
sca le ) ,  the  relativistic t i m e  nlodifications 
are negligible for travel wi th in  t h e  solar 
system. For example ,  a m a n  going t o  
Neptune  and stopping there,  at a n  ac-
cc,leration o f  10 g, would spend 5 day> 
o n  t h e  trip bu t  would gain only 1.5 mill- 
Utes o f  t ime .  

T h e n  there is the  question o f  the  
energy involved.  T h e  m a n  w h o  travels 
for 21 years at 1 g reaches a value o f  y 
equal t o  1.2 x l o B ,  at which  point his 
kinetic energy is utterly fantastic. I f  his 
vehicle weighs ( a t  rest)  1 ton ,  t h e n  its 
energy content is equal, i n  round n u m -
bers, t o  the  energy released i n  the  an-
nihilation o f  10" ton ,  o f  matter,  or i n  

the  fi5slon o f  10" tons o f  u idn lunl ,  I t  

~ z o u l d  b e  sufficient t o  m e l t  t h e  entirc. 
( r u s t  o f  t h e  earth t o  a d e p t h  o f  about 
30 miles. T h e  m a n  w h o  makes  t h e  m o r r  
modest  trip t o  Neptune  at 10 g reaches 
Y = 1.0025, and the  kinetic energy o f  hi\ 
1-ton ship ( 2  x 1017 joules) corresponds 
t o  that  released i n  t h e  fission o f  about 2 
tons o f  uranium;  because o f  t h e  limited 
c2fficiency o f  rocket propulsion, the  actual 
enero,y needed would be m u c h  o,reatci 
T h e  use o f  such enero,y quantities i n  n 
rocket ship is so far beyond any foresee- 
able practical l imits ,  and t h e  t i m e  gain 
in tha t  case is so small, tha t  ~t is hard t o  
picture a practical case o f  space travel 

Image of the Scientist 
among High-School Students 

-4 Pilot Study 

M a r g a r e t  M e a d  a n d  R h o d a  M P t r a u x  

I h ~ \  btudy 15 based o n  ,in anal>sis 01 
nation-wide sample of essays writ ten 

by hio,h-school students i n  response t o  
uncompleted questions. T h e  following 
rxplanation was read t o  all students by 
cach administrator. " T h e  American ,4s- 
w c i a t ~ o n  for the  Advancement  o f  Sci-
ence ( I ) ,  a national organization o f  sci- 
entists having over 50,000 members ,  is 
interested i n  finding out  confidentially 
\\hat you think about scirnce and scien- 
t15ts. T h e r e f o r e ,  you are askrd t o  $\rite 
In your o w n  words a statement which  
tells \\ hnt kou think W h a t  you \\rite is 

There, is a great disparity between the large 
amount of effort and money being devoted to in- 
teresting young people it1 careera as scientist5 or 
engitleers and the small amount of information we 
have on the attitudes those young people hold 
toward science and scientists. The Board of Di-
rectors of the AAAS has on se\.eral occasions dis- 
cussed this disparity and the desirability of learning 
more about what high-school students actually 
think o: science and scientists. This paper is one 
lesult of those discussions. Hilary Deason. director 
ol the association's Traveling High-School Science 
Library Program, made all of the arrangements 
with the high schools and supervised the collection 
0 1  the students' essays. The analysis of those essays 
and the preparation of this report were the respon- 
aihility of the two authors. Margaret Mead and 
Rhoda hfktraux. Dr. Mead is associate curator of 
anthropology, American hfuseum of Natural His-
tory, New York, and Dr. Metraux is a research 
I ~ l l o \ \ ~at Cornell Medical College, Yew York. 
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c~ontidcritial. 1-ou art, not to sign your 
n a m e  t o  it.  W h e n  you have tvritten your 
statemcnt you are t o  seal it i n  a n  en-
velope and $vrite the  n a m e  o f  school o n  
the  enirelope. T h i s  is no t  a test i n  which  
any one o f  you will b e  compared w i t h  
any other student, either at this school, 
or at another school. Students  at more  
than  120 schools i n  t h e  Uni ted  Statcs 
are also complet ing the  statement and 
your answer and theirs will b e  consid- 
ered together t o  really find out  what  all 
high-school students think as a group of 
people." 

I n  general, the study shows tha t ,  while 
an official image o f  t h e  scientist-that is, 
an image that  is the  correct answer t o  
give w h e n  the  student is asked t o  speak 
without  personal career involvement-
has been built u p  which  is very positive, 
this is riot so w h e n  the  student's per-
sonal choices are involved.  Science i n  
grneral is represented as a good th ing:  
\\,ithout science w e  would still b e  living 
i n  caves; science is responsible for prog- 
ress, is nccrssary for the defense o f  the  
country, is responsible for presenling 
inore lives and for improving the health 
and comfor t  o f  the  population. H o w -
ever, \vhe~l  the  cluestion becomes one  o f  
personal contact I\-ith science, as a career 

In \z h ich thc tlnit2 dllatatlon can b e  c o ~ i -  
\idered imuortant .  T h i s  conclusion. o f  
course, does not  detract f r o m  the  interest 
o f  t h e  fundamental  principles invol\~c-d 
i r ~the  "clock paradox" ( 4 ) .  
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choice or ~ l i r o l v ~ n g  the choice o f  a hus- 
band,  the  iinaye iq overwhelmingly nega- 
tive. 

T h i s  is not  a study o f  w h a t  proportion 
o f  high-school students are choosing, or 
ifill eventually choose, a scientific career. 
It is a study o f  the  state o f  m i n d  o f  the  
\tudents among X\ h o m  the  occasional fu -  
ture scientist mus t  go t o  school and o f  
the  atmosphere ~ z ~ t h i n  which  t h e  science 
teacher mus t  teach I t  gives us a basis 
for reexamining the  way  i n  which  sci- 
ence and the  l i f e  o f  t h e  scientist are be-  
ing presented it1 the U n i t e d  States today. 

Objectives 

O u r  specific objectives i n  this study 
were t o  learn the  following. 

1 ) W h e n  American secondary-school 
students are asked t o  discuss scientists i n  
general, without  specific reference t o  
their o w n  career choices or,  among girls, 
t o  the  career choices o f  their fu ture  hus- 
bands,  what  comes t o  their m i n d s  and 
h o w  are their ideas expressed i n  images? 

2 )  W h e n  American secondary-school 
students are asked t o  th ink  o f  themselves 
as becoming scientists (boys  and girls; 
or as married t o  a scientist ( g i r l s ) ,  what  
comes t o  their milids and h o w  are their 
ideas expressed i n  images? 

3 )  W h e n  the  scientist is considered as 
a general figure and/or  as someone the  
respondent ( t h a t  is, the  student wr i ter )  
might  like t o  b e  ( o r  t o  m a r r y ) ,  or,  alter- 
natively, might  no t  l ike t o  be ( o r  t o  
m a r r y ) .  h o w  d o  ( i )  the  postive responses 
( t h a t  is, i t ems  or phrases, n o t  answersj 
cluster, and ( i i )  the  negative responses 
( t h a t  is, i t ems  or phrases) cluster? 
1.) W h e n  clusters o f  positive responses 

and clusters o f  negative responses arr 
corllpared and analyzed, i n  u;hat respects 
are the  t w o  types o f  clusters of responses 
( i )  clearly distinguishable, and ( i i )  over- 
lapping? 

5 )  Is a generally positive at t i tude t o  
the idea o f  science, a n  at t i tude which  w e  
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 re spending a great deal of money and 
cffort to create, any guarantee of a posi- 
tive attitude to the idea of science as a 
career? 

Selection of Respondents 

T\vo separate samples of respondents 
were used in the study: sample A, a na- 
tion-wide sample of high schools, and 
sample B, a sample of high schools with 
widely different economic and educa-
tional characteristics. 

Sample A consisted of 132 public high 
schools (including one junior high 
school) that were selected from schools 
associated with the Traveling High-
School Science Library Program spon-
sored by the National Science Founda- 
tion and administered by the Amer~can 
Association for the Advancement of Sci- 
ence. Of these, 118 were drawn from the 
high schools that participated in this pro- 
grarn and an additional 14 from schools 
that qualified for the program but could 
not be included in it. 

Sample B consisted of 13 special 
schools: four parochial schools, eight 
preparatory schools, and one public sci- 
ence high school. All these were from the 
eastern seaboard, selected to provide con- 
trasts in educational and ecbnomic level 
to the smaller public high schools in the 
nation-wide sample (sample A ) .  Sample 
B was collected after the homogeneity of 
the nation-wide sample had been asccr-
tained. 

T h e  total enrollment of the schools 
participating in the study was 48,000. 
Schools with an enrollment of less than 
300 students were asked to have each 
student complete one form; schools with 
an enrollment of more than 300 students 
were asked to complete 300 forms. T h e  
total sample (sample A and sample B)  
is drawn from the essays written by ap- 
proximately 35,000 students, and the es- 
says were kept together by the class, 
grade, and school from which the essays 
came. 

The  sample was randomized by draw- 
ing envelopes of these replies in groups 
that included three schools in one state, 
or three tenth grades, or all the separate 
classes in three schools, so that no essay 
was ever separated from the context in 
which it had been written. 

Data-Gathering Instruments 

We asked each high-school student re- 
spondent to write a brief essay on a topic 
set by an incomplete sentence which was 
printed a t  the top of a page, on which 
provision was also made for giving the 
school, the grade, the class or section, the 
age and sex of the respondent. 

Three different forms were con-

structed, each icith a different incomplete 
sentence. Each of these thrce sentences 
was chosen to elicit one major aspect of 
the image of the scientist. 

Only one form was uscd in any one 
school (21, but the forms \\.ere so distrih- 
uted that each form was used hy at least 
one school in each state. These three 
forms are as follows. * 

Form I 
Complete the following statement in your 
own \cords. Write at  least a full para- 
graph, but do not write more than a 
Page. 

W h e n  I think about a scientist, I think 
o f  

Form I1  
If you are a boy, complete the following 
s t a t e m e n b  your own words. 

If I were going t o  be a scientist, I 
should like t o  be the kind of scientist 
zeho 

If you are a girl, you may complete 
either the sentence above or this one. 

If I were going t o  marry a scientist, I 
should like to marry the kind of scien- 
tist rcho 

Form 111 
If you are a boy, complete the follo~ving 
statement in your own words. 

If I were going to be a scientist, I 
would not like t o  be the kind of scien- 
tist who  

If you are a girl, you may complete 
either the sentence above or this one. 

If I were going t o  marry a scientist, I 
would not like t o  marry the kind of 
scientist who 
Use of the three forms made it possible 

to distinguish between answers giving 
official versions of the image of the scien- 
tist and those involving the respondents 
personally, and the use of two forms of 
the personal question provided material 
on the links between negative and posi- 
tive images, since many answers included 
responses relevant to both. Experience 
has shown that the way in which a ques- 
tion is phrased-that is, with a positive 
or with a negative emphasis-affects the 
phrasing of the answers by the respon- 
dents. 

Analysis of Material and 

Problems of Validation 

This study is based on qualitative data. 
T h e  material reflects the way individuals 
feel and think about a subject as well as 
whether they will answer questions about 
the subject in the affirmative or the nega- 
tive. T h e  use of quantitative data, gath- 
ered primarily to count the number of 
individuals in any given group who \vilI 
respond in one way or in another, is the 
more desirable technique ichen one is in- 
terested in whether individuals will ag.ree 
or disagree with some stated opinion 
rather than how they feel or \vhy they 

feel as thcy do. The check marks or brief 
reiponses gathered by quantitative stud- 
ies are generally too sparse in the expres- 
sion of feeling and imagery to permit the 
definition, or the redefinition, of shared 
attitudes; in such studies, attitudes which 
are assumed to exist are built into the 
questions. 

The relative value of qualitative and 
auantitative studies has been debated in 
the behavioral sciences for some time. X 
resolution generally accepted at the pres- 
ent time is that the qualitative study is 
the method of choice for generating hy- 
potheses, and the quantitative study the 
method of choice for testing hypotheses 
( 3 ) . IVhen the problem is one of de-
lineating a shared aspect of a society-
wide set of images-rather than of an-
slcering questions on which or how many 
students may be expected to respond in 
a given way-a qualitative study is pref- 
erable. 

T h e  identification of the pattern in 
any large sample of essays and of the 
cognitive and emotional processes which 
underlie the attitudes reported by indi- 
viduals is best accomplished by trained 
behavioral scientists. Because any one 
analyst, no matter how well trained, may 
have some blind spots and biases, and be- 
causes analysts differ in their types of 
disciplined perception, we had six dif- 
ferent analysts work independently with 
six subsamples of the total sample drawn 
from diffeient states. ~ e c a u s e - o n e  kind 
of material may be more useful than an- 
other in outlining a given area, we used 
-in addition to the essay samples from 
the 35,000 students-a variety of other 
kinds of materials as well. 

\Ve are assured that we have identified 
important themes in the material by the 
m"ltiplicity of independent analyses and 
by the use of a variety of data. IYe are 
assured of the validity of our conclusioris 
by a comparison of the independent work 
of the anzilysts and by the agreement on 
materials from different parts of the 
country. 

Stages in Analysis and Validation 

The  stages in analysis and validation 
were as follows. 

1 )  Sets of data were drawn from the 
main corpus by envelopes of answers, 
each set consisting of from 200 to 500 
protocols, all from one state and includ- 
ing envelopes of answers to all three 
forms. Each of the six senior consultants 
!\.as given a set of data. They worked in 
complete indeprndence of one another 
until they met in conference to pool their 
results in discussion. This discussion was 
transcribed. The  discussion indicated 
that the analysts Jvere in agreement on 
the homogeneity of the attitudes found 
in the materials from different sections of 
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the country. On the basis of this pre- 
liminary working of the material from 
sample A, further collections for sample 
B (including provision for a control on 
the use of the words American Associa- 
tion for the Advancement of Science) 
\,!ere planned and carried out. 

2 )  A detailed pattern analysis was 
performed on 1000 essays, chosen to rep- 
resent both the homogeneous nation-wide 
sample of public schools (sample A )  and 
the highly diversified schools (sample 
8 ) . This anslysis of responses (that is, 
items, phrases) both checked on the pat- 
terns identified by the senior analysts 
(among whom was included the analyst 
\vho made the detailed pattern analysis) 
and provided additional understanding 
of the patterns. 

In making this analysis, essays from 
classes and schools were still kept to-
gether, so that each respondent could be 
placed and each essay could be placed 
~vithin the major preoccupations of a 
class or a school. So some schools pro- 
vided particularly clear material on the 
dichotomy between science as a subject 
for study and the personality of the sci- 
entist, or on ways in which an increasing 
sense of inadequacy was reflected in the 
rejection of science as a career. Every-
where it was possible to follow the diver- 
gent interests of boys and girls-as with 
the boys' interest in an active outdoor life 
and the girls' interest in the humani- 
tarian aspects of medicine-but there 
were underlying assumptions shared by 
both sexes, such as the great importance 
of personal interests as a basis for career 
or marriage choice. 

3 )  Fourteen graduate students werc 
asked to report on smaller independent 
samples of essays. Graduate students 
were also enlisted to make collections of 
visual materials related to the image of 
the scientist in the culture of the United 
States today. Examples of this collection 
are illustrations from selected periodicals 
which present images of scientists, chil- 
dren's drawings made in response to the 
instruction "Draw a scientist," and the 
entire pictorial file from the public rela- 
tions office of a pharmaceutical company. 

4 )  Still another set of student essays 
from sample A was given to a seventh 
senior consultant, who had had no pre-
vious contact with any of the materials. 
Since she had not been involved in the 
earlier stages of the study, she could bring 
a fresh point of view to the final confer- 
ence on the basis of which the report was 
written. 

5 )  A final conference of the senior 
consultants was held, at which the pre- 
liminary findings were again reviewed, 
and the findings presented in this article 
tvere discussed in detail. There Ivas gen- 
eral agreement that the findings effec-
ti\rely represented the data ( 4 ) .  

The Conlposite Image 

In  reading the following composite 
statements, it is important to realize that 
they do not represent literary descriptions 
written by the analyst but rather com-
posites of the responses made by the stu- 
dents in their essays, so that each "com- 
posite image" is to be understood as 
being something like a composite photo- 
graph which emerges from a very large 
number of superimposed photographs. 
Each phrase (response) both stands for 
a family of phrases (responses) which 
\\.ere used throughout the essays and is 
itself a recurrently used phrase (re-
sponse). The phrases have been grouped 
in relation to themes. as thev occur in the 
essays, but reference'to the ihemes might 
occur in any order in the essays. I t  is im- 
portant to realize that in organizing for 
presentation here the positive and the 
negative versions of the composite image 
of the scientist, the analyst has separated 
out from the answers the positive phrases 
[responses), on the one hand, and the 
negative phrases (responses), on the 
other hand, as an analytic device, 
whereas in the essays both occur--or may 
occur-together in a variety of combina- 
tions. 

Before the image of the scientist is dis- 
cussed, it will be useful to look at the 
way "science" appears in these essays. In  
the following composite statements, ital- 
ics indicate the  words and phrases (re- 
sponses) used; detailed examples are 
given in parentheses, and explanatory 
notes in square brackets. 

SCIENCE 
Science is a very broad field which may 

be seen as a single unit (science is very 
important, or I a m  not interested i n  sci- 
e n c e ) ,  as a melange (medicine and gaj 
and electric appliances),  or as composed 
of entities (biology and physics and 
chemistry . . . ) linked together by the 
personality of the scientist. 

Science is natural science with little 
direct reference to man as a social being 
except as the products of science-
medicine and bombs-affect his life. Thc 
subjects of science are chemistry and 
physics (laboratories, test tubes, bunsen 
burners, experiments and explosions, 
atomic energy, laws and formulas . . .), 
biology-botany-zoology (plants and ani-
mals rth?t is, as materials for laboratory 
~vork],microscopes, dissection, the diges- 
t ire system, creepy and crawly things 
. . . ) ,  astronomy ( t h e  moon, stars, plan- 
ets, the  solar system, outer space, as-
tronomers, astrologers [sic], telescopes, 
space ships . . . ) ,  geology ( t h e  earth, 
rocks, mines and oil wells, out of doors 
. . . ) ,  medicine (cures for TB, cancer, 
heart disease, and polio, research, se-
rums . . . ) ;  archeology (exploration, an- 
cient cities, early man,  fossils, digging 

. . . ) .  Alathematics is not a science but 
a tool and a measure of scientific apti- 
tude. 

The methods of science are research 
and experimentation, invention, discov-
cry, exploration, finding out new  things 
and new ways of improving old ones. 
Science means doing and making:  hard 
work-not imagination-is the source of 
knowledge and the means of accomplish- 
ment. 

The focus of science is upon the pres- 
ent. The past is important only as it is 
left behind (wi thout  science we would 
still be living in caves) and the future as 
a foreseeable goal (when we find a cure 
for heart disease, see if there is life on 
Mars, discover new fuels. . . ). But as 
the past closes in behind us, the future 
opcns to the curious ( there  is still so 
much  to  discover) into the yet unknown. 

In thinking about science, different 
sorts of linked images occur which may 
be bracketed together when science is re- 
jected or may be included when positive 
preference is expressed for one of a pair. 
So, science may be theoretical or applied, 
and either of this pair can be seen as 
more of a whole and be accepted (that 
is, the man in the laboratory is visualized 
as working through the whole problem; 
or the engineer can see the finished 
road), while' the other is seen as partial 
and is rejected (that is, the engineer is 
visualized as working only on the end- 
product; or the man in the laboratory 
never sees the plan carried ou t ) .  Like- 
wise. science can be carried out i n  the 
laboratory or in a far away place; it may 
involve large-scale action (traveling, dig- 
ging, exploring, constructing, flying 
through space . . . ) or the skills of fine 
detail (gazing through a telescope, por- 
ing over a microscope, dissecting, solving 
equations . . . ). The goals of science 
may be humanitarian (working to better 
mankind,  finding cures, making new 
products, developirlg programs for atoms 
for peace . . . ), or, in contrast, they may 
be either individualistic (mak ing  money,  
gaining fame and glory . . . ) or destruc- 
tive (dissecting, destroying enemies, 
maktng explosives that threaten the 
home, the country, or all m a n k i n d .  . . ) .  

Since, by-implication, science is the 
source of unlimited power, its practition- 
ers should have the highest and the most 
selfless motivations to use only its con-
structive possibilities--or its destructive 
possibilities only constructively-for the 
welfare of their country and the better-
ment  o f  people, the world, and all man-  
kind. 

TIIE S C I E N T ~ S T  

THCS I I A R E D  IhfAGE (5) 
T h e  scientist is a man who wears a 

white coat and works in a laboratory. He  
is elderly or middle aged and wearr 
glassrs. H e  is small. ~omctimessmall and 
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stout. or tall and thin. H e  nlav be bald. 
He  may wedr a beard, may be unshaven 
and unkempt .  H e  may be stoofied and 
tired. 

H e  is surrozrnded by equipment:  test 
tubes, bunsen burners, Pasks and bottles, 
a jungle gym of blown glass tubes and 
weird machines with dials. T h e  sparkling 
white laboratory is full of sounds: the 
bubbling of liquids in test tubes and 
flasks, the squeaks and squeals of labora- 
tory animals, the muttering voice of the 
scientist. 

H e  spends his daj's doing experiments. 
He  pours chemicals from one test tube 
illto another. H e  peers raptly through 
microscopes. He  scans the heacens 
throuph a telescope [or a microscope!-1. 
He  exl~eriments with plants and animals, 
cz1ttzn.q t hem apart, injecting serum into 
atlimals. H e  writes neatly in black note- 
books. 

T h e  image then dil ergps. 

POSITIVE
SIDE OF THE IMAGE 

O F  T H E  S C I E S T I S T  

He is a very intelligent man-a genius 
or almost a genius. He  has long years of 
erpensice training-in high school, col- 
lei,, or technical school, or perhaps even 
beyond-during which he studied verll 
hard. H e  is interested in his work and 
takes it seriously. He  is careful, patient, 
devoted, courageous, open minded.  H e  
knows his subject. He  records his experi- 
ments carefully, does not jump to con-
clusions, and stands u l ~  for his ideas even 
when attacked. H e  works for long hours 
in the laboratory, sometimes day and 
night, going without food and sleep. He  
is prepared to work for years without 
getting results and face the fiossibility or 
failure without discouragement; he will 
try again. H e  wants to know the answer. 
One  day he may straighten up  and shout: 
"I 've found it! I've found it!" 

H e  is a dedicated man  who works not 
jor money or fame or self-glory, but- 
like Madam Curie, Einstein, O l ~ l ~ e n -
heimer, Salk-for the benefit of man-
kind and the welfare of his country. 
Through his work fieople will be health- 
ier and live longer, they will have new 
and better products to make  life easier 
and pleasanter at home, and our country 
will be protected from enemies abroad. 
H e  will soon make  possible travel to 
outer space. 

T h e  scientist is a truly wonderful man. 
Tl'here zuould we be without him? T h e  
future rests on his shoulders. 

NEGATIVE OF IMAGESIDE THE 

OF T H E  S C I E N T I S T  

T h e  scientist is a brain. H e  spends his 

days indoors, sitting in a laboratory, 

pouring things from one test tube into 

another. His work is uninteresting, dull, 

monotonous, tedious, t ime consuming, 

and, though he works for years, he may 

see no result? or may fail, and he is likely 
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to receive neither adequate recompense 
nor recognition. He  may live zn a cold- 
water pat; his laboratory may  be dingy. 

If he zuorks by himself, he is alone and 
has heavy expenses. If he works for a big 
company, he has to do as he is told, and 
his discoveries must  be turned over to the 
company and may not be used; he is just 
a cog in a machine. If he works for the 
government, he has to keep dangerous 
secrets; he is endangered by what he does 
and by constant surveillance and by con- 
tinual incestigations. If he loses touch 
with people, he may lose the public's 
confidence-as did Ofifienheimer. If he 
zuorks for money or self-glory he may 
take credit for the work of others-as 
some tried to do to Salk. H e  may ecen 
sell secrets to the enemy. 

His work may be dangerous. Chemi-  
cals may explode. H e  may be hurt by 
radiation, or may die. If he does medical 
research, he may bring home disease, or 
may use himself as a guinea Big, or may 
even accidentally kill someone. 

H e  may not believe in God or ma)) 
lose his religion. His belief that man  is 
descended from animals is disgusting ( 6 ) .  

He  is a brain; he is so involved in his 
zuork that he doesn't knozu what is going 
on in the world. H e  has no other interests 
and neglects his body for his mind.  H e  
can only talk, eat, breathe, and sleep 
science. 

He  neglects his family-pays no at-
tention to his wife, never plays with his 
children. He  has no social life, no other 
intellectual interest, no hobbies or re-
laxations. H e  bores his zaife, his children 
and their friends-for he has no friends 
of his own or knows only other scientists 
-with incessant talk that no one can un- 
derstand; or else he Bays no attention or 
has secrets he cannot share. H e  is never 
home. H e  is always reading a book. H e  
brings home work and also bugs and 
creepy things. H e  is always running oj' 
to his laboratory. H e  may force his chil- 
dren to become scientists also. 

A scientist should not marry. N o  one 
wants to be such a scientist or to marry 
h im.  

Discussion 

T h e  "official" image of the scientist- 
the answer which will bp given without 
aersonal involvpment-which was evoked 
primarily in form I, but which recurs in 
the answprs to all thrpe forms, is a posi- 
tive on?. 

T ~ Psci~ntist  is Teen as being essential 
to our national life and to t h ~  ~clorld; hp 
is a great, brilliant, ded ica t~d  human 
being, with power7 far beyond thoye of 
ordinary men, whose patient researches 
without regard to mone) or fame lpad to 
medical cureT, provide for technical 

proqress, and protect us from attack. l y e  
need him and we should bp grateful for 
him. 

Thus if no more than form I had been 
asked, it would have been possible to say 
that the attitude of American high-
school students to science is all that might 
he desired. 

But this image in all its aspects, the 
shared, the positive, and the negative, is 
one which is likely to invoke a negative 
attitude as far as personal career or mar- 
riage choice is concerned. lyhile the re- 
jection in the negative image is, of course, 
immediately clear, the positive image of 
very hard, only occasionally rewarding, 
very responsible work is also one which, 
while it is respected, has very little at- 
traction for young Americans today ( 7 ) .  
They do not wish to commit themselves 
to long-time perspectives, to dedication, 
to single absorbing purposes, to an abnor- 
mal relationship to money, or to the risks 
of great responsibility. These require-
ments are seen as far too exacting. The  
present trend is toward earlier marriage, 
early parenthood, early enjoyment of an 
adult form of life, with the career choice 
of the man and the job choice of the 
woman, if any, subordinated to the main 
values of life-good human relations, 
expressed primarily in terms of the fam- 
ily and of being and associating ~ s i t h  the 
kind of human bcing who easily relates 
to other people. 

T o  the extent that any career-that of 
diplomat, lawyer, businessman, artist, 
aviator-is seen as antithetical to this 
contemporary set of values, i t  will repel 
male students as a career choice and girls 
as a career for their future husbands. But 
it is important to see also the particular 
ways in which the image of a scientific 
career conflicts with contemporary val- 
ues. I t  divides girls and boys. The boys, 
when they react positively, include mo- 
tives which do not appeal to the girls- 
adventure, space travel, delight in speed 
and propulsion; the girls, when they re- 
act positively, emphasize humanitarian- 
ism and self-sacrifice for humanity, 
which do not appeal to the boys. The  
girls reject science, both as a possible 
form of w r k  for themselves, concerned 
with things rather than with people, with 
nonliving things (laboratory animals, not 
live animals; parts of anatomy, not liv- 
ing children), and for their husbands, be- 
cause it will separate them, give their 
husbands absorbing interests which they 
do not share, and involve them in various 
kinds of danger. In  earlier periods, when 
career choices and marriages occurred 
later, the girls' attitudes might not have 
mattered so much; they are very impor- 
tant today, on the one hand, because 
girls represent a principal untapped 
source of technical skill, and, on the 
other hand, bpcause, \v i i !~present adoles- 



cent social patterns, paired boys and girls 
spend a great deal of tirne discussirlq the 
style of their impending marriage and 
parerlthood and the relationship of the 
boy's career choice to the kind of home 
they will have. 

T h e  irnage of the scientist's relation- 
ship to money also presents a problem, in 
a period of full employment, to yourlg 
people who think that an adequate in- 
come is something that should be taken 
for granted. T h e  scientist is seer1 as hav- 
ing an abrlor~nal relationship to money. 
H e  is see11 either as in danger of yielding 
to the ternptatiorl of "money and fame," 
or  as starving and poor because of hii 
integrity. T h e  number of ways in which 
the image of the scie~ltist contains ex-
tremes which appear to be contradictory 
-too much contact with money or too 
little; bei~lg bald or bearded; co~lfined 
work indoors, or traveling far away; 
talking all the tirne in a boring wa!-, or 
never talking at all-all represent dcvia- 
tions from the accepted way of life, f ron~  
being a rlorrnal friendly hurnan being, 
who lives like other people and gets 
along with o t h e ~  people. 

Specific Indications about the 

Teaching of Science 

From the starldpoi~lt of tcachi~lg, it is 
important to realize how the present 
image of scientific work lacks any sense 
of the delights of intellectual :\cti\~ity; 
the scierltist lclorks patiently and carefully 
for years, and only when he finds out 
something does he shout with joy. This 
lack of any sense that i~~tel lcctual  activity 
is rc.ivarding in itself can be related to 
the lack of any merltio~l of living things, 
plant, a~l imal ,  or human, in the materials 
with which the scientist is believed to 
work. Plants and arlirnalr appeal onl) nr 
dead objects for dissection; the human 
body, ar olgans or systems studled in the 
laboratol) and treated in medicine, 
whole hurnan beings appear onl) as the 
dead deni~cns  of dead arlcl bulied cities, 
nrld most of the <cle~ltists about whom 
they read are also dead. T h e  lack of an) 
sense of enjoyment can alro be lelated 
to the central role gibe11 to mathematics 
as a tool, I\ ithout an) emphasis on the 
delights of obscr\:ation, as in early natu- 
ral history studies or in the perception 
of regularities and corlncctions in thc 
world around them, or between them-
selves and the world around them. 

Eccause the materials were a~lalyzecl 
class by class and school by school, the 
study has also yielded, as a by-product, 
certain sidelights on scierlce teaching: on 
the importance of participation as op-
posed to passive watching, on the role 
which the personality of the teacher 
plays in attitudes toward sciencc, on the 

effect on the rest of the class of the prer- 
ence in it of one t)pe of evceptiorlally 
gifted child. 

One of the most recurrent responses i ,  
an exoresslorl of active boredom. thc 
phrase, "I am not interested in science," 
or in a particular science course (chem-
istry or physics), followed occasionally 
by highly elnotiorla1 expressions of fury 
and hatred of particular activities which 
are being demonstrated. "Intercst" and 
"active enjoy~ne~l t"  seern to be SO closely 
related that the student seated in a clasi- 
room who has to ~vatch things bcing 
aoured from one test tube to another or 
listen to a rtrirlg of unrelated facts bc- 
comes per~narlently alienated. General 
science courses seern to be the ones in 
\\.hich this attitude toward science is 
characteristically invoked, except when 
a gifted teacher gives it some special em- 
phasis. \Vhen rnathcmatics is seen as the 
key ability on which all future scientific 
\+.ark is based, not liking and not being 
able to do ~nathematics become a spe-
cially ~ s e a k  point in the circle of the 
students' interests. 

111 contrast, other activities are de-
firled as nonscicntifir: because they arc 
absorbingly interesting: "r\-atchiqg things 
grow that I have planted," or "~rorking 
on my hot rod car." 

T h e  role of the teacher-as reflected 
in the comments of a rvholc class-is an 
exceedingly interesting one. T h e  dislikrd 
tcachcr is perso~lalized and vix~id, but the 
teachel \\ ho has o b ~  suc-iously bee11 \ er\ 
ccssful and has caught the magin nation 
and enthusiasm of the \\hole clars does 
not emelge as a pel.;on at all but, In- 
stead, rirlkr mto the backgro~md of eood 
classroom conditions, together ~ r i t h  
"good lal~oratory equipment." Special 
aspects of the disliked tcacher are com- 
mented on in detail. IIc may be described 
as an outsider, a stranger, with unusual 
habits of drcss and manner, \rho docs not 
k n o ~ r  his subject \\ell, who carmot talk 
about anything but his subject, rvho lives 
a lo~lc  without the slightest tic to the 
community, \I-ho is "stuck-up and \rho 
is too busy for anyone but himself." I t  
is easy to see how the only male teacher 
in the school presents spccial problcnls 
to the boys, if he himself is a figure the!. 
reject, and h o ~ r  easily the sphere of rvork 
for which he starlds may be rejected also. 
So one boy ~rritcs,  "Anyo~le rho digs our 
teacher's gab is a square as well as being 
queer." Some of these CoIlsequences ~ 1 1 -

doubtedly flow from the convent io~~ in 
the v~lited States that, ideally, science 
should be taught by men, with the result 
that men who might be more succerrful 
teacherr in s o ~ n e  other field a le  f o ~ c e d  
into teachirlg a subject which they dislike 
and in which the) habe no special corn- 
pctence. Similarl), foreigrlers and refu- 
gees-if male-ma\ haxe a better chance 

to get positions as mathematics and sci- 
ence teachers than they have in other 
fields ( 8 ) .  

T h e  sigrlificarlce of the lack of particu- 
lar mention of the ~ o o d  rciencc teacher u 

is equally important, for it is related to 
the lack of invocation of authority by 
the students, who state their opinion.; 
about scie~lce-even those obviously re-
lated to a particular teacher-as their 
own. Only when they disagree, when they 
I\-ish to attack the currcnt image of sci- 
ence as a good thing from a minority 
position-that is, from the vie.ivpoint of 
some fundarne~ltalist religious positiorl 
which they accept-do they invoke all- 
thority. I t  is related also to the situation 
in -4merican culture where, through gem 
erations, there has been a break bet.iveen 
immigrant parent and native-born child. 
In  this new setting, the European ten-
dency for children to identify with the 
personality and occupation of the pnr- 
erlts has heen replaced by a te~ldcncy to 
follow the style set by members of o11c:'s 
01\-11 generation, especially those in onc's 
0x9-11 local school clique. 

I n  the classroom, a disliked f r110~~-
student who is regarded as a future <ci- 
cntist ]nay also be described in sorne de- 
tail, as studerlts say they do not \rant to 
be the kind of scientists who "go about 
~ r i t h  thcir ~loscs in a book, looking ?up(:- 
rior." But in those classroo~ns \\-here 
everyone has been committed to the joy 
of sorne experiment or project, 1-10 incli-
viduals emerge: it is impossible to say 
\\-hat is the sex, age, natio~lality, and pcr- 
sonality of the tcachcr. 

I n  summary, it may be said that whcrc 
science teachi~lg is successful, the teacher 
has created a situatiorl in which his or 
her (one docs not kno~\- which) person- 
ality sinks into the background, and in 
~vhich no orlc student stands out as so 
e~pccially gifted and preoccupied as to 
rouse annoyance in the class. Students 
and teacher appear to ha le  w o ~ k e d  as a 
Q I O U ~ ,acceptinq S C ~ C I I C ~as a part of the17 
11\ci, p x o c c u p ~ e d  'ivith 110 specific iden- 
t~ hed indl1 iduals. 

Atfaysm e d i a .  Straight across the coun- 
try there is a reflectiorl of the mass media 
image of the scientist, which shares with 
the school materials the responsibility for 
the p rcxn t  irnage. Xlteratiorls in the 
lrlass media can have irnporta~lt conse- 
que1lci.s in correcting the present dis-
torted image if such changes arc related 
to rcal conditions. Attempts to alter the 
image, in \\-hich the public relations de- 
partment of a particular company repre- 
~ e n t s  it? research ~ersorlrlel with crcxv 
cuts and five childre11 may impro\:e the 
recruirrnent program of single com-
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panies, but do so only at the expense of 
intensifying the negativc aspects of tht, 
image for the country as a whole. 

\!'hat is needed in the mass media is 
more emphasis on the real, human rt2- 
~vards of science-on the Tray in ~vhich 
scientists today work in groups, sharc 
common problems, and are neither "cogs 
in a machine" nor "lonely" and "iso-
lated." Pictures of scientific activities of 
groups, working together, drawing in 
people of different nations, of both sexes 
and all ages, people who take delight in 
their work, could do a great deal of 
good. 

The  mass media could also help to 
break down the sense of discontinuitj-
bet\\-een t h e  .rcientist and other men, by 
showing science as a field of endeavor in 
\\-hich many skills, applied and purc, 
skills of observation and of patient, exact 
tabulation, flashes of insight, delight ill 
the pure detail of handling a substanci. 
or a material, skills in orchestrating many 
talents and temperaments, are all iln-
portant. This would help to bring about 
an understanding of science as a part o i  
life, not divorced from it, a vineyartl 
in which there is a place for many kinds 
of \\-orkers. 

T h e  schools. T h e  material suggests the 
follo\ving changes which might be intro- 
duced in educational planning. 

1 ) Encourage rnore participa~ion and 
less passive watching in the classroom, 
less repeating of experiments the ansirers 
to which are known; give rnore chance 
to the students to feel that they ar? doirlp 
it themselves. A decrease in the passii-(3 
t)-pe of experience found in man)- gen- 
eral science courses seems particularly 
necessary. 

2 )  Begin in the kindergarten and elr- 
rnentary grades to open children's eyes 
to the wonder and delight in the natural 
ivorld, which can then supply the motivc 
po5ver for enjoyment of intellectual lifc 
later. This would also establish the idea 
of science as concerned with living 
things and with irnmcdiate-as con-
trasted with distant-human values. 

3 )  Teach mathematical principles 
much earlier, and throughout the tcach- 
ing of mathematics emphasize nonverbal 
awareness ( 9) : let children have an op- 
portunity to rediscover nlathclnatical 
principles for thcmselvcs. 

'2)  Emphasize group projects; let the 
students have an opportunity to see x i -  
ence as team work, \\.here minds and 
skills of diffvrcnt sorts complement one 
another. 

5 )  Emphasize the need for the teachcr 
~ v h o  enjoys and is proficient in sciencr 
subjects, irrespective of that teacher'i 
sex; this would mean that good \yomen 
teachers could he enlisted instead of de- 
pending on men, irrespective of thcir 
proficiency. Since it ~vould seem that thc 

boys do not need to identify 'ivith an 
adult male as a teacher, this should leave 
us free to draw on wo~nen  as a source 
of science teachers. 

6 )  Change the teaching and counsel- 
ing emphasis in schools which now dis-
courages girls who are interested in sci- 
ence. This would have many diffuse 
effects: on the supply of wo~nen  teachers 
and of wornen in engineering, on the 
attitudes of girls who are helping boys 
to choose careers, and on the attitudes 
of mothers who are educati~lg their small 
children in ways which may make or mar 
their ability to deal with the world in 
bcientific terms. 

7 )  Deemphasize individual represen-
tatives of science, both outstanding in- 
dividuals like Einstein-t\hose uniquc-
ness simply convinces most students that 
h e y  can never be scientists-and the oc- 
casional genius-type child in a class. 
{This type of child, t \ho represents only 
one kind of future scientist and who is 
often in very special need of protection 
from the brutalities of his age mates, 
should probably be taken out of small, 
low-level schools, and placed in a more 
~ r o t e c t e d  and intellectual environment.) 
Instead, emphasize the sciences as fields, 
and the history of science as a great ad-  
venture of mankind as a whole. ( T h e  
~nonotonously recurrent statement "if it 
weren't for scientists \ve would still be 
living in caves" is an insult to the mem- 
ory of millions of anonynlous men who 
have-each in his way-made further 
advances possible.) 

8 )  Avoid talking about t h e  scientist, 
science, and t h e  scientific m e t h o d .  Use 
instead the names of the sciences-biol- 
ogy, physics, physiology, psychology-
and speak of what a biologist or a physi- 
cist does and what the many different 
methods of science are-observation, 
nieasuren~ent, hypotheses-generating, hy- 
potheses-testing, experiment. 

9 )  Emphasize the life sciences and liv- 
ing things-not just laboratory animals, 
but also plants and animals in nature- 
and living human beings, contemporary 
peoples, living children-not the bones 
and dust of dead cities and records in 
crumbling ~nanuscripts. Living things 
give an  opportunity for wonder and hu- 
mility, necessarily less present in the 
laboratory where students deal with the 
inanimate and the knot\-n, and contact 
~v i th  living things counteracts the trou- 
bling inlplication that the scientist is all 
pot\-erful. 

Conclusion 

This report is not in any way a state- 
ment of the proportion of high-school 
students who will choose science as a 
career. I t  is a discussion of the state 

of mind of fellow-students, among whonl 
the occasional future scientist must go 
to school, of the degree of personal mo-
tivation necessar\ to co~nmi t  oneself to 
science, and of the atmosphere within 
vhich the science teacher must teach. 
Since most high-school rtudents' atti-
tuder closely reflect thore of their par-
ents, it is also an indication of the climate 
of opinion in which parentr ma) be ex- 
pected to back up their children in 
choosing science as a career, citizens may 
be expected to vote funds for new labo- 
ratories, and voters may be expected to 
judge Congressional appropriations for 
science education. 
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this picture is stereotyped and incomplete. SO, 
for instance, having described the scientist as 
the "man in the white coat," students con-
tinue: "On second thought-he might equally 
well be seining a small stream, feeding facts 
illto an electronic computer, or injectills a 
radioactive fluid into the veius of a monkey" 
(boy. 17. 12th grade). "I realize that there is 
more thau microbiology [that is. the man in the 
white coat] to science. Therefore. I think of 
the atom, aud somehow always of old men, 
working on various bombs and reactors. Wheu 
I think of the use of atoms for peace. I think 
of young men working in offices. I don't know 
why" (girl. 14, 10th grade). "At the word 
science, I can imagine so much. The scope is 
uulimitcd aud I sometimes do uot colmect the 
two words [science aud scienlistl  any further 
than the laboratory. But if I could put the two 
together, a scientist would become more of an  
adventurer. a romanticist, than a figure who is 
nothiug but a humall IBM machine" (boy, 15, 
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Remmers and D. H. Radler. T h e  Avnelican 
?.errlager (Bobbs-Merrill, Indianapolis. Ind. ,  
195i ) ,  p. 171) 40 percent of the teenagers 
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evolved from lower forms of animals"; another 
24 percent checked "Don't know"; 35 percent 
checked "Yes." 

7. 	 In  this statement, we draw not only on the 
attitudes in this study hut on a wide variety 
of other materials on the attitudes of contem-
porary young Americans. 

8. 	 The other side of this picture is sometimes seen 
in comments made by foreigners who have 
entered the sciences because Americans think 
they require less of a knowledge of the culture, 
and who because of their science training can 
get teaching positions in the schools. After a 

year or two of teaching in small-town schools, 
the foreign-horn teacher flees back to the cities 
where he has friends or at least can live anon- 
?mously. (Based on life-history data from 
Chinese informants in the Chinese section of 
the Study Program in Human Health and the 
Ecology of Man, New York Hospital-Cornell 
Medical College, New York.) 

9. 	 Studies of the College Entrance Examination 
Board Commission on Mathematics and the 
University of Illinois Committee on School 
Mathematics give promise of bringing about 
improvement in mathematics instruction. A 

A. S. King, 

Spectroscopist 


Arthur Scott King t\as born 18 Janu- 
ary 1876 in Jerseyville, Illinois. In  1883 
the family moved to Santa Rosa, Cali- 
fornia and, about 1890, to Fresno, where 
Arthur received his secondary education. 
I n  1895 he entered the University of 
California at Berkeley; here, in 1899, he 
reccived the B.S. degree and, in 1901, 
the M S .  In  1903 he received the first 
Ph.D. degree in physics ever awarded by 
the university. H e  was assistant instruc- 
tor in physics at the uni~~ersity from 1901 
to 1903. He spent the years 1903 and 
1905 in Bonn, Germany, where he t\as 
a pupil of H .  Kayser, who was then pub- 
lishing the early volurnes of his monu-
mental Handbuch der Spect~oscopie.  

King's professional career really be-
gan in 1905, when he was appointed in- 
structor in physics at the University of 
California. I n  January 1908 he was ap- 
pointed superintendent of the physics 
laboratory at the Mount IYilson Solar 
Observatory, as it was called at that 
time. Here he remained until his retire- 
ment in 1943, and here, under George 
E. Hale's dynamic leaclersllip, King 
chose deta~lecl studies of atomic spectra 
for his life's work. The  atmosphere of 
the observatory was xibrant with net\ 
ideas and the promise of rapid develop- 
ments Hale had sho~vn that strong. mag- 
netic field? occur in sunspots. The spec- 
trohelio~raph was daily revealing new 
information concerning phenomena on 
the sun. The  60-foot tower telescope t\as 
completed, the 60-inch reflector t\as to 
go into service at the end of the year, 

and the new physics laboratory in Pasa- 
dena \\as to be occupied in May. 

King was a pioneer in the study of 
thermal excitation of atomic spectra and 
in the classification of lines in the com- 
plicated spectra of metallic atoms. Ilrhen 
I-Iale suggested to him the study of the 
effects of temperature on atornic spectra, 
the immediate objective was the inter- 
pretation of solar data. King's work did 
indeed supply invaluable information on 
the re1ati.i.e temperatures of sunspots and 
the normal solar disk. But it did more. 
I t  created a powerful means of analyz- 
ing atornic spectra and of assisting in the 
development of the quantum theory of 
the atom. 

The electric furnace tvhich he de-
signed t\as set up in the nelv laboratory 
in 1908. A horizontal graphite tube con- 
taining the substance to be studied was 
heatcd to the desired temperature by a 
powerful electric current. Light from the 
vaporized material left one end of the 
tube to enter a spectrograph. Light from 
the other end of the tube went to an 
optical pyrorneter, which determined the 
temperature. The  visible and near-ultra- 
violet parts of the spectra of numerous 
elements were recorded, at  temperatures 
of from 1600° to nearly 300O0K. O n  
each spectrogram were also recorded arc 
spectra of the same substance that was 
used in the furnace. Ilrith painstaking 
attcntion to detail, King est~mated the 
intensities of many thousands of lines on 
photographs of furnace and arc qpectra. 
These d-ita led to a classification of the 

atlid? of junior-high-school mathematics rtill 
he undertaken at the University of Maryland 
this fall. There is more to be done, especially 
in the elementary grades, and state departments 
of education should be encouraged to establish 
state committees which can determine how 
work now in progress a t  the national level can 
be made effective in local schools. The Poloidi- 
blocs, developed by Margaret Lowenfeld of the 
Institute of Child Psychology, 6 Pembridge 
Villas, London, W.ll .  are an important ad-
dition to the equipment for teaching young 
children mathematics. 

lines of each element according to the 
temperature required for their appear-
ance. Five main temperature classes 
made up the system, which was the 
forerunner of the present quantum 
classification. 

In  those early days it was well k n o ~ ~ n  
that heated substances ~$oulcl p r o d u c ~  
continuous spectra, but some physicists 
doubted that heat alone ~ \ o u l d  produce 
discrete emission lines. They thought 
that the emission of lines from King's 
furnace somehow depended on the fact 
that the carbon tube was c~lectrically 
heatcd. B~cause  the voltage was low 
(from 6 to 10 volts), King did not think 
that this nas  true, but, to make perfectly 
sure, he made other photographs of thr  
emission lines, exposlng the film onlv 
d u ~ i n g  intervals xihen the electric cur-
rent was shut off. His observations 
steered thinking about spectra in the 
rieht direction and were later of tre-
mcl~clous importance in the sorting out 
of spectrum lines according to the Guan- 
tum theory of atomic structure. 

King engaged in other scientific ac-
tivities that were of considerable irn-
portance. In  his early years he investi-
gated the Zeenlan effect in lines of 
titanium, iron, and other metals. Later 
he studied spectra of meteorites. He X1-a~ 
codiscoverer, wit11 Raymond T. Birge of 
the University of California, of the iso- 
tope carbon-13, and he collaborated 
v-ith R. F. Sanford of the Mount Tliilson 
Observatory staff in studying carbon iso- 
topes in A--type stars. During World \lTar 
I he investigated phenomena of sound in 
xvater. After his retirement, in 1943, he 
worked for several years at the Pasadena 
office of the Naval Ordnance Test Sta- 
tion. 

King had a delightfully gentle per-
sonality and tvas beloved by all xt-ho 
knew him, After months of illness he 
passcd alvay at his llorne in Pasadena, 
on 25 April 1957. 

I-I.ZROLDD. BABCOCK 
*bfozint Il'ilson and Palomar 
Ohsrl-zatories, Pasadena, California 
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