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I ntroduction

The 41-year-old chemist has arrived a couple of minutes late for the interview.
The manager of atop-priority project in the research laboratory of alarge American
chemical company, he has just |eft a meeting with his research team. But, clearly, heis
prepared; he has read and carefully considered the interviewer’s request to describe a
highly creative event from his work experience. Now, as the interviewer switches on
the tape recorder and repeats the request, the chemist settles back and begins to tell of
an event that occurred the previous year:

This company operates a pretty extensive program in clinical chemistry. One of
the main problems we' ve been working on recently is urinalysis—trying to come
up with an analysis system that can pinpoint very specific problemsin the kid-
neys. The problem with our existing system was that it was not selective enough.

It started with just a casual conversation between one of the lab heads—an
assistant director—and myself. He mentioned that we needed something much
more selective and, since | work for him, | decided to go ahead onit.

| had agreat deal of freedom in that environment. We were doing alot more
basic research than you often see.

Interviewer : Describe the characteristics and abilities of the people involved.

There were two of us working on the problem, and there was a good meld be-
tween us. The creative idea of how to do the synthesis was mine, but the creative
idea of how to put it into a package and make it work in a practice system was
his. It was a good interaction. Also, we both had a background in the area, and a
certain amount of intuition.

Interviewer : What features of the work environment distinguished this event?

The way our lab is structured allows for a great deal of freedom of action. There
isagreat deal of responsibility for your own fate. You can go and find a project
of interest to you and develop it, even if it isn't of obviousinterest to the
company.
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There are alot of projects going on at one time. For example, one division may
have five or six projects going. Two or three may be of real interest to the com-
pany, and the rest may be long shots. However, sometimes the long shots turn
out in the long run to be the most productive.

Basically, management kept out of it and gave up enough rope to either hang
ourselves or find an answer.

This quote illustrates well several of the main themes that emerged from our
interview study of 120 R& D scientists. Primary among these is the importance of
freedom in promoting creativity—most notably, freedom in deciding how to best
achieve the goals of a specific project. Freedom, when combined with several other
features of project management, corporate culture, and the scientists themselves, can
be a powerful stimulant to creativity. We will outline the major stimulants to creativity
in R&D, aswell asthe mgjor obstacles, and suggest ways in which managers can put
thisinformation to work for them.

Our study was designed to answer some quite simple questions: What influences
creativity in R&D?and What isit about persons and their work environments that
makes a difference? Our method involved asking all interviewees to tell us about two
events from their work experience: one event that exemplified high creativity, and one
that exemplified low creativity. Assuming that they were far more expert in their
fields than we, we told the interviewees to take as creative whatever they judged as
creative. We also said that they themsel ves need not be one of the central charactersin
the story, as long as they observed the event closely enough to be able to describeit in
detail. Moreover, we asked our interviewees, in telling their stories, to describe as
many details as they could remember about both the person(s) and the work environ-
ment surrounding the event. We did thisin an effort to make our information as broad
as possible and, thus, as useful as possible.

Nearly al of our 120 scientists did come to the twenty-minute interview pre-
pared to tell the two stories—one exemplifying high creativity and one exemplifying
low creativity. We felt that, by using this critical incident technique, we would be
more likely to avoid the interjection of personal beliefs about creativity than if we
simply asked interviewees what they thought was important for supporting or under-
mining creativity in organizations.



The Research Method

In our search for information about the major influences on creativity and inno-
vation, we did a detailed content analysis of typed verbatim transcripts of these tape-
recorded interviews. This content analysis proceeded in two stages. First, two coders
independently read all of the transcripts and marked segments of the transcripts ac-
cording to four magjor themes: environmental stimulantsto creativity, environmental
obstacles to creativity, personal qualities favorable to creativity, and personal qualities
unfavorable to creativity. The coders then compared their assignments of statements
to major themes, discussing any disagreements until they came to consensus. The
second stage of content analysis was done by two different coders, who independently
assigned statements from each of the major themes to particular subthemes (such as
freedom, which was a subtheme under environmental stimulants). Asin the first stage,
these coders then compared the statement assignments they had made, and discussed
any disagreements until they came to consensus. The overall level of agreement in the
independent ratings, before any discussion, was good: 80 percent for stage 1 and 74
percent for stage 2.

Many other researchers have |looked at creativity in organizations, and a good
number have focused on the R& D lab. As we will show, many (though not all) of our
major findings echo those of other researchers. In anumber of ways, however, our
study is unique. Most other works examining the factors influencing creativity in
organizations have employed questionnaires as the major (or sole) data source (e.g.,
Ekvall, 1983; Ekvall, Arvonen, & Waldenstrom-Lindblad, 1983), and the sameistrue
of most studies that have focused on creativity in the R&D lab (e.g., Andrews, 1975;
Andrews & Farris, 1967; Baran, Zandon, & Vanston, 1986; Faas, 1985; Pelz &
Andrews, 1966; Smeltz & Cross, 1984).

A few researchers have employed interviews as their major data source. In a
methodology similar to ours, Kanter (1983) asked managers from several companies
to describe their most significant job-related accomplishment of the last two years.
The interviewees were not specifically selected from R&D. Each of these interviews
covered anumber of points that had been specified in advance, including acomplete
chronology of the accomplishment, conditions of initiation, acquisition and use of
resources, acquisition and use of information, support, opposition, results, and re-
wards. An unspecified number of coders did content analysis on the interviewer’s
notes from each interview. As we did, these researchers had coders discuss disagree-
ments until they came to consensus.
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The interview procedure has aso been used by afew researchers who have
specifically examined R& D laboratories. Bailyn (1984) interviewed technical profes-
sionals at all levels of the hierarchy in a small number of American and British R&D
labs. Those interviews dealt with a number of general issues surrounding the employ-
ment of scientists and technicians in corporations. Finally, Von Glinow and Kerr
(1983) asked respondents to provide written answers to three specific questions about
creativity: (1) Write the names of the two most creative people you know in the com-
pany, (2) describe the specific creative actions or behaviors of these people, and
(3) describe the outcomes or results of the behaviors. Although this methodology does
not employ oral interviews, it seems closer to the interview methods than to the writ-
ten questionnaire methods. Two coders independently assigned the written comments
to response categories.

Each of the previous methods used has its own particular merits. Questionnaires,
for example, alow for clear statistical comparisons of data gethered relatively easily
from alarge number of respondents. Moreover, both closely structured interviews and
guestionnaires allow researchers to examine the specific factors in which they are
Interested.

The methodology we used also has its own unique merits. We used detailed
content analysis, done by independent coders working with verbatim transcriptions, in
order to maximize the accuracy of the data we will present. Most important, however,
Is the question that we asked interviewees. As noted earlier, we asked them to describe
in detail two critical incidents in order to minimize the probability that they would
simply tell ustheir personal theories about what influences creativity. We asked for
two incidents (high and low creativity) in order to look at both sides of the coin:
factors that stimulate creativity and factors that block it. Moreover, the loosely struc-
tured interview guestion allowed for maximum flexibility and range in responses,
interviewees could tell us al the details they recalled from the critical incidents, thus
perhaps bringing up things that we as researchers would not think to ask for. Finally,
because this was an oral interview, we could probe for elaboration and clarification of
the answers.

Thus, our study isuniquein (@) its examination of the whole possible range of
factors influencing creativity in R&D (b) through detailed content analysis of verba-
tim transcripts (c) of semi-structured interviews (d) that dealt with two opposite
critical incidents. We believe that this particular approach allowed us to uncover an
unusually wide range of factorsin our study, as well as a number of factors that had
not been pinpointed by previous research.



Major Themesin theInterviews

The types of things our interviewees talked about fell into four major categories.

Rank-ordered by frequency, they are: (1) environmental stimulants to creativity,

(2) environmental obstaclesto creativity, (3) favorable personal qualities, and

(4) unfavorable personal qualities. In our system, “environmental factors’ are any
factors outside of the problem-solvers themselves (including other people) that seem
to consistently influence creativity positively, asin the high creativity stories, or
negatively, asin the low creativity stories. “Persona qualities’ are any factors of
ability, personality, mood, etc., within the problem-solvers themselves that seemed to
consistently influence creativity either positively or negatively. We found that envi-
ronmental factors were mentioned much more frequently than personal qualities, in
both the high and the low creativity stories. Because this finding appeared in both the
high and low creativity stories, and because alarge percentage of the stories did not
involve the interviewee as a central character (a problem-solver), we fedl that this
preponderance of environmental factors cannot be dismissed as a simple attributional
bias.

Does this mean that, in an absolute sense, environmental factors account for
more of the variance in creative output than individual-difference factors? Not neces-
sarily, and not even probably. Certainly, at a gross level, personal factors such as
general intelligence, experience in the field, and ability to think creatively are the
major influences on output of creative ideas. But, assuming that hiring practices at
major corporations select for individuals who exhibit relatively high levels of these
personal qualities, the variance above this baseline may well be accounted for prima-
rily by factors in the work environment. Frank Andrews (1975), a pioneer in studying
R& D creativity, used asimilar explanation to deal with hisown data: “. . . social and
psychological factors may so affect the translation of creative ability into innovative
performance that there is not general effect which one can describe or identify” (p.
124).

Our data did yield some general effects of person factors, however. What are the
personal qualities of scientists that appear to consistently influence creativity in the
R&D lab?What is that baseline beyond which the environment appears to play such a
critical role? To answer these questions, we will collapse information obtained on
both the favorable and unfavorable personal qualitiesto present a picture of the cre-
ative R&D scientist.
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Personal Qualities of Creative R& D Scientists

The personal qualities of the scientists described by our interviewees—both the
positives and the negatives—can be summarized into five categories, as outlined in
Table 1 (see page 7). We will briefly describe each of these with illustrative quotes
from the interviews. In these descriptions, we will refer to the problem-solversin the
high creativity stories as “high creativity scientists,” and the problem-solversin the
low creativity stories as“low creativity scientists.”

Intrinsic Motivation

The single most frequently mentioned characteristic of scientistsinvolved in
highly creative work was intrinsic motivation—being motivated primarily from
within, from the scientist’s own interest in the work itself, and not from external
pressures. Thisincluded a number of aspects. being self-driven, excited by the work
itself, enthusiastic, attracted by the challenge of the problem, having a sense of work-
ing on something important, and a belief in or commitment to the idea. The impor-
tance of thisintrinsic motivation, self-reliance, or internal locus of control in the
creativity of persons within organizations has been found by some other researchers,
including Pelz and Andrews (1966), Ekvall (1983), and Smeltz and Cross (1984).
These qualities are also similar to the dedication, intense involvement, and commit-
ment to work that some researchers have found in successful R&D scientists (e.g.,
Kerr, Von Glinow, & Schriesheim, 1977; Pelz & Andrews, 1966). Finally, our findings
fit well with recent experimental research demonstrating alink between intrinsic
motivation and creativity (cf. Amabile, 1983).

Forty percent of our participants mentioned some aspect of self-motivation asa
positive influence on creativity.

| find that having an idea, putting something together, testing an idea, experi-
menting . . . al that isjust very exciting.

A person has to be somewhat self-motivated. The person has to have an inner
drive. . . . People haveto feel that they are contributing.

What’s important to me is feeling that I’ ve done something that’s made a differ-
ence, seeing that something I’ ve worked on has turned into a product in the
market. I1t’s not getting pats on the back from my own management in the organi-
zation, but having the self-satisfaction of seeing my work come to something,
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Tablel
Personal Qualities of Creative R& D Scientists

N.B.: These categories are listed in order of the frequency with which they were men-
tioned in the interviews.

Intrinsic Motivation

Being self-driven, excited by the work itself, enthusiastic, attracted by the challenge of

the problem, having a sense of working on something important, and a commitment to

the idea; not being apathetic; not being motivated only by money, recognition, or exter-
nal directives.

Ability and Experience

Having special problem-solving abilities and tactics for creative thinking; having talent
and expertise in the particular area; having broad general knowledge and experience in
many fields; being highly intelligent.

Risk-orientation
Being unconventional, unafraid to take risks, attracted to challenge; not being inflexible
or unwilling to do things differently.

Saocial Skill
Having good rapport with others, being a good listener and a good team player, being
broad-minded or open to others' ideas; having political savvy.

Other Qualities

Individual: having persistence, curiosity, energy, and intellectual honesty; being naive or
unbiased by preconceptions about the problem.

Group: apositive group synergy arising from the combination of individual members
abilities and personalities.

feeling that | have made a contribution to the profits of the company and to the
availability of new products to consumers.

People felt ownership of the problem; they felt responsible for it.

The importance of intrinsic motivation is also highlighted in the described char-
acteristics of scientistsinvolved in the low creativity events. There, being unmotivated
was the single most frequently cited negative personal characteristic, mentioned by 36
percent of our interviewees. not being challenged by the problem, lacking courage in
attacking a difficult problem or overcoming environmental obstacles, having a pessi-
mistic attitude toward the likely outcome of the project, being overly cautious and
unwilling to take risks, complacent, unhappy about work, or simply lazy. Similarly, a
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number of interviewees mentioned the negative characteristics of being motivated
primarily by external factors such as money or recognition.

We had no inherent interest in finding the answer.

The people had trouble gaining the spark or the necessary enthusiasm for the
project.

The people were quite good in general. If there was afault, it was not wanting to
make waves in the face of a management directive.

The negative impact of external motivation on an individual’s creativity, which
we found in our research, seems similar to Pelz and Andrews' (1966) finding that
ambition to rise in status within the organization negatively predicts a scientist’'s
creativity.

Ability and Experience

Many of the remarks made by our interviewees in their descriptions of scientists,
in both the high and low creativity events, concerned special cognitive skills, general
knowledge, or expertise within the specific field. In fact, 38 percent of the participants
mentioned special cognitive abilitiesin the high creativity scientists, 33 percent men-
tioned expertise in the specific field, 18 percent mentioned having diverse experience
in many fields, and 13 percent mentioned genera brilliance. Not surprisingly, many
other researchers have found expertise, intelligence, and experience to be positive
contributors to a scientist’s creativity (e.g., Ekvall, 1983; Kerr, Von Glinow, &
Schriesheim, 1977; Pelz & Andrews, 1966; Von Glinow & Kerr, 1983). Interestingly,
however, in afinding similar to ours, Andrews (1975) discovered that, among the
entire list of positive qualities of creative R&D scientists, sheer brilliance did not
figure very prominently.

Good problem-solving abilities were important, as well as the ability to take an
idea from one field and extend it into another. That isreally what led to the
identification of this new process.

One person in the group has been in the company for 20 years and has a great
deal of experience.
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One of the people working on the project was familiar with another new tech-
nique that was just being recorded in the literature and that had a foreseeable
influence on the stuff we were doing.

The individual who was responsible is a senior research associate with the com-
pany. He has a broad range of experience. He was creative because he was able
to draw on virtually every aspect of his previous experience.

In the stories of low creativity, alack of skill or experience was mentioned by 24
percent of the participants. this finding has not been explicitly documented in the
R& D creativity literature, perhaps because previous researchers have not looked so
directly at specific instances of low creativity. Some of the remarks made by our
interviewees:

| couldn’t be very creative there because | lacked the ability and knowledgein
the area.

He got bogged down in the details. He spent time analyzing things that were
intuitively obvious, and worrying about the process in atoo-narrow point of
view. He could not connect what he worked on to making the system better or
understanding it better.

Risk-orientation

Scientists who were the key problem-solversin the high creativity stories were
often described by our interviewees as courageous in taking risks. Risk-taking, long
documented as important in the general creativity literature, has also been found by at
least one other team of researcherslooking specificaly at R&D (Von Glinow & Kerr,
1983). Over one-third of our interviewees mentioned risk-orientation, including a
wide range of qualities: has unconventional attitudes, thoughts, or style; deviates from
the usual path; doesn’t just adapt; doesn’'t do the standard thing; is risk-oriented; takes
chances; is not overly cautious; is rebellious or brash; is courageous; is attracted to
challenge; iswilling to take risks with ideas and money.

In this group, people were not afraid to step over the boundary lines. Because
thisis afrontier-type of chemistry, your mind-set has to be such that you can
accept that your results are going to be new, and that you won’t know exactly
what to do with them.
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The opposite characteristic, being inflexible or overly cautious in one’s thinking, has
not previously been highlighted in the literature on R& D creativity. This quality was
mentioned by 22 percent of our intervieweesin their descriptions of low creativity
scientists:

They were afraid to try something new.
My own preconceptions served as an obstacle.

Social Skill

Thereisvery little mention of a scientist’s social skill in previous research on
R& D creativity. However, 18 percent of our participants mentioned the positive role
of social skill in the high creativity scientists, perhaps because such skill alowed the
scientist access to the ideas and insights of other people. Positive social and political
skillsincluded having good rapport with others, being a good listener and a good team
player, and being broad-minded or open to others' ideas.

You need awillingnessto interact with your peers and exchange ideas. This
includes respecting the input you get.

In parallel with these results, about 7 percent of our interviewees mentioned alack of
social or political skill in the low creativity scientists:

They didn’t make enough effort to lower the barriers and improve communica-
tion and act like a group.

Other Qualities

A number of other qualities of individual scientists and groups of scientists
appeared in these interviews. Although over 40 percent of our interviewees mentioned
some personality traits, no one single personality trait was mentioned by avery large
percentage. The traits most frequently mentioned were persistence, curiosity, energy,
and honesty. Some of these, particularly persistence and energy, have been found by
other researchers (Daft & Becker, 1978; Von Glinow & Kerr, 1983).

| followed up on his suggestion and studied the unrelated system and began to
see how their approach could be successfully applied to my problem. From
there, it was just a matter of being persistent and hammering out the details.
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| was very dogmatic about working on what | thought was important, which
turns out to be what was important, So management started backing off and
giving me some freedom.

Many of the other qualities we discovered have not been explicitly documented
in previous empirical work. For example, 30 percent of our interviewees described
gualities of the group of scientists working on a highly creative project, qualities that
arose from the special combination of talents, backgrounds, and/or personalities of the
individuals in the group. Among the qualities included here were trust, free communi-
cation, good teamwork, being diverse, flexible, and self-reliant as a group, being
mutually helpful, and taking a fresh perspective.

There were anumber of good things about the group. We had similar abilities,
but different backgrounds—different ways of looking at the problem. Also, we
had mutual respect for each other’s abilities and awillingnessto listen, but not
hang on someone’s idea—to say, well, that’s a good idea, but here are some
problems. . .

Finally, one quality of individual high creativity scientists that we discovered,
though not mentioned by very many interviewees (13 percent), was still prominent
enough to deserve inclusion in the list of positive persona qualities. Thisis naivete,
being naive or new to the field in some way and, as aresult, not being biased by
preconceptions or bound by old ways of doing things.

Which of my characteristics contributed to creativity here? |gnorance.
| had no preconceptions or prejudices. | was rather naive.

Summary: Personal Qualities

We have presented a great many personal qualities of R& D scientists that consis-
tently enhance creativity (i.e., appear in high creativity events) or consistently under-
mine creativity (i.e., appear in low creativity events). Many of these qualities replicate
the findings of other researchers; some have not been previously highlighted. Because
of the large number of personal qualitiesthat appear to play arolein R&D scientists
creativity, we feel it isimportant to find amodel for summarizing and conceptually
categorizing this information. We present such amodel in Figure 1 (see page 12). The
three essential components for creativity in an R&D scientist (and, probably, in other
fields aswell), appear to be: (1) Raw materials—the basics on which the scientist can
draw in producing creative work. These include all those factors that we grouped
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under Ability and Experience. (2) Techniques—the attitudes and approaches that the
scientist appliesin using those raw materials. These include all those factors that we
grouped under Risk-orientation, Social Skill, and Other Qualities. (3) Motivation—the
intrinsic motivation to become deeply involved with the task at hand, using those
techniques and raw materialsin creative ways. The strength of the first two compo-
nents tells us what a scientist can do, but the motivation component tells us what that
scientist will do.

Perhaps the most important finding of our research is that these personal quali-
ties of R& D scientists—particularly intrinsic motivation—can be strongly affected by
the particular work environments in which they find themselves. We now turn to a
consideration of which environmental factors influence R& D creativity, and which of
those seem to have the strongest impact.

The Environment for Creativity in R&D

Both the positive features of work environments, which were present in the high
creativity events, and the negative features of work environments, which were present
in the low creativity events, can be summarized into seven categories, as outlined in
Table 2 (see page 14). Asin our discussion of the personal qualities of creative R&D
scientists, we will briefly describe each of these with illustrative quotes from the
interviews. Throughout, it will become clear how these environmental factors can
exert a powerful influence on the creativity motivation of individual scientists—and,
to some extent, even on the development of their skills.

Freedom

The most frequently mentioned environmental feature surrounding the high
creativity events was freedom—freedom in deciding what to do or, more frequently,
how to do one’s work; a sense of control over one’'s work and one’s ideas; a freedom
from having to meet someone else’s constraints; a generally open atmosphere. Over
74 percent of our participants mentioned freedom or control at least once.

Management did not believe that there was a solution to the problem; that’s why
they assigned me. | was new in the field, and since they didn’t believe anyone
could solve it, they didn’t want to waste their senior experience. As a conse-
guence, | was left alone more so than isnormal. And since | didn’t know the
problem couldn’t be solved, with this kind of freedom, | just went ahead and
solved it!
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Table2
The Environment for Creativity in R&D

N.B.: These categories are listed in order of the frequency with which they were
mentioned in the interviews.

Freedom

Freedom in deciding what to do or, more frequently, how to do one's work; a sense of
control over one’'swork and ideas; a freedom from having to meet someone else’s
constraints; a generally open atmosphere.

Encouragement
Management enthusiasm and support for new ideas and new ways of doing things; an
absence of destructive criticism and excessive fear of evaluation.

Resources and Time
Access to appropriate resources, including facilities, information, funds, and people;
sufficient time to solve problems in new ways.

Recognition
Appropriate, constructive feedback on one's work, along with appropriate recognition
and rewards.

Challenge
A sense of challenge arising from the nature of the problem, a sense of pressure
arising from outside competition or realistic time urgency.

Other Features of Project Management

Ability to set clear overall goals while allowing operational freedom,; ability to gain
political support for the project, shelter the group from outside pressures and distrac-
tions, and serve as a good role model; ability to match the right person to the right
job; ability to foster good project-team communication.

Other Features of Organizational Climate

A generally cooperative and collaborative atmosphere within and between divisions,
with good communication throughout; a good mechanism for considering new ideas
in the organization; neither an overemphasis on tangible rewards for employees nor
an insufficient, unfair distribution of rewards and recognition; a minimization of red
tape and formalized procedures; a minimization of political problems within the
organization.
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This was not something that was imposed on them, but a problem that they
generated themselves. . . . In order to get creativity, you can have large, well-
defined time targets for the overall project, but the individual targets for the parts
have to be left to the people to feel they have control over it.

Thislast quote illustrates an important qualification concerning the role of free-
dom in promoting R&D creativity. A great many previous researchers have found that
freedom generally does promote creativity (e.g., Andrews, 1975; Andrews & Farris,
1967; Ekvall, 1983; Kanter, 1983; King & West, 1985; Pelz & Andrews, 1966; Peters
& Waterman, 1982; Steiner, 1965; West, 1986). However, many have also found that
complete freedom can be as detrimental to creativity as a complete lack of freedom.
Andrews and his colleagues (Andrews, 1975; Andrews & Farris, 1967; Pelz &
Andrews, 1966) have shown repeatedly that what they call “coordination” isjust as
important as freedom—a coordination of overall team efforts by the supervisor. This
notion is quite similar to that proposed by Bailyn (1984). She defines “ strategic au-
tonomy” as “the freedom to set one's own research agenda” (p. 7), and suggests that
this autonomy should rest strictly with the research manager. She defines “ operational
autonomy” as “the freedom, once a problem has been set, to attack it by means deter-
mined by oneself, within given organizational resource constraints’ (p. 7), and sug-
gests that thisis the autonomy so crucial to the creativity of individual R&D scien-
tists. Our own research findings confirm this: the overall goals for a project must be
firmly set by management and clearly communicated to the project team, but mem-
bers of the team should be allowed as much autonomy as possible in deciding how to
accomplish those goals.

Previous researchers have not found explicit evidence of the detrimental effects
that constraint, or alack of such freedom, can have on R&D creativity. But such
evidence was abundant in our data. The most frequently mentioned single environ-
mental factor in the low creativity events was constraint, defined as alack of freedom
in deciding what to do or how to do one’s work. Over 48 percent of our participants
mentioned this obstacle.

That was alow creativity situation because they wanted me to follow a particul ar
path without adding any of my input into it. If you want to use your credtivity,
you can’t be told the exact way something should

be done.
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This quote clearly illustrates the negative impact of this particular factor—
constraint—on this particular individual’s intrinsic motivation to do creative work.

Encouragement

Encouragement and support of ideas has appeared prominently as a positive
influence in previous research on organizational creativity (e.g., Baran, Zandon, &
Vanston, 1986; Daft & Becker, 1978; Ekvall, 1983; Steiner, 1965). This positive
factor, mentioned by 47 percent of participants, included three major pointsin our
categorization scheme: management enthusiasm for, interest in, and commitment to a
particular research idea or to new ideas in general; an orientation toward risk and
acceptance of failure on the part of management; and an atmosphere without destruc-
tive criticism or excessive concern over evaluation. This encouragement and enthusi-
asm, thisinnovative vision, seemed to be most effective if it came from the highest
levels of the organization.

We wrote up a proposal to use this technique. It was submitted to the manage-
ment in our division, where it got support. Then we reported about thiswork in
meetings with other divisions, and there was a lot of interest. People wanted us
to start right away.

The project was arisk, so awillingness to gamble money was important.

What helped here was people feeling secure—having an environment where they
could say anything and not feel dumb.

The opposite of encouragement took several different forms that proved destruc-
tive to creativity. The most prominent of these, mentioned by 39 percent of our
interviewees in their low creativity stories, can be termed “ organizational indiffer-
ence’—a lack of psychological support within the organization, alack of faith in the
project, ageneral apathy or complacency toward research.

From the beginning, the concept really lacked any innovative thought. It was a
defensive strategy; instead of looking for a concept that would be one step be-
yond what was currently available, we settled for coming out with something
that was a“me too” product.

Evaluation pressure, mentioned by 33 percent of our interviewees, can also be
considered as opposite to the kind of encouragement that is conducive to creativity.
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Such pressure takes severa different forms: inappropriate eval uation to feedback
procedures, unrealistic expectations, pressure to produce something (anything) appro-
priate, and a general concern about criticism and external evaluation of work.

Management had a very heavy hand and essentially over-reviewed the project.

A third factor that can undermine the encouragement to be creative is an overem-
phasis on the status quo within the organization, particularly at the highest levels.
Comments about this factor, coming from 26 percent of our interviewees, concerned
the reluctance of managers (and sometimes peers in other divisions) to change their
mode of thought or operation. Instead, there was an emphasis on keeping things the
same, not wanting to take risks, avoiding controversial ideas, and taking a generally
conservative course.

I’m disappointed in the outcome, even though the project was a good one. The
problem was an overemphasis on the status quo; there’s so much momentum in
the organization to keep things going the way they are that it is almost impos-
sible to turn that around.

A few other researchers have found negative effects of these factors. For ex-
ample, Havelock (1970) describes the negative impact of “resistance to innovation”
within the organization, and Kanter (1983) describes the effect of frequent threatening
evaluation. However, most previous research reports do not give such factors the
prominence that they clearly display in our interviewees descriptions of low creativ-
ity events.

Resourcesand Time

The high creativity events described by our interviewees were quite consistently
marked by a sufficiency (though not necessarily an abundance) of resources, includ-
ing facilities, information, funds, and people—stimul ating people both within and
outside of the work group. These events were also marked by a sufficiency of timeto
think creatively about the project. Fifty-two percent of our interviewees mentioned
sufficient resources, and 33 percent mentioned sufficient time.

Something very important was the support provided. There was an allocation of
people and capabilities throughout the organization. It was possible to get |ots of
diverse information.



18 Creativity in the R& D Laboratory

He was insulated from day-to-day fire fighting, so that he was able to step back
and take the time to think of this process and develop it over several months.

As might be expected, alack of resources (mentioned by 33 percent of our
interviewees) and alack of sufficient time (also mentioned by 33 percent) were im-
portant undermining factorsin the low creativity events.

Our main problems were time-sharing of the production process, and limited
resources generally.

There was pressure to get the product produced quickly. It was along-range
product, but this is a short-range company.

Perhaps because they have considered time and resources to be obvious prereg-
uisites for creative work, and have not explicitly looked for their role, previous re-
searchers have not highlighted these factors in their data reports.

Recognition

Despite the lay person’s stereotype of scientists as loners, content to labor in
isolation and happy to be left alone, it is clear that creative scientists not only tolerate
but actually need feedback on their work, and the subsequent recognition of their
creative efforts as well astheir creative successes. Thisis afact that previous re-
searchers have documented well (e.g., Ashford & Cummings, 1985; Kanter, 1983;
Peters & Waterman, 1982). Thirty-five percent of our interviewees described recogni-
tion or appropriate feedback as conducive to creativity.

It was good to hear management say, you made a good discovery this month, and
we are going to show it to top management, and you are going to be there to
make the presentation. The pat on the back, the recognition, felt good.

Challenge

Creative researchers and theorists have long suggested that creativity results
when a certain kind of tension isfelt within the individual. In our own results, we
found that certain kinds of pressure could actually enhance creativity in R&D scien-
tists. The most notable type of pressure in the high creativity events was a sense of
challenge, arising either from the intriguing nature of the problem itself or from the
urgent needs of the organization. Challenge, which has been noted by other research-
ers(e.g., Ekvall, 1983; Pelz & Andrews, 1966), was mentioned by 22 percent of our
Interviewees.
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We were put in a situation where people said it couldn’t be done; other compa-
nies had turned down the offer. . . . So there was a challenge. That challenge
gave us our motivation.

Once again, we see the impact of an environmental factor on personal motivation.

Although they were not mentioned frequently (only 12 percent of our
Interviewees brought them up), some other sorts of pressure within the work environ-
ment—such as time pressure or competition—were occasionally cited in the high
creativity events. Our participants comments seem to suggest that, rather than being a
pressure applied by some external force, this conducive type of pressureisinternally
generated, and is perceived as another kind of challenge; the individual or team feels
driven to prove that they can meet the challenge of an urgent situation:

Thiswas not something that was imposed on them, but a problem that they
generated themselves. There were no specific deadlines, but a sense of urgency
that was internalized.

The marketplace is competitive, and therefore we feel compelled to compete.

Just as often as competition could stimulate creativity, however, it seemed to
undermine creativity too. Fourteen percent of our interviewees mentioned competition
between groups or individuals who might have been working together or even should
have been working together:

We had two groups trying to achieve the same thing. This fostered competition.
It became awin-lose situation, and we all ended up losing.

The negative effects of this sort of internal competition have also been uncov-
ered by Kanter (1983) in her study of innovative and noninnovative people.

Other Featuresof Project Management

Obvioudly, al of the factors we have described thus far make for good project
management: freedom, encouragement, allocation of resources and allowance of
sufficient time, recognition and feedback, and positive pressure. But our interviewees
also mentioned a great many other features of project management that can influence
creativity. Altogether, 65 percent mentioned some feature of good project manage-
ment in the high creativity stories, and 37 percent mentioned some feature of poor
project management in the low creativity stories. Although no single one of these
other features was mentioned with particularly high frequency, some do stand out. For
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example, many participants cited the ability of the project manager to set clear goals
and provide a coherent problem definition for the group—in other words, to effec-
tively use strategic autonomy (Bailyn, 1984):

As the manager of this successful project, | gave the people involved aclear idea
of what the end product was going to be. | attempted to get each person involved
in those aspects that were in their expertise, and | asked them how they would go
about doing it. | let people set their own goals and manage their own business.

As might be expected, the absence of this skill often showed up in the descrip-
tions of project managers for the low creativity events:

Our project suffered because goals weren't being set; it's hard to work without
certain goalsin mind. The supervisor wasn't good at making decisions.

Good project managers also show an ability to gain political support for the
project, shelter the group from outside pressures and distractions, and serve as agood
role model. Often, the technical expertise of the project manager can be important;
some projects seem to have derailed because the manager was scientifically incompe-
tent and didn’t really understand what was going on. Another important aspect of
good project management is the ability to match the right person to the right job, and
adjust management styles depending on the individual being supervised. Findly, a
successful project manager must also foster good communication within the project
team. Many of these features of good project management are similar to those re-
ported by Andrews (1975).

Other Featuresof Organizational Climate

An organization that supports cregtivity has, as part of its climate, the positive
factors we have already presented: freedom, encouragement, allocation of sufficient
resources and allowance of sufficient time for creativity, appropriate recognition for
creative work, and some degree of positive pressure. According to the event descrip-
tions given by our interviewees, however, there are a number of other features of
organizational climate that play arole. Altogether, 42 percent of the interviewees
mentioned some other organizational factor as a positive in the high creativity stories,
and 62 percent mentioned some other organizational factor as a negative in the low
creativity stories. Although no one single factor stands out with a particularly high
frequency, some are more noticeable than others. One crucial point, for example,
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seemed to be the necessity of having a mechanism within the organization for consid-
ering new ideas:

What encouraged me? The company had set up an innovation office (or research
proposal system) that was promoted by division management and recognized by
people on the bench as something worthwhile to get interested in.

Another important positive was a generally cooperative and collaborative atmo-
sphere within and between divisions, with good communication throughout . . .

Having the other scientists to talk to isimportant. When it came time to intro-
duce the product, he had support from different areas . . . which enhanced its
coming into the marketplace.

... and the absence of such a collaborative atmosphere can severely hamper
creativity:

When we bring an idea to manufacturing, we have to overcome the NIH syn-
drome—Not Invented Here.

Several other researchers have cited the important roles of good communication and
collaboration (Ekvall, 1983; Kanter, 1983; Pelz & Andrews, 1966; Rothwell, 1977,
Steiner, 1965), as well as mutual trust and confidence within the organization (Ekvall,
1983; Ekvall, et al., 1983).

One of the most striking organizational factors named as a detriment to creativity
was the reward system—either too much emphasis on rewards, or insufficient or
unfair distribution of rewards (including recognition for good work):

The problem is that there is atendency to drive people toward management—
that is the way to move up—and no drive to keep them in the technical side.
Thereisadual ladder system, but it is clearly not an equitable situation. One
ladder is shorter than the other.

Rewards have an effect on creativity. | would not like to be put in asituation
where you are told you will get thisreward if you get this particular job done.

Our reading of our participants remarks about reward systems |leads us to con-
clude that R& D scientists do fedl that they are in an organization that provides extrin-
sic rewards equitably and generously following good work, but having a particular,
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tangible reward offered for a particular job can undermine that intrinsic motivation we
discussed earlier. We feel that Pelz and Andrews (1966) summarized this phenomenon
best: “. . . the research director must give close attention to the whole system of re-
wards—both intrinsic and extrinsic. He must live with the paradox that extrinsic
rewards cannot be relied on to motivate achievement, but that when achievement
occurs, the extrinsic rewards should be consistent. And possibly the very provision of
them will stimulate further achievement” (p. 139).

As noted by several other researchers (Kanter, 1983; Zaltman, Duncan, &
Holbeck, 1973), overly formal and complex structures, procedures, and communica-
tion channels within the organization can be detrimental to creativity.

Here, instead of ideas really flowing, we have a more formal presenting of ideas.
You wait until you have a compl ete package of information and then present it to
aformal meeting after you understand things.

The structure I'm working in is not matrix management, but matrix mismanage-
ment. | am reporting to too many different organizations and | seem to be a part
of too many different organizations all at once.

A number of participants mentioned political problems within the organization,
and, perhaps partly as aresult of those problems, the lack of a mechanism for encour-
aging and developing new ideas. Finally, some of the negative organizational factors
were quite general, referring to the physical plant or to methods of doing business
within the organization.

Very often these days creativity is something that management wants to buy, and
they hope they will hire someone who will get bolts out of the blue. But the
problem is, you’ ve got to put your work in and understand the system. People
aren’'t allowed to stay in ajob long enough to develop the skills that will allow
them, if they have creativity, to take the next step.

Summary: Environmental Factors

Aswith the personal qualities of R& D scientists, we have presented alarge
number of environmental factors that can influence R&D creativity positively or
negatively. And, as we found with the personal qualities, athough many of our find-
ings echo those of earlier researchers, some of our results have not been previously
highlighted in the creativity literature. Thisis particularly true of the factors we found
consistently in the low creativity stories—the environmental obstacles to creativity.
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Perhaps so many previously overlooked factors appeared so prominently in our list of
environmental obstacles simply because previous researchers have not used the
method of asking specifically about instances of low creativity. Whatever the explana-
tion for our new findings, we believe it is critically important for managersto be
aware not only of stimulants to creativity—so that they can implement these stimu-
lants in their management style—but also of obstacles to creativity—so that they may
eliminate these elements from their management style!

Because of the large number of environmental factors that appear to play arole
in R& D creativity, we find utility in the same model that we used to summarize and
conceptually categorize the information on personal qualities of scientists. The model,
applied to environmental factors, appearsin Figure 2 (page 24). The three essential
components for creativity in R&D environments (and, probably, in other environ-
ments as well) appear to be: (1) Raw materials—the basics on which R& D units can
draw in producing creative work. These include al of those factors that we grouped
under Resources and Time. (2) Technigues—the management skills that are conducive
to creativity. This component is by far the largest; it includes all of those factors that
we grouped under Freedom, Recognition, Positive Pressure, Other Features of Project
Management, and Other Features of Organizational Climate. (3) Motivation—the
innovation motivation of the organization, most clearly exemplified by upper
management’s vision of the company as innovative and forward-looking. This compo-
nent includes most of the factors that we listed under Encouragement. Clearly, this
motivation is the element that can make everything else come together. Talented
people, abundant resources, and even good management skills at the lower levels of
an organization will be insufficient to sustain consistent long-term creativity—unless
the spark of motivation comes from the highest levels, is articulated in a clear and
engaging vision, and is then constantly communicated to those who are asked to be
creative.

Conclusion

Managing for Creativity in R& D: The Delicate Balance

The cresative processis elusive. Although researchers have had considerable
success studying creative products and ideas, creative persons, and environments that
promote creativity, we still know very little about the actual process of creative think-
ing. For that reason, it isan illusion to believe that the creative process can be “man-
aged.” R& D supervisors, and their upper-level superiorsin organizations, cannot
manage creativity in scientists. But they can manage for creativity; that is, they can
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establish work environments, organizational climates, and support systems that will
allow creativity to flourish. The data we have gathered suggest that this cannot be
accomplished by simply eliminating some elements from work environments—say,
evaluation system—and putting othersinto place—say, freedom. It is more a matter of
finding that delicate balance between too little and too much of each of these factors.
In this concluding section, we will highlight what we feel are some of the most impor-
tant points in achieving this balance of managing for creativity.

Communicating Innovation M otivation

Perhaps the most important role to be played by upper management in support-
ing creativity involves formulating and constantly communicating a clear vision of the
organization as innovative, unafraid of risk, supportive of new ideas, and offensive
(rather than merely defensive) in the marketplace. Such avision, if it is backed up by
appropriate evaluation and reward systems, as well as sufficient funding for new idea
development, can provide that kind of positive encouragement to scientists that ap-
peared so frequently in our high creativity stories.

Finding the Right People and Using Them Effectively

The most basic resource necessary to creativity in R&D is, of course, people. We
(and other researchers) have found that the scientists most likely to be creative are
those with strong intrinsic motivation for their work, a good background of experi-
ence and expertise, and special personality characteristics, such as risk-orientation,
that can be considered “creativity skills.” Hiring decisions in R& D routinely consider
the candidate’s experience and expertise carefully and may even take creativity skills
into account (if only indirectly by looking for a history of creative ideas). But intrinsic
motivation is too often neglected. Given the crucial importance of this characteristic,
it might be wise to explicitly probe candidates for their level of personal interest in the
work. Simply asking, for example, what the candidate considers his favorite projects
of the past—and why—can reveal a great deal about the depth of intrinsic motivation
in a particular line of work.

Motivation, combined with skill and experience, are not only important in initial
hiring decisions within R&D. They are also crucial in making project assignments.
Recall that one feature of good project management is the ability to match people to
jobs appropriately. Assigning people to projects that capture their intrinsic motivation
will vastly increase the probability of creative work. This motivation may even make
up for some deficienciesin expertise. As the Nobel laureate in physics, Arthur
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Schawlow, said, “ The labor of love aspect isimportant. The most successful scientists
often are not the most talented. They are the ones who are just impelled by curiosity.
They’ ve got to know what the answer is.”

Setting Appropriate Goals

We found, as other researchers have, that freedom is essential to the R&D
scientist’s creativity. But the delicate balance required in granting freedom is espe-
cialy crucial. For most projects, the manager must retain the right of “strategic au-
tonomy,” to set the overall direction for the project. But, at the same time, that man-
ager must allow “ operational autonomy” to members of the project team, autonomy to
decide on the means by which they will achieve the overall goals.

If there was sufficient time at the end of the interviews, we sometimes asked our
interviewees what they see as the major factors making the difference between high
and low creativity in R&D. The remarks of one of these interviewees best sums up the
appropriate balance between freedom and control:

The best managers are those who ask questions. The role of the manager isto
make clear what the objective, directions, and purposes are, to set up a picture or
long-term objective that a person will be working toward. Once the operation is
underway, the manager should then provide an environment where alot of ques-
tions are asked. He should be nonjudgmental—the people working on the
project, or their peers, should make judgments.

Evaluating Constructively
This same interviewee, whose remarks we just quoted on appropriate manage-
rial control, also described evaluation in away that fits our overall findings quite well.

Managers should make sure of the completeness of the work, and should ask
about the ramifications of different procedures. Sometimes it's necessary to ask
what might be perceived as dumb questions. It should really be like peerstalking
to one another.

According to our results, feelings of evaluation pressure can severely curtail any
risk-taking and, as aresult, severely undermine creativity in R&D. However, this does
not mean that an absence of evaluation will be conducive to creativity. We also found
that scientists very much need to feel that their work isbeing paid attention to, that
they are getting appropriate, constructive feedback on their work, and that their cre-
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ative efforts (as well astheir creative successes) are being recognized. The delicate
balance in evaluation, then, comes through providing feedback that scientists see as
primarily informational rather than primarily threatening or controlling. (See Deci and
Ryan, 1985, for an elaboration of thisimportant distinction between informational and
controlling systems.)

Rewarding Appropriately

Rewards, too, can be perceived by the person on the receiving end as either
informational or controlling. Aswe saw in the remarks of some of our scientists, an
exclusive or primary focus on rewards—on what they can get for doing each specific
job—Ileads to an extrinsic motivation and lower creativity. This change in motivation
most likely arises because, presented in this way, rewards appear as an attempt to
control behavior. But the feeling that one works in an organization with a history of
generously and equitably rewarding good effort can lead scientists (and others) to see
rewards as just recognition for ajob well done. The balance here is between explicitly
holding rewards out as carrots for specific jobs and implicitly making it clear that
creative work is always recognized and rewarded in the organization.

Adjusting the Pressure

Thisis, perhaps, the trickiest balance of all. It seemstrue, from our own inter-
views and from the work of others, that some element of pressure or internal tension
can be optimal for creativity. It is aso clear, however, that too much pressure, or
pressure from the wrong sources, can undermine creativity.

The key to this puzzle seems to have two parts. First, if the other factors condu-
civeto creativity are in place, moderate pressure from any source might stimulate
creativity. In other words, if the team is made up of individuals with the appropriate
skills and motivation; if the organizational climate contains the necessary innovation
motivation, appropriate evaluation and reward systems, and communication/collabo-
ration between groups; and if the project manager sets goals appropriately, alowing
sufficient freedom and protecting the project team, then a moderate amount of pres-
sure should not undermine creativity and could, in fact, stimulate it.

The second part of the key has to do with the type of pressure. We found that an
internal pressure can be very helpful—a pressure arising from a personal sense of
challenge over adifficult problem or a desire to do something no one else has done.
Also, if thereisarealistic time urgency (perhaps because another organization is
about to come out with asimilar new product), or if there is a sense of competition
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against outside groups or companies, creativity can be stimulated. By contrast, how-
ever, if pressure arises solely from deadlines that appear to have been set arbitrarily by
upper management or from management expectations that appear unrealistic, creativ-
ity islikely to be undermined.

The best way to achieve the desired balance of pressure, then, may be to adopt a
more participative, collaborative management style where members of the project
team know where the sources of pressure are, and why the pressure is necessary.
Operationa autonomy can go along way toward helping them deal effectively with
the pressure, too. If individual scientists are given autonomy in setting immediate
project goals that respond to those pressures, potentially negative pressure may be-
come a positive force.

A Formulafor Creativity

Thereis none, of course. We feel that it isimportant to stress that the nature of
creativity precludes us, or anyone, from providing a*“do this, then that” formulafor
managers interested in promoting creativity in the R&D lab. Precisely because cre-
ativity resultsin new, unexpected ideas, processes, or products, its course cannot be
strictly guided or planned in advance.

Although we cannot provide a clear formulafor managing a creative R&D
environment, we can identify the elements that must go into the equation. At the level
of the organization, three types of elements are required: raw materials, techniques,
and motivation (see Figures 1 and 2). For the individual, raw materials are ability and
experience; techniques are risk-orientation, socia skill, and the other personality
gualities; motivation isintrinsic task motivation. For the organization, raw materials
are resources in the relevant task domain; techniques are all the facets of appropriate
project management and organizational management (including freedom, encourage-
ment, recognition, and positive pressure); motivation is the motivation to innovate,
that encouragement for creativity that comes from the highest levels of the organiza-
tion—what we call “strategic leadership.”

We can think of these three components—raw materials, techniques, and motiva-
tion—as circles that overlap to a greater or lesser extent (asin Figures 1 and 2). Cre-
ativity in R&D should be greatest at the Creativity Intersection—that areawhere the
skills of individuals overlap with their motivations, and where the resources and
management practices of the organization overlap with a clear innovative vision.
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