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ABSTRACT
AN INVESTIGATION OF GENERAL CRITERIA FOR ASSESSING SPACE
FLIGHT SYSTEMS OF DIVERSE MISSION CONCEPT DESIGNS
Cindy L. Daniels

Old Dominion University 2019
Director: Dr. Resit Unal

The purpose of this research is to investigate the general criteria for assessing the
technical implementation risk factors of proposed space science missions at the mission
concept stage. According to the National Aeronautics and Space Administration (NASA)
Space Flight Program and Project Management Handbook (NASA, 2012), the mission
concept review objectives are “To evaluate the feasibility of the proposed mission
concept(s) and its fulfillment of the program's needs and objectives. To determine
whether the maturity of the concept and associated planning are sufficient to begin Phase
A” (p.33). Experts previously defined two technical risk factors, to assess aspects of the
space flight systems and mission design and operations of proposed mission concepts.
Criteria were developed to address these two technical risk factors, which are comprised
of 23 criteria. The space flight systems factor was assumed to be addressed by 16
criteria, while seven criteria were assumed to address the mission design and operations
factor.

The criteria were developed by experts approximately 20 years ago, and no research has
previously been conducted to determine whether all 23 of the evaluation criteria are
necessary for assessing the implementation risk of proposed space flight systems and
mission design and operations for proposed mission concepts. NASA uses these 23

criteria to conduct expert peer reviews to assess the implementation risk of over 500



unique space science mission concept proposals. An expert peer review process is used
because the proposed concepts lack the detailed design information necessary for a
quantifiable assessment of risk. The result of the expert peer review of each proposal is a
set of ratings with a paragraph explaining the rationale for each rating, based on the 23
criteria.

This research used 356 records from past assessments of proposed mission
concepts that have been assessed using a five-level qualitative rating scale. A research
approach which utilizes exploratory factor analysis and past records to analyze the ratings
of the 23 criteria was used. Factor analysis was used to determine if the current factor
structure was valid, whether all criteria had substantial loadings on the current factor, and
whether all current criteria were necessary. Factor analysis was also used to determine if
any of the criteria measured the same construct. This research used a discriminatory
power scale to code criteria scores for factor analysis and to identify the criteria of
significance to decision makers. This research identified criteria that could be eliminated
or could be combined with other criteria. A result of this research is a reduced set of
criteria for assessing space flight systems and for mission design and operations that can
be accomplished by an expert peer review panel for a diverse set of space mission
concepts. A refined set of criteria could result in a less expensive and quicker evaluation
process. This can enable decision makers on early assessments of space flight systems to
make decisions more efficiently by allowing them to focus only on the most important
criteria. This refined set of criteria contributes to the literature on the qualitative risk
assessment of space flight systems and mission design and operations. This research is
supported by the existing body of literature in using factor analysis to refine a

measurement instrument. Using factor analysis to evaluate criteria for spaceflight



systems contributes another application of the use of factor analysis, beyond its historical
use in psychology, education, and healthcare (Williams, Onsman, & Brown, 2010). This
research provides a method that engineering managers can use to analyze and to refine a

qualitative measurement instrument for assessment by a group of experts. This method

could be useful in assessments that require a broad scope of required expertise.
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CHAPTER 1

INTRODUCTION

Background

This research investigated the current general criteria for assessing the technical
implementation risk factors of proposed space science missions at the mission concept
stage. The National Aeronautics and Space Administration (NASA) conducts expert peer
reviews of proposed space science missions at this stage. According to the NASA Space
Flight Program and Project Management Handbook (2012), the mission concept review
objectives are “To evaluate the feasibility of the proposed mission concept(s) and its
fulfillment of the program's needs and objectives. To determine whether the maturity of
the concept and associated planning are sufficient to begin Phase A” (p. 33). The mission
concept proposals, reviewed with an expert peer review process, include earth observing
missions, planetary science missions, heliophysics missions, and astrophysics missions.
The mission concepts received for each proposal evaluation are defined by the space
science discipline and by a cost cap specified for each separate program competition.
NASA has defined programs that have specific space science goals that are competed on
a regular basis. The competed programs for space science mission concepts include the
New Frontiers program, the Discovery program, the Mars program, the Explorers
program, and the Earth Venture program. The New Frontiers, Discovery, and Mars
programs are space science planetary missions. The Explorers program includes
astrophysics and heliophysics space science missions. The Earth Venture program

includes earth science missions. The scope of these competitions is limited by a specified



cost cap which varies by program. A summary of programs, science disciplines, and cost
caps is provided in Appendix D.

NASA solicits mission proposals for space science missions via a public
Announcement of Opportunity (AO). Proposals submitted in response to a NASA AO
must be developed at the proposer’s expense. Proposals to an AO are considered to be in
the concept development stage (NASA, 2012). An expert peer review process is used
because the proposed concepts lack the detailed design information to enable a
quantifiable assessment of risk.

NASA uses an expert peer review process to assess the technical implementation risk
of all space science mission concept proposals received in response to an AO. The expert
peer review assesses each proposed mission concept against a standard set of criteria for
technical implementation risk. The result of each expert peer review of a mission
concept proposal is a set of ratings and text based on standard evaluation criteria. The
rating is accompanied by a paragraph providing the rationale for the rating. The NASA
standard AO template (NASA, 2014a) defines five factors that comprise the “Technical,
Management, and Cost (TMC) Feasibility of the Proposed Mission Implementation,
Including Cost Risk™ (p. 61-63 ). The full text of the five TMC factors is shown in
Appendix A. A review panel of engineers with relevant experience assesses these five
factors. This panel will be referred to in the remainder of this paper as “the expert peer
panel.” A separate science peer panel uses a different standard set of factors and
evaluation criteria to evaluate the science merit and science implementation merit of the
proposed mission concept. The ratings of the criteria of both review panels are
considered by the selecting official when making selections for further maturation of the

mission concept. The process of assessing proposals in response to an AO is referred to
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as “a step one evaluation.” The selection official usually selects several mission concepts
for a phase A study, which is also referred to as “step two.” NASA funds the proposal
team of each selected mission concept to conduct a phase A study to further develop the
mission concept. At the end of the phase A study, NASA uses an expanded set of
evaluation criteria to assess each phase A study before making a final selection of one or
more missions that will proceed to development and flight.

This research focuses on two factors and on the associated evaluation criteria used by
the expert peer panel to assess the unfunded mission concept proposals in step one. Over
the last 20 years, a standard set of factors and associated evaluation criteria has been used
by expert peer panels to evaluate mission concepts. These expert peer panels have
evaluated each mission concept against 23 criteria which were intended to measure two
of the five technical implementation factors. This research is limited to the two technical
implementation factors that address the flight systems and the mission design. The
NASA standard AO defines the two factors as the following (NASA, 2014a): “C-2.
Adequacy and robustness of the mission design and plan for mission operations ... C-3.
Adequacy and robustness of the flight systems” (p. 61). Factor C-2 will be referred to as
mission design for the remainder of this paper. Factor C-3 will be referred to as flight
systems for the remainder of this paper. The criterion number and the definition for each
criterion are shown in Appendix B. Seven criteria are defined to measure aspects of the
mission design factor, and 16 criteria are defined to measure aspects of the flight systems
factor. This research is limited to the 23 criteria that are assumed to address the flight
systems and the mission design factors. Figure 1, below, shows a summary of the flight

systems and mission design evaluation factors and their associated evaluation criteria.
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Figure 1: Flight Systems and Mission Design Criteria

Evaluation Criteria for Flight Systems
and Mission Design of Space Science
Mission Concepts

l
[ 1
2
C-3 L C2
Flight Systems Mission DC.Slgl'l
i and Operations

—  Criteria | —  Criteria |
—  Criteria 2 —  Criteria 2
—  Criterian —  Criterian
—  Criteria 16 |  Criteria 7

Problem Statement

NASA currently utilizes two separate evaluation factors to evaluate flight systems
and mission design of space science mission concepts. There is a total of 23 criteria that
are currently assumed to measure these two factors, but no study, prior to this research,
had been carried out to determine if all of the 23 criteria currently employed by the expert
peer panels are necessary to assess the flight systems and mission design factors. The

current two factor structure assumes that 16 criteria are necessary to assess the flight



system factor and that seven criteria are necessary to assess mission design factor. This
research explored the 23 criteria and the relationship to the factor that they are intended
to assess, in order to determine the validity of the current factor structure.

Each of the 23 evaluation criteria are rated on a five-level scale by the expert peer
review. Due to the large number of criteria, it is an expensive and time-consuming
process to staff an expert peer review panel, a panel with sufficient expertise to cover all
of the criteria and to conduct a review of each criterion for each mission concept
proposal. The large number of criteria creates a barrier to proposers, due to the large
amount of information that must be prepared, in order to address all 23 criteria. This
research used exploratory factor analysis to test the validity of the current factor structure.
A discriminatory power scale was used to code the data and rank the criteria for the
analysis. Exploratory factor analysis was conducted on the full data set and on subsets,
using criteria with high and very high discriminatory power.

The Delimitations

This study was limited to analyzing the 23 evaluation criteria that are used to
assess the factors of flight systems and mission design as defined in the NASA
Announcement of Opportunity Standard PI-led Mission AO (NASA, 2014a). These two
factors and their associated criteria are listed in Appendix B. AOs may have additional
criteria above the standard 23 criteria for flight systems and mission design. However,
this research is limited to the standard 23 criteria.

Significance of Problem

The number of criteria used to evaluate proposed mission concepts determines the

time and the cost for proposers to prepare a proposal and for expert review panels to

evaluate proposals for space science mission concepts. Proposers make significant



investments in time and money to develop proposals that address the 23 criteria for flight
systems and mission design. Consequently, the proposing community has asked NASA
to simplify and to reduce the information that they must provide for a mission concept
proposal. NASA’s time and cost to conduct an expert peer panel review of space science
mission concepts is driven by the number of criteria and the number of mission concept
proposals reviewed. Reducing the time that it takes for an expert peer review panel to
evaluate proposals could reduce the length of time from proposal submission to selection.
Reducing the time from proposal submission to selection could provide more time for the
development of the spaceflight systems. NASA has excess launch capabilities on the
launch vehicle for an already selected primary space science mission. The excess launch
capability could be utilized by a secondary payload, if it can launch when the primary
mission is ready. An example of this is the NASA Small Innovative Mission for
Planetary Exploration (SIMPLEx) Announcement of Opportunity (NASA, 2018) that
solicits small complete missions to fly on an already selected primary spacecraft mission.
The selection of a secondary payload to launch with a primary mission requires that the
secondary mission must meet the launch date of the primary mission. Reducing the time
from proposal submission to selection will provide more development time for the
secondary payload to meet the primary mission launch date.

Each of the criteria must be addressed in each proposed mission concept and
represents a design constraint to the mission concept proposal. If the research results in a
reduction in the number of criteria, the constraints on the mission concept are reduced.
From a system engineering perspective, a reduction in the number of criteria to only
those necessary would reduce over-constraining a mission concept design at this very

early stage of design.



The time and cost to develop a space flight proposal at the mission concept stage
also acts as a barrier to potential proposers. If the cost to propose a mission is reduced,
more organizations may submit proposals, and organizations that already participate may
decide to submit multiple proposals. More proposals will increase the number of new
space science investigation ideas, which represent an additional choice to NASA for

selecting the best scientific investigation(s).



CHAPTER 2

LITERATURE REVIEW

The literature review will address topics relevant to this research, among them
space flight mission concept design criteria, qualitative and quantitative risk assessment
based on individual and group expert judgment, expert judgement processes for
individual and groups, decision making under uncertainty, and exploratory factory
analysis applications.

Griffin and French (2004) described the process for defining design criteria for a
space flight mission: “The basic goals and constraints of a given space mission will
generally be defined by the user or customer for the resulting system. Such goals will
usually be expressed in terms of the target and activity” (p. 7). An example of a target
and activity provided by Griffin and French (2004) is “Deploy a spacecraft in a
geosynchronous communication satellite capable of carrying 24 transponders" (p. 7).
Pisacane (2005) states “The pre-phase A- advanced studies - product is a set of mission
goals and one or more concepts that can satisfy the goals” (p. 11-12). Once a space flight
mission is specified, in terms of the destination of the spacecraft and the activity to be
conducted, the system engineering process proceeds to specify design criteria for
spacecraft flight systems. Griffin and French (2004) state “the type of mission to be
flown and the performance requirements that are imposed define the spacecraft design
that results” (p. 17).

The NASA competed missions covered under this research do not define a
specific space science mission with one target destination and specified instruments for

scientific measurements. A NASA space science mission AO only defines a general area



of space science, a cost cap for the selected mission, a start date for spacecraft
development, a launch date, and an end of mission date. For example, the NASA
Discovery 2014 Announcement of Opportunity (NASA, 2014b) states “The NASA
Science Mission Directorate (SMD) is addressing this strategic goal through Strategic
Objective 1.5: Ascertain the content, origin, and evolution of the solar system and the
potential for life elsewhere ... Investigations may target any body in the Solar System
except for the Earth and Sun, in order to advance the objectives ... ” (p. 2-3). The NASA
Discovery 2010 Announcement of Opportunity (NASA 2010) also states “Investigations
may target any body in the Solar System, including Mars and Earth‘s Moon” (p. 3). The
NASA New Frontiers 2009 Announcement of Opportunity (NASA, 2009) provides
guidance, as follows, to proposers: “Proposals shall describe a science investigation that
addresses a preponderance of the science objectives for one out of any of the eight
mission concepts” (p. 4). The competed mission programs considered under this research
also include the Explorers program and the Earth Venture program, which allow a broad
scope of missions to be proposed by only limiting the mission to a specified space
science discipline. For instance, the NASA Astrophysics Explorer Program 2016
MIDEX Announcement of Opportunity (NASA, 2016a) states “The goal of NASA’s
Explorers Program is to provide frequent flight opportunities for high quality, high value,
focused astrophysics science investigations that can be accomplished under a not-to-
exceed cost cap and that can be developed relatively quickly, generally in 36 months or
less, and executed on-orbit in less than three years® (p. 3).

The NASA Earth Venture Mission 2 (EVM 2) Announcement of Opportunity
(NASA, 2015b) also references broad goals as opposed to a specific target. The NASA

strategic plan (NASA, 2014c) states that NASA strategic goal 2 is to “Advance



understanding of Earth and develop technologies to improve the quality of life on our
home planet" (p. 25). The NASA Earth Venture Mission 2 (EVM 2) Announcement of
Opportunity (2015b) references NASA strategic goal 2 and states “The NASA Science
Mission Directorate (SMD) is addressing this strategic goal by pursuing the Earth
Science Goals” (p. 1-2).

Since the NASA Announcements of Opportunity to request proposals for space
science investigations do not specify one target and an activity of the mission, a diverse
set of mission concepts to be evaluated are received. NASA has developed flight systems
and mission design evaluation criteria that are not specific to a target and activity. The
NASA flight systems and mission design evaluation criteria are defined in the NASA
Standard AO for PI-Led Missions (NASA, 2014a); these are shown in Appendix A in
paragraph form and in Appendix B in a list by criteria number. The criteria for both
factors have been defined by experts in those areas. The flight system factor is addressed
by a set of 16 criteria and the mission design factor is addressed by a set of seven criteria.
These 23 general criteria for flight systems and mission design are used by expert peer
review panels, using expert judgement, to assess proposed mission concepts. These are
general criteria that could be applied to the flight systems and mission design of any
spaceflight mission.

Pisacane (2005) identifies products that are developed to respond to a NASA AO,
which include “Develop top-level requirements, Develop subsystem-level
requirements....Identify system and subsystem characteristics....” (p. 13). The
descriptions of the products reflect the lack of maturity of the design of proposed flight

systems and mission design in the proposals assessed by the expert review panel.
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Once a mission is selected for further study or development, many analytical
methods are available to optimize specific parts of the flight systems. Some examples
include an analytical hierarchy process that was used to decide between six concepts for
lunar surface power based on seven evaluation criteria (Matthews, Coomes, & Khan,
1994), and a genetic algorithm that was used for a trade-off of low earth orbit spacecraft
power supply system (Mohamed, Amer, Mostafa, & Mahmoud, 2016). These analytical
methods are useful for optimizing a flight system for a specific mission. Since NASA
receives proposals for missions that do not have a common target and a specific mission,
these comparative analytical methods are not appropriate. In addition, each of these
analytical methods requires specific information that is not available for pre-Phase A
proposals. Morgan (2014), stated:

Although such analytical strategies can provide valuable insight, they can never

hope to include all relevant factors. In such situations, the community of applied

decision analysis has long used quantitative expert judgments in the form of
subjective probability distributions that have been elicited from relevant expert ...

Expert elicitation can make a valuable contribution to informed decision making”.

(p. 7176)

According to Goossens, Cooke, Hale, and Rodi¢-Wiersma (2008), “Expert
judgement has always played a large role in science and engineering. Increasingly, expert
judgement is recognized as just another type of scientific data, and methods are
developed for treating it as such” (p. 236). Expert judgment has been used for
quantitative assessments in spaceflight applications. In a study by Monroe, Lepsch, and
Unal (2002), individual experts were surveyed to determine “the uncertainty associated

with weight estimating relationships for a launch vehicle design study” (p. 1). Another



study developed a methodology to elicit expert judgment, to aggregate the data, and to
determine uncertainty distributions in support of decision analysis in high technology
systems design (Chytka, Conway, & Unal, 2006).

NASA uses expert judgement to assess the 23 criteria for flight systems and
mission design for pre-Phase A space science mission proposals. The expert peer review
panel conducts a qualitative assessment, since the criteria are qualitative in nature. For
instance, criterion 7 (see Appendix B) is “an assessment of the proposer's understanding
of the processes required to accomplish development.” The scope of flight systems and
mission design includes many topics which are addressed by the criteria. However, the
criteria themselves cover large topic areas that consider many elements. Topics covered
by each criterion are shown in Appendix C Table C.1. A qualitative assessment is used
by NASA, since the amount of quantitative information on each of the criteria is limited
in a pre-Phase A proposal.

The expert review process for pre-Phase A proposals includes both an individual
review using a modified Delphi process and a group discussion process. In the health
field, when rigorous controlled studies based on evidence are not available to provide
diagnostic criteria, “formal group consensus methods have been developed to organize
subjective judgements and to synthesize them with the available evidence” (Nair,
Aggarwal, & Khanna, 2011, p. 95). Nair et al. (2011) describe four consensus
techniques, which include the Delphi method, Nominal Group Technique, the
RAND/UCLA Appropriateness Method, and the National Institute of Health’s (NIH)
consensus development conference. Nair et al. (2011) identified a key advantage of the
Delphi approach, which is that “each participant expresses their opinion freely and

impersonally” (p. 98). Jones and Hunter (1995) found that a feature of the Delphi

12



13

process is that it avoids issues of dominance by using a questionnaire for participants to
answer in private. The first step of the NASA expert peer review process is a Delphi
process. Each expert rates the proposal against the criteria individually, on a five-level
scale, and provides comments to substantiate the rating. The individual review is done
only once in the NASA process. However, in some descriptions of the Delphi process,
the participants go through several rating rounds of a revised questionnaire (Jones &
Hunter, 1995). After the NASA expert individual rating process is complete, a group
process is used to review and refine the ratings and rationale. According to Clemen and
Winkler (2006), “the fundamental principle that underlies the use of multiple experts is
that a set of experts can provide more information than a single expert” (p. 188). Nair et
al. (2011) found the NIH Consensus Development Conference has two advantages. They
stated that the first advantage is that a “mix of practicing physicians, researchers,
consumers and others ... come together and jointly evaluate an existing technology”
(Nair et al., 2011, p. 102). Another advantage is that an unbiased panel was used (Nair et
al., 2011). The NASA group discussion process has some similarities; among them are
that there are a mix of experts in the different areas to be evaluated, and that the
participants in the group discussion are unbiased. NASA conducts a rigorous
institutional and personal conflict-of-interest review screening of the experts before they
can participate in the group discussion which reviews all of the individual comments and
ratings of the criteria.

Several rounds of group discussion and revisions occur in the process under
study, in order to reach general agreement on the ratings of each criterion on a five-level

scale. The ratings are substantiated by a paragraph detailing the rationale for the rating.



The result of the group discussion is the expert peer review panel ratings that are the

subject of this research. The expert peer review panel process is shown in Figure 2.
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Figure 2 Two Step Expert Peer Review Process
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Similar two step processes to gather and refine expert opinions are described in
the literature. For instance, Nair et al. (2011) states “In practice, a combination of 2
formal consensus methods or their modifications can be used in a 2-step process, where
one method is used for item generation or some initial consensus and then the other
method is used for final consensus” (p. 97).

Floyd and Widaman (1995) state that exploratory factor analysis has two
purposes. One use is “to identify a set of more general latent variables, or factors, that
explain the covariances among the measured variables. In theory, these latent variables
are the underlying causes of the measured variable” (p. 286-287). In addition, Floyd and
Widaman (1995) defined a second use, as follows:

The second and related use of exploratory factor analysis is for data reduction, in

which a set of measured variables is to be combined into summary indices. The

goal is to discover optimal weightings of the measured variables so that a large set
of related variables can be reduced to a smaller set of general summary scores that

have maximal variability and reliability. (p. 286-287)

The records of the expert peer review panels were analyzed using exploratory
factor analysis for both purposes described by Floyd and Widaman (1995). Exploratory
factor analysis was applied to the ratings of the 23 criteria on the expert review panel
records in order to identify the latent variable(s) that explain the covariances of the
measured variables (the 23 rated criteria). The exploratory factor analysis of the expert
peer panel records can also be used for reducing the set of measured variables (in this
case, the 23 criteria) to a smaller set of criteria.

Tabachnick and Fidell (2013) stated that “In exploratory FA, one seeks to

describe and summarize data by grouping together variables that are correlated. The
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variables themselves may or may not have been chosen with potential underlying
processes in mind” (p. 614).

There are many examples of using exploratory factor analysis to identify factors
that explain covariances among variables and for data reduction. Johnson and Stevens
(2001) used exploratory factor analysis on an existing school environment instrument
which included 56 measured variables and eight factors. Exploratory factor analysis was
conducted on a random sample of half of the completed surveys; this resulted in a
reduction of 13 measured variables on the survey and a reduction in one factor (Johnson
& Stevens, 2001).

Factor analysis is a commonly used technique in the fields of social science,
psychology, health, and medicine. For example, a Google Scholar search using the term
“exploratory factor analysis social science” returned about 2,710,000 results. A Google
Scholar search using the term “exploratory factor analysis psychology” returned about
1,950,000 results. A Google Scholar search of the term “exploratory factor analysis
health” returned about 1,710,000 results. A Google Scholar search of the term
“exploratory factor analysis medicine” returned about 1,650,000 results.

This research proposes to use exploratory factor analysis in the field of
engineering managment. The expert peer review panel is composed of engineers. The
criteria assessed by the expert peer review panel includes evaluation of hardware and
software proposed for spaceflight systems and the engineering development processes. A
Google Scholar search of the term “exploratory factor analysis and design criteria
resulted in 258 results. Hsu (2012), in a study of criteria for blog design, used
exploratory factor analysis. Hsu (2012) conducted a literature review, and expert

interviews were used to develop the measurement instrument, which included 23 criteria.
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After the exploratory factor analysis, 23 criteria were retained and five factors were
identified. This in an example of software design application of exploratory factor
analysis. Tran and Molenaar (2014) used exploratory factor analysis in a study of risk
factors in the design-build project delivery method used for selection for highway design
and construction projects (2014). They developed an initial list of 39 risk items from
previous research and workshops (Tran & Molenaar, 2014). The exploratory factor
analysis resulted in retaining 23 of the risk items grouped into seven risk factors (Tran &
Molenaar, 2014). This is an example of using exploratory factor analysis in an
engineering application. Tran and Molenaar’s measurement instument used an ordinal
Likert scale with explanations for the rating (Tran & Molenaar, 2014). Tzeng, Chiang,
and Li (2007) used exploratory factor analysis in a study to develop criteria for e-learning
programs and stated that “When the evaluation criteria in real complex problems are too
large to determine the dependent or independent relation with others, using factor
analysis can verify independent factors” (p. 1030).

This research explored the current two factor structure for flight systems and
mission design and assessed whether the current criteria load on the assumed factor of
either flight systems or mission design and if all criteria are necessary. Each criterion
was coded by the discriminatory power rating that identifies the significance of the rating.
Alternative factor structures were assessed for generalization and for subgroup analysis.
This research recommends a reduced set of general evaluation criteria to assess flight
systems and mission design of a wide range of space flight mission at the mission
concept stage. The criteria will not be restricted to a specific mission and target, since the
research is based on unique missions with different targets and goals. The research will

contribute to the current practice of expert peer panel reviews of spaceflight systems and



mission design by providing a revised set of criteria to evaluate flight systems and
mission design. A substantial reduction in the current 23 critieria would reduce the time
and money spent on the expert review, and it will also reduce the proposers’ cost and
their time to produce a proposal. Time and money freed up from this process can then be
utilized to provide more development time for selected missions. Also, an efficient
expert review panel will allow NASA to be able to quickly take advantage of secondary
launch capacity. A reduction in the number of criteria and the time to evaluate proposals
would also lower the barrier to propose a mission concept. This could result in additional
proposals and additional new scientific ideas to consider for selecting the next space
science mission.

Analysis of records on which decisions were made in the past to select space
science missions is an example of how the analysis of data on which past decisions were
made can contribute to better, more efficient decision making.

Factor analysis has been used extensively in the fields of social science,
psychology, health, and medicine. This research adds to the literature on exploratory
analysis by demonstrating that exploratory factor analysis can be used in a spaceflight
engineering application.

This research also demonstrates a method for analyzing the product of a group
decision process. This research adds to the literature of conducting research on group
decision making.

The results of this research identify criteria with high discriminatory power to use
as general evaluation criteria to assess the flight systems and the mission design of a wide
range of space flight mission. The set of criteria could be used by analysts to evaluate a

broad range of opportunities in commercial space. The use of an expert peer panel in
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conjunction with the refined set of criteria would provide a very cost-efficient method to
use in assessing a large number of diverse commercial space opportunities at the mission
concept stage.

Below is a summary of the literature reviewed in Table 1. The shaded area

represents the research to be addressed in this paper.
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CHAPTER 3

RESEARCH METHODOLOGY

Research Question

The primary research question is: Are the 23 criteria currently used to assess
space flight systems and mission design at the mission concept stage all necessary? This
question will be addressed by analyzing past records of expert peer reviews that have
assessed space flight systems and mission design using a standard set of 23 criteria.
Hypotheses

The criteria numbers below correspond to the same criteria numbers used in
Appendix B.
The following hypotheses will be tested as a result of this research:
HOa: All 23 criteria are necessary to assess flight systems and mission design.
HOb: Criteria N is necessary to assess flight systems and mission design where N = 1
through 23.
HOc: Criteria 1 through 16 measure the flight systems factor.
HOd: Criteria 17 through 23 measure the mission design factor.
HOe: There are only two factors, which are the flight systems factor and the mission
design factor.
Research Method

A deductive approach was used to address the research problem. An Ex Post
Facto design approach was used to analyze past records of expert peer panel ratings of
the standard 23 criteria used to assess flight systems and mission design for space science

mission concepts. Leedy and Ormrod (1993) describe ex post facto designs as follows:
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Ex post facto designs (the term ex post facto literally means “after the fact”)
provide an alternative means by which a researcher can investigate the extent to
which specific independent variables (a virus, a modified curriculum, a history of
family violence, or a personality trait) may possibly affect the dependent
variable(s) of interest. Although experimentation is not feasible, the researcher
identifies events that have already occurred or conditions that are already present
and then collects data to investigation a possible relationship between these

factors and subsequ