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Creativity and Creative Teams

Richard M. Wood. Steven X. S. Bauer, and Craig A. Hunter™

ABSTRACT

A review of the linkage between  Kknowledge.
creativity, and design is presented and related to the
best practices of multidisciplinary design teams.  The
discussion related to design and design teams s
presented in the context of both the complete
acrodynamic design community and specifically the
work environment at the NASA Langley Research
Center. To explore ways to introduce knowledge and
creativity into the research and design environment at
NASA Langley Rescarch Center a creative design
activity was executed within the context of a national
product development activity.,  The success of the
creative design team activity gave rise to a need to
communicate the experience in a straightforward and
managed approach. As a result the concept of
creative potential was formulated and assessed with a
survey of a small portion of the acronautics rescarch
staff at NASA Langley Rescarch Center. The final
section of the paper provides recommendations for
future creative organizations and work environments.

INTRODUCTION

To design is o create: which requires knowledge, or
to quote Kucheman. "Ideas and concepts come out of
the mind, not out of computers or wind tunnels” *.

Design: a new concept, model. or artifact with
desired function, performance . or end

Create: to bring something new into being

+ Senior Research Aerodynamicist. Configuration
Aerodynamics Branch. NASA Langley Research Center,
Associate Fellow ATAA

7 Aerospace Engineer, Configuration Acerodynamics Branch,
NASA Langley Rescarch Center.
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In pursuit of reduced cost the acronautics community
has increased its reliance upon computational ols
for both aerodynamic analysis  and  design™.
Computational based design and decision making also
dominate the multi-disciplinary design environment.
As this trend continues, the knowledge that is the
critical ¢lement in design practice could erode as
computational tools replace the need for human
interaction, resulting in a stagnant design technology
landscape. While many  still  believe  that
computational design is the pathway to improved
efficiency  and  cffectiveness  in the  design
environment. others are starting to  question  the
reliance upon computational tools. A portion of the
desien community  believes that it is critical to
maintain human involvement and learning in the
design and analysis process*™.

The literature on design shows a wide diversity of
methods. concepts. and ideas being investigated and
developed' =, In general, these concepts fall into two
groups. those that are computationally-based such as
Multi-Disciplinary Optimization® . and those that are
knowiledge-based such as  Decision-Based-Design".
The primary assumption of computationally-based
design is that a design process can be modeled in the
compuier to allow the computer to find the optimum
design more cfficiently than a human can.  The
assumption behind the computationally-based design
is based upon the use of explicit and critical
knowledge only, and does not recognize the role of
tacit and intuitive knowledge and other human senses
and capabilities in the design process.

At the other end of the design spectrum  are
knowledge-based design methods™ in which it is
rccognized that all knowledge as well as passion is
required 1o find the best design.  Knowledge-based
design employs tools that allow a designer to utilize
their skills, senses, and knowledge in pursuit of a
desired outcome.  Knowledge-based design should not
be confused with Artificial Intelligence or Expert
Systems, because those systems assume that human
knowledge and decisions can by fully modeled into a
process and computerized. 1t is unlikely that we will
ever be able to totally model the extent of our
knowledge. because the extent of it is unknown.
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This paper is designed to follow the discussion
presented by the authors in reference 23. The
purpose of this paper is to show the linkage between
knowledge. creativity, and design, and to relate these
concepts to the best practices of multidisciplinary
design teams.  The paper will first discuss the
environment  within  the  aerodynamic  design
community. This will be followed by a review of the
concepts of design. creativity, and knowledge. A
discussion of creative teams and the creative potential
concept will follow. The final section of the paper
will discuss future creative organizations and work
environments.

To assist the reader a listing of definitions is provided
after the references.

PROBI.EM AND SOLUTION PATHWAY

Problem

One of the significant issucs facing the engineering
community is the failure 10 recognize that a designer
is a unique and highly skilled individual.  The
distinction between a designer and a person doing
design work is vast.  The first uses intellect,
knowledge. and passion to create, and the latter
executes a routine process that re-creates.

In today's environment the issue of cost is the
dominate force in design™.  This focus is often at
the expense of creativity, innovation, and
performance. The primary means 1o achicving cost
reduction has been through the use of computer
modeling of design processes™.  While computers are
an important tool to the engineering design
community, it is a mistake to view them as the
primary tool of design. In the quest to be viewed as
being on the forefront of technology, may be looking
to automate processes, and computerize the
capabilities and skills of engineers™"", In
developing these engineering information models,
design knowledge is frozen at a given time and new
knowledge generated some time in the future will not
be utilized. The concern is that the creative and
innovative practices of the past will be replaced with
routine processes. Another possible byproduct of this
trend is that there will be a severe lack of
"understanding"  of final design  performance and
"judgement” by those doing design to interpret the
results.  If this occurs costly redesign during the
development and production activities could result.
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The final issue of concem is reflected in the design-
development time line as shown in figure 1. The
figure shows that the opportunities to impact
performance or cost of a design are heavily weighted
toward the conceptual design phase where the design
activity is typically guided by first order effects and
simple models**'™. Very often only a fraction of the
available knowledge (Design Input) for the particular
design problem is used during this phase of the
design. This inverse relationship between knowledge
used and the ability to impact the design must be
corrected if significant improvements arc 1o be
achiceved.

Solution Pathways

If the reader accepts the notion that knowledge-poor
design activities are a problem for the acrospace
community then it is the authors™ opinion that the
pathway to the solution Ieads through the concepts of
knowledge and creativity. First, it must be
recognized that the design activity must be a highly
creative endeavor if cost is 10 be minimized  and
performance maximized. Second. the design activity
must be a knowledge-based activity that will provide
significant intellectual freedom. And third. designers
and not the design process are the critical element in
design®. These ideas are graphically depicted in figure
2. in which the change in the design output
(performance and cost) as a result of increasing the
knowledge and creativity, in the carly phases of
design. is shown. By inserting more knowledge and
creativity into design. greater cost and performance
benefits will be achieved earlier in the design. The
result is a better, faster, and cheaper design.

An extension of these ideas leads to the concept of
creative design, where a creative design is defined to
be: a new concept based upon a non-obvious solution
to a difficult problem. The creative aspect of the
design is derived out of inspiration that is driven by a
difficult challenge. It is important to note that a
creative design requires high degrees of knowledge and
inspiration. coupled with a very difficult challenge.
This concept is graphically depicted in figure 3 which
shows a simple model of a design space defined by
three  parameters:  challenge.  knowledge., and
inspiration. As shown in the figure a "traditional
design" is driven solely by knowledge and challenge
and a ‘creative concept” is  produced  when
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knowledge and inspiration are used.  Also note;
"brainstorming" uses inspiration and challenge but
does not require extensive use of knowledge. But to
achicve a creative design, one must utilize knowledge
and inspiration directed towards a difficult challenge.

FROM DATA TO DESIGN

Data is the foundation of knowledge. Knowledge is
the foundation of creativity. Creativity is  the
foundation of design. These simple statements would
lead one to believe that the relationship between data
and design is straightforward and thus can casily be
modeled.  However, a close examination of the
transformations of data to knowledge. knowledge to
creativity, and creativity to design shows that there is
ever increasing complexity involving both explicit as
well as implicit assumptions that are made by the
designer. To provide additional insight. a simplistic
model of these relationships is depicted in figure 4.
Note that the model consists of a closed loop element
entitled "Resecarch” which represents activities  that
support the development of knowledge,
understanding. and  judgement. In  general, the
activities that produce data and information are
process driven,  whereas knowledge. understanding.
and judgement are developed by exercising  "best
practices”.

To define knowledge, as related to engineering, one
must also define data and information. The following
definitions are provided:

Data: a group of fact or statistics that have not
been assigned meaning.

Information: data that has been assigned meaning.

Knowledge: the sum of what has been perceived and
learned that allows for the generation of
new information.

Knowledge

A graphical depiction of the interrelation between
data. information, and knowledge is presented in
figurc 5. The figure shows that data are operated on
by knowledge to produce information and a new set of
knowledge. This knowledge set is then used in the
interaction with new data and new information scts.
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Another important aspect of knowledge creation is the
four modes of knowledge creation introduced by
Nonaka' in 1995, sec figure 6. In this model. there
are two basic types of knowledge. tacit and cxplicit.
Nonaka states that knowledge is created by the
conversion of tacit to both tacit and explicit and from
explicit to both tacit and explicit.

The final knowledge concept provided herein is the
notion of a "Knowledge Matrix” (figure 7). which is
borrowed from the work of Margolis'>* in 1987 on a
cognitive model he termed the "Beliel Matrix®.
Margolis states that there is tension between critical
and intuitive scrutiny to a question and the yves (+).
no (-). and maybe (0) answers to the critical and
intuitive question form nine affective states.  For this
discussion, the nine affective states of Margolis have
been  renamed  to  reflect levels  of  knowledge
awareness. In the "Knowledge Matrix", there are four
levels of knowledge awareness: Known Knowledge.
Unknown Knowledge. Probable  Knowledge. and
Possible Knowledge. These states reflect the concept
that "all" that is possible to be known can be known.
For the present discussion Known Knowledge is
renamed Knowledge, Unknown Knowledge is renamed

Understanding.  Probable  Knowledge is  renamed
Judgement. and Possible  Knowledge is  renamed
Inspiration. The definitions  of  Understanding.

Judgement. and Inspiration are provided below:

Understanding:  identification of the significance tor
certain data, information, and
knowledge.

Judgement:  the selection of a course of action, based

on knowledge and understanding.

Inspiration: the action or power of moving the
intellect  or  emotions  to impart
knowledge to achieve an end goal.

The important aspect of  this concept is  that

traditional design systems that are computationally
based cither use only the C+/1+ Knowledge state or
all of the C+ states. But in a creative design activity
Knowledge.  Understanding, Judgement, and
Inspiration are used (i.c. all aspects of knowledge)

A further review of figure 4 show that a person's
knowledge, understanding, and judgement form the
basis for exercising ones creativity. When addressing
a particular problem. creativity is driven by
inspiration. When a difficult challenge is presented to
the designer. creativity drives the solution,
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Design Models

In contrast 10 a person doing design, the designer
begins a "creative design” challenge by taking an
unbounded view of the problem. This first step is
critical and may be viewed as designing the design.
The act of designing the "creative design" provides
context and content but does not constrain or inhibit
the activity.  The relationship between a "traditional
design" space and a "creative design" space is depicted
in figure 8. The creative design space is defined by
ever-expanding layers of possible solutions that are
based in knowledge, understanding, judgement. and
inspiration. These layers allow for the inclusion of
unseen solutions to the design challenge. In contrast,
the graphic of lgure 8 represents that typical design
space as a square box located within the creative
design space.  T'he box represents the rigid and
restrictive nature of the traditional design activity that
does not allow for unknown solutions to be achieved.

The operational characteristics of the traditional
design process and creative design practice are shown
in figure 9. As one would expect, the true designer
usually prefers the creative design practice as depicted
on the right side of figure 9.  However, politics,
resources, and culture attempt to drive the designer to
the typical design process as shown on the left. The
major differences between the two are that the
traditional design process is an inside-out activity,
which utilizes only a small section of the design
space, whereas the creative design practice is an
outside-in activity, which utilizes the full design
space.

A Traditional design is initiated by defining a specific
goal. constraints, selection of tools, and the
development of a rigid design process (see left side of
figure 9). The traditional design activity then cycles
within the framework of the pre-selected design
process to achieve a solution.

The creative design activity, shown on the right side
of figure 9, relies upon the challenge and inspiration
10 drive the development of possible solutions while
basing all decisions on knowledge, understanding, and
judgement. The creative design practice docs not tie
itself to a goal or constraints. but instead uses the
goal and constraints to define the challenge. The
creative design practice does not tie itself to specific
tools or processes. but relies upon knowledge,
understanding, and judgement 1o explore solution
pathways and candidate designs.
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RECENT EXPERIENCES

The previous sections of the paper have addressed the
concepts of design, creativity, and knowledge. This
section of the paper will provide an aerodynamicist's
view of these concepts and relate them to present
design activitics at NASA Langley Rescarch Center
(LLaRQ).

As mentioned previously, there has been a significant
growth in the use of computers in the design of
aircraft, and consequently, there has also been an
equally dramatic reduction in the knowledge and
creativity used in aircraft design. The changes have
been significant. It may be argued that we are about
to realize the 1987 prediction™

"... what I see in the vear 2020, there will be no wind

tunnels ... we would be at the point where airplanes

could be designed by rather low-paid technicians.”
Dr. Doug Dwoyer

At this time, the aircraft design environment is
focused on computational efficiency as a means to
reduce cost. And because of the change in the design
environment, aerodynamicists have a reduced role. If
this trend continues large amounts of design potential
may be lost by not including the designers knowledge
and creativity into the conceptual design activity.

One reason for these trends in design has been a
noticeable transition in the work product at NASA
[.aRC. This is especially evident in the field of
Acronautics. As depicted in figure 10, there has been
a transition from a problem-focused research
organization into a product-development organization.
Mapping the work prior to 1990 into the technology
development template (left side of figure 10) shows
that the work covered the areas of Science.
Engineering, and Technology Design. However a
mapping of post 1990 work shows that the areas of
Science, Engineering.  Technology Design,
Marketing, and Service are now included. While on
the surface and when viewed in isolation this might
not appear to be a significant issue.  However, when
one takes into account that over the same period of
time the budget and staffing have undergone
significant reductions serious concerns are raised. if
only Aeronautics is considered, the reductions, as a
percent of 1990 levels, are much greater.
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Creative Design Demonstration Activity

A team of rescarchers at NASA lLangley Research
Center have recently completed a design  activity
focused on demonstraling new  work  practices and
changes to the present work environment which are
more conducive to a creative rescarch culture. The
design activity explored ways to introduce knowledge
and creativity into  the rescarch  and  design
environment at this Center, within the context of a
national product development activity. The following
discussion will briefly review the elements of this
activity. however specific details of the activity will
not be presented due to the sensitive nature of the
work. Note, a creative design requires inspiration,
creativity. and knowledge  to be  present. A
description of those aspects of this particular activity
are described below.

The inspiration for the subject activity was threefold:
1) to remind us of the power of the creative process.,
2) to cencourage change in the current  research
environment, and 3) the technical challenge did not
have an obvious solution. Without the  third
inspiration clement the activity would not  have
oceurred. In fact, the 1echnical challenge served as the
vehicle that carried the first two inspiration elements.

The technical challenge facing the creative design

team were:

- Improve performance a minimum of 20% in
several areas.

- Target design was a new product within the
detailed design/development phase.

- Team had a three month design window,

- Solution required the development of  new
science, technology. and concepts.

Toaddress this challenge, a creative destgn team was
formed that was composed of individuals with
appropriate levels of knowledge and skills and with a
strong desire to actively participate.  The first team
activity was to develop a set of team rules that were
clear, concise. unambiguous, and yet flexibie to allow
the team to focus on results and not a process. The
rules selected are listed below:

- Thisis a DESIGN ACTIVITY!

- Minimize/eliminate revicws

- Minimize/eliminate oversight

- Dedicated discussion space.

- Virtual work environment.

- Daily face-to-face design activity.

- Use "Creative Team” model.

- Enforce the "Sunshine Policy™”

5
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Each of the listed rules contributed equally 1o the
success of the team. and all are self descriptive with
the exceptions of "Creative Team" and "Sunshine
Policy" which are described below.

In this case a "Creative Team” is defined as
group of individuals with a shared
inspiration directed towards a difficult
challenge. who work in a shared
environment governed by tacit and explicit
knowledge based criteria as well as the rules
listed above. A more detailed discussion of
this concept will be presented later in the

paper.
The "Sunshine Policy” requires  that  all
work. decisions, results,  communications,

ete. be open and available in real time to all
team members.

The team achieved success  in all aspects of their
work. The team operated for a 3 month penod
utilizing less than 2 work years of effort and satisfied
all wechnical objectives within the resources allocated.
All of the expectations of both the People Managing
Work  (PMWs) at NASA LaRC as well as the
customer were exceeded by the team.  In addition, the
tcam was able to deliver new science. technologices.
concepts.  and  innovations  to  the  aerospace
community.

As a result of this demonstration activity, several best
practices have been identified that should help other
creative design activities.  These best practices are
listed below:

- Pcople Doing Work (PDWs) must lcad

- PDWs must want to actively and enthusiastically
participate

- Use the "Creative Team" model

- Enforce the "Sunshine Policy”

- Eliminate external (management) reviews during
the design period

- Detailed project plans not required for success

- Management (PMW) function is to provide all
necessary resources

- Use Clear, Concise. Consistent, and Challenging
(CYy goals

American Institute of Aeronautics and Astronautics



Creative Teams

Perhaps the most difficult issue faced by the team was
the creation of the optimum work environment. In
pursuit of this matter the activity considered a variety
of models as depicted in figure 11. The figure show
three types of possible teams; Bureaucratic,
Hicrarchical. and Creative. The Bureaucratic team is
formed by the organization and exists as an element
of the organization. This team is recognized as being
in competition with other eclements of the
organization and must operate  within  the
organizational policies and culture. The Hicrarchical
tcam is formed by the participating elements of the
organization to perform a task of mutual benefit.
This tcam is supported as long as it is recognized as
adding value to the individual elements of the
organization. Those who have a shared inspiration
and arc committed to achieving success form the
Creative team. The Creative tcam operates within the
organization cnvironment; however, the  Creative
tcam is not one that is typically supported by an
organization. The characteristics of a Creative team
are increased communications, productivity, and
reduced complexity and cost compared to the other
two lecams. A more detailed description of the
"Creative Team" model is presented in figure 12.

The ability to create the preferred  environment
requires the recognition that knowledge is the most
valued commodity and that creativity and innovation
are critical. If these three characteristics arc present
then a team can achieve success.

CREATIVE POTENTIAL MODEL

The success of the creative design team activity gave
rise 10 a desire by the authors to communicate this
experience in a straightforward and managed approach.
The hope is that through this effort the scientific and
creative  research  and  technology  development
community will benefit.

A review of the literature on creativity and teaming
shows many studies have been conducted on teaming
and creativity and that simplistic models have been
created™™.  However there was not a model
specifically directed towards research organizations or
a model that provided an explicit representation of
creativity. It became apparent that the community
may benefit from such a model if it were shown to be
a useful representation. As a result, the concept of
creative potential was formulated and assessed with a
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survey of a small portion of the aeronautics research
staff at NASA Langley Research Center. A summary
of these results are presented below.

In order to mature the creative potential concept, a
hypothesis was developed and modeled.  Data were
obtained to evaluate the hypothesis that was then
updated and revised. The hypothesis is as follows:

The hypothesis:

- All people have the potential 10 be creative

- A person's creative potential can be both nurtured
and destroyed by the environment and the type of
work.

- The creative potential of a research scientist or
engineer in their ficld of study is primarily a
function of an individual's knowledge.

- The knowledge of an individual in a topic arca is
a function of the number of measurable
contributions in the topic arca and the number of
significant activities exccuted by that person.

- Anorganization's creative potential is a function
of the creative potential of the people in the
organization, the work environment. and the ratio
of people managing work (PMWs) 1o people
doing work (PDWs).

- Aperson's creative  contribution is a function of
their own creative potential and the willingness
of the organization to recognize and facilitate the
use of their creative output.

- An organization's creative contribution is a
function of the organizations creative  potential
and the willingness of the organization to aceept
failure.

The above hypothesis was formulated into a variety
of sub-parameters, which were then rolled vp into the
four primary parameters; Personal Creative Potential
(PCP). Organizational Creative Potential  (OCP).
Personal  Creative  Contribution  (PCC),  and
Organizational Creative Contribution (OCC).

PCP reflects the creative potential of a single PDW
and is defined as a function of a PDW's background
and experiences (knowledge) and work environment as
derived from the responses in tables 2 and 3.
respectively.  The PCP term is formulated to vary
between 0.0 and 1.0.

The OCP term represent an organizations creative
potential and as such is defined by the average PCP
of the organization's PDWs, the ratio of PMWs 1o
PDWs, and the organization's work environmeni.
The information for this parameter is contained in
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tables 2. 3, and 4. The OCP term is formulated to
vary between 0.0 and 1.0.

PCC represent the ability of a person to utilize their
PCP and produce creative products. The PCC term is
primarily a function of PCP and OCP and as such is
based upon the data contained in tables 2. 3, and 4.
The PCC term is formulated to vary between 0.0 and
1.0.

Finally, OCC is a function OCP and the
organization's acceptance of risk.  The organization's
acceptance of risk is based upon the information
contained in table 5. The OCC 1erm is formulated o
vary between 0.0 and 1.0.

For cach of these primary parameters a creativity
threshold or target value was identified which defines
the probability that a creative design output will
result from the work effort. A preliminary analysis of
the primary parameters determined that the creativity
threshold values would be 0.75 for PCP and OCP.
and 0.50 for PCC and OCC. The threshold values for
PCP and OCP reflect an overall objective of an
organization that embraces creativity and that the
majority ol the staff should be performing creative
work: thus a potential value (i.e.. PCP and OCP)
should be much greater than .50.  The threshold
values for PCC and OCC reflect the fact that they are
a product of OCP and PCP. and thus should be set at
a value approximately equal to the product of the
threshold values for PCP and OCP (.., 0.75 X
0.75).

To evaluate the model. data were obtained through a

survey of the aeronautics PDW staff at NASA
Langley Research Center (LaRC). The survey

distributed  between  four
categories as documented in table [. The four survey
areas  were:  work  elements,  background  and
experiences. team  experiences, and  organizational
experiences.

contained 48 questions

The survey was distributed to 50 PDWs who work in
aeronautics at NASA LaRC. The individuals that

participated in  the survey represent the  broad
spectrum of acronautics work at this Center.  Included
in the 50 PDWs surveved were the [0 PDWs

involved in the creative design team activity discussed
previously.  For the following discussion responses
from the creative design team PDWs will be referred
to as CDI' PDWs and the acronautics PDW
responses, which include the CDT PDWs, will be
referred 10 as LaRC PDWs.  The survey sample

7
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represenied a little over 14% of the aeronautics PDW
staff at this Center. A total of 34 surveys were
returned for analysis of which 8 were from CDT
PDWs. A copy of the survey and statistical
information of the responses are presented in tables 2.
3. 4. and 5 for both the LaRC PDWs and the CDT
PDWs, Table 2 contains information related to the
background and experiences of the respondents (6 of
the 48 questions). tables 3. 4, and 5 contain
information on the remaining 42 guestions. and table
6 contains information on the four computed primary
parameters (i.c., PCP. OCP, PCC. and OCC).

Analysis of the survey results was performed for both
the LaRC PDW responses and the CDT  PDW
responses in order to show the influence of work style
and work environment on  the creative  potential
model.  All of the results are presented in figures 13
through 18.

As mentioned previously. PCP is a function of a
person’s  knowledge and work  environment.  see
figures 13 and 14 respectively.  For this activity. a
person's knowledge is measured by the tangible and
measurable work products as a function of ycars in
rescarch.  As shown in figure 13, the knowledge
clements  were:  invention technical
reports, experimental studies. computational studies.
and design studies. Results for both the LaRC PDWs
and the subset of CDT PDWs are presented for
comparison. Overall, the CDT PDWSs produced more
knowledge products than the LaRC PDWs for a given
number of  years of  work experience.

disclosures,

Presented in figure 14 are results obtained for the
work environment of a PDW.  As was done in figure
13. results are shown for both the LaRC PDWs and
the subset of CDT PDWs.  The survey questions
addressing work environment were in a matrix format,
in which respondents were asked to distribute their
time spent performing creative work, non creative
work, creative thinking. learning. lost time mistakes.
and overhead for their usual work, team work. and
their view of the ideal work environment.  Note, the
responses obtained for team work from the CDT
PDWs was with respect 1o the creative design team
while the results obtained from the 1LaRC PDWs was
to represent their typical team cexperiences. An
overview of the results show that the subset of CDT
PDWs spend more time doing creative work and
creative thinking and less time doing non-creative
work, learning. lost time mistakes. and overhead.
compared to the overall group of LaRC PDWs. This
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indicates that the CDT PDWs have been able to
fashion a work environment that is more conducive 1o
creativity despite being in the same organization as
the other PDWs surveyed. A comparison of the
1.aRC PDWs and CDT PDWs change in percent time
between the team results and the ideal results show
smaller increments for the CDT PDWs, indicating
that the creative team expericnce more  closely
matched their preferred work environment.

A comparison (PCP values for the usual, tcam, and
ideal work experiences) of the LaRC PDW and CDT
PDW is shown in figure 15. These results show that
the LaRC PDW values never achieve the threshold
value of 0.73, even for the ideal case. The results for
the CDT PDWSs show that the threshold  value was
reached for both the (am and ideal work
environments. The failure of cither of the usual work
environment results to achieve the threshold value is
likely due to the large amounts of overhead and non-
creative work loads for all PDWs surveyed.

The OCP results are shown in figure 16,  These
results arc presented in the same format as that for
PCP above. Recall that OCP is a function of the
PCP value. ratio of PMWs to PDWs, and the
organization's imposed work environment.  The
formulation of this parameter allows for OCP to
exceed PCP: however, that did not occur for these
results.  An analysis of this parameter for the usual
organizational work environment showed that due to
the large PMW to PDW ratio of 0.4 (extracted from
NASA LaR(C 2000 phonebook. | PMW for every 2.5
PDWs), the OCP value was consistently lower than
the PCP value. For the tcam values, the PMW 10
PDW ratio was set to 0.10 (anecdotal evidence from
survey showed that a traditional team consisted of 10
rescarchers with one lead). For the ideal case. the
ratio was set to 0.0025 (in order to minimize the
impact of the PMW to PDW ratio, we needed to
minimize the ratio, so 1 PMW (0 400 PDWs was
chosen). A review of the OCP data shows similar
trends as that seen for PCP but at a slightly reduced
level. Note that only the ideal CDT PDW results
achicve the threshold value for creativity.

The next two parameters, PCC and OCC. arc used to
measure the ability of a creative output o contribute
to knowledge growth or technology development.
Note. the PCC and OCC values are both a function
of OCP and cither PCP or organizational risk,
respectively and as a result the creativity threshold
values for both the PCC and OCC parameters is set
at 0.50. These threshold values reflect the
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constraining nature of an organization on creativity.
As defined, an organization is the executive structure
of a business. Creativity requires knowledge and the
ability to use that knowledge with emotions to
achieve an end goal. Based on these definitions. it is
clear that an organization benefits from creativity,
however, creativity does not need an organization to
flourish.

A review of both the PCC results, see figure 17. and
the OCC results, see figure 18, show results similar
to those seen for PCP and OCP. In general the CDT
PDW results arc higher than the LaRC PDW results
and all show an increasing level moving from the
usual work environment to  the team  work
environment  and  finally to the ideal work
environment.  Note that none of the OCC results
achieve the threshold value due to the perceived
inability of the organization to accept any significant
risk as noted in the survey responses.

The survey results obtained support the creativity
potential model proposed. Based upon this ven
preliminary analysis. it may be concluded that the
creative potential model may be a uwseful tool in
assessing and developing creative work environments.
however, it is recognized that additional assessments
are needed to further refine this model.

FUTURE DIRECTIONS

Based upon the observations presented above, it is
apparent that for an organization that desires to
embrace creativily as an cssential element and core
value needs to provide the appropriate environment
for those clements to exist and flourish.  The focus
should be to create an environment that facilitates
creativity, and knowledge generation, and fosters
inspiration.  Creativity is an especially important
element for a research organization. It must also be
recognized that the realities of doing business in a
cost driven world dictate that the entire organization
can not he allowed to operate on creative principles.
But for the success of a research organization at least
a portion of the staff must have the freedom to pursue
creative solutions to problems and as a result not be
overly constrained by the institutional aspects of that
organization.

The first step is to implement the creative tecam
environment as described in figure 19. The creative
team environment challenges leaders to foster
inspiration in order 1o facilitate creative work directed

American Institute of Aeronautics and Astronautics



at a difficult challenge within a shared environment.
The creative team is characterized by unconstrained
knowledge based communications and knowledge
based decisions.  The creative team environment
does not replace the typical (structured) organization,
but clouds the typical organization to facilitatc a
creative environment (sce figure 20).

The creation of this environment requires the
optimization of management staffing ratio (PMW 1o
PDW ratio) as shown in figure 21 and the acceptance
of a knowledge growth model as shown in figure 22.
Both of these changes are required if success is (o be
achieved.

The creativity potential model is a function of the
PMW/PDW ratio. In order to assist the reader in
implementing a creative organization based upon the
model. the authors would like 10 propose the
following method.  To determine the PMW/PDW
ratio  for a  particular  engineering/scientific
organization, graph the organizations pereent of work.
based upon resources expended. against work type that
the organizations performs. see blue curve on figure
21. The percent work curve is a representation of the
distribution of work type within an organization.
Also presented in figure 21 is a representative curve
of the PMW/PDW ratio as a function of the work
type for scientific/enginecring organizations, sce rd
curve. The PMW/PDW ratio  curve reflects
representative PMW/PDW . values for organizations
with work that is characterized by the work type
listed. The PMW/PDW ratio data was obtained from
phonce conversations of scientific and engineering
organizations and laboratories. In the most simplistic
analysis the optimum PMW/PDW is determined by
the intersection of the % Work moment of inertia for
an organization and the PMW/PDW curve, as
depicted in the figure. The information presented
indicates that if a rescarch organization is tocused on
creativity it should minimize the PMW/PDW ratio.
If an organization were focused on  product
development/marketing, then it would typically have
a large PMW/PDW ratio.

The second critical activity is the implementation of a
knowledge growth mechanism for the organization.
Note that this model should be used by each
individual, team, organization element. as well as the
complete organization. A variation-selection model,
discussed in reference 36, that serves this purposce is
presented in figure 22, The model shows that there
are three critical elements in knowledge growth: (1)
introduction of variations, (2) consistent selection

9
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practices, and (3) preservation and propagation of the
variations.

The introduction of variations is the means in which
the seeds of a creative output are laid. The variation
inputs must have an unseen/unknown output if they
are 10 be of benefit. The concept of unknown output
is critical because a creative output is unknown until
it is manifested.  The sccond step is the use of
consistent selection practices that are not constrained
to rigid processes. but utilize both tacit as well as
explicit knowledge.  An example would be the
stopping point of a wing design. This is based upon:
how it looks, how it performs at the design point.
how it compares to previous work, and the projection
of its performance over the entire flight envelope. The
final step is preservation and propagation of the
variations in which the daa and information are
converted o knowledge. understanding. and judgement
through documentation and sharing mechanisms.

CONCLUDING REMARKS

Design is a greatly misunderstood and undervalued
practice within the cngincering community. It is
important to recognize that the design philosophy.
not the design process. defines the design space. The
design philosophy.  which is developed by  the
designer, must not be constrained by known rules.
constraints, or by computational tools. It must be
recognized that the ability to perform conceptual
design must not be contingent upon the ability to
obtain a computational solution. The efficiency and
accuracy of the conceptual design phase is directly
related to the knowledge used. and thus we must focus
on including cver-greater amounts of knowledge and
creativity into the conceptual design phase.

To address the need for improved design capability the
following recommendation are offered:

e Implement the creative team model to
facilitate  thc  development  of  design
knowledge. design  skills, and design

systems.

* Utilize the creative potential model as a
means to measure and change the design
environment,

¢ Recognize that design is a knowledge-driven
creative activity, nol a computational

Process.

American Institute of Aeronautics and Astronautics
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DEFINITIONS

Communications
Interchange of thoughts. opinions. or ideas

Complexity
Composed of confusing interrelated parts

Create
To bring something new into being.
Requires knowledge and inspiration.

Creative Design

To bring into being a new concept based upon a non-
obvious solution to a difficult problem.

Requires knowledge. inspiration, and a challenge.

Creative Team

Individuals with a shared Inspiration dirccted towards a
difficult Chaltenge who work in a shared environment
governed by tacit and explicit knowledge based
criteria.

Culture

Validated basic assumptions developed by a given
group and taught to new members as the correct way
to perceive, think, and feel.

Challenge

A difficult problem that arouse or stimulate creative
effort.
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Data
A group of facts or statistics that have not been
assigned meaning.

Design

A new concept. model, or artifact with desired
function, performance. or end.

Requires knowledge and a challenge.

Environment
Aggregate of all conditions and influences affecting an
individual or group.

Epistemology

The study or a theory of the nature and grounds of
knowledge especially with reference to its limits and
validity.

Excite
To increase the activity of a group or individual.

Honesty
Integrity and straightforwardness in ones conduct,
thought, and speech.

Honor
A fastidious allegiance of the standards of ones
profession

Information
Data that has been assigned meaning.

Innovation
The act of introducing something new.

Inspiration
The action or power of moving the intellect or
emotions to impart knowledge to achicve an end goal.

Judgment
The selection of a course of action. based on
knowledge and understanding.

Knowledge

The sum of what has been perceived and learned that
allows for the generation of new information from
new data.

Leadership
The art of influencing other people to achieve shared
goals.

Learn
To gain knowledge or understanding.

Management

The collective body who conduct, control, and direct
an interest.

‘cs and Astronaut’



Method
An orderly procedure followed to achieve an end.

Model
A simplified representation of a concept or system in
which all critical features are described.

Motivate
To provide an idea a need or to stimulate an emotion
to incite action.

Organization
The executive structure of a business.

Policies
General guidelines for making management
decisions.

Practice
The accepted application of knowledge within a
professional discipline to achieve an objective.

Principles
Simple and direct statements of basic beliefs.

Procedures
Instructions defined by management for performing a
sequence of actions.

Problem
A question proposed for solution.

Productivity
Effective in bringing forth originative and creative
action

100

or
% Available Design Input

i
(@]

% Influence on Design Output
S
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Process
A series of specific actions or operations producing a
known end state.

Research

Critical and exhaustive investigation aimed at
developing new understanding through the acquisition
of new knowledge.

Results
Something obtained by investigation.

Team
People who are committed to solving a shared
problem.

Technology
A capability given by the practical application of
knowledge.

Understanding
Identification of the significance for certain data,
information, and knowledge.

Values

Basic convictions that a specific mode of conduct or
end-state of existence is preferable to an opposite
mode of conduct or end-state existence.

Virtual Teams
Teams whose primarily means of interaction is
electronic.

Work
Exertion of faculties to accomplish something to
solve a problem.

e e
DESIGN INPUT
DESIGN OUTPUT
e ——

1
/ Detailed

Design

Aonceptual

Design

Figure 1. Design history model.
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Figure 2. Revised design history model.

A Creative Design is a new concept based upon a
nonobvious solution to a difficult problem.

A Creative Design requires knowledge, inspiration,
and a challenge.
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o
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Figure 3. Design space model for creative design.
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Figure 4. Data to design model.
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Figure 5. Data to knowledge transition model.
14

American Institute of Aeronautics and Astronautics



_ o AIAA-2001-1111
Tacit - implied but not expressed, subjective

Explicit - clearly developed meaning, objective

T0
TACIT EXPLICIT
TACIT Socialization Externalization
FROM
EXPLICIT Internalization Combination
Figure 6. Knowledge creation model.
C+/l+ Co/l+ C-l+
Known Known Unknown
Knowledge Knowledge Knowledge Knowledge
C+/lo ‘Coflo | Cifio Understanding
- Judgement
Known Probable . Probable
Knowledge Knowledge | Knowledge Inspiration
C+/l- Coll- C-/l-
- | Ppossible
Unknown Probable
Knowledge | Knowledge Knowledge
YES MAYBE NO
Critical (C) Criterion = Do results look convincing/valid C+ Co C-
Intuitive (1} Criterion = Do results look/feel right I+ lo -

Figure 7. Knowledge matrix.
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Inspiration Based
Judgement Based

Understanding Based

Knowledge Based

Traditional Design Space

Creative Design Practice

Traditional Design Process
| Define Specific Goal | efine Challenge
v
r Define Constraints J
v
I Define Tools I
!
|

r Select Tools and Constraints

I Develo

p “Hard Model” Design Process J

DESIGN+CYCLE
r Execute Hard Model ]
l T
r Review Output l
Y .
r Complete I Complete
Figure 9. Traditional design process and creative design practice models.
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TYPICAL LaRC BEFORE LaRC AFTER
MODEL 1990 1990
(—ﬁ
SCIENCE ’
Problem
4 @gineering Resear@ gggggﬁ%
’ TECHNOLOGICAL
DESIGN
Product

Development

ENGINEERING ' Product Design '

* Manufacturing Technology A
Marketing MARKETING \—
SERVICE '
Utilization
\/

Figure 10. technology development model.

Organization

Increasing Access to Knowledge
Environment

Increasing Control of Resources

Increasing Communications
(Sunshine Policy)

Increasing Productivity

Reducing Complexity

Bureaucratic
Team

Reducing Cost

Figure 11. Team types.
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Creative Team: Individuals with a shared /nspiration directed
towards a difficult Challenge who work in a shared environment

governed by the criteria listed below.

«  Only accept work with Clear, Concise, *  Minimize/Eliminate reviews.
Consistent, and Challenging (C4) goals. *  Minimize/Eliminate oversight.
«  Only Knowledge Based decisions. *  Minimize/Eliminate planning.

Organization
Environment

+  Sunshine Policy in effect. e All members want to actively

» Dedicated discussion/debate space. participate.

»  Virtual work/knowledge sharing o  All members perform
environment. technical work.

« Daily face-to-face design activity.
« All resources provided at start.

Figure 12. Creative team model.

50.00 ———
N (] LaRC
i B CDT
40.00 ‘
S
30.00 —- —
20.00
10.00
0.00
Years of Invention Papers Experimental Computational Design
Work Experience Disclosures Studies Studies Studies

Figure 13. Background and expereince survey results.
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Figure 14. Work elements survey results.
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Figure 14. Continued.
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Figure 15. Personal Creative Potential (PCP) survey results.
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Figure 16. Organizational Creative Potential (OCP) survey resulits.
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Figure 17. Personal Creative Contribution (PCC) survey results.
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Figure 18. Organizational Creative Contribution (OCC) survey results.
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Leaders foster Inspiration to facilitate Creative work directed
towards a difficult Challenge within in a shared environment
governed by the criteria listed below.

« Work with C4 goals. « Minimize/Eliminate program reviews.
« Knowledge Based decisions.  Minimize/Eliminate program planning.

Creative

Environment -

« Sunshine Policy in effect. « All members want to enthusiastically

e Dedicated discussion spaces. participate.

« Virtual knowledge sharing environment. < All members perform technical work.

» Honor resource promises. » All members contributions
documented.

Figure 19. Creative environment model.

Créaﬁive Ofganization

Figure 20. Creative organization model.
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Figure 21. Creative staffing optimization.
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Figure 22. Knowledge growth model.
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Data has been obtained in the following 4 categories using a

total of 48 questions.

e Work Elements:

« Background and Experiences:

« Team Experiences:

e Organizational Experiences:

(1) Type of Work
(Creatlve Non-Creative)
(2) Thinking
(3) Learning
(4) Overhead

)

) Years in Research

) Type of Products
Number of Products

)

) Goal Management

) Work Environment

) Member Contributions
) Decision Mechanisms
)
)
)
)
)

Goal Management
Work Environment
Acceptance of Risk
Decision Mechanisms
Recognition and Reward

Table 1. Survey structure.
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Please give some information about your background and experience by filling
out the sections below. Estimates are fine if exact numbers are not available.

Background and Experience Number

Years of work experience in research

Invention disclosures authored

Scientific/Engineering documents authored (NASA papers, conference
papers, journal articles, books, thesis/dissertation, white papers)

Experimental studies conducted (involving model prep, testing, data
acquisition, data reduction, data analysis)

Computational studies conducted (involving geometry modeling, surface
and volume grid generation, code runs, data analysis)

Design studies conducted (involving definition of design space,
development of model, analysis, selection of final design)

(a) original questionaire

LaRC CDT

[Years of Work Experience Average 20.24 16.57
St. Deviation 9.64 5.47

Minimum 2.00 8.00

Maximum 41.00 25.00

Invention Disclosures Average 4.65 12.00
St. Deviation 11.32 17.86

Minimum (.00 0.00

Maximum 40.00 40.00

Scientific/Engincering documents Average 37.18 43.00
authored. St. Deviation 23.60 23.13
Minimum 1.00 18.00

Maximum 90.00 80.00

Experimental  Studies  Conducted Average 18.00 14.86
St. Deviation 20.10 22.60

Minimum 0.00 0.00

Maximum 76.00 60.00

Computational  Studies  Conducted Average 18. 15 31.43
St. Deviation 23.17 31.72

Minimum (.00 10.00

Maximum 100,00 100.00

Destgn  Studies  Conducted Average 4.21 7.00
St. Deviauion 6.35 7.72

Minimum (.00 (1.00

Maximum 30.00 22.00

(b) responses

Table 2. Statistical information on the background and experiences of individual survey respondents.
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In this section of the survey, please estimate the percentage of time you spend
doing each of the work elements listed below. Make this estimation for your
normal work routine, for work spent during the selected team activity, and for
your ideal mix.

Percent of time Spent

During During Your
Work Elements Usual Team Ideal
Work Activity Mix

Creative Work
Bring into being something new:
knowledge, data, concepts, or ideas.

Non-Creative Work
Work that does not create something
new.

Creative Thinking
To exercise the powers of judgement,
conception, and inference

Learning
To gain knowledge or understanding

Lost Time Mistakes
Repeating work.

Overhead
Management and organizational tasks,
paperwork, or activities.

Total (should add up to 100)

(a) original questionaire

LaRC CDr

{'sual Team Ideal Usual Team Ideal

Creative Work, % work effort Average 2318 24.76 39.22 33.57 53.57 35.00
(Bring into being something new: St Deviation 18.26 19.48 17.51 19.52 14.92 18 03
knowledge, data, concepls. or \finimum 0.00 3.00 15.00 20.00 4. 00 30.00
ideas) Maximum 75.00 75.00 80.00 75.00 75.00 80.00
Non-Crealive  Work, ‘% work effort Average 2379 22.91 11.32 17.86 6,43 5.00
(Work that does not create St Deviation 16 91 17.33 10.02 10.75 3.78 764
somcthing  new ) Minimum 000 .00 .00 0.00 a.N0 0.00
Maximum 70.00 60.00 30.00 3500 10,00 2000

Creative  Thinking, & work effort Average 1091 12.26 20 89 14.29 1571 18.86
(To exercise the powers  of St.__Devialion 6H.06 7.95 776 4.50 8 86 S84
judgement,  conception,  and Alinimum 0.00 0.00 0.00 10.00 3.00 10,00
inference ) Maximum 25.00 30.00 40.00 20.00 25.00 25.00
Learning, ‘% work effort Average 12.53 14.03 2092 10.00 12.86 7.57
(To gain knowledge or St Devialion R 53 12.50 8.11 1.89 3.88 513
understanding. ) Minimum 300 0.00 1000 500 3.00 10.00
\faximum 30.00 50.00 50.00 135,00 20.00 25,00

Lost Time Mistakes, % work effort Average 712 876 2.653 6.43 714 0.71
(Repeating  work.) St Deviation 703 7.28 5.80 5.56 5.67 1.89
Minimum 0.00 0.00 0.00 0.00 5.00 0.00

Maximum 40.00 4000 30.00 15.00 20,00 5,00

Overhead, % work effort Average 20.47 17.26 3.00 17.86 4.29 2.86
(Management  and organizational St Deviation 12,62 12.65 5.64 8.59 1.89 393
tasks, paperwork. or activities.) Minimum .00 0.00 0.00 5.00 0.00 (3. 00
Maximum 60.00 60.00 25.00 30.00 5.00 10.00

(b) responses

Table 3. Statistical information on the Work Element survey.
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These criteria will be used to evaluate your organization's environment and creative
potential. Please rate the criteria on a scale of 1 through 10, where 10 indicates "strongly
agree" and | indicates "strongly disagree". In each case. consider the criteria in the
context of your work and personal experience within your organization.

CREATIVE CRITERIA

Rank 1 -10
10 = STRONGLY AGREE
1 = STRONGLY DISAGREE

Resources available at start of research activities (CC1)

Intellectual freedom to solve problems (CC2)

Open communications (CC3)

Only people doing work (PDW) involved, not managers (CC4)

Autonomous work environment (CC3)

Knowledge driven decisions (CC6)

Simple operation requirements (CC7)

Simple organization requirements (CC8)

Goals that are concise, consistent, clear, challenging (CC9)

Passionate about work (CC10)

Flexible work approach (CC11)

Individual and team recognition (CC12)

Open to fatlure as well as success (CC13)

(a) original questionaire

Table 4. Statistical information on the creative criteria survey questions.
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Creative  Criteria LaRC CDT

Resources  avaialable  at start of Average 5.50 5.29
rescarch — activity . St Deviation 2.48 3.40
Minimum 1.00 1.00

Maximum 10.00 10.00

Intellectual  freedom  to solve Average 7.79 7.43
problem. St. Deviation 2.01 1.90
Minimum 2.00 5.00

Maximum 10.00 10.00

Open communications. Average 6.97 6.86
St. Deviation 2.35 2.79

Minimum 1.00 1.00

Maximum 10.00 10.00

Only PDW's involved. not PMW's, Average 5.71 6.29
St. Deviation 2.39 2.63

Minimum 1.00 1.00

Maximum 10.00 8.00

Autonomous  work environment. Average 7.38 8.86
St. Deviation 2.41 1.07

Mintmum 1.00 7.00

Maximum 10.00 10.00

Knowledge drioven decisions. Average 6.32 7.71
St. Deviation 2.18 1.60

Minimum 2.00 5.00

Maximum 10.00 10.00

Simple operation  requirements. Average 5.44 7.14
St. Deviation 2.29 1.77

Minimum .00 5.00

Maximum 10.00 10.00

Simple organization  requirements. Average 5.09 6.86
St. Deviation 2.39 1.77

Minimum 1.00 5.00

Maximum 10.00 10.00

Concise, consistent,  clear | and Average 5.76 6.00
challenging goals. St. Deviation 2.15 2.52
Minimum 1.00 1.00

Maximum 10.00 9.00

Passionate  about  work. Average 7.15 8.00
St. Deviation 2.39 2.52

Minimum 1.00 3.00

Maximum 10.00 10.00

Flexible work appraoch. Average 7.32 8.00
St. Deviation 2.69 3.21

Minimum .00 1.00

Maximum 10.00 10.00

Individual and team recognition. Average 6.47 6.29
St. Deviation 2.42 2.75

Minimum 1.00 .00

Maximum 10.00 9.00

Open to fialure as well as Average 5.47 6.86
SUCCESS. St Deviation 2.31 2.85
Minimum 1.00 1.00

Maximum 10.00 10.00

(b) responses

Table 4. Concluded.
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These criteria will be used to evaluate a selected team experience you have participated in
during the last 5 years. Please rate the criteria on a scale of 1 through 10, where 10 indicates
"strongly agree” and | indicates "strongly disagree”.

Team (optional):

Rank1-10

TEAM EXPERIENCE (TE) 10 = STRONGLY AGREE
1 = STRONGLY DISAGREE

Team goal is understood (TE1)

Team goal is do-able (TE2)

Team goal does not change (TE3)

Team members contribute equally (TE4)

Team members have opportunity for equal input (TES)

Decisions are knowledge based (TE6)

Participation on the team is voluntary (TE7)

Team members decide their individual work load (TE8)

All information is shared continually (TE9)

The team is autonomous (TE10)

Team operations and structure are simple (TE11)

(a) original questionaire

Table 5. Statistical information on the team experience survey questions.
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Team Experience LaRC CDT

Team goal is understood. Average 8.06 9.86
St. Deviation 2.17 0.38

Minimum 2.00 9.00

Maximum 10.00 10.00

Team goal is do-able. Average 7.32 7.14
St. Deviation 2.23 2.19

Minimum 2.00 5.00

Maximum 10.00 10.00

Team goal does not change. Average 7.24 9.00
St. DPeviation 2.72 1.29

Minimum 1.00 7.00

Maximum 10.00 10.00

Team members contribute Average 6.26 6.43
cqually . St. Deviation 2.09 2.44
Minimum 3.00 3.00

Maximum 10.00 9.00

Team members  have opportunity Average 7.85 9.86
for cqual input. St. Deviation 2.27 0.38
Minimum 2.00 9.00

Maximum 10.00 10.00

Decisions  arc knowledge  based. Average 7.41 9.43
St. Deviation 2.43 0.79

Minimum 2.00 8.00

Maximum 10.00 10.00

Participation  on the team is Average 6.50 7.71
voluntary . St. Deviation 2.98 2.75
Minimum .00 3.00

Maximum 10.00 10.00

Team members decide their Avcrage 7.32 9.29
individual work loads. St. Deviation 2.64 0.76
Minimum 1.00 8.00

Maximum 10.00 10.00

All information is shared continually . Average 6.91 9.43
St. Deviation 2.64 0.79

Minimum 1.00 8.00

Maximum 10.00 10.00

The team is autonomous. Average 6.91 9.00
St. Deviation 2.81 0.82

Minimum 1.00 8.00

Maximum 10.00 10.00

Team operations and structure Average 6.76 9.00
are simple. St. Deviation 2.92 0.82
Minimum 1.00 8.00

Maximum 10.00 10.00

(b) responses
Table 5. Concluded.
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