 10 0 -
11 1 9 0 - ) ) 0
12 0 10 ] - 2 8 0
13 1 9 0 - 4 8 Y
14 0 10 0 - 0 ] 1
15 6 3 1 1 9 0 -
16 6 4 0 6 4 0
17 0 10 0 - 3 | 0
18 0 10 0 - 0 10 0 -
19 0 10 0 - 2 8 0
20 7 3 0 1 8 1
21 ¢ 10 0 - 1 9 0 -
22 4 8 0 0 9 1
23 0 10 c - 3 7 0
24 0 10 0 - 0 10 0 -
L-25 d 10 0 - 9 1 0 +
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fowr of the itema loyed tn Part 11 ve-
calved 0 LOUE vonponae by the expert
Mmdgen, 1Cwan nlao vequived for ttema
e Paet 1 that the reaponre to the (tem
he i the thres or four range on the
anawer norle to be soored, The koy
for Parta I and U, when developed,
indivatod a volatively mueve vorvable
nttitude the higher the aoorve, bPart H
Homa were vorlfiod aring the moureas
Hatod In the veforenven, ‘The higher
the acore on Part Ul the groater
refative knowlodge of the hlologioal
efteota of radiation,

RESULTH AND DISCUSSION

Roliahility was  timnied by com-
puting a Split-hal’ Pearsen Praduot,
Moment Corveinnon (fleat hall toat
versua second helv weat) then correcting
to whole tost lm\ﬁh uaing the Spearman
Brown formula, The correoted value
indiontea the reltabllity of the whole
tost., Ruliabtlity could nlaso be deter-
mined expoerimentally naing the retest
method, Thia would be done by giving
tha queationnaire a svcond time to the
same group under exactly the same
conditions as the tirst trial, However,
thia is highly impractioal, so the split-
half caloulation is uaed. The PPMC
vialuea for Part I and Part 1], when
corrected for whole test valuens, are
0,92 and 0, 80 reapectively whicl are
(uite reasonable reaults since the
maximum value {a 1.0, Part I, was
oaloulated to have a negative PPMC
value which indiocatea a zero reliability
or reproducibility, Subsequent to this
caloulation thare waa no longer any con-
sideration of Part Il data.

The ohjeative of the study was to
Invoatigate a poaaible corvalation or
volationahip hatwoon attitude and
know ledge vegarding radintion, It wan
eanentinl then to detormine (f thero was
wny relntionehiip botwoon Part 1 and
Part 1L, Le,, wan thore o lonn than
vhance rolationahip in an examinec
potting a high meore on Pavt 1 and a
high seore on Pavt 11 or a low score
on both Parted  The tnterrelationship
of Part | and Part 111 acorea waa do-
tormined watng ot aquare, The rosults
are shown in Teble L, ‘The relation-
ahip botween Part I and Part 111 acores
ta mignifionnt at loas than the , 001
level. The contingency coeffiolent
which indicatea the alze or degree of
intervelationship which oxistn was
caloulated to be 0,34, The maximum
value for the contingenoy coefficient for
the two by two table {a 0,70, The value
obtained {ndicates a aignificant degroe
of interralationship.

Table IV showa the means and
atandard deviations of scores from
Part I through IIT, Part II values ave
shown only to indiocate the low range of
variability botween the various groups
on thia part of the queationnaire. Values
for Part II of the last two combined
patrol groups were not ocaloulated since
the reliability of Paurt II at that point in
the atudy had been determined to be
zoro, Note that on scanning the means
of Parts I and III, in those groups with
apecialized training regarding radia-
tion, the values are generally higher
for the means than those without
specialized training regarding radia-
tion. Group III, the Station Hospital
Corpsmen, have no specialized training




Tabte I,

Intervelationahip of Part I and Part [II Scoreas Chi Square

RKA Part Ul

<Median >Median
RKA >Median 17 37 52
Purt T <Median 31 15 48
.- "]
48 652 100
Median PartI = 12
Modian Part IIT = 18
N = 100
xz.mm: 12.83 P<.001
Table IV, Means and Standard Deviations
RKA Part | Part II Part Il
N M o N M p N M v

Group 1 9 13.11 5,32 9 8.66 0.568 9 22,33 | 2.04
Group I 10 12.830 | 4.87 10 1.90 1.22 10 23.00 1.73
Group III 17 6.82 5.562 17 8.52 0.81 17 16.00 | 2,37
Group 1V 84 10.567 6.68 84 8.66 1,15 64 17.156 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 e a" 0,91 9 16.56 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 0.88 7 18,00 1 2,07
>2 Patrols 31 10,03 6. 67 31 8.61 1.20 31 17.68 3.05
21 Patrols 55 10,36 6.79 e d o ol Mok e o e o ook ok 55 17,24 3.88
>1 Patrol 38 10.34 8.78 HOHON R Ko K ok ok 38 17,74 2.91
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regarding radiatior and have the lowest
means for Parts I and III. Groups I and
Il have somewhat similar training in
nuclear medicine and medical orienta-
tion and their means are quite similar,
Within the FBM Group the Nuclear Sub-
group has the highest means for Parts I
and III, Subgroup Other has the lowest
mean for Part I. The Weapons Sub-
group is intermediate, except for its
low mean for Part I[II, This low mean
on Part III may be due to several quite
low scores in this Weapons Subgroup, a
finding which may be peculiar to this

group and not to weapons personnel in
general., However, there was found to
be no significant difference between the
Weapons Subgroup and Subgroup Other
in Part III scores using the chi square
method. Note that the Part Il means
vary little among all the groups and
subgroups. The means for the various
Patrol Groups also do not vary widely
for either Part I or Part III,

Table V shows the comparison of
Part I and Part III scores between the
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 ##x /1 /111 I/1v n/m1 /v w/m

RKA Part I 0,02 6.25x 1.70 7.404x 0,99 6.72%x%

RKA Part I 0,00 18, 92ux 8,95%% 19.95%%  9,83%%x B, 90%x
df=1

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

*=gignificance 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.)




A significant difference was noted in
both Part I and Part III scores between
all groups and Group II, the Station
Hospital Corpsmen. This indicates a
relatively more favorable attitude and
higher degree of knowledge about radi-
ation biological effects in all other
groups in comparison with Group II.
All groups except Group III have some
specialized training regarding radia-
tion, There was also a significant
difference in Part III scores when com-
paring Group I and Group II with Group
IV. This was not surprising since
Group I and Group II were both medi-
cally criented groups and have quite
similar training in nuclear medicine,
However, there was no significant dif-
ference in attitude among Groups I, II,
and IV according to the RKA Question-
naire. Note that there was also no
significant difference found between
Group I and Group II.

Table VI shows the chi square com-
parison of the scores of the Subgroups

from Group IV, the FBM Enlisted Crew
Group.

Table VI shows that there was a
significant difference in Part I and Part
ITI scores between the Nuclear Subgroup
and Subgroup COther. This indicates a
relatively more favorable attitude
toward radiation hazards and a greater
degree of knowledge of radiation's
biologic effects in the Nuclear Sub-
group, according to the RKA Question-
naire. There was no significant dif~
ference between the Weapons Subgroup
and Subgroup Other. A significaw. dif-
ference is indicated between the Nuclear
and Weapons Subgroup only in the Part
III scores. There may, however, still
be a difference in attitude toward radi-
ation hazards between thes~ twr ub-
groups, but the sensitivity of rart I is
not great enough to detect it. Another
possibility is that there actually is no
difference in attitude between these two
subgroups because of their specialized
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 4,654 0.76
RKA Part III 5.06« 5.79« 0.10
df=1

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

10




difference in their knowledge exists
because of the relatively greater depth
of training of the Nuclear Subgroup.
There is probably a grey zone where
there are differences in the knowledge
of a group and not in the attitude, since
knowledge alone is not the only factor
in determining attitude. Also, the
Weapons Subgroup tested was relatively
smaller than the Nuclear Subgroup and
sample size may also be a factor.
However, since no differe’ ~e was found
vetween the Weapons Subgroup and
Subgroup Other in attitude, and a dif-
ference was found between the Nuclear
Subgroup and Subgroup Other in atti-
tude, one might infer from equalities
that there might be a difference in atti-
tude between the Weapons and Nuclear
Subgroup.

In Table VII a comparison of Groups
and Subgroups is made,

There was a significant difference
between Group III, the Station Hospital
Corpsmen, and the Nuclear Subgroup in
boih Part 1 and Part II scores. This
indic.ites a relatively more favorable
attitude toward radiation hazards and a
relatively higher degree of knowledge
about the biological effects of radiation
in the Nuclear Subgroup according to
the RKA Questionnaire. There was no
significant difference between Groups I
and IT and the Nuclear and Weapons
Subgroup except on the Part IIl scores.
This would tend to support the hypothe-
sis that there is no difference in attitude
between the Nuclear and Weapons Sub-
group, since Groups I and II would
probably be the strongest in favorable
attitude hecause of their training in
nuclear medicine. There was a s{g-
nificant difference hetween Group ITV

and the Weapons Subgroup in Fort .
scores but none in Part II scores. A
more favorable attitude might be ex-
pected in the Weapons Subgroup because
of their training and orientation to
nuclear weapons and submarines. The
similarity in knowledge is difficult to
explain. This probably is not char-
acteristic of weapons personnel in
general but is related to a number of
quite low scores in this particular
weapons group, The sample size of
the Weapons Subgroup is also quite
gmall and this may be an additional
factor.

No significant difference was found
between Groups I and II and Subgroup
Other except in Part III. This could be
explained by the nuclear submarine
experience and basic indoctrination in
radiation safety of Subgroup Other with
a resulting similarly favorable attitude,
yet obviously not the depth of knowledge
of Groups I and II. There is no differ-
ence statistically between Group III and
Subgroup Other in either Part I or Part
ar.

A comparison of scores on Part |
and Part III was made considering the
number of submarine patrols which had
been made by members of the FBM
Group, Group IV. The composition and
partition of the different patrol groups
is shown in Table VIII. No significant
difference was found between the vari-
ous patrol groups. Previously, in dis-
cussing tho means of the scores, it was
noted that there was little difference in
the means of the patrol groups, A pos-
sible factor in obscuring any difference
in the patral groups could be the rela-
tively high percentage of nuclear power
trained persopnel lu the patrol groups

11
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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 11C2* 1 MMC
1 MM3* 1 MM2* 1 FTR2** 1 MMCS*
2 EM2* 1 EM2* 1 QM3 1 MM1*
1 FTG2** 1 ETR2* 1FN 1 MM1
1C83 1 ICC* 1SN 1 MM3
1 TMSN** 1IC1* 2 EMC*
2 TM2** 1 EM1+
1 TM3** 2 ET1*
1 CsC 2 ET1
i Cs3 1 ETR2+*
1 QM2 1 ETN2
1 M3 11C1
1 SK2 1 TMC**
1 RM3 1 MT1**
1 YNSN 1 MT2%*
1 MT3**
1 FTCM**
1 FT2**
1 FTG2**
1QMC
1Ml
1 QM2
1 SKC
1 RMC
1C82
2 TN
N--% N--% N--% N--%
Nuclear 5-56% 8-35% 3-43% 9-2%%
Weapons 2-22% 3-28% 1-14% 7-23%
Other 2-22% 8-41% 3-43% 15-48%
*Nuclear
**Weapons
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in which any differences wouid be most
iikely to be evident. These groups
would be those with the least or no sub-
marine experiences. The 0 Patrol
Group had 56% nuclear power trained
personnel and the 1 Patrol Group had
35%. The percentage of weapons per-
sonnel would also be a consideration
since they also receive more than the
routine indoctrination about radiation,
The effect of the number of petrols
would be more likely demonstrated
within a group without specialized train-
ing regarding radiation such as Sub-
group Other. However, Subgroup Other
had an inadequate number of personnel
in the 0, 1, or 2 patrol categories for
statistical evaluation. The patrol
groups were also recombined into new
groups for comparison to try and
further determine if there were any
differences in Part I or Part III scores.,
These comparisons were made: 1) 0
and > 1 patrol 2) 0+1 and > 1 patrol and
3) 0 and >1 patrol. No significant dif-
ference was found among these groups
using the chi square method. With a
larger sample size comparisons of
patrol experience within each subgroup
could be made which might provide in-
formation on subgroup differences due
to patrol experience.

A comparison of those in Groups III
and IV with a h.,gh achool education and
those with one year or more of college
ia made in Table IX. No evaluation of
education within the Subgroups of Group
1V could be made because of the low N
of the education groups. Group II was
excluded from this comparison because
of the medical school training which is
particularly specialized. No compari-
son could be made using Group I alone
because of an inadequate N of the

14

Table IX., Comparison of College
versus High School! Education
in
Groups II and IV Chi Square

N/N 8/9 9/55

Colleg_g Colleg
High Schoolj High School

Education

Groups 111 iv
Part I 0. 07 5,89x
Part III 0.086 4,934
df=1

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

education groups. A significant differ-
ence was found in Part I and Part III
scores only in Group IV, In Group IV
only 9 of the total N of 64 had any
college training of one year or more.
Three of those with college training
were also miclear power trained. None
of those with college training were
weapons personnel. In the College
Group: one had no patrols; four had
one patrol; two had two patrols, and two
had more than two patrols, These re-
sults may suggest that college training
does not Lave a significant effect on at-
titude or knowledge about radiation va-
less specialized training or a particular
orientation to radiation is also present.

SUMMARY AND CONCLUSION

In the determination of the conclu-
sfons from the data of this study the




creasific limitations of the size of the
sample groups and their selection are
recognized, as well asthe many factors
that affect attitude, and the various in-
fluences affecting the development of a
test ingirument to measure psychologic
data,

The objective of the study was to
develop a questionnaire to investigate
the possihle relationship between atti-
tude toward radiation hazards and the
knowledge of the hiological effects of
radiation., A three part, 75 item test
instrument was developed and named
the RKA Questionnaire. Parts I and II
were concerned with the determination
of attitude and Part III with the deter-
mination of knowledge about the bio-
logical effects of radiation. The RKA
Questionnaire was given tc four differ-
ent major groups with a fotal sample N
of 100, The Groups were: Group I,
Submarine Medical Technicianus; Group
II, Prospective Submarine Medical
Officers; Group III, Station Hospital
Corpsmen; Group IV, Enlisted FBM
Crew Members. A key was developed
for Parts I and I using the judgments
of ten experts who determined whether
the items indicated a favorable or un-
favorable attitude response., The {tems
were keyod so that a high score indi-
cated a relatively favorable attitude.
The reliability of the questionnaire was
determined by using a Split-half
Pearson Product Moinent Correlation,
correcting for test length using the
Spearman Brown Formula, The PPMC
for Parts I and II Indicated a significant
degree of reliability. However, Part Il
was found to be unreliable and wae then
excluded from the study. A significant
relationship between a high score on
Parts | and Il or a low score on both

16

paris was found by chi square. The
scores of Parts I and Il were evaluated
using the chi square, considering the
following comparizons:

1) Major Groups (considers special-
ized training regarding radiation)

2} Subgroups of Group IV (considers
specialized training regarding radiation
within the submarine group)

3) Major Groups and Subgroups
(considers similarities and differences
between major groups and submarine
subgroups)

4) Number of Patrols (considers
effect of the number of patrols within
the submarine group)

5) College Training versus High
School Educai‘on (considers effect of
education within Groups III and IV)

The conclusions tha* were drawn from
the data of the RKA Questionnaire in
this study an1 its particular sample
groups are:

1) The BRKA Questionnaire, ex-
cluding Part 1I, seems to be a reliable
test instrument for determining rela-
tive favorability of attitude toward
radiation hazards and correlating this
with the degree of knowledge about the
bjological effects of radiation,

2) Generally a relatively favorable
attitude correlates with spocialized
training regarding radiation and the
degree of knowledge about the biological
effects of radiation,

3) The number of patrols on a
nuclear submarine was found not to

sttt s




infivence the attitude toward radiation
nazards or knowledge about radiation
biological effects aceording to the RKA
Questionnaire. However, any effect
could have been ovscured by the pres-
ence of specialized personnel within
the comparison groups.

4) In the FBM Enlisted Crew Group
those with one year or more of college
training tended to have a more favor-
able attitude toward radiation hazards
and a relatively higher degree of
knowledge about radiation biological
effects than those with only a high
school education. However, no dif-
ference was found between education
giroups within the Station Hospital
Corpsmen Group.

Implications of the results of this
study are important when considering
the relationships of attitude to effective-
ness of training, work efficiency, and
radiation safety. An extension of this
study to include a larger sample of en-
listed FBM crew members from several
submarines would provide a more sub-
stantial evaluation of attitudes within
the submarine force. Further evalua-
tion of the subgroups from the sub-
marine groups in a larger sample would
better characterize these groups in at-
titude and knowledge. Valuable infor-
mation could be provided about the
cffectiveness of ingtruction by using the
RKA Questionnaire before end after
training. Identification an« character-
ization of those personnel with rela-
tively unfavorable attitudes might also
provide useful informstion for per-
sonnel selection.
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APFENDIX A

BXPRROUS' JUDAMUENTS CONCERNING "DIRKCTION" OF
ATTYTUDRS "TOWARD RADIATION

Ldowtenant J. Pavent, M, USNR
Madlcal Officor - SSHN 602(Cold)

Jspnetiona to Export Judgon:

Reaponeas to a serien of tent Livmn pertaining (o attitidea and knowledge
have been vbtatnod from more than 100 enlisted aubmariners, These data are
now bhelng analysed; however, we noed Judgmenta from experts in the radlation
fleld aa to the direction of the uttitide than can he inferred from how the sub-
jecta veapomded to each ttom . Here, we une "direction of attinude’ to refer
to whether reaponres in the agreo direction or taagraee direction are tndicative
of favorable (appropriate, deairable, proper) attinklea toward matters pertaining
to vadiation,

Thero are two parts to the quest ionnaire, each requiring alightly difforent
directions.

Part1 RKA - (Radiation Knowledge Queationnajre)

Note that the men have reaponded ta each ftem by choosing a number from
= ¢ thyough + 4 to indicate: (1) whether they agree or disagree (plua or minua)
and, (2) how lLitensely do they agree (+) or disagree (=).

Now we are asking the expert Jwiges to decide whethexr agreeing (+ response)
or disagreeing (~ reaponse) is, in your opinion, indicative of favorable or
deaivable atritwlea toward the radiation situation. To do this, simply check
ONE of the two columng for each {tem, either AGREBRING to the item (+ responae)
la fayorable or DISAGRERING to the item (- response) is fayorable. With this
Information wu will be able to got an attitude acore to relate to a number of
background and personality variables.

Thank you in advance for your assistance,
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APPENDIX A (Continued)

Part] -~ RKA (Radiation Knowledge Questionnaire)

Agreeing (+ Response) Disagreeing (- Response)
ltem Numbeoz Is Favorable Is Favorable
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APPENDIX A (Continued)

The task for Part II 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.

i 5 AR SR g ekl = :

e, P .

Item Number I{Issgzszia\};is RIZSE-ZI:,SC,eI- : ~
1 - ——
2 - —
3 - ——
4 - .
5 - ———
6 — —
7 - —
8 - —
9 i r——

10 _ _
11 _ _
12 - _
13 — _
14 — _
15 — _
16 _ _
17 — _
18 —_ _
19 — _
20 —_ _
21 —_ _
22 _ _
23 — _
24 — _
25 —_ _
22




APPENDIX B
RKA QUESTIONNAIRE - DATA SHEET AND PART I RESPONSE FORMAT

(Print all information)

Name: Rate/Rank: Date:
Last First Middle

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 (1 01 031 (1 [1
B 6 7 8 9 10
: Agree considerably (1 01 01 0111
2 1 12 13 14 15
Agree slightly (1 0101 0111
1 16 17 18 19 20
0___|_____ Neither agree or (1 01 101 (01 (1
disagree 21 22 23 24 25
R (1 161y t1 01
Disagree slightly
..2 S S
! Disagree considerably
gl

Disagree strongly
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AFPPEINDIX B (CONTINUED)
RKA QUESTIONNAIRE

Part I
(Keyed Items Indicated by Minus)

i i

Service No.
Last First Middle i

Name:

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. H

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

S. 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 cf 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 thyroid
cancer because of the radiation.

9. The nuclear reactor is a greater source of danger on a nuclear submearine 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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14,

15.

16.

17.

18'

19.

20.

25.

APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE
Part I
(Keyed Items Indicated by Minus)

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

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

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

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

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

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

Working with radioactive materials is risky business.

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

Radiation is 4 somewhat mysterious force.

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

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

Men serving aboard nuclear submarines have more stomach problems because
of the radiation.
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APPENDIX B {CONTINUED)
RKA QUESTIONNAIRE

Part 11
(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 tc you,

Yes

Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes

Yes

Yes

or NO if the item does not apply to you.

No 1.

No 2.

No 3.
No 4,

© -

No 6.

7.
(@ 8.

No 9,
No 1l.
No 12.

I would feel concerned about the radiation if I had to have five
chest x-rays in one year.

I am concerned about radioactive fall~out at times.

If offered an excellent job in civilian life that involved working
with radiation, I probably would take it.

If an atomic attack occurred, I would have more fear about the
radiation than the blast.

I would feel very anxious if asked to enter the reactor compart-
ment to do some routine work.,

I would rather undergo an operation for cancer than receive radi-
ation therapy, assuming they would have about the same long-term
results.

I would rather be burned extensively in an attack than exposed to
any radiation.

I would worry greatly if told I had been exposed to aignificant
but not dangerous amount of radiation.

I feel that there is more danger from radiation aboard a nuclear
submarine than from an enemy attack on the submarine.

If I were a truck driver I would rather have a job hauling gasoiine
than radioactive substances,

I have occasionally worried about the effects of radfation on myself.

I would rather have both legs broken than receive an exposure to
radiation that was significant but would not cause symptoms.
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Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

APPENDIX B (CONTINUED)

RKA QUESTIONNAIRE

Part I
(Keyed Items Circled)

13. On a nuclear submarine I would ratier not work consistently
near the reactor compartment,

14. If I were a laboratory worker I would rather work with viruses
and bacteria than radioactive substances.

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

16. In ﬁhe event of an attack, I would b2 more concerned about the
effects of radiation from a bomb rthan the possibility of germ
warfare.

17. I would feel somewhat nervous if asked to participate in a test
that involved eating a harmless radioactive substance.

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

19. I would feel concerned about the radiation if I had to have three
chest x~-rays in a year.

20. If I were a laboratory worker, I would rather work with chemical
poisons than with radioactive substances.

21. I have dreamed about being exposed to radiation.

22, I would be worried about the radiation if a man in the bed n=xt
to mine in the hospital had been exposed to radiation and was
seriously ill,

23. 1 I developed leukemia after serving aboard a nuclear subma-
rine, I might feel that the radiation was responsible.

24, If I were a truck driver I would rather have a job hauling ex-
plosives rather than radjoactive materials.

25, I would worry leas about radiation if I knew more about its
effects on the human body .
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APPENDIX B (CONTINUED)
RKA QUESTIONNAIRE

Part III
(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 oxr MOSTLY FALSE,

1. The bone marrow is relatively resistant to radiation effects.

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,

3. Radiation exposure can cause cataracts.,
4. Radiation can cause bone cancer.

5. The principal danger from fall-out is external exposure to
radiation.

6. Human red blood cells are relatively resistant to radiation.
7. Hair loss is a symptom of significant radiation exposure.

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

9. A person can feel the radiation if he pasars next to a strong
radiation source.

10. Significant exposure to radiation can shorten life without causing
a specific disease.

11.  Men are more resligtant to the effects of radiation that rats.
12, Diarrhea is a symptom of significant radiation exposure.

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