THE EFFECT OF INDUSTRIAL
VALUES ON SCIENCE:
AN EXPLORATORY STUDY

\ by

: EDGAR A, T. BOWDEN
Ph.D., London University, 1955

A THESIS SUBMITTED IN PARTIAL
FULFIIMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

MASTER OF ARTS

in the Department
. of
Anthropology and Sociology

¥ OX X K K K X K X X ¥ X ¥

We accept this thesis as conforming
~ to the required standard

THE UNIVERSITY OF BRITISH COLUMBIA
'SEPTEMBER, 1965



In presenting this thesis in partial'fulfilment of

‘Athe requirements for an'edvanced degree at the University ef
‘British Columbia, | agree that the L|brary shall make |t freely
' aval]able for reference and study.' | further agree that per-
‘m|ssron for-extensuve»copynng of thIS thesis for scholarly

- purposes may Be,granted byethe Head“of my Debarthent or by

his represeetatfyes;4<ltris understood that copying or publi-

cation ef th}s the;is:fbr f}nanciarfgafn shail not be allowed-

without my written permission,

bepartmenL of Zk&iivw314£0ﬂﬂ ﬂk~dL S:ﬁaeoeegy4

_The Unuversuty of Brltlsh Columbua
: Vancouver 8 Canada

sate 1972 Qrasnar _iéié:(
T




ABSTRACT

A study was made of the attitudes of pure and applied
sciénce,_economics and commefce students toward the accept-
ability of commercial goals for scientific research. A
significant amount of discrimination Was‘dbtained amongst
such groups of'students on a battery of attitude statements
and a scale was constructed from sixteen of the statements
which gave the highest discrimination between commerce stu-
dents and a combined group of pure and applied science stu-
dents. The discrimination between the two groups on this
scale was at the .001 level. The commerce students'werevsig-
nificantly less homogeneous as a group and gave responses
which were less internally consistent than those of the
science students.

In the second phase of the research, scientific origin-
ality was rated on the results of a test called "Problems and
Sélutions".which called for the production of ideas in an
industrial and a non-industrial context. The within- and
between-rater reliabilities of this test were .88 and .58
Whén degrees of originality Were‘aséessed, whereas the latter
was .85 when only the presence or absence of originality was
assesséd.

The results of the second study showed that scientific

originality was significantly less in the industrial context,



and that the ideas produced in that context Weré significantly
moreloften of a commercial nature. In the sample as a whole
these two effects of the problem context were unrelated.
Detailed examination of the results revealed the probable
existence of three types of subject, designated the 'uncreat-
ive pure écientist', the 'creative applied scientist' and the
'creative pure scientist'. The first was characterized by
zero scores for originality in both confext, by the product-
ion of-more commercial ideas ih the industrial contexts,and

by a more pure-science orientation as measured by the attitude

écale. The second type was characterized by the production

of more commercial ideas and a higher originality score in

the industrial context. The third type was characterized by

a lower originality score in the industrial context and the
production of fewer scientific ideas in that context, rather
than (at least in comparison to the other two types of subject)
the prgduction of more commercial ideas.

The results did not support the hypothesis i) that the
adverse effect of an environmental value system is positively
related to the degree of dissonance between its values and
those of an individual in that environment; ii) that the re-
duced originality Qf scientists in an industrial test context
is a result of their conforming to an image of industrial re-
search ideas having to be both commercial and conventional in

order to be acceptable; iii) that the more creative the



individual, the greater the adverse effect of a possible

constraint perceived in the‘industrial value system, as con-
sidered here. There was limited support for the hypothesis
that the least creative individuals are mosf likely to pro-

duce ideas of a commercial type in an industrial context.
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THE EFFECT OF INDUSTRIAL VALUES ON SCIENCE:
AN EXPLORATORY STUDY.

EDGAR A. F. BOWDEN

1. Introduction and literature survey

The primary purpose of this research was to test the
validity of the belief, quite widespread amongst scientists.
and others, that the economic, commercial and pragmatic
values sometimes stressed in sectors of industry may have an
adverse effect upon scientists' originality. A secondary
purpose, assuming that any such adverse effect could be
demonstrated, was to examine its relationship to scientists'
attitudes toward indﬁstrial values regarding scientific re-
search, to their level of scientific originality and to their
tendency to conform in their scientific thinking to the norm-
ative pattern implicit in an ecoﬁomically oriented industrial
value system. Kornhauser11 and Lerner12 are among those who
warn ofvthe possibilify of such an effect.

Previous research appears not to have included any direct
experimental tests of this belief, but td have provided only
inferentiél clues derived from the study of scientists in
industrial, government and other research settings. Princip-
ally, these studies have looked at the relation between free-

dom, satisfaction and productivity of research scientists.
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For example, Meltzer and Salter15 found that physiologists
working in government and independent research laboratories
had a higher output of research papers and greater satisfac-
tion with their working conditions the more freedom they
considered they possessed. if this research finding is to
be related to the hypothesis basic to the present study, one
must épparently assume that the number of research papers
published can be accepted as a measure of the degree of orig-
inality, and that freedom, or the converse, is a constituent
dimension of the value system of industry in relation to
scientific research.

In an earlier study Meltzert®

showed that the number of
papers published during a period of three years éorrelated

to the extent of r = .51 with the number of citations for
their authors in the Annual Review of Physiology. But it

was not shown that the latter criterion was correlated with
direct assessments of scientific originality. Liebermann and
Meltzerl6 had previously found that the output of publications
correlated positively with orientation toward pure science in
physiologists. Hilberg and Honey2 found that freedom to fol-
low their own research interests was a freqﬁéntly mentioned
reason for government scientists changing their jobs: it
might be inferred that this reflected a feeling on their part

that lack of freedom was inimical to their own-creativity,

but once again a direct link with the present is lacking.
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Smith18 found from interviews with research scientists
that, among other items, uncertainties about the research
budget, lack of long-range research planning, insecurity over
the possible discontinuation of their research, and relative
lack of personal autonomy were factorsvwhich the scientists
regarded as deleterious to their work. It will be seen
subsequently thaf these factors can be regarded as components
of the industrial value system regarding scientific research,
at least in its more extreme form.

A study by Pelz17 showed that scientific performance,
as assessed by researchers' colleagues, was significantly
associated with an orientation toward pure science, but
only where identification with the institution and its goals
was low. This suggests that the scientist who has a prefer- .
ence for pure, basic research, but who is sufficiently con-
formist to identify with the more pragmatic, economic values
of the organization, functions at a lower level of originalé
ity than the scientist who maintains an independence of the
organization.

The problem of reliable measurement in the study of
originality is shown in a paper by Taylorzo. A Thurstone-
type rating scale was constructed of statements about attit-
udes and habits relative to creativity and scientific pro-

ductivity; the scores obtained for research physicists and

engineers correlated only to the moderate extent of r = .67



with estimates of the subjects' creativity made by their
research supervisors. Thus over half (55 per cent) of the
variance of subjective estimates of scientific creativity
is not attributable to reliable assessments of specific
traits such as attitudes and work-habits. Whether, in that
case, overall subjective evaluations by research colleagues
'and superiors can be accepted as an ultimate criterion
against which precise measures of originality should be val-
idated is questionable. In a study by Joneslo, ratings of
scientists by supervisors were obtained and‘the results of
a number of tests were correlated with these ratings to ob-
tain, by multiple regression, an optimum set of predictors
of creativity. Combining six weighted scores gave a corre-
lation ofA.67 with the supervisors' ratings. The six items
were reasoning ability with symbols, ideational fluency,
original ideas, emotional stability, dominance toward the
work milieu, adventurousness of outlook, scientific curios-
ity and low general anxiety. |

As regards attitudes .toward pure science among scient-

ists, only one study by Hinrichs9

appears to have involved

statistical methods of analysis, as in the present research:
the remainder were based on impressionistic descriptions of
sciéntists"attitudes.. Briefly, Hinrichs found by means of

factor anélysis and discriminant function analysis that att-

itudes valuing freedom and pure science discriminated at a
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low but significant level between chemistry Ph.D. graduates
(1961) choosing academic employment in preference to industry.
Remarkably, however, this same attitude cluster accounted for
only 7.8 per cent of the total variance of scientists' atti-
tudes toward science, industry and autonomy. Two other fac—
tors accounted for 5.6 per cent and 4.3 per cent, namely
materialistic attitudes accepting business values, even at
the expense of sc;ence values, and an applied science orient-
ation, accérding to which 1little conflict was seen between
industrial and scientific values. It is not clear why 82.3
per cent of the total variance remained unaccounted for in
Hinrich's factor analysis.

To summarize, it appears that no experimental studies
of scientific originality in an industrial context have been
reported in the literature, and that the studies of scient-
ists working in industry provide little more than inferential
evidence concerning the possible effects of industrial values
upon scientific thinking , and that no cqmprehensive theory
has yet been developed in this area, within which the present
study might be placed.

For an exploratory study, designed to explore the factual
basis for beliefs in the effects produced(on scientific orig-
inality by a certain type of environment, it was considered
premature to attempt to develop an extensive theoretical

framework, partly because three distinct theory systems could
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be envisaged, each characterized by a distinctive central
postulate, which it was scarcely possible to integrate into

a single theory and scarcely worth adumbrating separately

and at length until it was known whether there was any fact-
ual basis for theorizing in this area. To anticipate the
subsequgnt detailed discussion of results, this view was just-
ified by the fact that none of the three hypotheses central

to these theories survived the first empirical test, once the

relevant data were available.



2. Attitudes toward industrial science

One purpose of the present research was to see whether
scientists having different attitudes toward the 'commercial-
ization' of industrial scientific research would be differently
affected, as regards their level of scientific originality,
by an industrial context. For this purpose it was desirable
to measure such attitudes on a scale, and since no scale suf-
ficiently closeiy related to the problem underAinvestigation
-was known to me, it was necessary to construct one.

The first step in the construction of a suitable scale
was to analjze the concept of an industrial value system
pertaining to research into its constituent elements, and
this produced the following eight-fold scheme:

I. Economic value. A tendency to solicit and support res-—

earch the anticipated results of which would be of financial
or utilitarian value to the agency providing financial sup-
ﬁort for the research and exercising a right of decision

over it.

II. Planning. Pressure to decide well in advance the meth-
ods and apparatus to be used in the research, in order td
assess the budgetary investment required for equipment, ﬁer—
sonnel and services.

ITI. Concreteness. A. The tendency for projects having

predicted results readily understood by practical, non-—
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scientifically trained sponsors to be preferentially approved.
B. Pressure to discover new facts and
techniques, rather than seek new theoretical developments.
Iv. Prediction. ZExpectations laid upoﬁ research scientists'
that they predict the specifiq results, or type of results,
likely to be ébtained from their research.

V. Convergency. A. Specification of research goals

prior to the project planning stage, rather than acceptance
of unplanned results from relatively undirected research.
B. Pressure toward the application of

well-established scientific concepts, in preference to the
'risk' involved in new and untried theories.
VI. Urgency. .A. The tendency to sponsor research that
can be completed quickly.

B. The tendency in certain economic cir-
cumstances to reduce the time-span allocated to a research
project and attempt to accelerate the rate of progress.

VII. Conditionality. The tendency to withhold approval for

a complete research project, making approval of each success-
ive stage dépendent upon the sponsors' evaluation of earlier

stages in relation to prevailing circumstances.

VIII. Routinigation. The tendency toward a reductionist
belief that science requires 'mothing more' than the appli-
cation of a specific method by any person who has completed

the relevant formal training;
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Thirty statements embodying these conceptual factors
were then constructed, in fifteen pairs, one member of each
pair being so worded as to imply approval of industrial val-
ues, the other approval of é pure-sciencevorientation toward
approximately the same topic. The thirty statements were
incorporated in a questionnaire on which subjects could in-
dicate their opinion about each statement on a five point
scale, from - 2 (X X ) for strongly disagree, to + 2 (/)
for strongly agree. The order of the statements was ran-
domized, except that i) at least four statements separated -
each statement from the one worded opposifely to it; ii)
statements occurred in runs of ndt more than three of the
same sign (for or against 'pure science'), and iii) the
statement placed first was intended to be such that practic-
ally all subjects would reject it, since it was desired to
overcome an anticipated tendency for subjects to agree, ir-
respective of their real opinion. The instructions accompany-
. ing the schedule sent out to subjects also emphasized the
possibility of their disagreeing, as well as attempting to
polarize their opinions by mentioning typical views for and
against a belief in the compatibility of science and industry,
. and. by suggesting that all the subjécts were "no doubt aware
of some of the factors involved...". The statements in the
order in which they were presented in the questionnaire were

as shown in Appendix I. The category of the industrial value
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system to which each is intended to refer is shown in paren-
theses.

Cyclostyled copies of the attitude schedule were mailed
to 200 senior students at the University of British Columbia,
their names and addresses having been extracted from records
of the university registrar. All the subjects were male fourth
yeaf students majoring in either a pure science subject (phy—
sics or chemistry only); br an applied science subject (metall-
urgical engineering, -chemical engineering, mechanical engin-
eering or engineering physics); or economics; or commerce and
business administration. ZEach subject was chosen on the basis
of his record being in the appropriate section of the file for .
that subject group, and of its showing a preponderance of fourth
year courses being taken in his special field of study. No
attempt was made to sample the file strictly according to a
randomized procedure, since this would have interfered unduly
with the work of the registrar's office. Instead, letters of
the alphabet were chosen at random and all the students whose
names occurred in those sections of the file and who met the
selection criteria (including the availability of an appar-
ently complete and correct Vancouver address) were noted, to
a total of fifty for each subject group, and equal numbers
for each academic subject within a group, as nearly as poss-

ible.

The schedules were despatched and a follow-up sent out
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with a duplicate copy of the schedule to those who had not
replied after two weeks. The number of questionnaires re-
turned was 113% out of 200 (56.5 per cent), of which 110 were
correctly compieted and returned before the data analysis was
well under way. ‘ |

The method of analysis adopted had to meet two require;
ments: it had to enable the existence of differences between
the attitudes of scientists and non-scientists in the sample
to be tested; and it had to make possible the construction .
of an interval scale for the representation of attitudes to-
ward industrial science.

An examination of several procedures Which-have beén used
for scaling led to the conclusion that the two reguirements
mentioned above could probably be met by the method of Mul-

15). This is

tiple Discriminant Analysis (Cooley and Lohnes
a technique which produces one or more weighted combinations
("discriminant functions") of scores on a number of items,
such as attitude statements in the present case, each of
which functions corresponds to a maximum degree of discrim-
ination, or'separation, among the groups of subjects whose
responses are used in the analyéis. The computation of
weights for each of a battery of items is equivalent_to
plotting the individual responses in as many dimensions as

 there are items (thirty in the present case), and finding an

axis along which the groups have the greatest overall
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separation. A second axis, perpendicular to the first, is
then found, along which the groups are next most widely sep-
arated, and finally a third sueh axis is found. In the
prssent case, with four groups, there are three such axes,
each corresponding to a distinct discriminant function and a
-separate set of weights for the constituent items.

For these axes it is then possible to compute, first, a
measure of the degree of discrimination existing among the
" groups of subjects and, second, a single score for-each sub-
ject, on each discriminant function, made up of the appropri-
ately weighted sum of his responses to the constituent items.
The férmer would reveal whether there were in fact signifi-
cant differences among the four groups, and the latter would
place eaéh subject on three orthogonal scales, each defined
by the typical patterns of attitudes of the groups of sub-
jects situéted at different positions on the scales. To be
specific, it was hypothesized that scientists would be found
grouped at one end of the principal scale extracted by this
method, with economics and business students at the other end.
. If this were found to be the case, it could be said that the
scale represented a Séience—Commerce dichotomy as regards
values»concerﬁing industrial research. This would be rele-
vant to the question Which this part of the study was designed
to answer. Thus, the specific hypotheses which it was intended

to investigate were as follows.
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1. That there would be a significant amount of dis-
crimination revealed by the analysis;

2. That this would be concentrated in one of the three
discrimihant functions which were theoretically possible
results of the analysis;

3. That on this principal function, the pure and applied
science groups, and the economics and commerce groups, would
be at opposite ends of the scale, and probably in the order
indicated, though it was uncertain whether economics or com-
merce should be expected to be at the other extreme from
pure science;

4, That the typical patterns of response to the attit-
ude statements, by subjects in the different groups, would

correspond to the concepts which had been built into the sche-
dule, i.e. clusters of attitudes in favour of pure science and
in favour of economically oriented applied science.
Results*

The complete computer programme (taken with slight mod-
ification .from Cooley and LohneslB) for multiple discriminant
analysis produced first the means énd standard deviations for

each of the four sample groups on each of the thirty statements.

* The results reported here could scarcely have been ob-
tained without the invaluable help in compiling and running
the computer programmes, given by Dr. Hugh Dempster and other
members of the U.B.C. Computer Centre; and without the avail-
ability of a tested programme for Multiple Discriminant Anal-
ysis in Cooley and Lohnes' text on mathematical methods 15,
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For this purpose, the five response categories from strongly
disagree to strongly agree were represented by the scores 1
through 5. |

The computer programme then pfoduced the 30 X 30 matrix
of correlations between all pairs of items. This is not re-
produced here, since the matrix as a whole is not particularly
relevant to the discussion of results. It is worth noting,
howevef; that the number of significant correlations in the
'mafrix was far above chance levei. For example, 70 were
greater in absolute magnitude than t 0.246, which at the 5
per cent level would be expected to be exceeded only about 9
times in a 30 X 30 matrix, with no more than random assoc-
iatibn between items.

The three possible discriminant functions obtainable
with four groups of subjects were then computed, together
with the percentage of the total discriminating power of this
set of statements which was associated with each function.
These were 68.1 per cent, 18.1 per cent and 13.1 per cent.
‘The fairlj large percentage assoéiéted with the first func-
tion confirmed the second hypothesis, and indicated that a
large proportion of the difference among the groups was in the
area of one particular clustering of attitudes. That these
attitude patterns corresponded to the concepts built into the
attitude schedule was shown by the calculated relative posit-

ions of the four sample groups along the axis corresponding
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to the dominant discriminant function. These positions of the
four group means, together with the variances of the four
groups, are shown in Table I for each of the three discrimi-

nant functions.

TABLE I

Means (and variances in parentheses)
of groups on three discriminant functions.

Discriminant PFunctions

Group N 1 2 3 ‘

. Pure science 29 | -3.700(.3716)|1.841(.3511) | 1.705(.7652)
2. Applied science (25| -3.303(.3%440)[1.259(.6148) .697(.7184)
3. Economics 25 | -2.045(.3626)]2.186(.6103%) | 1.030(.9296)
4. Commerce 31| -2.033(.8099)11.221(.5505) | 1.641(.7646)

It can be seen that the group means on the first function are

clearly in line with the third hypothesis, since pure science

students are at one extreme, with applied scientists in an in-

termediate position, and economics and commerce students at

almost identical positions at the other extreme.

This was not

the case for either of the other discriminant functions, and

no attempt was made to interpret their possible significance

or meaning,

sole object of interest in this study.

since the principal function extracted was the

Testing the separations within the various pairs of groups by

means of the studentized range statistic, . (Winer

2
1y,

showed
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that the pure and applied science groups did not differ at the
5 per cent level (g = 2.39; .05 = 2.80; d.f. = 2,106), nor
did the economics and commerce groups (g = .59). The dis-
criminations within all other pairs of groups were associated
with probabilities less than .0l.

In view of these results, it was not surprising that the
overall discrimination achieved by the attitude schedule was
shown to be only very moderate, since the two pairs of groups
were separately at almost identical positions, so that all the
discrimination was between one pair and the other, the dis-
crimination within each pair being almost zero. The amount of
discrimination invol?ed in all three discriminant functions
acting together was indicated by a variance ratio of F=1.%,
with 90 and 231 as the calculated degrees of freedom. Using
a one-tailed test in the present case, since the group means
were in the predicted order, this variance ratio is just sig-
nificant at the .05 level. However, the F-value associated
with the first discriminant function would be 1.36 X 68.1
per cent = .926, the probability of.which is greater than .05.

The only really unexpected finding from this part of the
study was the great difference in variance between the com-
merce group and the three remaining groups. Calculating a
pooled éstimate of variance from the first three groups in
- Table I gave a value, of .375, associated with 76 degrees of

freedom, giving an P-ratio between the commerce and the three
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remaining groups of 2.16, with 30 and 75 degrees of freedom.
Using a two-tailed test, since there was no reason a priori .
to expect one variance to be greater than the remaining three,
and allowing for the selection of the largest of féur variances,
gave a probability of between .04 and .08 of obtaining such
a value or a greater one by chance. It may be concluded that
there probably was a difference between commerce senior stu-
dents and students in the other three groups as regards the
-variability of their attitudes toward industrial science.

The relative heterogeneity of attitudes displayed by
commerce students, compared to pure and applied science stu-
dents, may be interpreted as a correlate of a lower degree of
professionalization of those who go into commerce and industry
as managers and executives, compared to scientists and eng-
ineers. It has been suggested in a study by the Opinion Res-
earch Corporationl6 that one element in the potential con-
flict between scientists and industry is the fact that scient-
ists are unable to regard businessmen as fellow professionals,
with what that can imply in the way of relatively cordial
working relationships.

After discovering the above-mentioned difference between
science and commerce students, it was hypothesized that the
greater heterogenelty of the latter would be reflected in a
greater inconsistency within the attitudes of individuals

toward industrial science, since members of the group, in
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contrast to those in the science group, would have available
to them a less clear image of normative beliefs and attitudes
considered appropriate for potential members, than the more
professionalized group of scientists. Taking the science
(combined) group and the commerce group together and omitting
the economics group*, the 20 per cent most 'inconsistent'
subjects were identified according to the following criterion.
Each of the fifteen pairs of approximately opposite statements
was examined for each subject, and his 'inconsistency' score
was the number of pairs in which he gave a response of the
same sign fo boﬁh statements. Subjectsﬂwith a score of nine
or more constituted the most 'inconsistent' 20 per cent. It
was then found that inconsistent individuals as thus defined
made up 12.95 perlcent of the combined science group and 32.26
per cent of the commerce group. Using a one-tailed test,
since the difference is in the hypothesized direction, t for
thé difference of percentages has a probability less than .025.
Commerce students are thus, on the basis of this study, more
heterogeneous as a group and more 'inconsistent' individually,
than are pure and applied science students, in their attitudes

toward industrial scientific research.

*¥Only two criterion groups were required to define the ex-
tremes of the attitude scale. Since the variances of the
economics and commerce groups differed significantly it was
not legitimate to combine them, so the commerce group was re-
tained as being the more likely ultimately to be responsible
for determining and executing research policies in industry.
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For the next stage in the construction of the attitude
scale, the starting point was the demonstration, as described
above, that there was a highly significant difference (P< .01)
between commerce students and the combined group of pure and
applied science students, as regards their overall attitudesv
toward industrial scientific research; also the demonstration
that it was justified to combine the two science groups, but
not to combine the economics with the commerce group, because
of their markedly different variances; finally, the demon-
stration that the discriminant function which separated the
groups in the order hypothesized also accounted for a dominant
proportion of the total discrimination amongst the four groups,
and could thus be used as the basis for a scale which might be
expected to have a realistié conceptual interpretation;

The two groups, commerce and pure and applied scilence,
were then taken as criteria for, in effect, defining the two
ends of the scale which was to be constructed. The discrimi-
nant analysis was therefore re-run, in order to compute the
single set of weights thieoretically possible with only two
groups*., The weights for the thirty items are shown in
Table II (Page 20).

The centroids of the four‘original groups on the princi-

pal discriminant function were not always consistent with

* The possible number of discriminant functions is one less
than the number of groups or the number of items, whichever
is the smaller.
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TABLE II

Discriminant weights based on two groups:

Commerce; Pure and Applied Science.

Item Weight Item Weight
1 -.1626 16 -.0508
2 .0012 17 ‘ -.0672
3 .1222 18 .0849
4 -.1%68 19 -.2170
5 .0649 20 -.3887
6 -.0762 21 4074
7 -.0467 22 -.1105
8 -.3325 23 -.0356
9 1134 24 . 0585

10 ~-.1976 25 . 2943
11 .1051 26 ‘ .3265
12 53114 27 -.0906
13 -.0466 28 -.1594
14 .0907 29 -.0226
15 .0101 30 -.1552

what had been expected when the attitude statements were
drafted. For example, on Statement 1, the pure and applied
science groups showed a higher average level of agreement
with the statement than did the economics anq commerce groups.
Possibly the basis for scientists accepting the reference to
"everyday common sense" was the emphasis in undergraduate
courses on instilling factual knowledge and technical skilis,
rather fhan imaginative development of theory and experiment-
ation, as in research. To the extent that the former are
successfully mastered, an undergraduate could believe that

science has become for him a matter of "everyday common sense"
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The same applied to six other statements, namely those num-
bered 2, 6, 11, 17, 21, 26 and 30. It was concluded that
each one had been interpreted to mean something other than
had been intended, or else that many subjects' reéponses had
been over-determined by their reaction to an unintended im-
plication of the question. For example, in Statement 6, one
can imagine a loyal science student defending the ability of
scientists to get results as quickly as aﬁyone else, which is
not what was meant to determine responses to the statement:
it was basedvon the hypothesis that pressure to hurry will
tend to impair the creativity of scientists, and thus produce
'vbad' science. There would, at the best, be little point in
including such an item in a scale concerned with the possible
effects of industrial preséures on creative science, in view
of subjeéts' responses to the question as worded.

Similar considerations applied to the other statements
for which anomalous results were obtained, and it was decided
to eliminate all of these from the scaling procedure.

A further six were eliminated on the grounds that they
did not discriminate very highly between the commerce and the
“pure and applied science groups as shown by their weights in
Table II being small.

This left sixteen items to be scaled, and the next step con-
sisted in determining, from a third run on the discriminant.

analysis computer programme, a final set of weights for
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these sixteen (as shown in Table III){ At this stage, the
number of subjects whose data was used in the scaling pro-
cedure was reduced by the twenty per cent most inconsistent,
as defined pre&iously, so as to ensuie that the scale itself
would be as internally consistent as possible.

TABLE III

Weights for sixteen jtems from 2-group discriminant analysis

Item No. Exact Weights X 10,
(in original list) Weights Rounded

3 -.1885 -2
4 -.1959 -2
5 -.1403 -1
8 | .2311 + 2
9 -.0170% -
10 . 3450 + 3
12 -.4850 -5
14 . -.00925% -
16 ©.1802 + 2
18 .0490* -
19 .0671* -
20 o . 3785 ' + 4
24 e 0301* . haad
25 -.5202 ' -5
27 »1519 + 2
- 28 «1129* -

The six items with the smallest weights, omitted from the
10-item scale, are marked with an asterisk. The rounded
weights used for the remsining items in the 10-item scale
are shown in the final column.

The tendency for the weights of some items to reverse
their sign from one stage of the analysis to the next as the
number of criterion groups was decreased is disconcerting.

The reason for it is probably that with four groups, the
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discriminating power of a given item may happen to invoive
mainly a particular pair of groups, whése means on that item
are in a certain order with respect to their order on the
discriminant function as a whole: but with a reduction to
only two criterion groups, there is no place for irregular-~
ities of this type. Thus, providing the two criterion groups
are well chosen and appropriate to the specific attitude scale
being developéd, the weights based on two groups are more
meaningful than those based on a larger number of groups.

The P-ratio indicating the degree of discrimination ach-
ieved by the selected 16 items between the science and comm-
erce groups was 3.71 (d.f. = 16, 51; P< .001).

Validation of thé scalegdefined by these sixteen items
and their weights* would need to be carried out on new sam-
ples of subjects similar to those used here, but this has not
been done as part of the present research.

Of the final 16 items 12 had weights greater than .09
(disregaréing the sign). Of these 12, four items (5, 8, 16,
25, the last of which had the highest weight (~-).5202 of the
sixteen items), represented the Economic Value catggory of
the industrial value system and the othervcategories were
represented by one item each, except VII(two items) and VA,

VB and VIB (unrepresented). But VA and B were represented

* Referred to in this report as the ATIS scale ("Attltudes
toward industrial science").
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by only one item each in the original list of 30, so their
absence from the final list may not show that convergency
is not a source of conflict between scientists and industrial

management. The same applied to VIB.
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3., Scientific originality in industrial and non-industrial

contexts.

Before the research design described later in this sec-
tion was implemented, an unsuccessful attempt was made 1o
carfy out a more complicated group-experiment design. It is
described here so that it ﬁay be evaluated énd possibly used
by others who wish to study scientific originality experiment-
ally. It included fwo other major factors in addition to
those referred to in the present report, namely the influence
of group participation and of the type of leader (scientific-
ally or commercially oriented) appointed in the group. The
analysis of variance design called for twenty 4-man groups in
a 2 X 2 model, giving five elements (groups, in this case) in
- each cell of the design. This was regarded as the smallest
number that was likely to reveal the possible treatment effects,
which were not expected to be dramatically large, even with
covariance adjustments for two additional variables, the level
of creativity and the ATIS score.

Rather than run the twenty groups separately, which would
have been time-consuming, the experimental procedure was des-
igned so that with the help of one or two assistants, all the
groups could be'run simultaneously.. Basically, this was done
by cohveying most of the necessary instructions to the groups

in printed booklets, and by gathering all the necessary data
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from the groups in writing*. One advantage of such a pro-
cedure apart from the time factor, was that it would enable
groups and leaders to be allocated to cells of the design on
a matching basis, which would involve an extensive pre-exper-—
imental test phase if the grouns were to be run separately.

A further advantage was that the possibility of leakage of
infofmation about the creativity tests used in the design.was
minimized. Since it appeared later that there exists a high
degree of solidarity and communication amongst scientists sub-
jected to 'stimulation' (e.g. investigation). from outside
their group, this point hay be of considerable importance.

However, the elaborate design, and the quantity of book-
lets, forms and other materials prepared in readinéss for it,
were never used on more than a single group of four subjects;
despite four or five attempts to gather together enough vol-
unteers to make it worth running the experiment. The cri-
terion adopted for this purpose was that ahout half of the
required number of subjects (80), should be available at one
time, with a reasonable probability that the remainder would
be available on a second or third occasion.

‘Briefly, the results of the successive attempts and the
1circumstances in which they had to be made because of other

commitments of the writer, were as follows:

*¥ Copies of the printed materials are shown in Appendix II.
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At the end of examinations week at the University of
British Columbia, an experiment-was run in the Ponderosa
Cafeteria, which Waé ideal for the purpose, after notices
had been placed in all the relevant buildings on campus.
Five subjects appeared, of whom four could be used for a
single group, which was run in order to test the procedure.
On the next occasion, one sﬁbject appeared, and that session
and the session planned for the same afternoon were cancelled.

At Western Washington State Collegé, after fhe same sort
of advertising campaign, five persons appeared on the first
occasion, but no group was run. A date was set for the fol-
lowing week; and volunteers who had appeared on the first
occasion were asked to get their friends to sign as volunteers
on lists which had been posted around the campus. Science
faculty members were also requested to bring the matter to the
attention of their students in class. By the next week, only
a handful of names had been added to the lists, and the writer
decided it was not worth thé labour of re-arranging 22 tables
and 80 chairs and laying out 80 sets of experimental materials;
he went to thé meeting-~place prepared tc tell a half-dozen
people that the experiment had been cancelled -- and found 28
students waiting, 20 of whom had been sent over as a class
unexpectedly by one of the faculty members to take part. Since
it required 45 minutes %o prepare for the experiments; there

was no alternative but to cancel; 1in any case, even 28 was
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far short of half the required number.

A final attempt was made, with the help of the chairman
of one of the science departments, .and 31 volunteers gathered,
thirteen of whom had been at the pfevious meeting. Thirty-
one, incidentally, was one short of the number required to
give even 2 groups pér cell of the 2 X 2 design and despite
a search of the building, one extra volunteer could not be
found -- until after the 31 had already been dismissed and the
experiment again, and finally, cancelled.

Thus, out of 187 third and fourth year science majors at
Western Washington State College, about 46 subjects‘(24.6 per
cent) were obtained in three attempts. The pre-established
criterion for the feasibility of carrying out the experiments
was not met, but in hihdsight it can be seen that just enough
subjects were obtained for it to have been worthwhile to 'col-
lapse' the experiments to a single-factor design by omitting
leadership-style as a variable, and studying only the effect
of an industrial context. That possibility was not thought
of at the time, and in any case whatever results might thus
have been obtained would have been specific to groups under
the administrative leadership of a particular type of indivi-
dual, either science or commerce oriented, depending upon
which had been selected. The alternative to selecting a single
type pf leader for each group, in the single;factor case, would

have been to select the leader at random. This, however, would
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be expected to have increased the error variance, and hence

to have diminished the chance of obtaining significant res-
ults. On the whole, it seems to have been justified either

to carry out the experiment as originally planned, or not to
carry it out at all. Having decided that five groups per cell
was a reasonable minimum, and having made several thorough
but unsuccessful attempts to obtain enough volunteer subjects,
there seems to have been no practical alternative to discon-
tinuing that line of research, at least for the time being.

In a sense, the new research design constructed in place
of the group experiments was a more logical first step in the
experimental study of scientific originality, since it was
a study of individuals, not of groups. It was a conceptually
much simpler design, consisting essentially of a test of
scientific original thinkiné in two contexts, one economic,
the other 'pure science'. |

Even this less complex design came near to failing, due.

-to the low rate of return from the science graduate‘students
at UBC to whom the materials were sent. With a 15.5 per cent
response rate, only the fact that the materials were sent to
all 304 gradﬁates ih physics, chemistry and fhe biological
sciences ensured that enough data would be ohtained to provide
ansWers to the principal questions being investigated.

Study design

The final research design was extremely simple. Apart
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from a 10-item, easily scored form of the ATIS test, described
in Section 2, it consisted of a test of scientific originality,
called the Problems and Solutions test, presented in two dis-
tiﬁct contexts, one industrial, the other non-industrial. The
wording of the two forms of the test, in the case where the
industrial problem related to food products and the non—indust—
rial to clothing, was as follows.

PROBLEMS AND SOLUTIONS. TEST A

Imagine you are an independent research consultant. An
industrial corporation seeks your advice on establishing a
programme of research to develop new kinds of FOOD PRODUCTS
likely to fesult in a quick and profitable return on their
financial investment when marketed throughout the world. A

'large sum of money is available from the company's sales

‘ profits to oovér the costs of an intensive one~year research
project, which may be extended if the first results are éom—
mercially worthwhile.,

_What problems would you suggest should be studied, and
how might they be solved? Write the five most original.ideas
you can think of on five of the enclosed cards, marking each
card with an "A".,

PROBLEMS AND SOLUTIONS. TEST B

Imagine you are an independent research consultant. A
non-profit foundation seeks your advice on establishing a

programme of research to develop new kinds of CLOTHING MATERIALS
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to meet expanding world requirements over the next twenty
years. A large sum of money is available from funds provided
by various international organizations to cover the costs of
a research project lasting several years if necessary.

what problems would you suggest should be studied, and
how might they be solved? Write the five most original ideas
.you can think of on five. of the enclosed IBM cards, marking

each card with a "B",

The specifications of the two contexts in which the
Problems and Solutions test was presented were constructed
s0 as to correspond, but concisely so, with the conceptual
scheme underlying the ATIS scale; that is, with the suggested
structure of the value system of industry as regards scient-
ific research.

Referring to the categories defined on Pages 7 - 8, this
correspondence can be made explicit by quoting the relevant
parts of the.specifications for the two contexts.

Pirst, the two contexts were initially broadly defined
by the reference to an "industrial corporation" and a "non-

profit foundation". Next, Categories I, Economic Value and

VI, Urgency were introduced by the alternatives of "a quick
and profitable return on their financial investment", and the
non-commercial, long-term references "Expanding'world require-

ments over the next 20 years" and "a research project lasting
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several years if necessary". Category VI, Urgency was intro-
duced again with the referenée to "an intensive one-year res-
earch préject” in the industrial context; and Category VII,

Conditionality and I, Economic Value introduced with a ref-

erence to extending the research "if the first results are
commercially worthwhile".

Thus the context specifications were based on Categories
I, VI and VII of the industrial value system schema, this
having been largely determined by the need for conciseness
and relative simplicity in the test instructions. Both con-
texts implied a considerable degree of concreteness in the
ideas asked for and it would be expected that‘there would be
no differential effect as regards that value category.

The two topics, food and clothing, were selected because
of their everyday familiarity, in order to minimize possible
advantage to graduates in one specialty over those in another.
To anticipate a result reported later, although one might
expect biologists to have had an advantage with topics such
as food and clothing materials, it was actually found that
biological scientists had zero scores for originality more
frequently than natural scientists.

For half of the subjects the industrial context was pre-
sented first; for the other half the non-industrial context.
In all cases the food problem was first and the clothing

problem second.
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The ATIS test and the two tests of scientific origin-
ality were sent, with 10 pre-punched IBM data cards, to each
of the 304 candidates for M.Sc. and Ph.D. degrees in physics,
chemistry? biology, zoology and fisheries at UBC, whose de~
partments reported them to be stili'students of the University
at the beginning of the summer vacation., The 10 IBM cards
were for the subjects to write five ideas on in response to
each of the two tests; each idea was to be written on the
back of a card, the object being for judges to Q-sort the
cards on the basis of their assessed originality, whereupon
the assessment would be punched onto each card and the com-
plete set of cards used for computer analysis.

Generalizability of the results

The basic question under this heading is whether results
obtained b& means of a written test applied to graduate science
students could be relevant to the stated objectives of the
present research, the first of which was (to recapitulate) "to
test the validity of the belief . . . that the economic, com-
mercial and pragmatic values sometimes stressed in sectors of

industry may have an adverse effect on scientists' originality".

It is perhaps worth pointing out that it was not intended to
discover whether scientists in certain sectors of industry are
less original than those in others, though clearly it was the
writer's intention that the research should be related to the

latter problem through a process of conceptual abstraction.
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For the two to be related it would seem.to be necessary
that the scienﬁific thinking of graduate science students in
a university be similar to that of research students in a
variety of types of industrial setting; and that the sit-
uation in which a subject was placed by being presented with
the Problems and Solutions test be similar in essence to that
which he would encounter in an anaiogous industrial setting.
A third requirement would be that the quality adjudged as
"scientific originality" in this study be comparable to what
would be so designated in the world of science.

The question whether these requirements would be met to
the extent that results of the present research would be pre-
dictive of what would occur in a réal industrial sétfing‘
raises the whole problem of cross-validation in the social
sciences. As regards the first and third points, experience
as a research chemist in university and industry leads me to
believe that the requirements were met, whilst the work on
the ATIS scale which underlies the construction of the test
contexts'supports the view that at least the tests contained
a conceptual dimension on Which scientisfts and senior commerce
students differed significantly. Whether a test presents a
situation which is effectively identical to the real-life
situation of which it may be intended to be an analogue can
hardly ever, if ever, be determined without studying the real-

life situation itself. In the present case, it was not thought
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to be feasible to study research scientists in industry, be-
cause of the absence in the locality of a sufficient range
of industrial research.

However, if thé three aspects of the process of abstract-
ion referred to above are considered to be adequate in the
present study, the results reported here are in fact relevant
to the objectives of the research as stated.

The second and hardly less important question of geﬂeral-
izability refers to whether respondents in the study reported
in the present section could be regarded as typical of the
population of science graduate students. A total of 46 grad-
uates returned some or all of the materials; when 29 had been
returned by the end of two weeks, and the need for some reass-
urance to subjects about the use of the results was realized,
an explanatory follow-up note Wés sent out, and an attempt
made by pérsonal contacts to get the idea propagated that it
was quite safe. for graduates to return the materials. This
produced another 17 returns during the next 3 weeks, and it
was felt that further attempts at follow-up would .be unlikely
to alter radically the fact that a low —ate of return (15.5
per cent) had'been achieved. It would seem, however, that
the results obtained may be regarded as representative.of
the whole population sampled, since the subjects who returned
the materials were reprgsentative as regards the ﬁroportions

of M.Sc. and Ph.D. students, and of physics, chemistry and



36
biological science students (the only known population para-
meters); and those who responded before the follow-up did
not differ from later respondents (who presumably needed‘
either a reminder or reassurance), as regards the following
important variables: Scientific Originality (S.0.) in the
industrial context (P = .8) and the non—industrial context
(P = .8); the difference between the S.0. scores in the two
contexts (P >.9), (degreés of freedom 39 in each case); the
proporfion of individuals who had zero S.0. scores in both
contexts (P = .6), (8/24, i.e. .333, and-5/17, i.e. 294
respectively for the industrial and non-industrial contexts);
and the score for Attitudes Toward Industrial Science (ATIS)
(t = .80). As regards the proportion of subjects who failed
to return any of the prepunched cards, it is uncertain whether
or not.there was any real difference between the early and
late respondents. Applying Fisher's exact test to the fol-
lowing 2 X 2 table (Table IV) showed that the probability of
such a difference between the groups was .087. This result
is partly consistent with what would be expected from the known
anxiety of the graduate students about “he use of the research
data, though one might have expected that the ATIS question-
naire, with its questions about attitudes toward industrial
restrictions on reséarch, etc., would have been the material
not returned. In fact, only 2 out of 29 and 2 out of 17

respondents in the two groups did not return the questionnaire,
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TABLE IV

Numbers of subjects nbt submitting ideas:
before and after a follow-up note was despatched.

No IBM cards IBM cards

returned returned
Pre follow-up 5 24
Post follow-up .0 17

there being no significant difference between these two pro-
portions.

If it is accepted that there was little or no difference
between the pre- and post-follow-up groups, and thgt the acad-
emic status of respondents was representative of the populat-
ion, then it éan be argued that the possibly threateniﬁg nature
of the research did not exclude as reépondents a type of in-
dividual so different from the actual respondents that the
results would not be typical of the whole populatiqn. The
basis for this conclusion is that the sample of respondents
already includes 17 individuals who presumably were unwilling
to respond whileAthey felt insecure about the motives of the
research, and these 17 apparently did not differ in any sig-
nificant respect from the 29 who responded before the follow-

up. It is therefore suggested that the fihdings of the research
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can be accepted as true of the population of graduste students
of pure science.

Assessment of originality and style

Originality in the ideas returned by respondents on‘the
‘backs of the prepunched IBM cards was assessed entirely sub-
jectively by me, and a comparison rating was made by another
"person for a selected samile of 48 cards. Assessment was made
on a four-point scale, the following description of which con-
stitutes an implicit definition of the operational concept of
scientific originality as used in the present research.

Category Zero: Ideas which were not relevant to the

problem as specified, or were unspecific, or unrealistic, or
were completely obvious and trivial.

Category One: Ideas which were relevant, specific and

realistic, but lacked a quality ('originality') of unusual-
ness and newness in relation to other ideas submitted.

Category Two: Ideas which were relevant, specific and

realistic and showed some noticeable originality.

Category Three: Relevant, specific, realistic ideas

which had an immediately striking quality of unusualness énd
newness about them.

These definitions Weré established before any of the
ideas were examined, and it was not known how well they would
serve in practice, nor what proportions of ideas would have to

be put into each category. Upon examining the first 200 cards
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received, it.was found that 50 per cent could only be placed
in Category Zero, in my opinion, and another 25 per cent in
Category One. Very few ideas gave an initial striking impress-
ion of originality, and it was decided to set 1/16th and 3/16ths
as the proportions for Categories Three and Two respectively.

The reason for setting a fixed proportion for each category

was in order to eliminate the possible but irrelevant effect of
fhe nature of the problem (food or clothing) which a Subject
encountered in the two contexts, since it was thought'that

the ratings might be dependent to some extent on the topic
referred to.

Each idea was rated twice by me. The product-moment
correlation between the two ratings, expressed as normal dev-
iates was r = .88, with N = 377.

Since the ideas submitted were found to differ from one
another as to whether fhey referred to suéh commefciai matters
as supply and demand, cost and advertising, it was possible to
study this variable (designated here as "Style") in relation
to originality. First, however, it was necessary to ensure
that the ratings of originality were independent of style, in
case any bias on the part of the .rater intruded into the rat-
ing procedure. Apparently this did not occur, since the values
of.X2 were only .589 (P7 .4) and .004 (P = .95) for the food
and clothing problems respectively, and ;515 (P> .4) and .405

(P» .5) for the industrial and non-industrial contexts. The
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style rating, madeAdichotémously, was subjectively very easy,
being based upon the presence or absence of explicit refer~
ences to advertising, costs and, in general, the state of the
market: no measurement of the within- or between-rater rel-
iability Was considered to be necessary for the present res-
earch purposes, since it was obviously very high.

To test inter-rater reliability of the originality assess-
ments, 48 cards were selected, such that for each card my own
two ratings were identical, and such that 24 were in Category
Zero, 12 in Category One, 9 in Category Two and 3 in Category
Three. A further 12 cards were selected, three from each of
the four categories, my ratings being again identical for each
card.

After fully describing to him the definitions and rating
proéedure, the latter twelve cards were shown as examples to
the second rater, a doctor of medicine whom I considered to be
both research-oriented and sensitive to the probleﬁ of scient-
ific originality. He was asked to sort once gquite quickly
through the 48 cards, dividing them roughly into a half for
the lowest category, one gquarter for the second category,
"very few" for the highest category and the remainder for
Category One, then to repeat the sort (the first having served
to familiarize him with the general quality of the ideas) more
carefully, obtaining approximately the correct numbers (24, 12,

9, 3) in the four categories, and finally to move cards
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selectively between categories so as to obtain exactly the
predetermined distribution. The correlation* between the
two raters' assessments was r = .58 (PL .001). This is sig-
nificantly less (P = .000001) than the within-rater agreement.
It was evident by inspection that ideas which one rater had
assessed as highly original the other had not considered ?ery
highly, and vice versa, and it was found that product-moment
r for ideas other than those which both judges‘had placéd inl
the Zero Cétegory-ﬁas only .156 (d,f. = 29, P £ .4) which is
far from significant. Yet when Categories Zero and One were
combinéd, and Categories Two and Three were pooled to form a
single category of ideas having some originality, the two
raters' assessments agreed to the extent that the probabil-
ity ( by Fisher's exact test) of the observed agreement or
better was .00037. Tétraohoric r was .846 (by the cosine
approximation), the significance of this value being indic-
ated by the exact-probability of .00037 just quoted, since
the sampling distribution of tetrachoric r is not known acc-
urately.. Thus, it was evidently much easier for the two

raters to agree on whether or not an idea had any originality,

* In order to convert the ordinal originality scores into a
form for which product-moment correlation would be appropriate,
a principle analogous to that used in biserial correlation

was applied. That is, the proportional frequencies of the
successive scores were compared with areas under the normal
curve, and the normal deviate, Z, corresponding to the mid-
point of each area was used as thé normalized score for that
level of originality to compute product-moment r.
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than on whether it had much, little or no originality.
For each idea a pooled score was formed from the two
assessmentsmade by myself, using the following system.

First and Second
Assessments Pooled Score

0,0; 0,1; 1,0; 1,1 0
1,25 2,1; 0,2 1
2,23 3,13 1,3 2
2,35 3,2 3
353 4

The sum of the scores thus obtained, for each item sub-
mitted by a subject in a given context, was his score for
scientific originality. This is referred to here as the '"ex-
tended" score, in contrast to the "reduced" score, in which
extended scores of 2, 3 and 4 were each designated by unity,
and scores of O and 1 by zero. The reduced score was thus
a dichotomous indication of originality or lack of originality.
As for the extended score, the reduced scores for a subject
were the sums of the reduced scores for the ideas submitted
in the two contexts separately.

Since some éubjects submitted less than five ideas (none
at all in one or two cases) for one of the two contexts, their
score was composed of the sum of scores for the ideas they

'did produce.
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To summarize, it can be seen that the measure of origin- .
ality employed here is both qualitative and quantitative: in
the extended score, one "strikingly original" idea would score
as much as two ideas with merely noticeable originality, while
an idea which was judged oncé as merely original and once as
strikingly original would score as much as 1% ordinary orig-
inal ideas. The latter point raises the problem-of whether an
idea which was rated the same on two occasions by a rater had
an inherent quality distinct from one which received different
ratings on tWo occasions. Within-rater and between-rater dis-
agreement is generally assumed to be due to randomly distrib-
uted errors of judgment and not to differences in the diff-
iculty of judgment, or some other quality inherent in the
material being rated. It should be made explicit that that
assumption has, in effect, also been made here, since it
would involve a separate and lengthy study to determine the
structure of subjective judgments of scientific originality.
The assumption is, however, at least open to doubt.

As regards the validity of the Problems and Solutions
test, the only attempt to relate this to an extermal cri-
terion led to negative results, namely that the originality
scores of the M.Sc. students tended to be higher than those
of the Ph.D. students, though not significantly so (P = .3
for chemists, P = .1 for physicists by the Mann-W¥hitney non-

parametric test; .5 and ..16 by Student's-t for the extended



44
scores; .5 and .5 by Student's-t for the reduced scores; 2-
tailed in every case). Whether Ph.D. students should be re-
garded as being likely to have higher scientific originality
is a moot point, and clearly dependent upon the selection
criteria, both manifest and latent, applicable in a particular
graduate school.

Subjective ratings of the respondents by their faculty
supervisors were not sought as a possible valigity criterion
for two reasons: first, as reported previously ih the dis-
cussion of Taylor'sZO study, supervisors' ratings do not
correlate very impressively (r = .67) with scales on which
numerous specific traits can be rated with, presumably,
greater preqision than is possible in ah overall impression-
istic assessment. Second, the difficulties that had been
encountered in obtaining responses from graduate students led
me to anticipate that the administrative difficulties invol-~
ved in getting faculty ratings of graduate students would be
out of proportion to their probable utility. The Problems
and Solutions test therefore remaihs unvalidated, other than
by the fact that two scientifically trained persons reached
a substantial degree of agreement (rtet = .846) on the estim-
ation of whether originality was present or absent, and by
the main finding of this study, indicating that whatever was
measured by the Problems aﬁd Solutions test was affected by

an industrial context in a way in which scientific originality
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had been held to be affected.
Results

Before reporting the results, it should be reiterated
that the assessments of originality were made 'blind', that
is without knowledge of the context in which the ideas had
been produced. Since there was no significant association
between commercial style and rated originality of individual
ideas, it is unlikely that the former served as an unconscious
‘clue indicating to the rater the context.

Most of the reported results have been based on non-
parametric tests, but ATIS scores have been treated as an
interval scale measure, since this appears to be justified
by the method of developing the scale for this study (see

7). The fact that the science and economics

Cooley and Lohnes
groups of students had equal variances on the ATIS scale,

though their mean scores were 2.7 standard deviations apart,
suggests (because it had been argued previously that such
similarly professionalized groups should have similar variances)
that the scale has the equal-interval property across the rel-
atively wide range. Where the originality scores have been
treated as an interval measure, more conservative tests have
been used additionally to show that the results were not dep-
endent upon thismassumption.

The basic question to be answered in this study was

whether scientific originality tends to be less in an industrial
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than a non-industrial scientific context. By means of a
paired comparisons Student's-t test*, it was found that there
was an effect in fhe expected direction associated with a
probability between .005 and .01 (t = 2.58). Four non-para-
metric tests led to the same conclusion. The number of sub-
jects Whose "reduced" Scientific Originality scores were less
in the industrial context was 15, whilst for 6 it was greater
and for 20 the same in the two contexts. The binomial. pro-
bability of 15 out of the 21 who changed at ail‘being less
is only .001. The proportions of zero reduced scores, zero
extended scores and scores below the median of the pooled
-scores for both contexts were all greater in the industrial
context: the results for thé three one-tailed tests for
correlated proportions (McNemar; see Ferguson8a)'were'res-
pectively Z2 = 1.94, (P = .026), Z = 2.11, (P = .017) and
Z =1.73, (P = .042).

The effect of context on originality was not due to fewer

ideas being submitted for the industrial problem. Only 9 out

of 41 subjects did not submit the same number of ideas in the

* Providing the extended scale for originality did not depart
too widely from being an interval scale, it was appropriate to
use such a test, because the originality differences scores were
approximately normally distributed, despite the large number

of subjects who scored zero in both contexts. Dividing the
range of difference scores at the points - 4.5, - 2.5, - .5

and + 1.5 to2give five nearly equal sized categories yielded

a value of X = 7.01 (d.f. = 4; .10< P .20), indicating that
the deviation from normality was not significant.



4.7
two contexts, and of these, 3 had fewer ideas in the non-
industrial context. The binomial probability of this result
is .254; hence there was no significant effect of context.
on the number of ideas.
An interesting subgroup of subjects, on whom further
statistical exploration was earried out, were those who
4scored zero on the extended scale for originality in both
contexta. DTFifteen scored zero in the non-industrial and 22
in the industrial coﬂtext (out of 41 who submitted any ideas),
but 13 scored zero in both contexts, which is greater (P = .001)
than the number that would be expected if scores‘in the two
contexts were unrelated. Those who scored two zeroes had
higher ATIS scofés (i.e. were more "pure science oriented")
on avérage than those who scored above zero in at least one
context (P = .005; 2-tailed). This was true for both the
bioiogical sciences and for physics plus chemistry, as shown
in Table V. |
The value of t associated with the two right-hand values
is only .44, which is far from significant; +the two left-hand
values are virtually identical. Pooling the results for the
two academic groups yields the probability of .005 quoted
above.
' Those with double-zero scores for originality were also
significantly more homogeneous as regards ATIS score (F = 5.61;

dofo = 8, 21; P( -Ol)



TABLE V

Mean attitude scores for subjects scoring zero for

originality in both contexts; and others.

48

Double Zero Others
Biological Sciences 31.42 22.16

N =717 N =6
Physics plus Chemistry* 31.80 23.84

N=25 N =19

*There were respectively 3 and
physicists and chemists.

double~zero scores amongst

A smaller proportion of physics plus chemistry grad-

uates had double-zero scores (compared with biological

sciences) as shown by the following distribution (Table VI),

but the associated probability was .074 by Fisher's exact

test, so it is not certain whether the observed relationship

was due to chance.

TABLE VI

Number of double~zero scores among

biological and physical scientists.

Double Zero Others
Biological Sciences 7 7
Physics plus Chemistry 6 21
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Scoring zero in both contexts was unrelated to whether
or not a subject returned the reéearch materials before or
after the follow-up note was sent out, to whether he was an
M.Sc. or Ph.D. candidate, and to whether the industrial con-
text was presented first on the forms sent out to him.

It is to be noted that the results reported above refer
to both the extended and reduced scales of originality, and
hence that the subjects reférred to submitted no ideas that
were réted as better than trivial, irrelevant and/or unreal-
istic. It seems remarkable that there shouid be such a clear-
cut association between a pure science orientation and scient-
ific triviality, etc., but the results appear unequivocable.
These subjects constituted a subclass of those whose origiﬁ—
ality scores did not differ in the two contexts, but the find-
ing that on average the score in the industrial context was
less includes those who scoréd zero twice.

Amongst those who did not get double-zero scores, there
was no difference in ATIS score between those whose score.
was reduced in the industrial context, and those in whom it
was increased, nor between those whose score changed consid-
erably in either direction, and those who had similar or
identical scores (other than zero) in both (t< 1 in each of
these tests). The latter test for a curvilinear relationship
was made because the only two subjebts who had identical

scores other than zero in the two contexts had fairly high
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ATIS scores of 28 and 29, which were quite close to the mean
for those who scored double-zeroes (3.16). But clearly it
would be unreliable, only the two subjects being involved, to
group them with the latter and thus 'discover' that those
Whose scores changed greatly in either_direction differed as
regards ATIS score from all those whose scores were almost
or completely unchanged. The higher ATIS score almost cert-~
ainly was characteristic only of those whose originality
score remained unchanged specifically because it was zero in
both contexts. Scientifie Originality (reduced scores) was
not related to ATIS score either linearly or curvilinearly,
in the industrial or the non-industrial context, as shown by
"between" over "within" variance ratios of less than unity
(d.f. = 3,21) and 1.614 (d.f. = 2,22; ,1< P <,25) respectively,
obtained by grouping S.0. scores O, 1, 2, 3~5, and O - 1,
2 - 3, 4 -= 5 in the two cases respectively. The detailed
results did not show a monotonic trend in either case, There
was no association between ATIS score and the extended S.0.
difference score (t = .9%; P = .%), when eubjects having
positive and negative difference scores were compared.

wWwhen the effect of context on extended originality )
scores was analyzed by subject and degree, no differences
associated with probabilities lower than about .3 (allowing
for selection) were found.

Considering only those subjects who scored above zero
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in at least one of the two contexts, the differences between
their two S5.0. scores was found not to be significantly related
to their (reduced) score in the industrial context (Fisher's
exact test, P = .,126). And there was no significant tendency}
(X2 = .29 ; P = .6) for the number of ideas having higher |
originality scores (3 or 4) to be reduced in the industrial
context proportionately more than the number of ideas having
only a low level of originality (a score of 2 on the scale
0 - 4). Using the Kruskall-Wallis test (Winer>') indicated
that there was no interaction effect of the level of origin-
ality and ATIS scdre acting simultaneously on the originality
difference scores. That is, the rank—ordered originality
difference scores showed a (non-significant) relationship
Vto level of originality, and this. relationship was not depen-
dent upon ATIS score. Values of the parameter H(distributed
as_Xz) were only .63 and .24 at levels of originality bglow
and above the median respectively. Adding these values to
give x? = ,87 (d.f. = 2 by adding degrees of freedom) gave a
probability .5< P4 .7 for the hypothesis of no interaction.

The second dependent variable in the experimentvwas the
'style' of the ideas produced, that is the presence or absence
of references to commercial factors such as costs, supply and
demand, and advertising. Since not all the subjects submitted
five ideas in each context, one score for the style variable

was tasken as the number of ideas submitted which did not contain
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any reference to commercial factors, and is here designated
the “"science style score"; the other, the '"commercial style
score" was the number of ideas with a commercial quality. The
effect of the context on each of thesé scores was analyzed
separately, by calculating the proportion (of those subjects
who had different style scores) whose scores were higher in .
the context antithetigal-to that style. For the science style
score, this proportion was .125 (4 out of 3%2) and for the
commeércial style score .148 (4 dut of 27). Calculating the
binomial probability, both proportions were significantly
different from .5, the proportion to be expected by chance:
P = .00001 for science style; P = ;00015 for commercial style.
And the number of subjects submitting more than one commercial
idea in the indﬁstrial context was significantly greater .
(p =’.0013), as well as the number of subjects submitting
fewer than four scientific ideas (P = .00025), as shown by
McNemar's test for correlated proportions (FergusonSa). The
proportion of double—zero originality scores was possibly
greater (P = .07) among those who submitted more commercial
ideas in the industrial context than among thosé who submitted
the same number in both contexts.

Various possible relationships between the style and orig-
inality or the difference of originality scores between the
two contexts were examined, but only two were found to approach

significance. i'hen the number of science ideas was dichotomigzed
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4 + 5 and < 4%, and compared with originality scores of O
and >0 in the industrial context, the value of.XQ was 3.685
(,025¢ P< .05, one-tailed); similar comparison with origin-
| ality difference-scores in the non-industrial context gave an
exact probability of .09. A one-tailed test is appropriate
in the former case because the result is consistent with that
for the non-industrial context (for which Fisher's exact test
is dne—tailed), and with the general pattern of results reported
here, namely that those with zero originality scores tended
to submit fewer scientific ideas, and those whose originality
scores were greater in the non-industrial context produced
more scientific ideas. No'relationshiptwas found‘between
Qriginality and the commercial style score.
Those who scored zero for originality in both contexts
did not differ from other subjects in the number of science
style ideas submitted in either the industrial or the non-'
industrial context (Kolmogorov-Smirnov tést; P = .2) or in the
difference between their style scores in the two contexts
(Mann-Whitney test;‘P = .7). The former result is not directly
contradictory to the relationship between the number of ideas
submitted and zero score inihe two contexts separately, but
the loWer level of significance could conceivably be due to

the fact that the Mann-Whitney and Kolmogorov tests have less

* These numbers were selected because they gave the most
nearly equal division,



54
power than Xz.

There was no relationship between the effects of the
context on style and originality (Fisher's exact test, P = .38).
That is, subjects who submitted more scientific ideas in the
scientific context were né more or less likely to have a higher
originality score in that context than in the other.

Th(_are was no difference in ATIS score between those. who
scored 4 or 5 and those who scored less than 4 for science

style in the industrial context(t<¢ 1).
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4. Studies at Western

Before the research at UBC, reported above, two small
studies were made at Western Washington State College, which
are of peripheral interest.

In the first, afrangements were made for third and
fourth year science students to take two tests of 'creativ-
ity' in class, and to be handed a 16-item version of the ATIS
questionnaire for them to complete and returh. The two tests
were Anagrams and Unusual Uses, as described by Barron5. In
the first, subjects had five minutes in which to write down
as many words as they could construct from letters of the
word GENERATION. The score on the test was computed by all-
otting 1, 2 or 3 points for each word of five or more letters,
other than certain words given by nearly all of the subjects
(viz., ration, nation, great, train, genera, in this sample of
science students). Scores for other words were on the basis
of their frequency in the sample, as follows:

1 point: eaten, grate, ratio.

2 points: atone, anioh, entér, greet, grant, groin,
grain, negation, negro, orate, inert, region,
tenor. |

3 points: all other words ot five letters or more.

In the second test, subjects were asked to Write‘down

as many uses as they could think of for "A BRICK". The ideas
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submitted were écored one point each if they were realistic,
involved only one brick (many subjects suggested such uses
| as "tb build a wall with") and Could not feasonably be placed
in a category-given by 8 or more subjects (out of 81 for this
test). For each test, a subject's score was the sum of the
scores for each word or idea submitted.

The inter-rater reliability of the tests was not meésured,
since this has been done previously (Bafron,»op. cit.) for
Unusual Uses.(r =’.77) and is presumably not dependent on
subjective judgment for Anagrams. |

Scores on the two tests were found to correlate to the
extent of r = .33%8 (d.f.-= 73; P = ,004). Barron (op. cit.)
reports that the two tests correlate respectively .62 and .60
with a composite creativity score made up of a weighted sum
of six such tests. It would appear therefore that they should
correlate to the extént of‘.372 With each other, which is in ’
reasonablé agreement with the observed correlation reported
above (.338). Thernly finding of any relevance to the present
report was that a composite score made up of the sum of the
subject's standardized scores on the two tests correlated to
the extent of r = .228 with ATIS score (d.f. = 35; P = .18);
this does not indicate a significant relationship. Had more
than half the subjects returned the ATIS questionnaire, a more
significant résult might have been obtained, though presumably

the amount of variance accounted for by the correlation would
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still have been small (about 7 per cent).

A second study was in fact an indirect attempt to obtain
volunteers for the group expériments which had finally to be
abandoned. A questionnaire was handed out in class which
asked for a subject's specialty, his chosen career (teaching,
technical sales, industrial research and academic research
.were given as choices) and his rating of his own creativity.
The 'sales line' of the questionnaire was then presented in

the form of a suggestion that the subject had probably never

Ahad his scientific briginality measured and would like to do

so, and an inﬁitation to take part in a "“rating session" that
was being arranged.

The results showed no differenoé in subject specialty,
career choice or self-rated creatifity, between those who wished
to tuke part in the tests and those who did not.

Those who had chosen a‘career in industrial research
rated themselves higher on creativity than did those who had
chosen academic research or teaching LX2 = 4,28, d.f. = 1;
02K P« .05), and by using data on'ATIS and creativify which
were available from the previous study at Western for some
of the subjects (data coula 6nly be traced for those who
wrote their names on thglretﬁrned questionnaires as volun-
teers) it was found fhat these subjects may in fact have had
greater measured creativity (t = 1.67; d.f. = 113 .05¢ P (.10).

This possibility is supported by the fact that for the 15
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subjects whose compoéite creativity score was available, there
was a significant relationship of measured to self-rated cre-
ativity (P = 4.86; d.f. = 1,14; P< .05).

Measured and self-rated creativity was less but not sig-
nificantly so for biology and zoology students than for phy-
sicists and chemists (cf; the results reported above for UBC
graduates).

Finally, an incidental result from a small-groups study
carried out at Western, using sociology students as subjects,
suggested that subjects who regarded themselves as non-conform-
ists tended to have higher ATIS scores (r = - .25%; P = .08,
two-tailed, or .04 if a one-tailed test is applied, on the
basis that the result is consistent with what would be expected
of pure science-oriented subjects, even though in this case
the subjects were sociology students).

The lack of any difference in measured creativity between
those who wished to take part in the tests and those who did
not supports the previous conclusion that the results of the
study of science graduates may be accepted as representative
of non-respondents as well as respondents.

All the results reported here are summérizedvin the next

section.
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5. Summary of quantitative results

Note: Many of the results listed below have been included

in order to show that no relationship existed between the rel-

evant variables.

P

30-item attitude schedule: diécrimination:

Pure vs. Applied Science - >.05

Economics vs. Commeice - , yy «05

Pure or Applied Science :

vs. Economics or Commerce ' {.01

Overall discrimination | .05
16-item ATIS scale: discrimination:

Science (Pure and Applied) vs., Commerce <.001
Pre- and Post-follow-up resgondentsf differences:

Scientific'Originality (5.0.)

(Industrial Context) .8

S.0. (Non-industrial Context) .8

S5.0. Difference between contexts >;9

Proportion of double-zero S5.0. scores 6

ATTS score - | )4

Proportion not submitting any ideas - . 087

* Probability of the obtained value of the relevant statistic.
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P
Assegssment of Scientific Originality:
¥ithin-rater agreement, r = .88 : ((10_12
Between-rater agreement, r = .58 .000 05
Difference between r = ;58 and T = ;88 .000 001
Between-rater dichotomous agreement
I'_te.,c b 085 ’ . -OOOB?
Between-rater agreement: degree of
‘ orlglnallty for non-trivial ideas, ,
r = .156 ° 4
5.0. score vs. style:
industrial context 1 74
non-industrial context )
food ‘ Yy o4
clothing A - .95
Corfelation’of S.0. score with external criterion:
Higher S.0. scores for M.Sc. than Ph.D.
students:
chemists e3
physicists | .1
Effect of context:
Number of ideas submitted .254
S.0. score (extended) reduced in .
industrial context .005¢ P .01
Number of subjects scoring 1ess in
1ndustr1a1 context o ’ .001
Number of zero reduced scores greater
in industrial context , o .026

Number of zero extended scores greater
in industrial context .017



Effect of context:
(Continued)

Number of scores below pooled median
greater in industrial context

Relation of S5.0. difference score and
S.0. (non-industrial) for non-double-
ZEero scorers

Number of subjects submitting fewer
scientific ideas in industrial con-
text vs. number submitting more

Number of subjects submitting more
commercial ideas in industrial con-
text vs. number submitting fewer

More scientific ideas submitted
in non-industrial context

More commercial ideas submitted
in industrial context

" Effect on style vs. effect on S5.0.

liore double-zero S.0. scores among

those submitting more commercial
ideas in industrial context

ATIS score vs. effect on 3.0. score

Ideas of higher originality proport-
ionately less frequent in industrial
context . ‘

Interaction effect of ATIS and level
of originality upon S.0. difference
scores

Relations among style, originality, attitude

and other variables:

ATIS scores higher for 5.0. double-zero
scorers: true for biological and
physical sciences separately
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042

.126

.000 01

.00015
. 00025

00173

.58

.07
3

Y5

.005



Relations among style, originality, attitude

and other variables:

(Continued)

Smaller variance of ATIS scores for
double-zero scorers

Proportion of double-zero scorers
higher for biological than for
physical sciences

ATIS score vs. S.0. (reduced score):
Industrial context

Non-industrial context

Number of science ideas greater for
non-zero scorers on S5.0.(industrial)

(non-industrial)

Number of science ideas less for 5.0.
double-zero scorers

Number of science ideas vs. ATIS score

General creativity vs. higher ATIS
score, r = 23

Subjects choosing industrial research
vs. academic career: higher self-rated
creativity

higher measured
creativity

Self-rated vs. measured creativity

Non-conformist self-image vs.
higher ATIS score (sociology students)
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.074

>.25
104 P< .25

.,025¢ P<¢ .05

.09

. .02< P¢ .05

.05<¢ P< .10
<,05

.04
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6. Theory, discussion and Conclusions

The research reported here was designed not primarily
to test a theory, but to answer questions of fact as a basis
for any meaningful attempt at theory building. Nevertheless,
the selection of variables for study in relation to origin-
ality was not haphazafd, but was based on implicit theoret-
ical conceptions which will now be made explicit. The first
possibility that was anticipated as a framework for interpret-
ing any observed effect of problem context on scientific Qrig—
‘inality was a form of dissonance theory, the central postulate
"0f which in the present case would be that performance on an
intelléctual task is impaired by dissonance between an indiv-
idual's values relevant to the task and values implicit in the
'definition of the task. Thus, a scientist who believed that
the goals of science should not be of a commercial nature would
not perform as well on a problem requiring originality spec-

ifically in the context of a commercial value system. A reas-

onable hypothesis in that case would seem to be: The stronger

an individual's orientation toward the values of 'pure science', .

" the greater the adverse effect of a commercial context upon

his performance in tests of those aspects of scientific think-

ing to which such values were relevant*. But this hypothesis

*¥ It is not specified whether the hypothesis should be applied to
the 'convergent' (logico-deductive) aspects of scientific think-
ing, since these were not the concern of the present research.
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wbuld appear to be refuted by the lack of any observed assoc-
iation between ATIS scores and the difference between the
extended S.0. scores. If such a dissonance theory were app-
licable, one would expect that for those_having a pure-science
orientation, fhe conflict between their own value system and
that implicif in the industrial problem—context would be the
greater and hence als§ the effect on their originality.

A second possible theory was that for the creative scient-
ist, regardless of his own attitude toward industry, the comm-
‘ercial aspect of the industriél problem context acts as a
constraint upon the expression of creativity, because of the
implication that acceptance of ideas produced by the individual
is not unconditional, but dependent upon certain commercial
criteria being met. To the extent that the creative individual
values autonomy, this conditionality would be expected to be
perceived as a constraint. In that case it would be hypothes-

ized that: The greater the originality shown in-an unrestricted

context ('pure science' in the present case), the greater the

restraint perceived in and hence the greater the adverse effect

of the conditionality implicit in a commercial context. But

no significant relétionship was found between originality in
the pure science context and the originality difference score,
whilst the lack of any significént fendency for the number of
more original ideas to be reduced proportionately more than

that of the less original ideas supports the conclusion that
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the effect of the context was unrelated to the subject's
level of originality, as well as to his attitude toward
industrial science.

A third'possibility was that both of the previously
considefed theories would apply simultaneously, with:the effect
of the context being dependent upon both originality and att-
itudes of individuals, the two variables having a cumulative
effect. In fact, however, there was no difference betWeén
the originality difference scores for subjects having ATIS
scores above and below the median when this comparison was
made at above-median and below-median levels of driginality.
This rules out the possibility that the apparent absénce of
any effect of either originality or attitude could have been
due to an actual effect being observed by interaction between
the two variables, which was unlikely in any case, since the
postulated éffects of both variables were in the same direction.

A fourth possibility would be that diminished scientific.
originality iﬁ the industrial context was the result of a bel-
ief on the subject's part that ideas acceptable to indusiry
are relatively 'safe' and conventional, as wéll as commercially
‘worthwhile., In the industrial problem-context, those subjects
who were willing to conform to what they construed as the re-
quirements of the situation would then produce ideas having
those characteristics. This theory would predict an association

between commercial style and diminished originality in the ideas
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produced: whether this aésociatidn would tend to be manifes-—
ted in each idea or merely in each subject is a moof point,
but one would expect it to show in one form or the other. In
fact, the results showed no association in either form between
the difference scores for style and scientific originality, nor
any association of commercial stylé with lowered originality,
especially in the industrial contexf, where this theory would
predict such an association.

But a fifth theory, also based on cohformity, is at
least consistent with the possible association (P = .07) ob-
served between scoring zero for originality in both contexts,
and submitting more commercial ideas in the industrial context.
This result éupports, at a low level of significance, the

post hoc hypothesis that: Individuals having low scientific

originality tend to conform with an implied expectation that

they produce commercial-type-ideas, more than do individuals

of greater originality. Subjecfs with double-zero scores

would be those haVing the lowest level of originality, and
according to the view of the creative individual presented inv
the Introduction, would be most likely to conform to the imblied
requirements of the industrial context andlﬁroduce ideas of a
commercial type. Having no originality capable of being meas-
uredlby’the tests and rating prqcedure used here, these subjects
would not show the association between the difference scores

for style and originality predicted by the previously considered
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theory. But there was nevertheless a reduction in rated
originality amongst subjects other than those who scored zero
in both contexts, and this phenomehon remains unaccounted for
by any of the theories considered. Conformity, involving both
style and level of originalify, would appear not to fit the
results for these subjects, since there was a negative assoc-
iation (though not significant; P = .19) between commercial-
ism and originality, i.e.tthose who produced more commercial
ideas in the industrial context tended to show greater orig-
inality in that context. If such a result could be duplicated
on a larger sample of subjects, with an acceptable level of
significance, it might be considered in relation to the data
on self-rated creativity at Western, namely that.science stu-
dents choosing a career in industrial research had higher self-
rated creativity, and probably higher measured creativity
(.05¢ P< .,10) than those choosing an acédemic career(including
research).

The two results together suggest that there exists a
sub-type of science student whose level of originality is not
reduced, or is increased, when producihg ideas of a commercial
type in response to an industrial problem. ¥ith only six subjects
in the present sample showing this type of response, there is
little possibility of discovering much more about it, but it
was found that none of the six was a biological student (for

which the probability is .08). It would be predicted that
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subjects having this presumably appiied soienée orientatioh
would have lower ATIS scores, but this was not true of the
four chemists in this group of six, though it was of the two
physicists. The latter had scores of 13 and 16, compared %o
a mean of 24.7 for the remaining phyéics graduates.' The pro-
bability of two such extreme scores in the same direction con-
sistent with the hypothesis is only .01, so that despite %he
very small numbers involved, if may be true, at least for phy-
sicists, that there exists a small proportion of subjects rel-
atively strongly oriented toward industrial values, who exhibit
greater originality when conforming to .the norms implied by
a problem presénted in an industrial context.

Thus for these two physicists, a dissonance theory simi-
lar to that considered first would appear to fit the data,
- except that the dissonant value system would be that of non-
industrial science. But it is difficult to accept that a pure-
science context should be regarded as having an "adverse" effect,
'considering that even the most applied scientist is immersed
in a préfessional group whose values and traditions are pre-
dominantly those of '"science for its own sake". There are,
~of course, alternative heroes and legends in the tradition
for those of an ap@lied scientific orientation to take as
reference standards, but these are almost certainly predated
and outweighed by those of pure science. Nevertheless, the

data show that for a very small proportion of the present samgle,
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scientific originality is higher in a context that is in
accord with the subjects' own attitudes toward applied science.
At least for this type of subject, it would seem to be prefer-
able to rephrase the dissonance hypothesis, éhifting the sem-

antic emphasis as follows: Some individuals' performance in

creative intellectual activity is enhanced in contexts having

reference to values which are consonant with those individuals'

own values. The fact remains, however, that for the majority
of subjects in the presenf study there was no evidence that
such a consonance (or dissonance) theory was applicables

At this point in the discussion, it is very obvious that
one conclusionlto be drawn from this exploratory study is that
there is a considerable diversity of types of response‘to tests
of scientific originality. By accepting results which in some
cases are of a low order of statistical significance, it is
possible to delineate three possible typés of subject with
different patterns of response. | ’

First is what may be called the 'uncreative pure scient-
ist'; who produces only commonplace or'unspeéific ideas in
either gan industrial or a non-industrizl test situafion, tends
to be a biological scientist, to have a relatively high ATIS
score and to be a member of a group that is relatively homo-
geneous in showing a pure science orientation. About 50 per
cent of’biological science graduates may.be-of this type andv

20 per cent of physical scientists.
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Second is the 'Creati%e applied scientist', who is likely
to be a physiciét or chemist and to show .more originality
in an industrial context, where the ideas he produces tend to
be of a cbmmercial typé; than he ddes in a noh;industrial_con—
text. . About 20 per cent of physical‘scientists may»Be of this
type (22 per cent in the present sample). | |

Amongst the remaining subjects (about 50 .per cent of this
sample), who may be desigﬁated the 'creative pufe scieﬁtists'
and who had lower creativity;scores'in_the industrial than’
in the non-industrial context, there was, as in“the Iarger
group, no association (r = .0l) between ATIS scofe'and 5.0,
difference score. The probabilities assoéiated with the ten-
dency of these subjects to submit more commercial ideas in the
industrial context and more scientific ideas in the non-indust-
rial context were .11 and .046 respectively, both of which are
much less significant than the comparable values for the whole
sample (.0013 and .00025). It would seem, therefore, that
while these subjects were affected adversely by the industrial
context as regards their originality, they were affected less
than other subjects as regards the fype of idea they produced,
especially in their relative lack of any tendency to conform
.to the implied requirements of the industrial. context by pro-
ducing more commercial ideas.

A possible frameWork in which to order fhese diverse types

of response would be that of reference groups and individual
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role concepts, though it would appear that these can providé
only a descriptive terminology, rather than a dynamic theor&
in the present case. A purely role-concept theory of scient-
ific originality woﬁld stand in marked contrast to a psychol-
ogical view of originality as an inherent ability of the indiv-
idual, the manifestation of which'is dependent upon situational
factors. The extreme role-concept approach would appear to be
that thé individual behaves consistently with what he believes
to be appropriate to the ihteraction between his environment
and his own role as he perceives it.' We would then say that
the scientist who is less original in an iﬁdustrial context
is s0 because of his belief that a "good" scientist can only
produce "pure" science (ﬁo'use the over;simplified, ‘all-or-
nothing' terminology appropriate to a belief that is presumably
non-rational, its relevance to the facts never having been
examined by the actor in the situation).

Conversely, the small minority of subjects in the present
study who had a strong applied science orientation and were
more original in the industrial context were so because they
believed this to be consistent with the role of an applied
scieﬁtist. For the substantial proporfion of subjécts who had
zero originality scores in both contexts and a strong pure
science orientation, one might, very tentatively, suggest that
they ‘were affected even by the 'restrictions' inherent in a

test of originality as such, irrespective of the specific
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contexts and values intrinsic to the test, This is to post-
ulate that these subjects would have been found by some other
means to have measurable originality, but that this was‘not
manifest in the Problems and Solutions test. There was no evi-
dence either for or against such a view from the present study,
if the small correlation of .23 between ATIS and general creat-
ivity found at Western is discounted, since the probabilify of
such a value was .18 with the small nﬁmber of subjects that
were involved. |

It would, in conclusion, appear to be the case that the re-
ported results do not allow an objective choice to be made bet-
ween the alternative theoretical frameworks Ey a role-concept
approach and a view of originality as an inherent, but situat-
ionally dependent, ability differing quantitafively amongst
individuals. The operational distinction between the two the-
ories seem to Be i) that the role-concept theory postulates no
upper limit to the level of originality which the individual
may reveal, given a situation ideally consbnant with his values,
except that which is inherent in his conception of his role.

It would seem to folléw from the extreme statement of this view
that all scientists are potential‘Einsteins or Newtons, lacking
only the right situation or a belief in their own potentiality;
ii) that the inherent ability concept postulates the mechan-

ical operation of a psychic process, in which sﬁbjectively per-

ceived features of a situation automatically produce a certain
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intellectual effect.

Probably the correct view lies somewhere between the two
extremes, with individuals having characteristically differ-
ent levels of originality (possibly modifiable over time, as
well as situationally), dependent upon more or less conscious
concepts of each individﬁal's actual, ideal and potential roles,
based upon . his belief in the attainability and legitimacy of
patterns of behaviour (e.g. of occupying at the same time the
roles of "creative scientist" and "applied scientist") derived
by reférence to historical and contemporary 'significant others'
and 'group-myths' (e.g. "Science is the pursuit of knowledge
for its own sake"), in the field of science.

summary of conclusions

The conclusions drawn from the main and subsidiary studies
of scientific originality and the preliminary study of attitudes
toward industrial science were as follows:

i) There was an overall highly significant effect of
‘an industrial problem context on rated scientific originality.

ii) There was an even more significant tendency for
science graduates to produce ideés of a commercial nature in-
the industrial more than in the non-industrial context.

iii) Over the sample as a whole, these two effects were
not significantly associated.

iv) Detailed analysis of the results indicated that at

least three types of scientist might be distinguished in this
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sample, though the statistical basis for some aspects of this
typology was not as‘rigorous as might be the case with a larger
sample. The three types were:

a) The 'uncreative pure'scientist', who obtains a zero
score for originality in both contexts, tends to
be a graduate of the biological séiences and to have
a pure science orientation. He produces more comm-
ercial ideas in the industrial context.

b) The 'creative applied scientist', who is likely to
be a chemist or physicist and shows more original-
ity in the industrial context, where he also pro-
duces signifiéantly more commercial ideas.

¢) The 'creative pure scientist', who scores less for
originality and produces fewer scientific ideas in
the industrial context, but shows less tendency than
the other two types to produce more commercial ideas
in that context.

v)» As far as adverse effects of an industrial context
are concerned, type'(a) present no problem, since their orig-
inality is zero in both cases: +they can be easily fitted‘into
the picture presented in the Introduction of the creative
person as non-conformist, or, by contrast, the uncreative per-
son as readily conforming to the implied norms of a situation.
Types (b) and (c) are, as it were, the two sides of another

coin: each shows its highest originality in the situation which
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presumably best conforms to its own attitudes toward the ideal
natufe of science, though this is borne out in théir ATTS
scores only in the case of the two physicists in the 'applied
science' group. The possibility of there being scientists
 with an applied orientation who perform optimally as regards
scientific originality in the industrial context is supported
by the association of higher measured and self-rated creativity
among science students intending to make a career in industrial
research, .

vi) DProbably the most surprising result of the study
of originality was the general lack of association between
Qriginality or the effect of context on originality and meas-~
ufed attitudes toward industfial science, except for the ob-
servation that those scoring éero in both contexts had dist-
inctly higher ATIS scores. This was the more surprising be-
cause these subjects were conformist, in that they produced
more commercial ideas in the industrial context, and it had
been found previously  (though for sociology studénts, not
'scientistsj that higher ATIS scores were associated with a
noﬁ—cbnformist self-image. Although biologists tended to have
higher ATIS scores and a disproportionately large number of'
-, double-zero originality scores, the association'of these two
variables was found to hold for both biologiqél and physical
» scienﬁists.‘ This result is certainly one that should be in-

vestigated in any sequel to fhe research reported here.
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vii) As regards attitudes favouring or opposing comm-
ercialization of industrial science, it was found that cri-
terion groups of pure ahd applied science, economics and comm-
erce students were distinguished; at a low level of significance,
by a battery of thirty:items referring to such attitudes. The
low level of overall sighificance was entirely due to the
close similarity between the two science groups and between
the economics and commerce groups. When the former were
combined and compared with the commerce group, the degree of
discrimination rose to a highly significant level for the orig-
inal battery of thirty items. A set of weights for the sixteen
- most discriminating items Was calculated'to form a scale which
A appeared, from the responses of these criterion groups, to
measure the extent to which subjects approved of scientific
research being directed toward commercial and industrial goals.
All the résults of this phase of the study were consistent
with what had been hypothesized beforehand, except the unan-
ticipated finding that the commerce group was much less homo-
geneous in its attitude scores than were the science and ec-
onomics»students. Their résponses to items which had been
constructed in pairs aimed at the same fifteen topics from
opposite points of view were also less internally consistent.
-These results were thought to be related to the lower level of
professionalization, and consequently of group concensus on

relevant issues, among those entering a career in business,
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compared-to the well-established professional status of the
scientist and the economist.

Inlgeneral, the results of the study supported the idea
that scientists view science differently from those whose
job will include determining scientific research policy in
industry, and that this disparity has a significant effect

on scientific thinking in relation to industrial problems.
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Science is basically the application of everyday common
sense to the solution of practical problems.(VIII)
The forhulation of new explanatory theories.is a more
imporfant aspect of science than the discovery of new
facts. (IIIB)
A séries of short, unrelated research.projeots is likely
to yield more worthwhile scientific results than a single
extended project 1ésting the same total time. (VIA)
A scientist cannot anticipate in detail what methods and
apparatus may be needed to solve a particular research
problem. (II)V | |
Industriglists who provide financial support for scientific
research are justified in demanding that its results be
of value to themselves. (I)
Scientific research caﬁ pfoder good results in a hurry,
just like any other industrial tasks that sometimes have
to be completed urgently. (VI)
The best man to heaé a research group in industry is one
who is more concerned with basic, theoretical science than
with economic and administrative matters. (III)'
The best scientific researchlcannot be judged by commer-
cial or economic standards. (I)
Before allocating money for scientific research, an in-

dustrial concern is justified in requiring its scientists

to forecast the sort of results they are likely %o obtain. (VA)
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The basis of the rapid developmenﬁ of modern science has
been the theoretical insights of a relatively small number
of scientists, rather than the more routine experimental
work carried on by the majority of industrial scientists.
(VIII)
In general, the most worthwhile scientific results are
likely to be obtained only from reseafch that has unlimited
time available for its completion. (VIA)
To be of much use to industry, any theory a scientist dev-
elops should be capable of being understood by a non-
scientist in terms of everyday familiar facts. (IIIB)
If scientists stopped developing new theories for a few
decades and concentrated on just discovering factual know-
ledge of nature,_there would soon be ﬁothing worthy of the
name of science left in existence. (IIIB)
A scilentist working for industry can't be expected to pre-
aict with any certainty the outcome of a particulér piece
of research. (IV)
Scientists in industry should devote most of their attention
to research problems that are of direct economic signif-
icance, (I)
No scientist should have to earn a living doing research
controlled by the profit-seeking motives of industry. (1)
The course of an industrial research programme should be
planned in advance, just like any other industrial activity.

(I1)
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Much of the scientific effort expendéd on déveloping new
theories would be better applied to solving practical
problems. (IIIB)
Scientific research is more than just the methodical
appliéation of scientific knowledge and technique.(VIII)
An industrial research scientist cannot do his besf work
if the company's policy is such that his research may be
terminated in the event of adverse economic conditions
developing. (VII)
The possibie economic value of his results should be of

no concern to an industrial research scientist. (I)

Science advances more by the slow, cautious modification

of established principles than by an occasional major

theoretical reformulation. (VB)

Scientists should concentrate for a few years on deriving

the practical benefits from existing scientifig knowledge,
not keep looking for new discoveries. (IIIB)

The very best science is a quest for an understanding of
nature, irrespecfive of any commercial implications. (I)
Non-scientists, familiar with industrial and economic
problems, should ha?e the ultimate control over the course

of scientific advance. (I)

The fact that his work may increase the profits of the in-

dustrial concern supporting his research can often be an

important incentive to even the best research scientist.(I)
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If an industrial concern only gives 'conditional' approval
to researqh projects, in case it is later necessary to
discontinue them in the evenf of unfavourable economic

conditions, there is no reason why this policy should

'adversely affect the work of reéearch scientists in the

company. (VII)

Even scientific research results which are incomprehensible
to non-scientists can be of great commercial value to
industry. (IIIA)

A scientist cannot be expected to do his best research
work when an industrial concern is urgently demanding
results in order to develop and market them ahead of a
competitor. (VIB)

A researck scientist in induétry should look for new
factual data and techniques, rather than try to develop

new theories. (IIIB)
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Outline of the experimental design and procedure

Purpbse
The purposes of this experimental design are briefly

as follows:
1. To find whether scientific originality correlated with
scores on creativity tests.
2. To see to what extent summated originality scores in
a group test could be predicted from’the scores of group
members on an individual test of scientific origihality.
3. To study the effect of an industrial context upon
scientific originality under two leadership conditions,

(a) where the leader might be expected to shield the group
from the norms implied in the problem situation; (b) where
hié own views would be consonant with those implied in the
problem situation and he would be expected to transmit their
effect to the group.
4, To see whether any effect as under (3) was greater,
the‘higher the rated creativity and scientific ofiginality
of subjects. V
5. To examine the depehdence of leader-rejection upOn
dissonance amongst the valﬁes of the group-members, the .
leader and the task situation.
Design

The design is a two-factor analysis of variance fixed
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effects model with provision for between-cell matching on one
additional variable, and covariance adjustment for one other.

The two treatment factors are:
1. the context in which a test of originality is applied;
2. the pure-scientific or commercial orientation of the
leader appointed to each groupf

The variable for which bétween-cell matching is possible
is the mean attitude score‘(attitudes toward industrial science)
for each group of four subjects.

The variable for which covariance adjustment may be made
is the mean creativity score for each group.
Procedure

Subjects are seated at tables randomly in groups of four,
havihg been told that they are to take some tests of individ-
ual scientific originality, without reference to group partici-
pation. Each table has g reference.letter printed on a card
laid at the centre.of the table, as does each subject before
his own place at the table. The four subject reference-letters
are the same for each table. It is anticipated that twenty
groﬁps would be a sufficient number for statistical purposes,
and that all would be run simultaneously. Each subject has
& stack of IBH cards beside his place, on which he will write
ideas in the tests of scientific originality.

- Instruction Book I is placed before each subject and is

opened and completed page by page, the experimenter giving
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the signal to turn over when the appropriate time has elapsed.
The sequence of pages 1is selffexplanatory. Page 1 is ihtended
to provide a control for the degree of acquaintance among

subjects in each group; Pages 2 and 3 are standard tests of
general creativity. DPages 4 - 7 comprise the ATIS scale of
attitudes toward industrial science, in a shortened self-score
form,  After completing it, each subject enters his ATIS score
on the Group Scores Form lying on his group's table; these
are collected by the experimenter, totalied and rank-ordered
on the totais.- Assuming that the number of groups present is
divisible by four, the rank-ordered forms are dealt out into
four piles in randomized order, e.g. in the sequence Pile 3,
1, 4, 25 1, 4, 2, 3; etc. The four piles correspond to the
four treatment combinations, hence the procedure achieves a
raﬁdomized,matching, which should reduce the error variance
without infringing the randomness requirement underlying the
analysis of variance design. Allocating a group to & particular
treatment combination determines whether the highest or lowest
scoring individual on the ATIS test shall be designated as
group leader, and whether the group shall take the group
Problems and Solutions testvin the industrial or the non-~
industrial context.

While the above procedure is being carfied out by the

experimenter and his assistants, the subjects complete the

individual Problems and Solutions test on Pages 8 and 9. The
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Group Scores Forms are then handed back to each of the tables,
with Instruction Book II, on the first page of which the
subjects are informed that a leader has been appointed.
(Note: the letter J is entered on each scale before
Instruction Book II is handed out, according to whether the
test is to be taken by that group in the industrial or the
non-industrial context. It is suggested that a score of about
26 is suitable for the position attributed to the judging
panel). On the alternative versions of Page 2 are statements
alleged to define the judges' attitudes toward industrial
science. Page 3 describes the method by which each group
collectively carries out the test, and the role played by
the leader. It is intended that a record of the number of
ideas which subjects pass to their group leader, and the
number he approves, should be used in the subsequent analysis
as measures of leader- and group-acceptance of each other.
The statement defining the method of scoring is intended merely
to elicit the desired response from subjects: 1t is not the
method of scoring actually to be used in the analysis, where
a simple summation of individual scores for all ideas produced
(whether or not accepted by the leader) is intended to be
employed.

After completing the group test, leaders are asked to
place in an envelope all the IBM cards filled in by their

group, and bring it to the experimenter's table. They are
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then seated at tables removed from their groups and complete
Form L (intended merely to occupy their time while their
group members complete Form M without the possibly inhibiting
presence of their‘grdup leader, about whom they are asked td

express their opinion in that form).



S.0,/ A.T.I.8,
RATING
SESSION

INSTRUCTION BOOK

*

BEACH PAGE IS A SEPARATE STAGE 1IN THE
RATIWG PROCEDURE, SO PLEASE DO NOT OPEN THE
BOOK OR TURN ANY PAGE UNTIL ASKED TO DO SO.



The

-2

~cference leotters for your table arc( )( )( )
Your own rcference lectter is(

. Turn over: the card at the center of your table and cony
the reference letters from it into the spaces in the fop linc on
this poge, above.

Now turn over the card in-front of yow and copy the
rcference letter from it into the spacc In the sccond linc above,
Plcasc answer the following qucestions,
1.What is your subjcct MO Jor?. .. it ienesesaronsonveonns
2.%Which ycar arec you in? Sophomore( )
Junior . ( )

Senior ()
3,8¢cx, Male( ) Temale(

do you know tho wmeople at your teble? (This
ion iz nccded to compute onc of your ratings,
cs as a corrccting factor), Put a chock-mark
in onc of the spacces under cgeh person's letter in the
following table, Leave blank the s»aces under your oun

leotter,

¥ - 1

IHic/Her lettor,)

7 [ ] 1 1

_ Spbg g PR '

] 1 ] 1 1 t
; t ? ] 1] t
1 Nover met bofore HIR -
1 t 1 1 t i
] 1 t 1 ] 1
) Acquaointonces 1 H i I
1 1 1 1 7 T
! ' t ! ; H g
! Xnow cach other auitc well i R




ANAGRALS,

Uhen the instructor soys to begin, write dowm all the
anagrams you can think of, having 5 OR MORE LETTERS, in the word
GENERATION. An cnagrom containg only lcetters sclected from the given
word, but arrangced in any order, Pcoplo's nomes are not counted, Any
vords of forecign origin must bo of accented usage in English-specking

countrics, You will have five minutes,

The word is GEN ERATT O II,




RATING 1B
UNUSUAL USES.

When the instructor smays to bezin, write dowm all the

most original, but roclistic uses you can think of for OWE BRICK,
=St X & heep ittt | Rt ittt [onfaiund
You will have Tive minutca.

Writce cach idra on o sownarate card.



ATTTTUDES TOWARD i_DUSTRIAL

~

;ndustrj ig onc of the major institutions in contemporary
sociéty; and scicntific rescorch is onc of the cssontial bascs of
medern industry, without waich the cconomic zrowth of industrial
socictics could scarcely ho acintoianed. So the naturc of scicntific
researen in industry is potentially of cona’dorablc intbrcst to
students of purce ouind appliéd scionce,

What is 'tho.;gggl nature of scicnce in industry, in your

opinion? Should seciontific roscarch coanccentrate on the nroctical.

problaoins foced by industry, and scock cconowmically worthrhilc
solutions to. theze wrobleomsy or should 1t pursus the basic zools off

ioneo, irrespective of oconomic consideorotions;

<
-
[}
[wi
s
3
A
[l
QO
P

fundomoenta

betroon these twvo altoractives?

of‘porhaps 1t should ke gomcy
What do You thinkf You can oymrogs your oninion ahout this topic by
indicating your rosponzo to cach of the ten statements overlcecaf, &5
follows,

LT you disagrco strongly with a »narticulor statcmént,

put DD cgeinst it. I you disagreo, but-don’'t fool strongly, put D.
IT you strpngiy agres with o stotowmont, put AA cetinst it, but i

you agrac wvitiuout foeling very stro g13 put A, Finclly, 11 you

wiy obout a =mall aminority of thoe

reslly have no owminion «itl

o
l_J
o,
\"\
O
Py
i
0
&
[
&)
8]
! o
s
—_
oty
e}
o

stotcments, or e uadhid tu dacd ther, nut O

oocinst thom,

Page L.



SCORLIC SHEET.

Czmlculate your own scorc on the AJT.I.S,
rating scalc using thoe toble on the next poges; you
can turn this page Athout waiting for the instructor.

he basic princivle is very simple, The
items hove diffcrent woights in contributing to your
scorc and somc itom
bocouse ol the wny

C
s contributec - -in owpositce dircctions
they vicroe worded,

Tor coch item, look ot your rosvonse at the
extrome right of theo “cvt page and so hoiwr many A's
or D's you put for it. Then look to sco 1hlch side of

the tahle on tho next nage to usc for thot narticulor
itoem, and cnter thoe number of A's or D's in the
aoproprinte column wacre it soys Huwber of A's ()F
or "Muubcr of D's ( )Y, Then multinly by the nuambor
ghowvn in thot column, lesving the othoer coluwmn bhlank
for thot itom, If vou put O for an itcem it docsn't
count toviard your scorc, so poass on to the neowt item,

aplc. Suppoze you nut YAAY for Ttcm 6,
You would cater (2) in the gpace provided in tho

S (1leoft hend) .column ond multinly it by 3, to give 6,
which you would =writc aftor thoe cquals =ign, Simi- :
larly for all thoe other itous,

The

)
total is greatce
lar

add the columns scparately, notc shich

T, and vreite down the dificronce
botween the g and tho smcller.
Look overlceaf and sce vhctoor you under-
stend hoxr to work out your scorc, Thoe calculotion is
actually very cosy i1 you follow it step by ston.

Cf coursc, it's cxtrome , }
you don't altcr any of tho rospoascs you haove &
written dovm.


file:///rould

STATEMENT

MSH COLUMN HCH COTLUEN N2
é ITEM i NUMBER OF..... g MUMBER OFeeens. v ! 1.
b1 fae Omend Drar(ome
i 2 E Dts:( )X.z.....i Ats: ( )Xl:.....; 2,
i 3 5 A's: ( )xq~.....g Dts:( )xqz....ﬁ
E [ E D's:( Jx :.....E_A‘s: ( )x5=.....§
§ 5 E Dta:( )X5=.....§ Avg: ( )x5—....,§ 3.
E 6 i Avs: ( )X5=...,.£ D's:( )XB:.....E
i 7 E D's:( )x2=.....§ Avs: ( )x2:.....§
§ 8. § Als: ( )x2:.....§ D' ( )X:z.....g L.
: 9 | Afs: ( )xZ:.....: D's:( )x::....1
i, 10 | A's: ( )XE:.....E D' s ( )xaz.....s \
i TOTAL !
1 ]
§ 1

1]
TOTAL !
'
1

(S column) C column)

he greater total?
t

t -
Enter € or S herc Eam—
Subtract the emaller total frowm the !
sroater and cnter thc diffcrence here :
NN
IT{ the two totals arc oxcctly coual: | : ',
Writc O as YyOUr SCOrc LopQ wemmamesd ! J
A S 3

UCY omecans thot yvour attitudes toward scicnce

in industry rcesemble those of students anjoring in

Commorce or Economics morce than do thée attitiades
of most Purc and Apnlicd Scicnce studente.

SN cons that vour attitudes qr toward the

other cxtrcome amongst Pure and Applicd 1cnco 10
students, onpositc to that symbolizaed by o B ‘
The highcst scorc you could get in cither

diroction ”ould he S5k, hut for scicucce students 2
score above 308 or beolow 38 ism guitce unusual,
NOW LOOX AT THE GROUP SCCRES TORi1 ON YOUR TABLE

RESPONSE



PROSLES

RN

In this test of scicontific originality, you wAll ho nro-
sonted with o descrintion of a scicntific situation of rather wide
scopa, ard you have to think of probloas that could be investi-
gated in that situation, ancd ﬂlmo of wayes in vhich solutions to
those problcome might beo .found. In order to get a scorc for

r1~1a311t3 on ony idos that you write dovm, it must first of all

Lt

ba reglistic and rclovont to the situation.

The problams and solutions you suggest nced not ¢ll be
related to ono znother. For cxample, you could suggest an original
nroblcom, but not how to golve it; or you could mcrely rofecr to a

vell-knowm pro“lom, souldn't add to your origina1itj scorce,
but you could »ut ; roally nev wey of solving it, and this
would add to your scorc. Lte cncn didea on o separatco curd beeause

coch card c¢on be scored only oanco

You will nove 5 minut: ' od thoe descrintion of the
cet situntion : of w»nroblcms and
solutions., The 34! to stort weiting., Then
you will havce idengs you think are the
wmost original.

THLS I8 AN INDIVIDUAL TEST, PLEASE DO NCT TALK TO ANYONE,



PROBLENS AND SOLUTIONS (A)

Imagine you arc on indeoendent rescarch consultant, A
Toundation sccke vour odvice on costahlishing o program of vrcscarch
to dovelop now kinds of FOOD PRODUCTS, for vhich thoy have
availanle o lorge grant from verious sourcss, including government
industry and consumcr organizations.

\3 <t Lo ciuig vf LA 1S 05 .31 1. CG he s .A. - CL
What probhlcoms would you suggest should he studicd,

Y

3

o
o

o

how might they he zolved?

Page 9,



Table (A) (Q) (7)

GROUP SCORES FORii.

Poes this form around the table and cach onter your own

scorc (number; and letter C or S) in the svacce provided.

¥ o = - Y
1 Your individual ! Your scorc H
1 o [ J— L
{ roference letter | Humber) Letteopr
(] N [l 1

: R : : !
ol 1. . i
: K : ! :
] " [} 3
| i i : :
-1 ] 1 N
1 ]

. T ! . :
] [ 1 2

When you have donc that, plcasce wait uantil the instructor

tclls you to turn to the ncxt page in the Iastruction Book,



s

EJTER THE REFERE. CE LETTERS FOR YOUR TA_LE HERE ! {fi‘a

EHTER YOUR OW. REFEREICE LETTER HERE HI

S5.0./ A.T.T.S,
RATING
SESSION

%

INSTRUCTION BOOK IT



GROUP TEST

of ecicatific origin-
dono

roting conn

- =

the one you

o)

o

[
3

-

“lity ¢, but to

Ty ch

3
p
O
]
=i
»J
—
N

LY e

your t-hlo o

Eoeh zgroun
secorcs on the sttituds . Y
your groun 1o ocacirelod on tho G kUP SCC
to your tob vy tho dinstruector, Look on it to scc whio iz
londey of your grouwn,

Yels 1‘ of

I
i

Tirot thing fox
tie Groun Scoros

[COrC, 0 t*“t tww

[_
(o]
3
3

'l

your In&t“uct

e sttituds scoronm

§ 1 { i i i 1 1 t ? !
P T N SO U VG U OO O O U A O YUV YO O R G R O U O R U T O TS T O O SO O O O - R O8O O |

50 . 4O 30 20 10 0 20 20 30 LG 50

Hcfn S(,O" SF_S“ S_(;O};C

¢ Scaauulu
scicnen 1n indusmtry. v
ovrT“Jl lworosgion of tho
oWl cut «ou-;ill be doing

'( t( u"t
cowplctcc
cFully
judgrst o



http://vri.ll

""The basis of the ropid development of modern scioence
has becen the theoretical insights of o relatively small number of
scicntists, rather thon the more voutince cuperimcental work carricd
on by the wnjority of industrinsl scicntists., Bven scientific
theorios which arc incowmnrchensgible to non-scicntiszts in terms of
everyday fomiliar focts con be of groat valuce to indus stry, ond for
hat recason scicnce should be under the ultimote control of

scicntizts, since thoy understand its purposc., One aspect of the

control of g=cicnce which may have adverse cff .on o scicntist's
work is hicn a comweny's nolicy is such thot hic rogecrch moy be
terminntod in the cvent of unfovorablo cconomic conditions

develoning, The best scicntific research coannot be judszed adeguatcly

[V R
by cconomic or comncrcinl standards,
What ig your immedintc rospense to this sumwary of the

vicus held by the thrce asscssors for the noxt test? Put an XY

on the following scalc to indicate your oninion,

[ R 1 4 fom 4 i SR S L 1 < 1.
Comwnlctely . 0 Comnlctely
digagroc agroec



criwcontal rork

Wt dig the moro or loss routinn

scicutists thot has 1od

a rolotively senll numbor of seiontists,
To b of wuch usc to industry, cny thoory o scicntist dovolons
icrztood hy non-scicntists,
imo =hould hove tho ultimnte control ovor the course of seicntific
advanes, hoenuss they are fomilior vith industrial ond cconomic

nrobhl

Onz csgentinl aspoct of much control ig thoe torminotion

"

of on dndustricl scicntictls roscarch in the ovent of ~dvuorzo

cconowlc conditions doveloning, nut th~ anticin~tion that this

arnncn zaould not 2ifcet the ourlity of his romonrcn work,

Scirntiilc romcarch, oven the very mozt, con ho judgod by cconomic

Wirt g your imucdinte raosgnonse to this summary of tae

for tho ncxt teogt? Put on XM

hy the thro

on the iollowing scalce tTo indicats your oniaion.

i SEUUSSERIN SN SRR . 4. PO SIS SIS S S

Complataly 0 Counlately
disngroo ) onrac




$.0. RATING 2
GROUP TESET.

3 in the individuael tegt of scicntific originclity which
you cownlated nreviously, coach porson will wreite dovn the ideas
hce thinks of, using 2 scporate cord for cach idea,

But for tho groun test there is onc cssontial differeonce,
in order to meke it o valid teogt of the contribution made by coch
the The

nerson to thce overall scicentific originality of zroun, The
difference ig that if you want an idcn you hove written down to
count towzrd the group scorc, it wust be given to the zroun lea
onc of ”ho o functions ig to drcide which ideas orce good cnough
(i.,c., Relevant, Recalistic and Original) to ho nut forward on

bonalf of the whole group. Tf he decides that an idea is zood
cnough, he will put o chacck-mark () ziod his initinls on thc front

of tho cord (the side »rinted with rows of nuehors) and pass it to
icahers of his groun to read, so that it con astimulatoe
other 1W1ab1 ideas in the grouwn., The caxrd A1l thon bc put in tho

hox at the ceinter of your tohle, when overyhody hos reoaod it,

If the group lcoder docs not think an iaoa igs reolovant
and rcalistic ana ok 10 cnougzi L . ~d on hcehalf of
veite on X and -f5'1n1t1 1 on the side

the wolc group, nc v
of the-card where the rows of numhurs asrc nrinted (in the swocce

3

cbove the rows), end put it straigh box without passing

it around the groun.

If vou arc not tuc group londcer you con, ii you wich, out
any of dour corde stroight dnto the box yoursclfd, bhut they won't
couvnt toward the groun zcorc in that cose, only touword your oun
individual score, But coch person's OVERALL scorc on this teost ig

largely detoruinced by the mcore of hig gloun. this iz iopLCLully
truc of the leocader, since a congiderable mart of hie tiwe will be
tolien uvp with assogsing the idcas of AkmbC““ of his groun.

Thc groun lcader himsclf will not put ony of his own ideas
stroight into the box: o sccond o function for him as leader
iz to poass around the group all ho hiameclf thinks of and
writes down. Theore is no nced ior him to Lnitial and check-mork his
owm ccrds.

In this test overyt.

ng iz donc in uriting, sincc verbal
discussion would disturb otlcr groups in

thoir -rork.

As hcforc, o scicntific situntion will he prescntced to you
and you vwill have thrce winutcs to rend it carcfully cnd start
thinking of prohlcwms and solutions, The ructor will to11 you
wvhon to start writing 1 you will then scven minuteg for the
test,

5

i

Loaders csnocinlly should ro-read thesce ianstructions to

g

inale svro they know what to do,

Pagce 3.



PRCBLIZS AND SOLUTIONS (B)

3

Lo

you orc on independent roscarca consultont, A

Foundotiocrn sccoke vour odvice on csinblishing o »rozram of roscarch
o o = [

to develop ncw kinds of CLOTHING MATERTALS, for which they have

available a lorge grant from voarious sources, including govornmoer
availebklce a lorge grant Irom voariou ources, including government,

industry and consuwncr organizotions,

Whet problans would you suggest should bhoe studied, and

how might they ho zolved?



|ESILTS.

Cherattaviacd cnveleine your and the
can boe geat to yeu in avout thrce wecks.

1
3

Tettors vour individunl

g . . .
T N e
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youy 3Cor

tho
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Wmoan

vt ote

unrtor
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L, Goneral croativity

Beore)
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averags
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RATT]

1G_SESSION,

nc forc coming to the final

the following informotion is

S.0. Tcs “deu. 2,
Enter the roferonce lettors
ITunstruction Book hcere

14

Group §__

Indicate o)

strgo of
needed to compute your r“tlng on the

from

e e e Ak Sk

oach

the rating scssio

the cover your

of the

by Hutting an Y ‘tc nosition cn cach of the sc
1. Did you enjoy hoing lender of your group®
ed 2 ] F) 1 Do ] ] L.

Tiked it very O

Disl it

]rﬁd

much very much
2, ¥Which mcn of your group 'do you think should »c the leader
for the stngoe? ) L
Circle onc of these four lottors: T ¥ K
3, To whot cxtent did you try to pget your group to »Hroduce idc
of the zgort thaat the nancl of judges wrould be most likely to
acccnt?
) 3 § 2 g 2 ] A | (RO S N——
Mot at 11 Compleotely
L, Do you think your group did as well ag you would have liked
to on thie ECGt
J5 SRR SENPURS - R e v i [P SR . .1~.,....-_..‘_,.,L‘....,.._.‘...R
T o6 o
5. have to roject more ideas thon you had anticionataed,

to count

tiicy werce not good ci for the wholc

B — L S Vsrmene v s s el e v cmcbim s e 2 2 L

oo Mo

6. Whot sort of attitudc should a leoader th“ for o toask such

this, rhon the re are to e asscesoed by o oonel of jud
Jike tho oncsz fataly
I — 3 5 e el 1 1 RS NP NN B mn L

Tigh ' O Hign

"Commerce™
Scorc Co )

DCW“ﬂco“
ScoLh

n,

folloviing quostions

ales,

R

a5

groun?

~ M
o3
-
zos



8.0./ A.T.1.S.
RATING SESSION

Before cowing to the final stage of the rating

.
tl ollovang information is nceded to coapute your rating on thoe
5.0, Test Nuubher 2

Enter tho roference letters from the cover of your

Instruction Book here . ST,
X wq § T i ]
Groun L SN N

T

) ~ 3 1]

Sclf ; .

Indicate your reognonsce to coch of the following cucstions
by »utting an "XY at on anpropriotc mosition on cach of the ascalces,

1. Beforo storting the next stoge of the scsgsion, how sntisficd
are you with tho leader appointced for your group?
’ L 1 L ] H 2 b 5 il PO S
Cownlotely 0 Couwnletely
Gigssatisiicd satisficd

2, Which wmeubor of your groun do you think should »c the lcoader
for the neoxt stoge? '
Circle onc of thesce four lctters T M K R

3. To what cxtent did the lcader try to zot the group to nraducce
ideas of the mort that t“ pancl of judgoes would bo mogst likely
to accept?

[UENRT WO SEU——

4. 1.
ot at 211 Counlctely

L, H

v cHow often did yeu ©ind thot yosu disagreed with your grouon
leader’s decision to accent or not accoent on idea, cithor your

cumn Or somconc olsoelsT

3 S. 1. : 3. 1

Hever

5. ¥ould your group do hetter or
vith cnotaer wwouwhor ao lo

4 e 2 ) 2 2 .
tiuen Sanme fuch
hetter WITrSo

b
L
=Y

i1y

scicontidfic attitudes zhould o groun laader hove
hWig, waco ho regsults are he ossesso
thiz, wacre th sults to D Soe

s likce tho oncs in this cas

[p]
[o
o
<
D by

N
= .
-

-l i 1
dieh o High
"Commaorece! ’ “"Seicnce®

Scorc , Score



