
as measures of stimulus magnitude 
[P(i) >Py() 1. 

If we substitute a(P5(i)+c)5, that is, 
the listener's power function for 
1$(x) in Eq. 2, we obtain the following 
linear equation with zero irtercept 

log [P,{x,y}/P.{y,x}] = 

b log [(P,(i)+c)/(P,(i)+c)1, (3) 

where Pi{x,y} is the probability that 
a listener chooses x as the referent in 
an x-y pair and Pi{y,x} = 1-Ps{x,y}. 
Figure 3 is a plot of the empirical re- 
lation between listeners' choice data and 
word-association data (Px(i)?Pv(i)) 
in which the log transformations in 
Eq. 3 are used and c- .0018 (obtained 
from a modified least-squares proce- 
dure). The fitted straight-line has a 
slope of .700, that is, the value of b 
also obtained from the least-squares 
procedure. The linear fit is particulaly 
good; there is no indication of any 
systematic curvilinearity in the ob- 
served relationship. 

In conclusion, the results of the em- 
pirical studies indicate that the stochas- 
tic theory described in this paper can 
provide a satisfactory account of 
speaker and listener behavior in the 
communication task. The theory can 
be generalized, without difficulty, to 
studies in which a speaker and a lis- 
tener are given more than one non- 
referent and, possibly, to studies in 
which nonverbal stimuli are assigned 
as referent and nonreferent(s). The 
listener theory can also be generalized 
to studies in which speaker-responses 
given to a listener consist of phrases 
and sentences rather than single words. 
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tain a wide range of values of Px(i) and 
Py(i). 
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Creative Scientists of Today 

Abstract. To investigate traits differ- 
entiating highly creative research scien- 
tists from less creative ones, a question- 
naire was sent to 740 male scientists 
(400 chemists and 340 psychologists). 
Half of each group had achieved emi- 
nence as research scientists; the other 
half had not achieved research emi- 
nence, but were matched on relevant 
variables. Results indicated that creative 
scientists are more dominant than less 
creative ones, that they have more ini- 
tiative, and are more strongly motivated 
toward intellectual success. 

In this report we are mainly 
concerned with the differences in per- 
sonality and biographical factors be- 
tween mature scientists who are highly 
creative in research work and those 
who are much less creative. Previous 
studies most pertinent to this investiga- 
tion are those conducted by Roe (1) 
and Cattell and Drevdahl (2), in which 
highly creative scientists were chosen 
as the subjects for study. Whereas Roe 
selected a small number of men (64) 
and used personal interviews and pro- 
jective techniques, Cattell and Drev- 
dahl chose to use a larger number of 
subjects and to depend on an objective 
pencil-and-paper test of personality. 
Roe's major finding was that the men 
were very strongly motivated-that is, 
they were willing to work hard and 
for long hours. Cattell found his scien- 
tists to be cool and aloof, dominant, 
and introspective. A general summary 
of studies in this area may be found 
by consulting Taylor and Barron (3). 

In this current study attempts 
were made to improve on the previous 
studies of creativity by using larger 
samples of subjects, by using control 
groups matched on the variables of sex, 
age, education, discipline, and oppor- 
tunity to do research, and by using 
measuring instruments which have had 
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scientists, 400 chemists and 340 psy- 
chologists. Within each profession, half 
were chosen on the basis of having 
achieved eminence as research scien- 
tists, as recognized by membership in 
the National Academy of Sciences or 
the American Philosophical Society, be- 
ing starred in American Men of Science, 
or similar evidence of national recog- 
nition of research contributions; the 
other half were chosen from the mem- 
bership lists of professional societies of 
the discipline, and each individual in 
the lower half was chosen to match an 
individual in the upper half on the 
bases of age, sex, discipline, amount of 
education, and opportunity to do re- 
search. None of the members of the 
lower half of either group had achieved 
eminence or had been noted for having 
produced research work of any great 
value. The productivity of the scien- 
tists (number of publications), however, 
did not serve as one of the criteria for 
admission to either the highly creative 
or control groups. 

For the major study (4) an 81-item 
biographical inventory (5) was used 
to obtain information concerning per- 
sonal data; job-related behavior and 
attitudes; undergraduate, secondary, 
and primary schooling; and home life 
in childhood and youth. Also used for 
the study were factors E (dominance), 
F (enthusiasm), H (adventurousness), 
and Qs (self-sufficiency), from Cattell 
and Stice's 16 Personality Factor Ques- 
tionnaire (6); items 51 to 75 from Mas- 
low's Security-Insecurity Inventory (7); 
and the Initiative Scale from Ghiselli's 
Self-Description Inventory (8). The 
items were reproduced in the form of 
a printed questionnaire and mailed to 
each subject. A total of 438 forms, or 
approximately 60 percent, was returned 
usable. The characteristics of the vari- 
ous groups and of the total sample in 
relation to number of doctorates, age, 
and type of employment are shown in 
Table 1. 

Two major findings in the personality 
tests (Table 2) were: (i) creative scien- 
tists are more dominant than control 
scientists (higher mean E score); and 
(ii) they have more initiative (higher 
mean score on the Ghiselli scale). 
Neither the 16 Personality Factor for 
measuring creativity nor any other scale 
differentiated between creative and con- 
trol scientists. 
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Significant differences were found for 
16 biographical items. Specifically, the 
creative scientists more often had fa- 
thers who were professional men. They 
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Table 1. Doctoral degrees, age, and employment of subjects (EP, Creative psychologists; 
CP, control psychologists; EC, creative chemists; CC, control chemists; P, all psychologists; 
C, all chemists). 

No. of Median Employment 
Group Total doctoral age of- Govern- N Educa- Indus- Govern- O Not 

degrees group Other tional trial mental listed 

EPl 110 109 49.5 99 4 4 3 0 
CP 103 102 50 89 2 10 1 1 
EC 108 104 56 75 20 8 3 2 
CC 117 116 54 110 6 1 0 0 
P 213 211 50 188 6 14 4 1 
C 225 220 55 185 26 9 3 2 
Total 438 431 53 373 32 23 7 3 

graduated from high school at a young- 
er age than control scientists, and, later, 
more often achieved a straight A 
average both as undergraduate and 
graduate students. They spent many 
more hours per week (in excess of 50) 
on study and research while in graduate 
school, published more articles then, and 
more often had their graduate school 

expenses met through scholarships and 

fellowships than by part-time work. 
As mature scientists, the creative men 

still show this strong motivation. They 
read more professional journals and 

present more papers at conventions. 

They produce many more articles than 
the control scientists. 

Several factors unrelated to ability 
and motivation also discriminated be- 
tween the two groups. The highly crea- 
tive men in their lives today signifi- 
cantly more often show either no pref- 
erence for a particular religion or little 
or no interest in any religion; they also 
have few or no commitments to civic 
or community affairs. Of possible inter- 
est to employers of research personnel 
was the finding that, when seeking a 
position, the less creative scientists are 
predominantly concerned with oppor- 
tunities to combine teaching and ad- 
ministrative duties with research, while 
the overwhelming choice for the crea- 
tive scientists is the opportunity to do 

really creative research and to choose 
problems of interest to them. 

The findings described so far were 
common to both psychologists and 
chemists, but creative psychologists dif- 
fered from control psychologists in 
other ways not found with chemists. 
Creative psychologists proved to be 
more self-sufficient than their controls 
(factor Q0). There were also significant 
differences on four more biographical 
items, indicating that: (i) creative men 
in this profession more often came from 
individualistic families in which each 
person went his own way; (ii) the 
creative man chose research as a career 
at a younger age than his less creative 
contemporaries; (iii) creative psychol- 
ogists placed less value on professional 
conventions than their controls despite 
the fact that they presented more pa- 
pers; and (iv) creative psychologists 
derived much more satisfaction from 
their work than their less creative peers. 

Creative chemists differed from their 
controls on ten more biographical items 
(there were no differences in the other 
tests). These items indicated that even 
in childhood the creative chemists dis- 
played differences in achievements and 
feelings as compared with the less crea- 
tive chemists. The creative chemists 
were usually the middle or older chil- 
dren in a family. At relatively early 

Table 2. Comparison of creative and control psychologists and chemists based on personality 
tests. All average (Av.) scores represent means; all variance (Var.) measures are standard 
deviations (N varies from 213 to 225). 

Psychologists Chemists 

Factor' Creative Control Creative Control 
_____ - -------- t-test t-test 

Av. Var. Av. Var. Av. Var. Av. Var. 

E 14.98 3.27 13.92 3.48 2.34t 14.15 3.52 12.91 3.89 2.53t 

Q, 13.63 2.60 11.92 3.35 4.14t 

Gh 34.44 6.68 28.06 7.68 6.631 33.18 8.14 29.38 7.79 3.66t 

* Factors E and Q2 refer to dominance and self-sufficiency, respectively, from Cattell's 16 Personality 
Factor Questionnaire. Factor Gh refers to a measure of initiative from Ghiselli's Self-Description 
Inventory. i p < .05. 
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ages these children considered their 
families to be superior to others. In 
high school the creative children ex- 
hibited their strong intellectual orienta- 
tion by shunning sports and excelling in 
mathematics. This intellectual ability 
and motivation continued through un- 
dergraduate school when they became 
members of many honor societies and 
graduated at an early age. As adults 
these creative chemists are still exhibit- 
ing this exceptionally strong intellectual 
drive, now channeled into professional 
activities as evidenced by their mem- 
bership in many professional organiza- 
tions and attendance at many profes- 
sional conventions, as well as by their 
spending long hours each week at work. 
Further, many more of these men than 
their controls believed that 40 hours 
or more per week should be spent in 
active research if creative output was 
to be at a maximum. 

The creative scientist thus emerges 
as a strongly motivated, dominant per- 
son who is not overly concerned with 
other persons' views or with obtaining 
approval for the work he is doing (bi- 
ographical factors and factors E and 
Q2). He is not the type of person who 
waits for someone else to tell him what 
to do, but rather thinks things through 
and then takes action on his own, with 
little regard to convention or current 
"fashion" (Initiative Scale and factor 
Q2). He then is prepared to face the 

consequences of making unpopular de- 
cisions or of pursuing unconventional 
paths in his search for evidence relating 
to nature's laws (factors E and Qo). 

This study throws some light on the 
relation between mental health and 
creativity. Several investigators have 
been outspoken in their insistence on 
there being a relation between these two 
concepts. Rogers (9) and Maslow (10), 
for example, have stressed "openness 
to experience" or "self-actualization" as 
basic for creativity, with both of these 
terms apparently referring to positive 
mental health, or extremely well-ad- 
justed behavior. On the other hand, Roe 
(1) pointed out that many of the highly 
creative scientists she studied were ex- 
periencing rather severe emotional 
problems, and she therefore hypothe- 
sized that basic insecurities were pos- 
sible sources of the strong motivation to 
succeed in the lives of these persons. 
Mead (11) also indicated a correlation 
of schizophrenic-like behavior with 

highly creative artistic productivity, and 

well-adjusted "happy" behavior with 
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low-level creative artistic productivity, 
in her cultural studies in the South 
Pacific. Historical studies of some 
highly creative artists also reveal a high 
incidence of neurotic or psychotic-like 
behavior among these persons. 

The Maslow Security-Insecurity In- 
ventory was included in this study in 
order to investigate this problem, and 
all groups were classified in the "aver- 
age" range on Maslow's norms. Re- 
garding his test, Maslow stated that 
"the purpose of the Security-Insecurity 
Inventory is to detect and measure the 
feeling of security (which as defined 
here is one of the most important de- 
terminants of mental health, almost 
to the point of being synonymous with 
it) . . ." (7, pp. 2-3), and again ". . . 
security as defined here is almost syn- 
onymous with mental health . . ." 
(7, p. 7). If Maslow's definition is 
accepted, the present results certainly 
offer no support for Roe's hypothesis 
or for the implications of Mead's stud- 
ies in relation to creativity in science. 
These findings give little support to the 
hypothesis that creativity is associated 
with the highest level of mental health 
(degree of personal adjustment), since 
the average scores for the groups were 
not in the "very secure" range, but 
rather were only "average." 

The religious factor, also, is of in- 
terest here. It has usually been found 
that creative scientists show a prefer- 
ence for the Protestant religion and 
that very few eminent scientists prefer 
Catholicism. This was noted by Roe 
(1), Knapp and Goodrich (12)-in 
relation to the production of scientists 
by Catholic institutions of higher learn- 
ing-and by others. This report there- 
fore supports Knapp and Good- 
rich's findings in that only 112 percent 
of all scientists included in the study 
attended undergraduate schools with 
Catholic affiliation. Further, only 6 per- 
cent of all subjects came from homes 
in which the Catholic faith was pre- 
ferred, while 77 percent came from 
Protestant homes. However, no relation 
was found between the achievement of 
creative status and religious preference. 
It appears, then, that religious prefer- 
ence is much more strongly associated 
with the choice of science as a career 
than it is with achievement of highly 
creative productivity within a scien- 
tific discipline. 
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Human Cones Human Cones 

I was greatly pleased with the mag- 
nificent experimental results on visual 
pigments recently published (1). Al- 
though the maximum density values 
for cones are similar to those obtained 
by fundus reflectometry in the gray 
squirrel (2)-the first living cone retina 
to yield a result comparable with re- 
cent measurements-they seem some- 
what low when compared with data ob- 
tained by this method on living, intact 
foveal human cones. Double passage 
through the retina gives in this case 
ADmax - 0.2 (3). Brown and Wald's 
values (1) are, as the authors point 
out, much too low when compared with 
Rushton's recent measurement (4). 
However, two points have to be made 
in this connection. First, the authors 
examined what appears to be a normal 
retina, whereas Rushton dealt with a 
protanope. Second, Rushton's value 
of 0.35 is wholly inconsistent with 
other data he published in the same 
series (5). He claims to obtain good 
agreement between his difference 
spectrum and Pitt's spectral-sensitivity 
(S) curve (6), which he did not cor- 
rect for preretinal absorption losses. 
But if the density in protanopic cones 
is as high as he estimates it to be (on 
the basis of a theory that is unclear to 
at least one reader), then the S-curve 
ought to be much broader, as shown 
in Fig. 1 (7)-preretinal losses being 
ignored also in this curve for the sake 
of consistency. It can be shown that 
much of Rushton's third paper (8) 
in this series-notably his conclusions 
regarding photosensitivity and also the 
relation between pigment regeneration 
and dark adaptation-are invalidated 
(7) by the inconsistency between the 
second and first papers. 

The reason is clear. The computed 
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The reason is clear. The computed 

value of o(, believed by Rushton (5, 
p. 371) to represent the fraction of 
stray light, is numerically linked to the 
high density value of 0.35. He writes: 
"Though 0.35 might seem rather a high 
value for cone density, it would have 
come out a great deal higher if the 
stray light factor ar were not as small 
as 2.0." Thus if Rushton's theory is 
valid and his measurement correct, o- 
must be smaller and his claim to have 
made it low by attention to instru- 
mental design a modest understate- 
ment. Now Rushton's two compari- 
sons-(i) between predicted and com- 
puted values of the intensity variation 
of the fraction of pigment bleached, 
and (ii) between the fraction of pig- 
ment regenerated as a function of time 
and the course of dark adaptation-. 
show fairly good agreement (but see 7). 
However, the computed values that 
these coincident pairs of data are based 
on are derived by means of a nomo- 
gram pinpointing the above value of a. 
It might be deduced that the value 
of a. is not of great importance, but it 
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Fig. 1. The solid line indicates the shape 
of the protanopic Vx curve if Rushton's 
density value of 0.35 is correct. The broken 
line is Pitt's curve. 
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