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Abstract of Dissertation

Organizational Learning Post Catastrophic Events: A Descriptive Case Study
Exploring NASA's Learning Over Time Following Two Catastrophic Shuttle
Accidents Using the Schwandt’s Organizational Learning System Model

A 30-year contribution of the Space Shuttle Program is the evolution of NASA’s
social actions through organizational learning. This study investigated how NASA
learned over time following two catastrophic accidents. Schwandt’s (1997) organizational
Learning System Model (OLSM) characterized the learning in this High Reliability
Organization (HRO). The research synthesized findings from NASA’s investigations
following the failure of the Shuttles Challenger and Columbia accidents with findings
gained through interviews with experts, management, and executives who played a role
in NASA during both flights. The data revealed seven themes that demonstrated both
organizational learning and learning opportunities that were missed. Analysis of the data
resulted in three conclusions from this research. First, NASA has learned that it has an
oscillating equilibrium point between exploration and exploitation. Second, NASA’s
learning after each accident was limited by its presence in the public stage. Finally,
NASA recognized that the evolved roles and routines in the organization were not
sufficient to transfer lessons learned through time. The conclusion from this research re-
emphasized the need for a systematic way to provide awareness of an organization’s risk
posture in the exploration versus exploitation continuum. This research also contributed
to theory and methodologies of the OLSM. The conclusions from this research could

provide insight to other HROs.

Keywords: NASA, organizational learning, time study, risk assessment, Columbia,
Challenger, learning opportunities, shuttle program, public influence
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CHAPTER 1: INTRODUCTION
Overview
“Failure is not an option” captures the identity in the public eye of the National
Aeronautics and Space Administration (NASA) almost as much as “Houston, we have a
problem” (NASA mission, Apollo 13, April 13, 1970). This organization is perceived to
live at the edge of failure in everything it does as it has pushed the frontiers of technology
from the original seven astronauts in the Gemini program, through the Apollo program,
through the Space Shuttle program, to now pushing the limits of human presence in space
with the Exploration Programs. The International Space Station (ISS) is NASA’s current
stepping stone to this continued exploration of space. Until recently, safely transporting
crew and equipment 200 miles above the earth to the ISS depended on NASA’s 30-year-
old workhorse, the Space Shuttle. The final probabilistic risk assessments determined
that NASA would lose one Shuttle every 65 flights. Why was that acceptable? The
answer seemed to depend on why the failure occurred. It appeared that if the failure was
due to some technical performance issue rooted at pushing performance, the failure was
considered a known risk (i.e., the Apollo fire, January 27, 1967). But if the failure was, in
fact, due to human or organizational error, it is not acceptable (i.e., loss of the Challenger
and Columbia).
Expectations of NASA from external entities, such as Congress and the general
public, are that the organization should perform as competently organizationally as it

does technically. Unfortunately, not all performances are flawless.



On February 1, 2003, NASA lost its second of four Space Shuttles. The first was
lost in 1986 with the explosion of the Space Shuttle Challenger during ascent. A
Presidential investigation identified the cause as a technical failure in the design of an O-
ring seal that caused a breach in the booster, which ignited the external tank (Report of
the Presidential Commission on the Space Shuttle Challenger Accident, 1986) commonly
referred to as the Rogers Commission. Almost 20 years later, the Space Shuttle Columbia
exploded during re-entry, this time due to a thermal breach in the wing’s thermal
protection system caused by an impact from foam that was shed from the external tank
during the ascent phase of the mission (Columbia Accident Investigation Board (CAIB),
2003a).

According to internal investigations by the Rogers Commission for Challenger
and the Columbia Accident Investigation Board (CAIB) for Columbia, both accidents had
conclusive technical causes for the failures and they both also had social and
organizational deficiencies that contributed to the accidents. Both made reference to
NASA’s organizational issues (NASA, 1986; CAIB, 2003). These issues were further
highlighted by Vaughan (1996) and Starbuck and Farjoun (2005), social scientists who
analyzed the accidents through a social perspective and provided a complimentary
analysis to NASA’s traditional technical root cause analysis approach. Both criticized
aspects of NASA’s culture as deep-rooted contributors to the accidents. Chapter 7 of the
CAIB Report was dedicated to the social contributions of the Columbia accident.
NASA’s responding Implementation Plan was the evidence of its commitment to

improved reliability (CAIB, 2003b). Although safety and reliability initiatives began after



both accidents, it wasn’t until after Columbia that research had sufficiently matured to be
a credible basis for guiding the post-Columbia accident initiatives.

Research conducted on highly technical organizations has focused on what
defines them, their characteristics, and the catastrophic events that plague them. Much
less research has been done on what these organizations must learn after a catastrophic
event and how they learn it as an organization. This researcher analyzed what and how
NASA had attempted to learn over time as a result of both Shuttle accidents. NASA had
to learn from itself and, more importantly, from others (Baum & Ingram, 1998).
Therefore, this research studied a timeframe that included NASA’s attempts to learn post-
Challenger accident and what it had learned since the 10 years post-Columbia accident.
The Schwandt’s (1997) Organizational Learning System Model (OLSM) provided the
framework for examining how organizational learning occurred during these two post-
accident periods of time. The study was grounded in Schwandt’s work on Organizational
Learning.

Statement of the Problem
This study examined how a highly technical organization learned and how it
could be inhibited from learning after mishaps. The study specifically contributed to the
limited literature and case studies on how a complex technical organization learned after
a sequence of two catastrophic events.
Purpose of the Study
The purpose of this study was to understand how NASA learned over time after

two catastrophic Shuttle accidents. The learning from each accident was studied



independently, and then both were synthesized to understand how NASA learned
collectively from both.
Research Questions

The research question (RQ) was: How has NASA learned over time following
two catastrophic shuttle accidents? The focus of the study was on the organizational
learning, not technical solutions. Therefore, the emphasis was placed on the social system
impact. The end of the Space Shuttle program in 2012 was the point in time relevant to
the research question to represent the cumulative learning embedded in the organization
today.

The actions taken by NASA after the 1986 Challenger accident, the actions taken
by NASA after the 2003 Columbia accident, and the post-accident actions that NASA
continued through present day, represented the learning process that NASA had
incorporated into its organizational routines. The question of how NASA learned was
answered through understanding of both what was learned and why it was learned.

To understand the Columbia accident, it was necessary to understand the
interventions that NASA had put in place post-Challenger accident and how those actions
had influenced the organization up to the moments before the Columbia accident. This
provided a classic opportunity for double loop learning (Argyris & Schon, 1978) to

address the social deficiencies identified in the CAIB (2003) investigation.



Theoretical Lens

Parsons’ general theory of action (Parsons, 1951) was the theoretical foundation
for this research. It was also the theoretical basis for Schwandt’s (1997; Schwandt &
Marquardt, 2000) model of the Organizational Learning System Model (OLSM). The
OLSM stayed true to Parsons with four enabling learning sub-systems, each contributing
to the movement of information into knowledge. The four subsystems of actions are the
Environmental Interface, Action and Reflection, Dissemination and Diffusion, and
Memory and Meaning. Chapter 2 will elaborate on these fundamental prerequisite actions
associated with organizational learning. The model relied on the interchange media
between these subsystems of actions to create the learning capacity in the organization.
Each subsystem had an interchange media that interacted with the three other subsystems.
For the Environmental Interface, the exchange media was New Information between the
other subsystems. For the Action and Reflection interface, the exchange media was Goal
Reference Knowledge. For the Dissemination and Diffusion interface, the exchange
media is Structuring. For the Memory and Meaning interface, the exchange media is
sensemaking (Schwandt & Marquardt, 2000).

Methodology

This section described a methodology design employing the social dynamics of
organizational learning. Figure 1 described NASA’s time element as it put social system
actions in place to transform the new information from one state into a state of

knowledge concerning failures during a catastrophic event.
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Figure 1. Conceptual Design to Study NASA's Learning Over Time

The research question for this study dictated the use of a case research design

because the study of NASA’s Columbia accident case met Yin’s (1984) criteria of (a)

testing a theory, (b) a unique case, and (c) a revelatory one. Yin also encouraged case

studies when the question being asked was why, which was at the root of understanding

NASA’s actions in transforming information into useful knowledge. Table 1 depicts how

this study was conducted in three phases for data collection followed by two phases for

the data analysis.



Table 1. Phased Study Plan

Data

. Phase 1 Phase 2 Phase 3
Collection
Reviewed the CAIB report provided the ~ Content of
recommendations and  findings and actions from  interviews of the
actions from the the Columbia accident. operation of
Challenger Accident. NASA’s actions
over time.
Data . Phase 4 Phase 5
Analysis
NASA organizational  Synthesized the interview

social actions mapped
from post-Challenger
accident time point to
today.

and investigation data to
identify the new social
actions the organization
created in the 30-year
period post- accident.

Data for this research came from two main sources. The first source was the

archival data collection and reduction of the investigation reports to both the Challenger

and the Columbia accidents. The other set of data came from interviews of key

employees who had been with NASA prior to the Columbia accident and who were

affected by the actions taken by NASA.

Data Collection and Analysis

The first source was the archival data collection of Findings and Actions (Rogers

Commission Report, 1986; CAIB, 2003a) from the investigations of the accidents that

NASA specifically incorporated into its organization in response to both the Challenger

and the Columbia accidents. The Findings and Actions were categorized according to

quadrants in Schwandt’s Organizational Learning System Model (OLSM):



Environmental Interface; Action Reflection; Dissemination and Diffusion; and Memory
and Meaning.

The other set of data came from interviews of key employees that had been with
NASA pre-Challenger through today. These participants had had direct insight to the
actions that NASA had taken throughout the history of the Space Shuttle program and up
to the time of this study. The participants’ comments were categorized according to the
OLSM, using Environmental Interface, Action Reflection, Dissemination and Diffusion,
and Memory and Meaning as the categories.

Once data collection was completed, the next step was to perform data analysis.
Reviews of the investigation identified contributing findings to each accident and the
recommended NASA actions to mitigate those findings. Those actions were analyzed
across time and were compared to similar observations during the interviews. From this
analysis, seven themes were identified in the data, and three conclusions were drawn in
response to the research questions. Themes and findings will be discussed in Chapters 4
and 5.

Limitations of this Study

The limitations of this study were both in theory and in practice. Theoretically,
the field of study of organizational learning not only addresses learning and sensemaking,
but also included the disciplines of leadership, change, structure, culture, strategy, and
decision-making. This study was limited to looking at organizational learning, which
encompassed sensemaking. The other dimensions mentioned above were not emphasized

as part of this study.



There were also two practical limitations of this study. First, the study examined
only one unique organization, NASA. Second, this was a case study about the Space
Shuttle accidents, specifically based on a small subset of that one organization to
understand the primary research question on organizational learning. In addition, the
limitations of this study increased because of the study’s focus on a single NASA facility,
the Johnson Space Center (JSC). The JSC is one of 10 NASA centers, not all of which
focus on human programs or operational projects. In addition, assumptions were made
when selecting the individuals and groups to research for this study. To be able to
conduct an in-depth analysis, the decision was made to study specific sub-elements of the
organization but not the organization as a whole. The NASA organizations that were the
subject of the study were the Space Shuttle Program Office and the Johnson Space
Center, as opposed to the entire NASA Agency. The Space Shuttle Program is a human
space flight program with expectations and a tolerance for failure that is very different
from the robotic, earth science, and aeronautics programs that are non-human space flight
focused within the Agency. Non-human space flight programs have operated under much
smaller budgets and have been more aggressive with their missions. Therefore, the
findings of this research were limited in their application to other programs within

NASA, even more when the reader is further removed from the context of this case study.



Table of Definitions
Organizational Learning: For the purpose of this dissertation, organizational learning is
actions taken by members of the organization to help support its mission. Argyris and
Schon (1978) described different types of learning within the context of organizations,
single looped learning (a kind of short term learning with immediate satisfaction but less
long term benefits) and double loop learning, which is understanding not just what
happens but to learn all the details of why, what, when and where and the long term
effects of our choices to make better decisions. Schwandt’s (1997) OLSM model helps us
look for learning through the lenses on many processes that occur simultaneously within
a complex organizational system such as NASA.
Sensemaking: Weick (1995) states sensemaking, “literally, means the making of sense”
on actions and activities that occur in everyday life (p. 4). In Weick’s concept of
sensemaking, it is a process that includes understanding, interpreting and attribution with
seven distinguishing characteristics: (a) grounded in identity construction (our
expectations); (b) retrospective (reviewed on the basis of past experiences); (c) enactive
of sensible environments (it’s hard to create meaning in chaos); (d) social (exchanges that
build context around meanings); (¢) ongoing (continuously being updated and revised);
(f) focused on and by extract cues; and (g) driven by plausibility rather than accuracy.
In this dissertation sensemaking has all these characteristics and is used by the
organization to understand and “make sense” of the causes that lead to the shuttle

tragedies and learn to prevent future accidents.
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CHAPTER 2: LITERATURE REVIEW

Overview

The purpose of the literature review was to seek the literature that would inform
the study of Organizational Learning and how the Organizational Learning System
Model (OLSM) (Schwandt, 1997; Schwandt & Marquardt, 2000) could be used to
describe learning in the organization. In addition, the literature review defined High
Reliability Organizations (HROs), what made them unique, and if or how they learned
through accidents. Finally, the literature review investigated sensemaking as an important
element of organizational learning.

The literature research for this study focused on Organizational Learning,
particularly in highly technical organizations and the empirical case studies that had
guided the evolution of organizational learning. First, Organizational Learning System
Theory (Schwandt, 1997) was discussed, followed with a discussion on systems (Katz &
Kahn, 1978). The next section included Weick’s (1995) concept of sensemaking, which
was a fundamental element of organizational learning and a dominant theme in HROs.
With both concepts established, the OLSM was described in more detail. With this
theoretical foundation established, consideration was also given to Normal Accident
Theory and HRO Theory and how their characteristics might have influenced the
effectiveness of organizational learning at NASA. Within those theories, important

concepts such as Vaughan’s (1996) Normalization of Deviance and Nelson and Winter’s
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(1982) routines were discussed. Embedded throughout the literature were references to
empirical studies that supported the theory both as seminal works and as current research.
Organizational Learning
This section on organizational learning focused on two objectives. First, it

addressed the applicable organizational learning theory to this study by discussing open
systems and characteristics of learning. Second, this section discussed the organizational
learning systems model, its subsystems, and interchange media (Schwandt, 1997). At the
end of the discussion, empirical learning studies previously published on HROs were
briefly mentioned.

Schwandt’s Organizational Learning Systems Model (OLSM) (1997; Schwandt &
Marquardt, 2000) was the basis from which this study examined what NASA learned
post-accident. The decision to use the model was based on both chronology and scope.
Twenty years ago, this case would have been studied using the Great Man leadership
theory (as cited in Borgatta, Bates & Couch, 1954), but today it is possible to take a
systems approach using the OLSM. This model had four major systems with exchange
media between them. The four subsystems are Environmental Interface, Action
Reflection, Dissemination and Diffusion, and Memory and Meaning. These subsystems
are discussed in more detail later in this chapter.

Katz and Kahn (1978) described open systems by an organization when it took in
new information as its input, then processed that input into an output. Finally, it delivered

that output as a product such as a new behavior, thus creating organizational learning.
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Different researchers have discussed organizational learning, each pulling on a different
characteristic of the learning process.

Nonaka (1994) focused on the external interface and how data went into the
system in the continuum of exchanges between two types of knowledge, tacit and
explicit. Huber (1991) defined learning by stating that entities learned, through
processing of information, changing the range of its potential behaviors. Huber also
stated that the entity he mentioned could either be an individual or an organization.
Fundamental to this definition was the concept of an open system that had inputs —
throughput — output, which was similar to the Katz and Kahn (1978) view.

Reason (2000) on the other hand, focused on integration and dissemination. He
described the need for an information system that collects, analyzes, and disseminates
information from incidents and near misses as well as regular protective checks on the
system’s vital signs. A socio-cognitive framework by Akgun, Lynn, and Byrne (2003)
provided a good explanation of the interrelationships of components. They proposed that
social cognition was important for the organizational learning process. Gherardi (1999)
addressed several socio-cognitive constructs and how they affected organizational
learning. Carayannis and Alexander (1999) ultimately argued that knowledge
management was critical to organizational cognition and learning.

Many other researchers have also discussed the concept of memory and meaning.
Weick’s (1995) work on sensemaking revolved around the organization’s understanding
of itself. To the contrary, Salaman (2001) questioned the memory aspect of

organizational learning, because organizational learning went against ethical and cultural
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roots that an organization established. After all, the organization’s identity and culture
(memory and meaning) take years to establish and learning could disrupt those roots.

There were limited empirical studies that had looked at possible learning after
catastrophic events, notably Bowman’s and Kunreuther (1988) and Kunreuther and
Bowman (1997) study of learning after the Bhopal accident in the chemical industry and
more recently Miller’s (2005) “Lessons Learned or Lessons Noted” looked back at
NASA’s Type A mishaps from 1958 to 2002. Miller’s work and conclusions are of
particular interest since they focus on the same agency as this research.

Sensemaking

“Sensemaking is a way station on the road to a consensually constructed,
coordinated system of action,” (as cited by Taylor & Every, 2000, p. 75). The value of
this description is its attention to sensemaking as a transient step (or process) on a path
that gives meaning and affects action (Mills, 2003).

Snook (2000) addressed sensemaking by stating that asking why the pilots
decided to shoot was the wrong question to ask in any study of a mishap. The right
question should add situational context at the time of the decision. It was important to
reframe from decision making to sensemaking, thus, seeing the pilots struggling to make
sense of the situation. The answer was between context and individual decision-making.

There were several characteristics to sensemaking. It begins with chaos of
observations (Weick, 1995). Those observations were occurring in the context of other
normal activities that were ongoing when an unexpected event occurred that did not make

sense to the viewer in the context in which it occurred and was, therefore, ambiguous.
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The first active step was noticing a variance from the norm and then bracketing those
observations into categories that were shaped by training and experience. The next step
was to label the situation such that it created a link to “functional deployment” (Chia,
2000, p. 517). Another characteristic of sensemaking was retrospectiveness. A situation
alone could not be analyzed unless it was examined against the trend of what it was. This
characteristic of looking backward was critical in giving the situation meaning.
Sensemaking was about presumption, which was connecting concrete observations with
abstract, cerebral processing. Another of Weick’s sensemaking characteristics derived
from the social influences or pressures that affected the person’s state of mind. To add
complexity, it was not only a single person, but also the organization that also shared
some piece of the social context and, to varying degrees, transferred that input to the
individual. A critical part of sensemaking was the action that was taken, reflected upon,
and then spoken about. The question of “What is going on here?” was linked with “What
do I do next?” These were often iterative steps that together gave meaning to a situation.
Sensemaking was about organizing through communication. Individual interpretation of
sensemaking to the required action meant communicating what one knows in a way that
the receiving individual would understand, a complex action.

Weick (1995) noted that sensemaking was driven by plausibility rather than
accuracy. At NASA, employees were looking for a story that was more comprehensive,
incorporated more of the observed data, and was more resilient in the face of criticism.
This type of story seemed to be acceptable even if the accuracy was not there. Mezias and

Starbuck (2003) concluded that employees could still move forward with actions and
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problem solving if they had made sense of the circumstance and had a feeling of moving
forward towards the long-term goal. This movement forward allowed actions to take
place, be re-evaluated, and enriched the sense of what was going on (Sutcliffe, 2000).

Another important aspect of sensemaking was the concept of identity and image.
Albert and Whetten (1985) noted that identity is at the core of who we think we are. This
shaped our actions and how we interpreted the input we received from others and
ultimately affected the way others see us, our image. At NASA, this was fundamental in
the organization’s self-identification as a problem solver and how that self-view was
challenged by an external image.

Sensemaking was intertwined with the concept of mindfulness (Weick, 1995).
Mindfulness (Weick & Sutcliffe, 2001) was the combination of ongoing scrutiny of
existing expectations, continuous refinement, and differentiation of expectations based on
newer experiences, and the willingness and capability to invent new expectations that
made sense of unprecedented events, a more nuanced appreciation of context and ways to
deal with it, and identification of new dimensions of context that improved foresight and
current functioning. Weick and Roberts’ (1993) concept of the collective mind
highlighted the nature of interpersonal interactions in HROs.

Organizational Learning System Model

With an understanding of organizational learning and sensemaking, a model was
introduced that helped relate both concepts. This study used the Schwandt’s (1997)
Organizational Learning System Model (OLSM) pictured in Figure 2 to understand the

social actions of the organization (Schwandt & Marquardt, 2000). This model was used
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because it was based on Parson’s (1951) theory of social systems, Katz and Kahn’s
(1978) open systems theory, and because it captured important characteristics in the
subsystems of the Organizational Learning Systems Model. For this study, these
characteristics were important because they overlapped with the literature on accident
theory and with HROs.

According to March’s (1991) reference to exploration vs. exploitation, HROs
have limited opportunities to learn from their limited failures (exploitation), therefore,
they turn to meaningful analogues to learn from their failures (exploration).

To learn what they do not know, technical organizations such as NASA have
trained employees for the unexpected. They became heedful of the possibility of actions;
flexible in their thinking about accidents and solutions; able to formulate appropriate
responses, avoid decays, and develop decoupling strategies; empowered to fix problems;
aware of organizational commitment to accident prevention; and use accident analysis to

build an organizational memory of what happened and why (Roberts & Bea, 2001).
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Figure 2. Schwandt's Organizational Learning System Model

Weick (1987) stated that humans who operated and managed complex systems
were themselves not sufficiently complex to sense and anticipate the problems generated
by the system. In this study, the researcher was involved in collecting interview data at
the individual level and then interpreting in order to understand organizational learning at
the organizational level. Roberts (1990, 1993) identified people characteristics required
for reliability enhancing organizations. People must be helpful and supportive of one
another; people must trust one another; people must have friendly, open relationships
emphasizing credibility and attentiveness; and the work environment should be resilient
and emphasize creativity and goal achievement. It should provide strong feelings of

credibility and personal trust.
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The organizational and individual characteristics listed above penetrated into the
organizational memory of highly technical organizations. One of the key elements of that
memory was the routine of the organization. Nelson and Winter (1982) explained that
routines were not only essential for the effective functionality of any complex
organization, but also for their successful growth. No single individual could tell
everything about how an organization works, nor could they transfer all knowledge with
employee turnover; yet, the organization continued to function. The defining
characteristic of a routine was that different routines could result in the same product, but
if an individual was asked how to perform the details of each routine, he probably could
not do so. Second, routines were adaptable, there could be multiple adaptive means to
accomplish the same goal. Third, routines were linked to skills. All of these
characteristics came together to define the repeatable processes of complex HROs.

On the other hand, routines could also have a negative effect in an organization.
Procedural/skill memory was very different from fact memory. An employee could not
tell his replacement exactly how he did his job. Consequently, if the organization
depended only on on-the-job-training and word of mouth passage, then the ability to pass
on what really made an organization work would be severely limited. An organization so
structured by routines was no longer a learning organization. Although Nelson and
Winter (1982) did consider this a weakness of routines, he understood that an
organization could not be ready for all contingencies. Additionally, routines tended to
develop a life of their own. When they were not monitored and challenged, those indirect

routines could become drains to organizational creativity and innovation.
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Nelson and Winter (1982) emphasized that no matter in what strategic direction a
company desired to proceed, management should consider the organization’s sensitivity
to stability or adaptation as part of that decision. The dilemma was then how this would
have taken place with an emphasis on routines, especially in learning from mistakes.
There were similarities in the routines for those organizations that were clustered
together. Therefore, if a cluster was beginning to break away from a cluster of which it
formerly was a part, it might be an indication that new, important routines were
beginning to form. Monitoring this balance would be important to the organization, as it
may be the routines that ultimately could limit the organization’s ability to learn.

Summary of the Literature Review

The literature on organizational learning in highly technical and complex
organizations indicated the need for more empirical data from learning events after the
occurrence of a catastrophe. The literature adequately represented the theory of
organizational learning, key characteristics of the models that described it, and extensive
critiques of the theory itself. What appeared to be missing was the empirical data of the
learning that took place after a critical event, i.e., the learning that took place as a result
of the accident. This literature review did not reveal any studies of the organizational
learning that took place at NASA Johnson Space Center after the Challenger or the
Columbia accidents, either at the management or operator levels of this NASA
organization. Although the literature included examples of findings by other researchers
about the causes of the accidents, no research was identified that employed information

collected from those whose work it was to prepare the Space Shuttles for their flights.
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CHAPTER 3: METHODOLOGY

Overview

This chapter expanded Chapter 1 with details on how the research design was
executed. The context of the case dictated the selection of the site or case for this study.
In addition to the overview of the methodology, this chapter included details about the
research procedures, data collection, i.e., development of interview participants and
interview questions and the analysis of the data, including an outline on how the data was
analyzed in support of the research questions.

The purpose for the research was to understand the organizational learning that
took place after a catastrophic event in NASA. The research was conducted through data
analysis and interviews about the two catastrophic accidents in the Space Shuttle program
history.

The qualitative methodology selected for this study allowed the researcher to gain
a rich retrospective analysis of embedded participants during these two accidents. It also
allowed for cross checking of formal investigation findings through direct interview
questions. The researcher collected information that provided the interviewees’
perspectives on their personal observations and experiences surrounding each accident.
This enabled the assessment of not just the written word of formal reports, but also the
practical knowledge that was seen in action, structure, and meaning at the individual

level.
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Context of Case

There was significant attention given to the context of this case. It was important
because the literature pointed to the critical role context played into mindfulness and
sensemaking — important elements of organizational learning. Additionally, when
considering the limitations of the findings of this case, context drove applicability. Future
researchers will have to give careful consideration to the differences in their context and
applicability of this research’s conclusions to their unique case.

NASA’s Columbia accident was a defining moment in the identity of an agency
that has recently turned 50 years old. In the late 1950s, the Russians focused American
attention on a space race that would successfully take us to the moon in record time. The
stimulus came from national security fears that eventually transformed to feelings of
national pride. The White House, the Congress, and the American people entrusted a
small group of very talented rocket scientists with the charter of space supremacy by the
creation of the National Aeronautics and Space Administration (NASA Space Act, 1958).
The word “Administration” itself pointed to the fact that this was to be no ordinary
agency, but rather an organization that would organize all other government agencies in
space policy and other endeavors.

The motivational charter, astronomical funding levels, and visible successes
slingshot the Agency forward with its Presidential missions. The Gemini program put the
first Americans in space; the Apollo program put the first humans on the moon; the
Skylab program put astronauts in space for long duration, and at the date of this research,

the International Space Station (ISS) program had maintained a permanent human
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presence in space of almost 15 continuous years. And for the last 30 years, NASA had
used the Space Shuttle as the transportation system. At the time of this writing, NASA
was handing the access to Low Earth Orbit to the private sector with their new generation
of rockets (NASA Vision for Space Exploration, 2004). NASA’s attention had turned to
human exploration beyond earth’s orbit. With each of these programs the technological
challenges had become greater, but the tolerance for failure seemed to have grown
smaller. The challenge will be the co-existence of low tolerance for failure with the
demands for innovation and discovery.

The result was a NASA organization whose processes and routines were
dominated by controls against the possibility of failure. The processes began with
stringent design requirements, followed by multiple levels of redundancy, followed by
multiple levels of reviews to ensure that nothing been missed. The hardware had been put
in the hands of very well-trained operators who followed very strict flight rules on the
operations of the hardware. The mindset eventually became, how could anything fail?
That mindset was the context for the Columbia accident. The Shuttle was not supposed to
fail. Not only had the Space Shuttle successfully completed almost 100 flights, but it had
also experienced one catastrophic failure where the remaining vulnerabilities were
designed out of its systems. This research for this case study was about the conflicting
period in time for the Agency between two devastating accidents

The event that received the most focus in this study was the Columbia explosion.
For this study, the more interesting questions were about the corrective actions taken after

the event and why. To understand the post-event actions, the accident had to be put in the
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perspective of what was occurring before the event. Therefore, the element of time was
interwoven into this research methodology, and specifically, was focused in the synthesis
of the research questions. In addition to the time element, the level of analysis was also
considered. The higher levels of analyses of the organization or group were understood
by the processes and routines that individuals put in place. In this study, the Rogers
Commission (1986) actions and the CAIB (2003) actions were coded as where the
organization desired to go, but not necessarily where individuals went. The interview data
linked those actions to the way in which they were executed at the individual level. The
difficulty was in the selection of the most appropriate individuals so that the breadth of
experience was reflected in the interviews. To increase reliability, three individuals for
each individual category were interviewed. If there were common themes across all three,
the data was used. If the interviews were different, they were further explored and if; still
different, they were discussed in the data results.

The engineers responsible for understanding the shedding of foam, or the
engineers responsible for understanding the susceptibility of the thermal protection
system to impacts from foreign debris, had been living in a world dominated by the
justification for why their systems were ready to fly on the schedules laid out by their
program office customers. On the contractor side, the engineers were rewarded by
executing a schedule to plan, and by coming up with technical justifications that gave
decision makers rationale for accepting the risk of anomalous conditions. CAIB (2003)
labeled this condition a “can do” attitude that allowed engineers to focus on the wrong

role. The civil servant counterparts to these contractor engineers had slightly different
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motivations. They received messages from their program office customers that the
contractor could manage this work alone, and that civil servants were not required for
flying the Shuttle, an operational spacecraft. Additionally, they received repeated
negative messages to their requests for funding augmentation for additional or off-
nominal testing (CAIB, 2003a). This environment contributed to what and how data was
presented in the Flight Readiness Review process.

Similar consideration was given to the group level of analysis, necessary to
understand the position of the Space Shuttle Program when the decision was made to fly
the Columbia mission. The context included the fact the Space Shuttle Program had been
encouraged to turn over operations to the contractor. According to Weick (1995), it was
in this context that the group was attempting to process the new information that it was
receiving.

For this qualitative case study, the events and interactions that preceded and
followed the Columbia accident were accurately described and in doing so, aided in the
understanding of the learning that resulted from that accident. Using the theoretical
foundation of Parson’s theory of action (1951) and Schwandt’s OLSM (1997), and
reviewing prior accident analysis, the pertinent questions asked and data collected were

in categories that allowed the case to provide the basis for inference.

Interpretive Paradigm

Burrell and Morgan (1979) would argue that the epistemology for this research

should be based on a pluralism paradigm as opposed to an objectivist view. This study,
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like Snook (2000), referenced exploratory methodology and employed a qualitative case
study approach that relied on the possibility of multiple causes and multiple realities. This
case study approach also was aligned with Normal Accident Theory (Perrow, 1984;
Marzias, Dulac & Leveson, 2004), which looked for multiple redundant paths in complex
systems. Thus, there was movement away from a positivist solution, ironically the way
that technical failure investigations are typically studied at NASA. Much of the criticism
in investigative reports had been around NASA’s culture. Although there are objective
symbols that are part of an organization’s culture, much of it relies on interpretation and

meaning. The data collected was analyzed and interpreted for that meaning.

Research Question

The study focused on the research question (RQ): How has NASA learned over
time following two catastrophic shuttle accidents?

To arrive at this question, the researcher examined what social actions NASA had
obtained, used, and discarded from the Challenger accident and from the Columbia
Accident? The questions prompted the interviewees to dialog with the researcher about
their recollection of the period between the Challenger and Columbia accidents and what

lessons had been applied in an effort to not repeat the catastrophic events of Challenger.

Methodology

The researcher combined the qualitative case study methodology and the
interpretive view to guide the case study. This allowed for data collection that was rich

with sufficient detail to enable effective content analysis of the data around the four
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subsystems of the OLSM. It also allowed for validation of findings and observations
between different data sources.
Selection of Site

The Johnson Space Center (JSC) was selected as the location of the study. JSC is
one of 10 NASA centers located throughout the U.S. and one of the four centers that
focus on Human Space Flight. JSC is also the home of the Space Shuttle Program Office.
All the participants in this study worked at JSC during their Space Shuttle career. Later
discussions identified the different participants and their roles, but what was important
was that they were trained and operated at JSC during the learning period studied by the
researcher. There were two participants who were interviewed at remote sites because
their current duties were no longer at JSC.
Recruitment of the Participants

The selection of the Columbia accident as the case study was analogous to
Snook’s (2000) selection of the friendly fire accidental shootdown of US Black Hawks
over Iraq as the case for his research. Two main elements were present. The first was the
opportunity to examine traditional technical or engineering problems through a social
systems lens. The second key reason was that in both cases, the researcher was
considered an insider to the organization who had close, personal experience with this
type of event. In the case of this study, both criteria were applied. With respect to the
second criteria, the researcher’s personal viewpoint was also important and was discussed

in the discussion about validity later in this report.
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Selection of Interview Participants.

The identification of the participants to interview began with the results of the
CAIB investigation ( 2003a). The specific individuals selected were either called out by
name as being involved directly, or their role/organization was called out specifically in
the report. The second major consideration in the selection was separation from the
researcher. Any key candidates that work directly for the researcher were immediately
eliminated. Finally accessibility was a consideration, but did not play a major factor in
having access to the necessary candidates. The report drew attention to both decision-
making and culture. NASA’s human spaceflight program operated primarily as a matrix
organization: there were the programs that the Agency had created, as well as the
institutional support to provide products for the programs. The findings of the CAIB
investigation also pointed to the Space Shuttle Program Office (SSPO) as a likely
candidate for this study. Therefore, the two groups which were the subject of this case
study were the SSPO and the Engineering Directorate at the Johnson Space Center. These
groups were chosen because the decision making and risk management of the Columbia
accident took place within the SSPO, with the involvement of the Engineering
Directorate. A potential group from which to identify candidates for this case study was
less obvious, therefore eliminated from the study. The organization that performed the
touch labor on the Shuttle itself and had primary responsibility to the program office for
processing of the Space Shuttle and its readiness for flight was the contractor, United
Space Alliance (USA). Since the focus of this study was on learning and the effectiveness

of the intended learning actions, USA was not selected as a participant in the study. USA
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was seen primarily as the implementer and not the driver of corrective actions resulting
from the Columbia accident — they followed contractual direction provided and audited
by the government. Assessment and approval of their actions after the Columbia accident
flowed downward from NASA’s plan to the contractor by the SSPO. In the end, it was
NASA personnel that had been removed from key positions, yet all the USA leadership
positions stayed in place.

Another potential from which to identify candidates for this case study that was
intentionally eliminated from this study was the Marshall Space Flight Center (MSFC).
MSFC was responsible for the external tank that shed the foam that impacted the
Orbiter’s wing and caused the hole that resulted in Columbia’s catastrophe. There were
two reasons for this exclusion. First, many of the findings that pointed to MSFC were
technically based, not socially rooted. Findings on how MSFC dealt with discrepancies
and their relationship with the supplier of the external tank terminated with technical
design solutions on how to minimize shedding from the tank. More importantly was the
result of what was done with the miscommunication concerning the foam shedding and
the Orbiter’s vulnerability to that foam as it impacted the air stream. Findings in this area
pointed to a SSPO integration role that the CAIB deemed inadequate. Therefore, with the
attention turned away from MSFC and back to the SSPO, which had already been
selected as a subject for this study, MSFC was not a critical component to the scope of
this study.

Another group of potential candidates for participation remained in the scope of

this study because of what it represented. JSC’s Engineering Directorate was the
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technical advisor of the SSPO. This directorate was responsible for the oversight of the
United Space Alliance (USA) contractors, for the integrity of Columbia’s wing, and for
declaring Columbia’s readiness for flight. Additionally, by looking at an institutional
organization in conjunction with the SSPO, the interrelationship between the two could
be observed. The dynamics were strong between the two groups because of being
physically located in Houston, Texas; unfortunately, communication inefficiencies due to
geographical separations might not be completely captured.

With the two groups selected, data from the CAIB investigation provided
guidance for the interview participants. The four primary roles selected from the SSPO
participants were the Program Manager, the Mission Management Team Manager, the
Orbiter Project Manager, and the Integration Manager. Three primary roles selected from
the Engineering Directorate participants were the Director, the Chief Engineer, and the
Subsystem Manager. All of these individuals (or their deputies or alternates) were
interviewed as participants in this case study. In addition to these primary roles, other
individuals were interviewed for a better understanding of context, including peers,
supervisors, and subordinates, in order to get a complete description of the environment.

Time Span of the Study.

Research for the study spanned over the period of 30 years, between the pre-
Challenger time and today. This period included the years between the Shuttle accidents
of the Challenger in 1986 and the Columbia in 2003. The participants interviewed did not
all work on both Shuttle projects, but most did in varying roles. The roles also changed

between the two accidents. During Challenger some of the participants were experts and
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later were managers during Columbia. Others were working Shuttle during Challenger
but worked a different program during Columbia. These different situations provided rich

perspectives of the organization.

Research Approvals

Approval for the conducting the interviews was a two-part process. The first part
was the NASA process to approve researcher access to civil servant employees and their
families. The process was presentation and approval through the Committee for the
Protection of Human Subjects (CPHS). Through this process the case was made that data
would be collected from 10 employees who would voluntarily agree to 2-hour interview
sessions about their involvement with the Space Shuttle program. The committee, which
meets twice a year, granted approval at the researcher’s first request. Following the JSC
approval, the GWU IRB process was followed for approval of 10 interviews. Approval
had to be extended in order to complete the data collection process. There was one
modification processed through the IRB. Interview questions were modified to interview
question categories. This allowed for more flexibility during the interviews based on
what was being discussed ensuring the participant would be comfortable expanding their

dialog for each of the stated questions.
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Proceeding with the Interviews

Five-Phased Approach for Interviews and Data Collection.

The first three phases of data collection for this research were dependent on the
initial collection and categorization of NASA’s corrective actions post-Challenger and
post-Columbia accidents. Phase 1 examined the Challenger accident from a post-event
perspective to see how NASA responded to the information. Phase 2 examined the
Columbia accident specifically and mapped continued actions from the Challenger
framework, added new ones where actions did not exist before, and terminated
Challenger actions where they were no longer applicable. In conclusion of the accident
investigation documentation reviews, phase 3 included the collection of interview data to
examine how NASA’s social interactions dynamically moved information to knowledge.

Phase 1 of this study reviewed the recommendations and actions from the Rogers
Commission (1986), and how NASA had addressed organizational deficiencies identified
by the Rogers Commission after the Challenger accident. These actions were grouped to
best fit social action subsystems and interchange media along the Y-axis of a two
dimensional matrix.

Phase 2 of this study reviewed the final CAIB report (2003), commissioned by
NASA’s Administrator. The report provided the new information from the accident
investigation, which was followed by NASA’s Implementation Plan of the CAIB
investigation. The report identified physical and organizational causes. There were three
organizational questions that were the basis for the actions that NASA took after the

Columbia accident. First, why was there a decrease in engineering demand to understand
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anomalous system conditions? Second, why did the decision-making process fail? And
third, how did organizational structure contribute to the breakdowns in the organization?
From these questions, over 100 formal actions resulted from the implementation plan,
which were tracked to closure. The researcher for this case study selected those
operational rather than technical actions that could be examined in detail to sufficiently
answer the research questions. The criteria for the selection were focused on social
system actions with relevance to the learning dynamics of HROs. Data from Phase 2 was
added to Phase 1 data, resulting in a matrix that described the chronological evolution of
post-accident actions that NASA had taken.

Phase 3 of this study included data from the interviews conducted to identify the
operation of NASA’s actions over time. The CAIB (2003) actions were examined relative
to NASA’s existence pre-Columbia, immediately following Columbia, and 10 years after
the Columbia accident. The pre-Columbia accident data point was put into context with a
post-Challenger accident data point to capture any changes in the pre-Columbia accident
period. The interview participants provided their perspectives on the effectiveness and
longevity of the actions put in place at the four different points in time.

The last two phases focused on data analysis and have been discussed after the

interview and data management sections later in this report.

Interview Procedures

Fundamental to this research were the interviews of NASA participants. Each

interview focused on the person’s involvement with the actions that were put in place and
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his/her impressions of why some actions stopped, were repeated, or became part of
normal business. All interview data was recorded and transcribed into over 200 pages of
source data. Key questions were sent to the participants one week before to give each
participant an opportunity to prepare. The interview was face-to-face and conducted on
NASA premises at JSC with the exception of one interview conducted at the Langley
Research Center. The names of the participants were confidential. Each participant was
given the opportunity to make statements that were off-the-record, but none opted to
provide comments that were off the record. The data from the interviews was descriptive
of the environment within the time span of the study, focused on the action-related events
leading to the accident, and included the participants’ interpretation of what occurred
when implementing corrective actions as they came across new information. The
openness of the interview process was critical to this research.

Post-interview.

Once each interview was conducted and transcribed, each participant was given
the option to back out of the study for any reason. None of the participants requested
concern or the desire to be excluded from the study.

Potential Bias.

Biases presented a weakness to this study that could potentially discredit some of
the findings. There were three primary areas of vulnerability, followed by mitigating
actions taken to reduce their effects. The first was the intuitive direction that might be
taken by the researcher if he followed a hunch as to where the direction might go. This

was especially true because the research was conducted 10 years after the Columbia
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accident and significant validation and corrective action were already in place to address
the CAIB’s recommendations. The person being interviewed was asked to draw a
distinction between the state prior to the accident, immediately following the accident,
and present day.

The second area of vulnerability was the relationship that existed between the
researcher and the subject. In most cases, there would be a pre-existing relationship,
which could affect the data being exchanged. In some cases, the interview may not been
completed because both parties were able to fill assumed gaps based on their common
experiences. In other situations, the relationship was a senior-to-journeyman relationship
where intimidation or fear of repercussion could have altered the accuracy of the data. By
not including any direct reports to the researcher in the interview pool, this risk was
mitigated.

The third vulnerability was language. The researcher is an engineer by training
and has a cause and effect mentality, recognizing events in that mode. With this
background, holistic assessments of social interactions that must be recognized as part of
a solution set may be incomplete. What might have been captured by other researchers,
may have been unintentionally discarded as unimportant, and thus not included as a
possible causal contributor to the accident being studied. To minimize this effect, a social
scientist researcher reviewed transcripts of all interviews and provided the researcher
with observations the social scientist researcher had made that had not previously been

captured in the data gathering notes.
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Development of the Interview Questions.

The general structure for each interview was the same. The operational conceptual
frame called for four different points in time. The first was post-Challenger, the second
was pre-Columbia, the third was post-Columbia in preparation to fly the first Return to
Flight mission, and, the fourth was present day, the time frame during which the research
for this case study took place. The first two pre-Columbia accident questions attempted to
link actions to the post-Challenger accident timeframe, but the 20-year gap made
recollections difficult for the participants and were, therefore, not a primary objective in
the interview. Within each interview, the questions had three parts: a) describe context; b)
describe actions; and c) reflect/interpret event.

The primary interview questions are listed below. They were created based on the
research questions, but also theoretically rooted with characteristics of Normal Accident
Theory and High Reliability Organizations (Perrow, 1984; Marzias, Dulac & Leveson,
2004). Subsequent questions evolved from the research and documented in this study.
The questions were categorized according to the Organizational Learning System Model
(OLSM) (Schwandt, 1997; Schwandt & Marquardt, 2000), i.e., Environmental Interface;
Action and Reflection; Dissemination and Diffusion; and, Memory and Meaning. The
questions were piloted to test the quality of the data that was generated from the exact
wording of the questions.

Environmental Interface.

What new information was becoming available at this time?

Did you, your customer, and stakeholders all have the same goals? Explain.
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Did your organization communicate how individuals fit into the big picture?
Explain.

What context was dominant while performing your duties?

What external forces drove routines to change?

Do you hear stories about how individuals like you helped the Program? Explain.
Action and Reflection.

Were you prepared for the interaction of your actions to others? Explain.
Were you aware of the robustness and vulnerabilities of your system? Explain.
What priorities were placed on you, or your organization?

How did you reflect and change goals based on new information?
Dissemination and Diffusion.

How did you synthesize conflicting data over time? (Vaughan)

How did communication flow through the organizational structure?

How was new information related to operations/structures — social actions?
Were you able to evolve your system to be more robust? Explain.

Were you able to openly share safety lessons learned or concerns? Explain.
Is feedback provided openly — even in tough situations? Explain.

Memory and Meaning.

How did you make sense of the information that supported your actions?
Were the expectations on you linked or competing?

Were there competing expectations? Explain, how did you reconcile them?

What was the morale of the organization at the time?
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How did cultural values influence what information became accepted?

Is your organization flexible in how it thinks about accidents/solutions? Explain.
Do you feel empowered to fix your own problems? Explain.

How far is your organization willing to go to prevent accidents?

Does your organization use extensive accident analysis and does it share results?
Explain.

Does your organization use the reward system consistently with safety? Explain.

Through the interview process the goal was focused on the participant’s

interpretation of how post-accident actions transcended through time were explored.
Data Management

The investigation report data was managed by populating a two dimensional
matrix. The Y-axis represented the series of actions taken by the organization in response
to the Columbia accident. The X-axis reflected the different points in time. Each
interviewee had his/her own set of notes that captured any non-verbal observations that
would not be captured in the transcripts. After all interviews were completed they were
transcribed and analyzed, producing the themes discussed in the interviews. Outliers were
discussed with follow-up interview questions. Tables presented in the results section
documented the data collected for three periods — pre-Columbia, post-Columbia, and all
inclusive from beginning to end. It was important to note that once the Columbia actions
taken were added to the template, there were also NASA actions taken at the

organizational level post-Challenger and Columbia, but the learned observation data was

38



collected at the individual level at all four points in time. Capturing both sets of data was
important because the data from the interviews was the link between the organization’s
intended actions and the learning that occurred at the individual level. Additional tables,
in the results section, captured the interview data with theme information that helped
correlate observations to investigation report data.
Analysis of Data

The last two research phases were designated for data analysis. The analysis was
based on the transcribed content of the interviews. By analyzing the interview data, the
content, concepts, and relationships emerged from the data. Phase 4 entailed the
sequencing of actions through time. Interview participant responses were critical in
bridging the formal actions at the Agency level to the actions that were executed at the
individual level. If, for example, an investigation action was a new, independent decision
maker in the Flight Readiness Review (FRR) process, the interview data would validate
that the action was put in place after the accident, whether that action was put in place
prior to the next accident, or if the action was still in place today. Consequently, Phase 4
revealed what were (un)changed behaviors and routines in the organization by the
organization.

Phase 5 entailed the coding that synthesized the document review and interview
data as it converged on themes as to why continuities or discontinuities existed in the
actions that the organization put in place. From this data, findings emerged as to why

learning did or did not take place in the organization. There were initial codes prescribed
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by the OLSM subsystems and interactions, and there were codes that emerged through

the data analysis process. Those codes are described in the following table.

Table 2. Model and Emerging Codes

Model Codes Emerging Codes
Environmental Interface Risk
Action Reflection Time
Dissemination & Diffusion Leadership
Memory & Meaning

New Information

Goal Reference Knowledge
Structuring

Sensemaking

New Information

Table 3. Challenger and Columbia Investigation Findings/NASA Actions

Challenger Columbia Interview  Peer review
Post-Event Post- Quotes Comments
Perspective Event that
Perspec- Support
tive Actions/
Findings
Environ- Findings Responses  Environ- Findings Responses
mental mental
Interface Interface
Recommen Fact- 6.3-12 RTF S1.13, Interview
- dation finding Communi  suggestion S4.4, #6, R09 _
V:Improve group -cation box S4.9,56.5 Tape009
communic-  organized Break- (reference  Informa-
ation down spread- tion filtered
sheet)
Action Findings Responses  Action Findings Responses
Reflection Reflection
Dissemina Dissemina
-tion and -tion and
Diffusion Diffusion
Memory Memory
and and
Meaning Meaning
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Table 4. Interviews of Key Employees

Quotes Themes Lessons (Un)Learned  Program

Busy with other

...we were busy trying to U-coupling of

build the Space Station... loosely coup le.d. program dependencies STS-107
program priorities

Action Reflection

Everything we do today is I — safety trumps

safety of flight. ’ Safety first everythiillg ’ STS-107

Dissemination and

Diffusion

From KSC, we did not I ¢ C {cati

know a lot of what was mprovemett on ommufication STS-107
. communication upward on actions

going on...

Memory and Meaning

I think memory in our Action only in face U — action only as Toda

organization is very poor  of urgency reaction Y

Validity and Reliability

Because the researcher also worked at the site of this study, he placed extra
controls on the data collected and on the findings that emerged from this case study. Yin
(1984) provided guidance on ensuring validity and reliability for case studies. The
controls began with the selection of the interview participants. To ensure that the people
interviewed were not biased to share the views of the researcher, the individuals were
selected based on their documented involvement with the case. Additional individuals
were considered based on availability and on references from the initial set of interviews.
None of the members interviewed were directly under the supervision of the researcher.
This was important for validation and ethical reasons. This degree of separation made the
interviews more comfortable and non-intimidating, helping the participant to share open

information without fear of retribution.
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The next step in ensuring validity to the data was by the use of an independent
researcher for the data analysis to ensure that the codings were supported by the data. To
enhance validity even further, the independent researcher also reviewed the findings to
ensure that they supported the codings that were identified.

To ensure that the data was reliable, each participant was given the transcript of
his/her interview and given the option to correct or remove themselves from the study.
There were no corrections provided from any of the participants or requests to be
removed from the study. The researcher also ensured that his own interpretation of the
data did not become an issue for maintaining subjectivity in identifying findings and
conclusions. This was done by having an independent researcher, a Doctor of Education
specialized in Human and Organizational Learning, review all transcripts and identify
major themes. Those peer reviewed themes were compared to the researcher’s themes for
consistency. Discussions between researcher and peer reviewer reconciled the differences

and validated the seven themes that are identified in Chapter 4.

Subjectivity

As an active employee of NASA’s JSC since 1987, this researcher was also an
“insider.” He worked side by side with the engineers who designed the escape system and
contributed to the decision that the system was ready to return to flight after the
Challenger accident. Throughout the preceding 15 years, he had the responsibility for
signing Certificate of Flight Readiness statements stating that the Orbiter system for

which he was responsible was ready to fly. Throughout those years, he participated in
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Flight Readiness Reviews (FRRs) where anomalous data was discussed and the decision-
making board decided it was safe to fly again. Also noteworthy, the researcher was a
member of the engineering board that reviewed and approved the STS-114 mission for
flight — the first return to flight mission after the Columbia explosion. Unfortunately, that
decision of flight readiness proved to be incorrect with the shedding of another large
piece of foam that narrowly missed the Shuttle Orbiter Discovery’s wing. Finally, the
researcher personally knew and worked with some of the flight crew, knew their
personalities, and knew the ambitions they had for the future. This level of insight had
both advantages and disadvantages.

The way in which the researcher analyzed and selected the themes from the
interviews could have been skewed due to biases that existed for the researcher.
Therefore, an independent researcher participated in this phase of the research. Also,
candidate participants who were under the direct supervision of the researcher were
excluded from the participant pool and replaced by an analogous position from another
organization. Although this situation was not ideal, it was necessary in order to protect
the accuracy of the data introduced into this research. At a minimum, all participants had
at least one additional level of supervision between him/her and the researcher. The
researcher was well aware of the importance of maintaining the ethics of human
participation in research.

Human Participants and Ethics Precautions
Human subject interaction was an important consideration in this study. The

interviews pointed to human subjects forced to relive a very difficult time in their lives.
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Seven people died in the Shuttle Columbia tragedy, and the interview process exposed
several individuals who felt personally responsible for those seven deaths. Recognizing
this sensitivity, the researcher guided the interviews through a more delicate discussion of
inquiry as opposed to an accusatory fact-finding inquisition.

The ethical considerations for this study were significant due to the researcher’s
having a personal involvement with the study. The researcher’s personal involvement
could have resulted in steering the research away from personal acquaintances in order to
avoid embarrassment. Or, the opposite may have also existed, where the researcher could
have been drawn more to individuals or areas where greater knowledge or relationships
existed and consequently, could have left other important research considerations
untouched. Remaining aware of these risks and performing self-checks to ensure that
unintended distractions did not occur was an important consideration through the
research process.

Through all ethical considerations, the most important is ensuring confidentiality.
Measures were taken to protect the participants. First, interviews were held at times that
bystanders could not tell that the participants were being interviewed. Second, codes were
given to each participant and those codes were kept in written form away from the
transcripts themselves. Finally, all names and references to specific NASA employees
were removed from the transcripts. Through these steps, the likelihood of connecting

interview data to the source became very unlikely.
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CHAPTER 4: RESULTS

Overview

After 30 years of providing U.S. access to space and a national investment of over
$209 billion dollars, the Space Shuttle program came to an end. In that time, the Space
Shuttle enabled 135 missions, flew 833 humans into space, and contributed over
198,728.5 on-orbit man-hours to science and technology. This program also came at a
cost of two catastrophic Shuttle accidents and the loss of their crews.

This chapter presents the data used to analyze what NASA learned as an
organization as a result of both the Challenger and Columbia accidents. Evidence of
organizational learning was identified when there was evidence of sustained changed
behaviors and routines. Two primary forms of data were collected and analyzed to
determine if organizational learning had taken place. First, both accident investigation
reports were analyzed, the report by the Rogers Commission for the Challenger accident
and the report by the Columbia Accident Investigation Board. Second, 10 interviews
were conducted with NASA employees who represented technical experts, their
management, and their programmatic customers involved in either or both flights. The
data was collected, analyzed, and resulting themes were identified. The themes answered
the research question of what NASA had learned as a result of the catastrophic accidents
of the two Space Shuttles.

First, the researcher looked at how NASA responded after the Challenger accident
a little over 25 years ago. The data gave excellent insight to what was thought to be the

problem that caused the accident and how the organization changed its processes and
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priorities to ensure that a similar accident would not happen again. Then 15 years later, a
second Shuttle accident occurred when the Orbiter Columbia perished on its way back to
Earth. Again the data was analyzed to see how NASA investigated itself and how it
responded by identifying corrective actions — some new and some a repeat of measures
previously put into place, a hint that not all learning opportunities were seized after the
Challenger accident. Learning from this second accident helped answer the research
question by understanding what NASA learned from the Challenger accident. Finally, by
looking at how NASA was operating in the present day--a culmination of evolved
behaviors, processes, and structure--this research concluded its answers to the research
question.

Figure 3 is an outline of how the data collection, analysis, and results flowed.
First, the investigation report data was presented. This was presented twice, one for each
accident so that the chronological aspect can be understood. First, data was presented for
the actions taken as a result of the Challenger accident. The actions were categorized in
each of the four OLSM quadrants. Then the actions as a result of the Columbia accident
were presented in a similar OSLM format. For the report review analysis, there was no
documentation that captured the present day assessment. That category of analysis was
only available from interview data.
The interview data was the second part of the data analysis. In a similar structure as the
report of the data analysis, the interview data was presented using the OLSM structure for
both Challenger and Columbia observations. With the interview data, observations were

also made relative to the present day and were also included in this data analysis. Within
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all of the interview data, source classification between experts, managers, and customers
was also maintained to support certain emerging themes.

The synthesis of investigation report data and interview data resulted in the
identification of seven recurring themes of learned and non-learned characteristics. The
seven themes were presented with a sample of supporting data. These themes ultimately

supported the answer to the research question.

Reports Interviews
r— »Rogers »Experts
3 Commission »Management
- »CAIB »Customer
o Investigation
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Figure 3. Data Collection and Analysis Flow.
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The building blocks of the seven themes below are discussed in the next sections,
and ultimately discussed in detail at the end of this chapter.

Theme 1 — NASA determined the Shuttle is not an operational, goal driven spacecraft
(AR)

Theme 2 — NASA created a culture to question and give meaning to data (MM)
Theme 3 — NASA overreacts to external inputs as a result of catastrophic events (EI)
Theme 4 — NASA learned to listen and give accurate meaning to new data (EI)
Theme 5 — NASA Improved communication and integration (DD)

Theme 6 — NASA added diversity to organizational roles (DD)

Theme 7 — NASA operates with risk ambivalence (MM)

Investigation Report Data

The following 50 pages present the investigation report data followed by the
interview data. Within each of those sources there were chronological sections
discussing data in the Challenger, Columbia, and present day periods. All data was
presented in the OLSM framework.

NASA and the White House commissioned investigations after each of the two
Shuttle accidents. Each investigation was backed by thousands of hours and millions of
dollars to ensure root causes of the accidents were understood. For each of these reports
there was also a corresponding “response” to the findings. The responses were critical to
understanding organizational learning because they outlined the intended organizational

changes that were put in place. They also provided insight to near-term urgent changes
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that were constraints to flying Shuttles again and “suggested” improvements or long-term
actions that were not flight-constraining or time critical.

Information was collected from The Rogers Commission Report, OV-99
Challenger accident (1986) and the report of the Columbia Accident Investigation Board
,OV-102 Columbia accident (CAIB, 2003) . The Findings and Recommendations of the
reports were entered into a data collection spreadsheet along with the resulting actions for
the Challenger and Columbia accidents taken by NASA to address those Findings and
Recommendations. The identifying numbers used in the spreadsheet were taken directly
from the reports themselves for ease of identification. The wording for the Findings,
Recommendations, and Responses was edited for brevity or paraphrased so that the text
would fit into the spreadsheet.

The Findings and their corresponding responses and actions were presented in
four sections, each representing the four functional subsystems in the Schwandt’s OLSM
(1997; Schwandt & Marquardt, 2000). There was extensive overlap across the
appropriate subsystems between findings, responses, and actions. Priority was given to
actions first, then responses, and last to findings. Where appropriate, findings were
presented together when there were similarities in the finding or the NASA response or
action. In some cases the reports did not state a specific finding, but rather made
recommendations. In those cases the recommendations were captured and linked to the

resulting NASA action.
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The analysis of the investigation reports was combined with the analysis of the
interviews, ultimately revealing seven common themes that best represented the data

collected for this research.

Challenger Section 1 — Environmental Interface Subsystem

The Challenger accident reports drew much attention to the broad concept of
communication. The intent of these findings and responses was rooted around how
management was listening to new information to make decisions. Findings pointed to
cultural barriers to the flow of that information, therefore, management implemented two
major changes. First, the Agency placed astronauts in key leadership positions. The
rationale was that the high caliber of the personnel, the broad experience base, and since
astronauts were direct stakeholders of the safety of the flight systems, would produce a
more robust human spaceflight program. The second major contribution as a result of
Challenger was the establishment of key structural processes. Two key ones that will be
referenced later are the Mission Management Team (MMT) and the Flight Readiness

Review (FRR) process.
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Table 5. Challenger Findings 1-Improve Communications

Challenger Finding

Recommendation V: Improved Communications
http://history.nasa.gov/rogersrep/vIrecomm.htm

NASA Response
Recommendation II: Shuttle management structure-relationships between centers
1 and Headquarters http://history.nasa.gov/rogersrep/actions.pdf

Specific Actions

! Fact Finding Group organized-assess roles & responsibilities of management

STS Safety Advisory Panel reports to STS PM; Deputy Director NSTS

Program/JSC, Deputy Director NSTS Ops/KSC; Flight Crew Ops, Mission Ops,
2 Mission Support report to JSC Director; New Director of STS Management &

Ops at KSC Level I, II, III program management. reevaluated

http://history.nasa.gov/rogersrep/v6ch2.htm

Standardize use of launch constraints

http://history.nasa.gov/rogersrep/actions.pdf

Table 6. Challenger Findings 2-Improve Communications

Challenger Finding

1 Recommendation V: Improved Communications.
http://history.nasa.gov/rogersrep/vIrecomm.htm
NASA Response

1 Recommendation II: Astronauts in management.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

1 Astronaut appointed to Office of Space Flight-to stimulate transition of
astronauts into management positions.

7 Astronauts assigned to management positions.
http://history.nasa.gov/rogersrep/v6ch2.htm
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Table 7. Challenger Findings 3-Improve Communications

Challenger Finding

Recommendation V: Improved Communications.
1 http://history.nasa.gov/rogersrep/vIrecomm.htm

NASA Response

Recommendation V: Improved communication.
1 http://history.nasa.gov/rogersrep/actions.pdf

Specific Actions

1 Astronaut forms team to assess management communication at all levels,
standardization of ops, conduct FRRs & MMTs.

Office of Space Flight Management Council revitalized.
Personnel changes for NASA Headquarters and centers.
MMT reports to Dep Director NSTS Ops.

Meetings of MMT & FRR will be recorded & formal minutes created.
Flight Crew Ops is Project Element & attends FRR & MMT.
http://history.nasa.gov/rogersrep/v6ch2.htm

2
3
4
5

(o)

Challenger Section 2 — Action and Reflection Subsystem

Challenger also brought to light the mismatch in expectations under which the
Shuttle program was created and the mode under which it was operating. The Shuttle was
not the efficient spaceship that would take cargo into orbit with the same operational
efficiency and budget under which airlines operate. Therefore, actions came out to
realistically set flight rate expectations and operational infrastructure to support a more

realistic and achievable reality in a safe way.
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Table 8. Challenger Findings 1-Flight Rate

Challenger Finding

1 Recommendation VIII: Flight Rate.
http://history.nasa.gov/rogersrep/vIrecomm.htm
NASA Response

1 Recommendation VIII: Flight Rate.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

1 Flight Rate WG formed to assess impact of flight crew training.
2
3

Fourth orbiter to be added to fleet; NASA, DOD creates mixed-fleet.

Flight Rate Capability WG created.
4 JSC Program Management Reviews initiated.
http://history.nasa.gov/rogersrep/voch7.htm

Table 9. Challenger Findings 2-Flight Rate

Challenger Finding

Volume 2: Time pressure caused by launch scrubs & rapid turnarounds increases
1 potential for sleep loss & judgment errors.

http://history.nasa.gov/rogersrep/v2appg.htm

Table 10. Challenger Findings 3-Fight Rate

Challenger Finding

Finding 6: Operational Maintenance & Inspection Program immature; does not
provide Level II with adequate closed loop oversight.
http://history.nasa.gov/rogersrep/v2appj.htm#2

Challenger Section 3 — Dissemination and Diffusion Subsystem

Similar to the communication findings and actions mentioned in the first section,

it was mentioned here again because the responses introduced a structural change to
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guarantee the effective flow of information. NASA established two forums to act as
watchdogs focused on the effective flow of information in contractor teams and across
NASA centers to the program manager and the NASA Administrator. Through these
forums, that NASA safety community began to grow its organizational role of

independently ensuring safety and mission assurance.

Table 11. Challenger Findings 1-Program Structure

Challenger Finding

1 Recommendation II: Shuttle Program Structure should be reviewed.
http://history.nasa.gov/rogersrep/v1recomm.htm

NASA Response
1 Recommendation II: Shuttle management structure-relationships between centers
and Headquarters. http://history.nasa.gov/rogersrep/actions.pdf

Specific Actions

1 Fact Finding Group organized on 6/25/86-assess roles & responsibilities of
management

Table 12. Challenger Findings 2-Program Structure

Challenger Finding

Recommendation II: Shuttle Program Structure should be reviewed.
http://history.nasa.gov/rogersrep/v1recomm.htm
NASA Response

Recommendation II: Astronauts in management.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

Astronaut appointed to Office of Space Flight-to stimulate transition of
astronauts into management positions.
2 Astronauts appointed to SR&QA.
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Table 13. Challenger Findings 3-Program Structure

Challenger Finding
1 Recommendation II: Establish STS Safety Advisory Panel reporting to STS
Program Manager. http://history.nasa.gov/rogersrep/v1recomm.htm
NASA Response

1 Recommendation II: Shuttle Safety Panel.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

Panel has direct access to SSP management-relationship w/new Office of
1 SRQ&A will be assessed. Space Flight Safety Panel created, chaired by

astronaut with JSC, MSFC, & KSC management

http://history.nasa.gov/rogersrep/v6ch2.htm

Table 14. Challenger Findings 4-Program Structure

Challenger Finding
1 Recommendation II: Establish STS Safety Advisory Panel reporting to STS
Program Manager. http://history.nasa.gov/rogersrep/v1lrecomm.htm
NASA Response

1 Recommendation IV: Assoc. Administrator for SRQ&Q appointed.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

1 Assoc. Admin will ensure interface between safety orgs and Shuttle Safety Panel
is successful.

Office of SRM&QA created, reports to NASA Administrator.
3 Schedules, reports, procedures, trend analysis created.
http://history.nasa.gov/rogersrep/v6ch4.htm
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Table 15. Challenger Findings 5-Program Structure

Challenger Finding

Concerns of Level III NASA personnel and element contractors not adequately
communicated to the NASA Level I and II management responsible for the
launch. http://history.nasa.gov/rogersrep/v1chS.htm

NASA Response

1 NSTS Oversight Group with SR&QA ensures contractor reviews consistent.
http://history.nasa.gov/rogersrep/v6ch3.htm

Table 16. Challenger Findings 6-Program Structure

Challenger Finding

1 Finding 1: Contractor's recommendation on launch was ambiguous.
http://history.nasa.gov/rogersrep/v1ch5.htm
NASA Response

1 Accepted.

Specific Actions

1 NASA Safety Reporting system created; contractor can notify SRM&QA.

7 Audits of all problem areas, reporting to SRM&QA.
http://history.nasa.gov/rogersrep/v6ch4.htm

Table 17. Challenger Findings 7-Program Structure

Challenger Finding

1 Finding 2: NASA Levels I and II not appropriately consider contractor's concern.
http://history.nasa.gov/rogersrep/v1ch5.htm

> Finding 1: Neither Mission Control nor crew had warning.
http://history.nasa.gov/rogersrep/v1ch9.htm
Finding Vol 2: Manpower limitations due to high workload created scheduling

3 difficulties & contributed to operational problems.
http://history.nasa.gov/rogersrep/v2appi.htm#3

4 Finding Vol 2: Communication during launch decision process inadequate.
http://history.nasa.gov/rogersrep/v2appi.htm#3
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Challenger Section 4 — Memory and Meaning Subsystem

In this final Challenger section, observations were made about how the
organization’s past and the way it understood its past were challenged. Several of the
points noted earlier were referenced again, but there were two new ones that proved to be
important to the organization’s future. First, NASA recognized that it had stopped
looking at the risks it accepted in the past and just allowed them to accumulate over time.
As a result of Challenger, the need to periodically review these risks was established. The
second point was identified as an issue, but no direct response was found. The issue was
the presence of fear of retaliation for whistle blowing. There was already an anonymous
system in place, but it did not seem to address the open dialogue required to operate in

this safety critical business.

Table 18. Challenger Findings 1-Degradation Over Time

Challenger Finding

1 None specific. Assumed degradation over time.

NASA Response

1 Recommendation IX: Maintenance Safeguards.
http://history.nasa.gov/rogersrep/actions.pdf
Specific Actions

1 Uniform maintenance requirements imposed on all elements, define
documentation, define org. responsibilities

NSTS Maintenance Plan, CIL review.
http://history.nasa.gov/rogersrep/actions.pdf

3 Program Management Reviews.

4 Increase staffing levels.
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Table 19. Challenger Findings-Launch Constraints

Challenger Finding

10

11

12

13

Finding 2: Launch constraints and waivers of launch constraints not considered
by all levels of management .

http://history.nasa.gov/rogersrep/v1ch5.htm

Finding: Neither contractor nor NASA responded adequately to internal
warnings about faulty designs.

http://history.nasa.gov/rogersrep/v1ch6.htm

Finding 1: Reductions in SR&QA work force seriously limited capability.
http://history.nasa.gov/rogersrep/v1ch7.htm

Finding 2: Organizational structures placed SR&QA under the supervision of
org & activities they are to check.
http://history.nasa.gov/rogersrep/v1ch7.htm

Finding 3; Problem reporting requirements not concise and do not get critical
information to management.

http://history.nasa.gov/rogersrep/v1ch7.htm

Finding 4: Little or no trend analysis performed.
http://history.nasa.gov/rogersrep/v1ch7.htm

Finding 1: Unacceptable compression of time available for crews to accomplish
required training. http://history.nasa.gov/rogersrep/v1ch8.htm
Finding 6: Compressed flight schedule not allow critical info to be identified
and addressed before next flight.

http://history.nasa.gov/rogersrep/v1ch8.htm

NASA personnel only inspect areas considered more critical; limits
independent checks. http://history.nasa.gov/rogersrep/v1ch9.htm
Accidental damage not consistently reported due to lack of confidence in
forgiveness policy and fear of job loss.
http://history.nasa.gov/rogersrep/v1ch9.htm

Volume 2: Competing expectations; criteria altered so flights may still be
certified in time. http://history.nasa.gov/rogersrep/v2appf.htm
Volume 2: Lack of communication between NASA management & working
engineers. http://history.nasa.gov/rogersrep/v2appf.htm

Finding Vol 2: Test Team errors found caused by not following established
procedures. http://history.nasa.gov/rogersrep/v2appi.htm#3
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Table 20. Challenger Findings 1-Flight Readiness Process

Challenger Finding

Finding Vol 2: FRR process did not address critical flight safety issues.
1 http://history.nasa.gov/rogersrep/v2appi.htm#3
http://history.nasa.gov/rogersrep/v1ch6.htm
NASA Response
1 Accepted
Specific Actions
NASA reviews all FMEA & CIL items.
http://history.nasa.gov/rogersrep/v6ch3.htm

Columbia Section 1 — Environmental Interface Subsystem

As we transitioned from the Challenger accident to the Columbia accident the
nature of the findings and responses were more pronounced and focused on the
organization. The external interface once again played a key role. Findings in the areas of
communication, insufficient workforce/infrastructure, and a restrictive culture
reappeared. Once again they were listed here because the emphasis behind these findings
was focused on how new information was taken in. The responses that NASA made also
sounded similar to Challenger, meaning the original ones were ineffective or degraded
over time. They included actions such as establishing additional reporting avenues,
additional communication paths to Headquarters, and a renowned emphasis to

understanding the health of the organizational culture of the Agency.
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Table 21. Columbia Findings 1-Organizational Structure

Columbia Finding

1 Ch 8.1--Accidents caused by failure of NASA org system. Policy decisions by
leaders impacted SSP culture, resulting in flawed decision making.
5 Ch.8.5--Conflicting goals
http://history.nasa.gov/columbia/CAIB_reportindex.html.
NASA Response

1 SSRP, EERP, process improved.

NASA assesses areas to improve: empower communication, correct practices,
2 focus on human element, and remove barriers.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
3 NASA Ombudsman Program established at each center & HQ.
http://www.nasa.gov/pdf/5569/main Diaz 020204.pdf

Table 22. Columbia Findings 2-Organizational Structure

Columbia Finding

010.6-2—Understanding of workforce & infrastructure required
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

Policies created to assure workforce health.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
Deputy Associate Administrator for ISS & SSP in Office of Space Ops

organized.

Columbia Section 2 — Action and Reflection Subsystem

Columbia once again identified the challenges associated with having to maintain
an aggressive schedule. An added complicating factor now was the assembly of the
International Space Station (ISS) and its dependency on the Shuttle as its transport

system. New forums were established to keep this joint program integration functioning
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reliably. The other important observation was tied to the cultural observations of
ineffective decision making, possibly relating back to the communication issues. For this,
NASA began mandating training/simulations of organizational communication networks,

the flow of information, and the resulting decisions that came from that information.

Table 23. Columbia Findings-External and Internal Pressures

Columbia Finding

1 Finding F6.2-6--Schedule pressures influenced STS-107 decisions.

Finding F6.2-7--Managers concerned with foam strike effect on launch schedule.
Recommendation R6.2-1--Adopt & maintain shuttle flight schedule consistent
with resources.
http://history.nasa.gov/columbia/CAIB_reportindex.html

NASA Response

1 Risk management system enhanced, balance technical, schedule and resource
risks.  http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

2 Policies put in place to assess & adjust schedules.

3 Program Ops Plan created.
Management changes in human space flight program.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

5 NASA & USA work to integrate infrastructure, personnel.
Joint PRCB created

6 http://www.nasa.gov/pdf/53067main_station_imp_plan.pdf
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

Table 24. Columbia Findings-Organizational Rules

Columbia Finding

1 Ch.8.5--Go-by-the-book rules.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 Ops & decision-making sims used to train management.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
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Columbia Section 3 — Dissemination and Diffusion Subsystem

Communication breakdown continued to be a recurring theme, and again in
response, NASA added more forums with that responsibility. This time the Shuttle
Systems Integration Office was chartered to look at cross program element issues. Tied to
this response was a noted difference of the Columbia findings over the Challenger ones.
The findings started being more critical of the effectiveness of established functions such
as the Safety and Mission Assurance (S&MA) community. Other noted findings and
actions were similar to the ones listed earlier in the areas of management training and
communication forums such as the MMT. This time what made the MMT unique was
that membership was expanded to include not just the program customers, but also the
technical organization’s management structure. Later the research found that this
expansion played an important role in empowering the technical voice and sense of

accountability.

Table 25. Columbia Findings 1-Communication and Leadership

Columbia Finding

1 Finding6.3-12--Communication breakdown
Finding6.3-15--Lapses in leadership & communication. Recommendation R6.3-
1 Management training needed.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 Employees & public provide ideas for RTF.
http://www.spaceref.com/news/viewsr.html?pid=11085
RTF suggestion box.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
Safety & Mission Success Week held, feedback collected.
http://www.nasa.gov/pdf/5569/main_Diaz 020204.pdf

2
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Table 26. Columbia Findings 2-Communication and Leadership

Columbia Finding

1 Finding6.3-12--Communication breakdown.

Finding6.3-15--Lapses in leadership & communication. Recommendation R6.3-
1 Management. training needed.
http://history.nasa.gov/columbia/CAIB_reportindex.html

NASA Response

1 MMT processes, procedures, req defined. MMT membership expanded.
2 MMT training created.
Procedures for MMT meetings standardized. MCC & MMT workspace reorg.

3 http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

Table 27. Columbia Findings 3-Communication and Leadership

Columbia Finding

1 Finding F7.4-6--SSP Sys Integration not handle Orbiter.
> Finding F7.4-10--SR&QA not use Lessons Learned.

Finding F7.4-12--SR&QA depends on SSP to oversee ops.
3 http://history.nasa.gov/columbia/CAIB_reportindex.html

NASA Response

1 NASA defines procedures, clarifies roles, focuses on safety Increases authority
of SSP Sys Integ. Office.

Flight Ops & Integ. Office created.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

SEIO addresses all elements including Orbiter.
http://www.nasa.gov/pdf/125343main RTFTF final 081705.pdf

2

3

Table 28. Columbia Findings 1-Roles and Responsibilities.

Columbia Finding

1 Finding F7.4-13--SSP has conflicting roles & responsibilities.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 NASA defines roles.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
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Table 29. Columbia Findings 2- Roles and Responsibilities

Columbia Finding

1 R7.5-2--NASA HQ S&MA needs authority over SSP safety.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

NASA creates plan for reorg and implements it, although unevenly.
http://www.nasa.gov/pdf/125343main RTFTF final 081705.pdf

Table 30. Columbia Findings 3. Roles and Responsibilities

Columbia Finding

1 R7.5-3--SSI0 reorg to integrate all elements of SSP.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 NASA creates plan for reorg and implements it, although unevenly.
http://www.nasa.gov/pdf/125343main RTFTF final 081705.pdf

Columbia Section 4 — Memory and Meaning Subsystem

The CAIB continued to be critical of the performance of the S&MA community.
Findings pointed to skills ineffectiveness, the lack of defined roles and responsibilities,
and the lack of resources to effectively do this job. In a proactive response, NASA
created the NASA Engineering and Safety Center (NESC), an organization of

engineering and safety excellence to help tackle the Agency’s hardest technical issues.

Table 31. Columbia Findings-Management Training

Columbia Finding

1 Finding F6.3-23--Management focus on bottom line. Recommendation R6.3-1
Management training. http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 KSC, DoD, DCMA work to create training programs.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
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Table 32. Columbia Findings I-Integration

Columbia Finding

1 Finding 7.4-1--S&MA Admin not responsible for S&MA execution (contrary to
Rogers' direction).

> Finding 7.4-3--Little progress made toward integrated, independent analysis of
risk.

3 Finding F7.4-4--Sys Safety & Management separate from engineering.

4 Finding F7.4-5--Risk info & data not communicated.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 Engineering & Safety Center created.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

5 Level 2 & Level 3 integration for Eng, ITA, SMA, JSC, MSFC, KSC.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

3 NESC created, S&MA reorg.
http://www.nasa.gov/pdf/125343main_RTFTF _final 081705.pdf

4 NASA Safety Reporting System created.
http://www.nasa.gov/pdf/53067main_station_imp_plan.pdf

Table 33. Columbia Findings 2-Integration

Columbia Finding

1 Ch.8.5--Safety sys lacks resources to apply alternate views.
http://history.nasa.gov/columbia/CAIB_reportindex.html

NASA Response

1 NASA creates plan for reorg and implements it, although unevenly.
http://www.nasa.gov/pdf/125343main RTFTF final 081705.pdf

Table 34. Columbia Findings 3-Intergration

Columbia Finding

1 R9.1-1--Create independent TEA and reorganize SSIO.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 ITA and independent S&MA created.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
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Table 35. Columbia Findings 4-Intergration

Columbia Finding

1 Ch.10.4--NASA & USA QA not fully integrated.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 QA req and training plans created.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

Table 36. Columbia Findings 5-Integration

Columbia Finding

1 010.4-2--QA should be consolidated.

7 010.4-3--QA management needs training.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 Center-level team created to assess org structure.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

5 DoD & DCMA help NASA dev training.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

Table 37. Columbia Findings 6-Integration

Columbia Finding

1 010.12-1--NASA needs Agency-wide leadership & management training.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response

1 One NASA for leadership & career dev created.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf
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Table 38. Columbia findings-Human Factor Analysis

Columbia Finding

Vol 2, Append G--Human Factors Analysis--Negative impacts due to workforce
stress from shift work & overtime.
http://history.nasa.gov/columbia/CAIB_reportindex.html
NASA Response
1 NASA & Air Force work to improve program management.
http://www.nasa.gov/pdf/116880main_rtf imp 10th.pdf

Interview Data

The interview data presented is a compilation of selected quotes extracted from 10
separate 1.5-2 hours (average) interviews transcribed into approximately 200 pages.
These sample quotes were a representation of the data that supported the identified
recurring themes and the outliers to those themes. Similar to the investigation report data,
this interview data was presented for both the Challenger and Columbia time periods.
Additionally, the interview data added a third retrospective look from the present, i.e., the
end of the Shuttle program, and 10 years after the Columbia accident. The data was also
separated by the three different groups: technical experts, their management, and their

programmatic customers. All data was presented in the framework of the OLSM.

Challenger Section 1 — Environmental Interface Subsystem

Asking the participants to reflect on the external environment and the context of
their focus and attention after Challenger showed some interesting and consistent results.
The experts were paying attention to the technical performance of the Shuttle and the

curiosity of why and how it worked. Management was showing signs of their attention to
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schedule and the pressure to get to a tempo. And, finally the program customers were
distanced from the technical challenges and were ready and willing to go operational —
even 25 years ago. Similar to the investigative report analysis, much of these
observations were related to their interaction external to their actions, how they perceived

them, and how it influenced their actions.

Table 39. Challenger Interview Responses Related to Environmental Interface

Group Samples of interview responses

Expert Performance was not well understood early on. Instrumentation
basically helped us understand that kind of thing. Especially, the
number one thing that was really kicking us in the butt was boundary
layer transition.

Expert It was not until post-Columbia that we were ever able to do that after
this boundary DTO came about. In my opinion, it was too little, too
late. We basically wasted many, many missions.

Expert We were always finding burn through and over temperature issues with
the Elevon Cove on the burn tips, but it was not until the time that the
wing actually almost fell off the vehicle. It actually melted so severely
that they said we better do something.

Expert All this was done prior to the first flight, actually. So we had a really
good technical interaction. The Project Office, I would say at the time,
supported us. Of course, Engineering did, too.

Expert We had the same attention to detail. I would say that we had all of that
prior to the Challenger vehicle because we had already come up with
problems with oxidation. We call it subsurface oxidation. We made
changes based on that. We developed new systems to take care of that
problem.

Expert What was not learned as a result of Challenger was in my opinion, the
ability of the management or the reluctance of the management to
accept what the flight data was telling us and applying it correctly to the
current situations.

Expert Prior to or right after we got the Shuttle, that is when we had RFP’s to
go out to industry. We had money to go out and do this. We put
together a statement of work to go out and do a lot of impact testing on
tiles and carbon in order to develop models, and understand if we got
hit by this and this, we would have some good basic data. That RFP was
rejected by management. They would not let us do it. This is before the
Challenger accident.
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Group Samples of interview responses

Expert Pre-Challenger, post-Apollo, going into Shuttle. It still does not change
the support we got into developing the carbon system. The more we got
into it, the more people who realized it was more and more complex
than they had thought in terms of response to different environments.
But, prior to Columbia, even though we knew about Challenger’s thing,
prior to Columbia, we still did not have the test data I told you about.
That test data still did not exist.

Management Challenger. There was a clear objective of flying as quickly and as
many flights as we could. It’s back to the political expectations that
were probably set very early on that we were going to fly up to 50
flights a year. I think it was 1985 was the most flights we ever flew
which ended up being nine or ten in the calendar or fiscal year, however
it ended up.

Management But we also lost sight of the physics behind problems. There was not, I
think, a rigorous expectation for how we evaluated anomalies to the
extent that we came out of Challenger in a particular.

Program Yea, yea. Same stuff. And that was my first exposure to that dynamic,
right. Let the KSC guys handle the ops. Let’s move the JSC guys onto
the next design. Hand it off. As you can imagine, it just created a lot of
tension and friction.

Challenger Section 2 — Action and Reflection Subsystem

The action/reflection subsystem after Challenger described a time of curiosity and
efficiency. That self-awareness seemed to cut through both experts and management.
There were interesting observations to the ownership that experts had towards their
spacecraft and its performance. The experts genuinely appreciated the fact that they were
allowed to question. Much like the technical experts, management was also trying to
figure out how to more systematically arrive at excellent decisions. The program
management’s response seemed more frustrated. It appeared that they, too, wanted to be
curious and efficient, but were burdened by an external overreaction to the accident. In
their own way, they were confident that they were the experts and did not want to be

distracted by external influences that were not focused on getting the Shuttle back up and
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flying. There were some programmatic members who did see the weakness in their teams

and saw the need to augment and bring in more of that senior level experience. That

experience would know what risks to review and what actions to take. Of special note

was one observation that the managers who had made Challenger great had been

rejected/fired from the organization. They had been replaced by processes and structure.

Table 40. Challenger Interview Responses Related to Action and Reflection

Group

Sample of interview responses

Expert

Expert

Expert

Expert

Management

Management

Pre-Challenger, my attention was more focused on getting a solid base
instrumentation across all of the vehicles, so we could actually be able
to make a one-to-one comparison on all of the parameters that affected
the vehicle’s performance.

The aspect of post-Challenger, I think we got the most attention, were
on issues to the limitations with the design. After the flights, we were
definitely catching areas were we would say, “oh man, this was close,”
or we actually got a burn through. Things like this that we were actually
allowed to do was to basically take a 2-year time out and redesign areas
of the vehicle we thought were marginal.

Leading up to Columbia, between the Challenger accident and
Columbia, we did transfer most of the technical work from the Dulles’
offices or from Vaught to Rockwell. At the time we did that, I refused
to sign the statement that allowed us to do that. So I had a disagreement
with the Project Office. I did not think at the time it was being
transferred by the Project.

Pre-Challenger, post Apollo, going into Shuttle. It still does not change
the support we got into developing the carbon system. The more we got
into it, the more people who realized it was more and more complex
than they had thought in terms of response to different environments.
But, prior to Columbia, even though we knew about Challenger’s thing,
prior to Columbia, we still did not have the test data I told you about.
That test data still did not exist.

SRB put together a seven step process for flight rationale. What were
the seven key things that anyone should ever do to make sure that we
have effective flight rationale?

Well I didn’t see a lot of change. That is the thing that disturbed me
because what I saw was an extreme amount of emphasis on fixing that
problem.
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Group

Sample of interview responses

Program

Program

Program

Program

Program

Program

Program

Same kind of response. We over react, right. We decided no, we are not
going to transition to KSC any longer. We are going to pull that
subsystem manager role back to JSC. And oh, by the way, we are going
to hire a whole bunch of people, right. So we all went on this hiring
binge right after Challenger. And literally, I mean hundreds of people
were hired right during that.

I think it was that overreaction that we get after the accident really set
us up for the next set of problems, which is too costly of a program,
takes too long. Yea, we over reacted. We were streamlining things,
maybe a little too far. But we were streamlining things. And then we
over reacted by hiring hundreds of people and reforming the Program.
We ended up with this triumvirate of program managers, one at
Headquarters, one at JSC, one at KSC. After Challenger, that was a
weird situation too.

I think it was internal where we felt that we didn’t have the right skills
in the program to know everything that we needed to know. So I think
from a program perspective, it was internal. And then certainly from the
criticism that we received external to the program that said we didn’t
have, NASA didn’t have the skills it needed to have the proper
oversight of the Program. So you know, not long before that was the
broad area review which was a very similar conclusion with the Air
Force. Those two reinforced each other.

I thought the lesson learned from Challenger which was a good one,
was that we needed to look at everything and make sure we did not miss
anything. The FMEA CIL was a methodical way to do that. Right?
These guys wanted to get back to flight quickly. Remember? I don’t
know what you were doing at the time. At first they said we were going
to try to fly that summer. Then it was the fall.

They found a solution and they built a better solid rocket. There was a
lot of money available and the money went into a lot of fixes, many
things that maybe were not even broken, but it was product
improvement and the money was there. Every organization rebuilt their
procedures and re-examined the entire program.

I led a group that reviewed all the Shuttle hazard reports from every
project at every center. We reviewed every one of them. Rewrote many
of them. It was a very organized process that had maybe some benefit to
the program.

There probably was a stiffening of formalities, and a different bunch of
people were put in that maybe made the organization more cohesive and
more open in discussions.
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Group Sample of interview responses

Program I don’t know where it happened. But at some point, everybody running
anything had to either be an ex-flight director or an ex-astronaut. Look
around the JSC organization. What happened to engineering? When did
they stop being players?

Program I prided myself in not being the world’s greatest engineer. I prided
myself into getting a group of people who had the brains, and I prided
myself in the ability to smoke out bullshit. If you smoke out all the
bullshit, what is left is... data.

Program Very rich man. And an author of one of the Apollo books got about
seven of us from Apollo together. We had dinner at Perry’s. Let’s see. |
was still employed back then. The other guys were all retired.
Somebody started talking about how do you think we’d do in Today’s
environment? Well, I said that’s easy. You would have your ass fired.
And [xxxxx] opened his mouth and said, “I’ve been fired. That’s why I
am not there.” [xxxxx] said, “me too.” [xxxxx] said, “me t00.” And we
went around the table and all these guys who made the program what it
was, they were all sort of out the door, gone.

Challenger Section 3 — Dissemination and Diffusion

It was interesting to see the separation that occurred between the three types of
participants. Experts continued to focus on how data was shared among them. Managers
began to be critical of the process under which they were operating— remembering that
they are not part of it. They, too, started recognizing the value of experience that came
from personal lessons learned — the type of lessons that cannot be taught or reviewed as a
form of training. That experience and wisdom was becoming systematic in the way they
made their decisions. Nothing formal, but just the way they thought. And finally there
was the customer who thought nothing was wrong and was frustrated that their program
could not continue to push forward at the pace it had been operating before the accident

happened. They talked about post-Challenger by comparing it to post-Columbia where
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senior managers were more and more removed from the technical performance of the

Space Shuttle.

Table 41. Challenger Interview Responses Related to Dissemination and Diffusion

Group

Sample of interview responses

Expert

Management

Management
Management

Program

Program

I also wanted to make sure the Program Office and managers
understood that there were things we were observing across all of the
flights that potentially needed attention.

After I was in Orbiter for a year, probably about a year, I went to an
offsite and we were talking about dealing with a particular anomaly of
the day relative to Orbiter. A member of the SRB team came up and
said, "are you guys using the seven elements?" I did not know what
they were talking about. So they gave me a copy of it and they made
perfect sense. Like yea, these were things that probably I hope I was
doing mentally anyway, but it was now almost like a checklist that one
can utilize to go through and make sure we are doing what is
appropriate to be done. So I made that an expectation within the
organization.

Lessons learned databases and all that are wonderful, but how much do
they really get utilized? Almost nil.

The best way to get lessons learned into a new program? Actually
move people from the old program into the new program.

That is what I think a lot of people have been telling me is when they
got serious, the program really centered around our noon boards and
PRCBs as to where we really tightened up. And the expectations on the
technical guys is that you are going to have your shit together when we
go in here. We are going to tell data stories. We are going to do that. It
centered around there which had all the elements.

After Columbia rather, the center director as you said became a roads
commodes mainly type person. And the programs. The programs and
the projects then became the big supervisors of all the working troops.
All the working troops. Now if you are a program manager, you have
enough problems to deal with. You can’t be a section head. And that is
virtually what the position was we put them at. I don’t know it you
were there on one of my favorites, when a kid comes to me and [ am
doing Space Station. He stands up in front of the room and says, "I
don’t know if this is right or not, but it is the best I could do."
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Group Sample of interview responses

Program We used to have an incredible contractor in North American and then
Rockwell. And they had their systems managers, subsystem managers.
Then the government married them and had subsystem managers. They
worked together better than any two organizations I have ever seen.
Rockwell - JSC. The subsystem managers loved their hardware. They
were intimately involved in every process. And they knew every quirk.
And they knew every incident. And they paid incredible attention to
that little piece of hardware. Again, I don’t know if. I think we lost
some of that. I don’t think we’ve ever had a contractor government
bond better than JSC and Rockwell.

Challenger Section 4 — Memory and Meaning

Challenger brought about a shock to the organization as a whole. Launches had
been working so well, as many as 10 a year, that the organization thought its vehicle was
invincible and that everything was working fine. The accident put an end to that illusion.
More data, more data--that characterized the experts and consequently began to shape
how their audience saw them — conservative and always asking for more. Interestingly
enough there was little input from management relative to organizational memory and
meaning after Challenger. This linked to other observations that management was
removed from the routines of flying the Shuttle. It was not until after corrective actions
had been implemented that management had begun playing a more active role. The one
thing those senior executives seemed to recall was the environment back then that if you
spoke up in a confrontational way it was likely that you would be looking for a new job.
That kind of memory would affect the way you managed your program and the risks you

were willing to take. That fear was not just about how the program was managed
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internally, but also a fear that the Space Shuttle program itself would come to an end if

NASA did not get its act back together and start flying again.

Table 42. Challenger Interview Responses Related to Memory and Meaning

Group

Sample of interview responses

Expert

Expert

Expert

Expert

Expert

Expert

Management

Program

Program

After Challenger flew his fifth flight, we were killed on instrumentation
because they basically moved to delete a lot of the DFI instrumentation
that we had.

Well in the early ‘80’s, from STS-1 all the way to STS-86 where the
accident occurred, the Shuttle fleet was brand new, still very new. We
were still getting tremendous amounts of flight data back even though
orbital flight tests had ended by flight 4 or 5.

The whole division was still flushed with the success of this new
vehicle going on and on. What I did see that seemed as a warning sign
for the future is this push to get to 11 or 12 launches a year.

Go, go, go. Keep launching, load it up as much as you can. Keep going.
You are also aware that the brakes were melting. There were pieces of
molten brakes. We did not have the drag parachute at the time. That
came later. I always wondered how in the world do we keep flying and
landing?

We were actually doing things that had not been done before. They
were very interested in it. They were very conscientious in wanting to
do it correctly.

So the attitude then I think from management was that well, you guys
are really conservative. This is a simpler system. It may be reusable, but
it is still simpler. You do not need to have as good of tools. I am kind of
paraphrasing but that is kind of the way I got it, my impression.

No comments

I think there was fear in Headquarters with [xxxxx] and [xxxxx] and the
administration, if we don’t get back to flying, they are just going to shut
it down. In fact, what was told to me specifically was you don’t know
how close we were to getting shut down, not NASA but Shuttle. And so
I think that fear made them keep saying, “oh, we are going to fly in
three months.”

Well, before the accident, we were flying successfully. We thought we
were impervious to problems with major significance. We never had
lost a crew. We never had a significant, a really significant problem. We
had a fuel cell glitch, but nothing really major. So, Challenger just hit us
blind. It was probably the first problem in flight we ran into that we
couldn’t work our way out of.
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Columbia Section 1 — Environmental Interface

Experts had a lot to say and upon which to reflect about the environment after the
Columbia accident. There was some resentment that it took an accident for Program
Office executives to recognize that the experts were right in their concerns about the
shuttle. It validated the expert’s curiosity that there was a lot they did not know about that
spaceship they were trying to fly. They observed the ease with which their voice was
discounted prior to Columbia as the program continued to try to make Shuttle flights
routine and operational. That environment was contrasted by post- accident events where
there was a purposeful slowdown to better understand data and the experts that brought
them forward. That slowdown came with more structured forums, processes, and the
behavior of the new leaders. Management did not have much interaction with the external
environment. They observed an environment in which the program was trying to shift to
the private sector and they were not an active participant. That was going to change soon.
The observations of overreaction were seen here again, this time with passion and
resentment. Clearly, program customers did not validate the findings and resulting
actions that were coming in from the CAIB report. That shift in priorities caused many

leaders who had personally experienced Challenger and Columbia to leave the Agency.
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Table 43. Columbia Interview Responses Related to the Environmental Interface

Group Sample of interview responses

Expert Maybe you should have listened to us years ago.

Expert Now, everything we do, we ask the question, do we see this during the
mission and how will it affect the mission.

Expert We were totally clueless about all of these things so early in the

program. How can I say it? The environment was always like, “oh, we
have always had it, TPS can take it, let’s not worry about it.” That was
since the very beginning. We were hit thousands of time and it has
never been a problem.

Expert Obviously one of the big environmental factors that was shaping how
the program was being executed, which was the push to privatize the
subsystem managers and transition over to Boeing.

Expert You want to get back to flying again so you are doing everything you
can to get back to flying again.
Expert [xxxxx]| would say, “Is there someone here who has a stake or has a

concern and wants to talk? If so, you can speak now.” And he would
wait and wait and wait. For some, I would see squirming in their seats
because it would seem to go on for a minute, thirty seconds. There is
silence.

Expert MMT expanded its discussions, welcomed more inputs, welcomed
anyone could come to the microphone, and the FRRs, too. FRRs. There
were more people going including myself in the Return to Flight. A lot
more welcoming of anyone coming up to the microphone to talk.
MMTs also have the anonymous box.

Expert The technical meeting they have with Orbiter was a new thing. It used
to be just USA and Boeing. Now they said anyone can come. Anything
you want to talk? Make an appointment and we will all talk.

Expert [xxxxx] just shot it down. She said, “that is an immature story. You
should not come here with stuff like that on L-1. There is so much
engineering uncertainty.” I disagreed. We are telling you what can
happen here. It all got tabled. They said they would discuss that after the
mission. It was too immature. In hind sight.

Expert We still missed a major, I think a major thing. That was before
Challenger, we knew we had a problem and we did not do anything
about it. Before Columbia, we knew we had a problem and we did not
really do anything about it, because it had not hurt us, yet. But I could
say the same thing about Challenger. The blow by had not hurt us yet
either until it finally did kill us. Finally we got killed on the foam
coming off of the tanks. But since that time post Columbia, we have
developed a lot of tools.
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Group Sample of interview responses

Expert NASA’s really on a hot seat with respect to the public. The public looks
to NASA for a lot of things. I really believe that most of the public
expects us to be perfect, and we are not. We cannot be, but they still
expect it. At one time we were a source of pride for the country that
they could look to. We are still the only country that has ever flown a
reusable vehicle.

Expert So, if I could not go up to the project manager and prove to him that it
was flight safety related, than I kind of moved my item down his list. I
understand that. His list was based on flight safety first. Research and
development to learn something new would be second. So, as long as I
could not prove it was essential, then we did not do some of those
things. As a manager or as an engineer, if I cannot prove it, then I have
not made the right case. I cannot fault that guy for that. He has to make
decisions based on a lot of problems. He is to pick the critical problems
first.

Expert Prior to these accidents, I do not think the project really truly
understood the significance and the complexity of some of the problems
that the engineering groups worked on and understood. They tended not
to not listen to Engineering Directorate. I mean, they felt like they could
just go on and do it. After the Columbia accident, they realized they had
to depend on the people who had the technical knowledge to help them
and listen to them.

Expert So, in the environment leading up to Columbia, NASA was, I should
say, Engineering, was getting less and less involved in the day-to-day
operations, there was more of a focus on space station, more of a focus
on other engineering projects like X38, Trans Habs, those types of
things. That’s what the involvement was, the attention was not really
being paid to the Shuttle. I don’t know what you want to draw
distinction in your question between pre-Columbia and what happened
during the investigation afterwards?

Expert How do we deal with new information, I’d say that the division here
does back the technical curiosity of the engineers, I don’t know how it
would come out when push comes to shove the night before a launch
with someone raising some critical issue though, I don’t know that
we’ve tested that leg of the decision chain.

Management The first thing was that they decided to make Shuttle private. So there
was a move to take Shuttle private. The same person who wanted to
take it private said Engineering was too big. I got the task to take
Engineering from a little over 800 civil servants, and in three years,
reduce it to 600 something. So we were struggling with things like
critical skills, all those things that were trying to give Engineering
identity.
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Group Sample of interview responses

Management So you had that environment. Government was too big. Shuttle was
going private. Engineering reorganization needed to go from 800 to
around 650 in three years. Center Director was no longer there. Shuttle
reported back up to headquarters now, not through the Center Director.
So all that stuff was going on which basically removed the institution
engineering from any real input into the Shuttle and its issues.

Management I think what you ended up with was an institutional Engineering
organization trying to figure out what they were supposed to be doing.
Well, we were building X-38, and we were building TransHab, and we
were building all these other things [xxxxx] started.

Management Clearly we were going to do everything we could to meet the

expectations of the report. So [xxxxx] in particular, took ownership for
the report.

Program Apparently the pressure was so great that the Program was going to get
canceled; they were hell bent on us, just fix the bipod and move on.

Program I think Columbia and the Columbia board destroyed this Agency.

Columbia Section 2 — Action and Reflection

Experts continued to focus on data, but now observations were being made
around programmatic support of their data requests. Columbia heightened the awareness
that technical data was necessary to keep flying the shuttle. They now had forums such as
the Debris Assessment Team (DAT) that had a voice on flight worthiness of the vehicle.
They also had found themselves getting pulled into functions in which they previously
had not participated. Before the accident they had been just experts to deal with problems
in preparing vehicles for flight — now experts were getting used to help make better
decisions during the flight itself. Their voice was important. Management’s voice was
finally active. They had so many comments because they were now being asked to be

part of the process of flying Shuttles. A huge transformation post-Columbia was how the
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management team had been brought into the role of flying Shuttles. First, a lot of hiring
went on. All of the people required to make this program operate safely were brought in.
NASA saw a huge hiring spike in this post-Columbia time period. Then it was about
participating in senior decision-making forums. This role was new to the institutional
managers so it appeared to be very valued and taken seriously. Through this role they
were able to reach into expertise in their organizations and contribute to programmatic
decision making. Columbia had been very focused on the concept of ‘independent
technical authority’ — a non- cost/schedule advocate of programmatic decisions. They
were now part of a critical process in which, they protected the voice of technical experts
that the CAIB had claimed was incorrectly silenced. Program management once again
was distanced from the observations being made by technical experts and their
management. They appeared frustrated at an organizational response that had blamed
culture and had tried to force a change. Unlike the Challenger response where
organizational changes were brought about by putting strong leaders in place, Columbia
centered around creating an inclusive environment where everybody’s voice had to be
heard — even if they were not qualified to have an opinion on the subject. Not everyone
shared this view, but there were enough different observations that it was not an isolated
event. The newer leaders were more accepting of it since they were the ones with the

leadership style that displaced the old Challenger style.
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Table 44. Columbia Interview Responses Related to Action and Reflection

Group

Sample of interview responses

Expert

Expert

Expert

Expert
Expert

Expert

Expert

Expert

Expert

Expert

Expert

Expert

So at TPS, we were getting the vehicle ready for each flight which was
carrying some part of Station at the time. Our goal was to get the
vehicle ready for flight. The flows were pretty short. In fact, from a TPS
standpoint, we tried to minimize tile removals. At the time, we were
limited to something like 30-50 tile removals so to keep the flow as
short as possible. So, we were doing the best we could to MR accept
things and repair things so we could be ready for the flights.

The interesting thing about working TPS was it seemed we were bottom
of the barrel.

The biggest stop was when you got to the PRT was that in order to get
funding to do the study to go off and see how to do that, a lot times it
would stop there.

Everything we do Today is safety of flight.

It is kind of amazing after we go to the EMT and cleared the vehicle to
go, you do not have to worry. You know the system is going to perform
the way you intended it to perform. There is no guess work.
Post-Challenger before Columbia, we were in a state that we were just
flying. We would actually just go fly the vehicle, bring it back, fix it as
required, and get it ready to fly again.

All the interactions that take place now that were not there before that
have to do with the in-flight inspections, getting all the data we need
from launch films and reviewing all that.

I think back then the information flowed, I would not say more
formally, but on a very linear path of connections. As subsystem
manager, a lot of my interactions with the project went through [xxxxx]
who was the TPS TMR back then. So, there was a much more linear
single connection communication path.

I want a NASA engineer I can look at directly in the face and say,
“What do you think?” That person would be an expert in that system,
like the PRTs, the Preventive Resolution Team or the Problem
Resolution Team.

Pre-accident, no one owned the DAT did not know who owned them.
They did not know who aided them to get more information.

[xxxxx] did not have a FRR for Columbia. He said just send me an
email. I found that a little disconcerting myself. He said just bulletize
any issues. We do not meet to meet, do we? Everybody fell into that,
including me. We had come to that state.

We managers have the prerogative to accept the risk but I need to know
from your engineers the risks I am accepting.
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Sample of interview responses

Expert
Expert

Expert

Expert

Expert

Expert

Expert

Expert

Expert

Management

Prove it is unsafe.

[xxxxx]| may sign my paycheck but he is not my boss really. [xxxxx] is
my boss.

So, we have moved into, if you want to call it, the conservative era, but
rightly so because when you are under investigation, one of the big
concerns that CAIB had was they asked, “what is your safety factor?” I
said we did not have a safety factor as such.

It is 100% better because Today we use the Flight Day 2 inspection to
look at the system after the launch. During the launch, we get radar
data.

I think we learned from those accidents. I think we put in place some of
the tools, some of the organization, and some of the activities that we do
to make sure that does not happen again.

If I think about the time before the Columbia accident, I did less day-to-
day following of what was going on during the mission. Just in terms,
not things that were technically related to my organization, but just that,
“oh, they’re on a space walk Today, oh, they’re doing this Today,
they’re doing that and that Today.” I think our mindset was just not on

Shuttle, per direction. We were directed to step away from it.

I think we’ve all become complacent, I think the investigation
heightened our sensitivity to making sure we have objective data, you
know less hand waving and more thoughtful consideration of things.
Right after the Columbia accident, implement all of the findings from
the Columbia accident investigation board, when we started flying
again, and I will throw myself into this very same hopper, we were all
hyper sensitized. You know, if somebody felt that there wasn’t enough
data about something they would speak up about it and oftentimes we’d
be able to go out and get that data.

We’re often in a position where we have some data and we wish we had
more, but either it’s impractical or impossible to obtain a statistically
significant sample, and what it all boils down to is an adequate
characterization of risk. I think a lot of the discussion as of late has
been, is the program willing to accept the risk of flying?

There were some civil servants who had a predominant role as
subsystem managers who were basically taken out of that position. It
was turned over to the contractor. That caused a lot of concern within
the civil servant population. You know, Shuttle as it is Today, was their
baby. At the time, the political sense was that it is very expensive. We
can find a way to cut costs so turning it over to the contractor. There
was an air, if it was really true or not, there were a lot of people saying
that because the government was in the subsystem role, it was causing
the contractor to do more than they needed to do which was driving the
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Group

Sample of interview responses

costs up. So, get rid of the middle civil servant layer and costs would go
down. So, as we started on the approach about the year 2000.

Management

Management

Management

Management

Management

Management

Management

I think they built up a lot about that to milestones in getting Station
assembled, but we were moving very deliberately trying to getting
Station assembled. That is where Engineering’s focus was. Shuttle was
ops.

We hired over a 100 civil servants. We robbed many from the
contractors. That is how we got the NESC. Then they were put into the
PRCBs and the PRTs, and then we expanded the MER. The MER used
to be a small room. We got a bigger MER. We got more Engineering
involved. It went from hardly anything to all of a sudden now, we
transformed into Engineering being fully engaged. We had a seat at the
MMT. The MMT was completely different. In the old days the MMT
was in that conference room with view graphs. Now it was the entire
Agency. We went almost 180 degrees difference.

I thought we were almost paralyzed. Now you had all these systems.
When you hired all these civil servants and said, “now your job is
Shuttle and, we want your dissenting opinions, and we want this.”
Everywhere you looked, there were dissenting opinions. In effect,
Engineering was doing exactly what Engineering did. I want
information if you want me to make a decision. I need data. Unless I
have the data, I am not going to agree.

He was the Administrator. He came to the table and said, “it is my risk.
You guys have done your job.” That was the risk adverse solution to
this whole thing

Probably tech authority could be used because tech authority was really
the key to what the CAIB said that NASA needed to do. You need to
bring in the institution that is not part of the program to provide that
technical oversight, so you do not go down a rabbit trail that is
technically unsound. And that tech authority should not have any
responsibility for worrying about costs or schedule. It should be
technical.

Action to put in the NESC. The NESC was not the technical authority.
The NESC was that piece that could go in and do analyses, or to go in
and say, “we have this problem. We can try to find a solution or help the
program with a solution,” or say. “we have a bit of money,” which they
did.

The action that came out of Columbia was the MMT. I think it did do
what it was supposed to. It bought the MIR. It expanded it. It bought a
lot of oversight. It bought the bear of the analyses and all that that
occurs during a flight.
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Sample of interview responses

Management

Management

Management

Management

Management

Management

Management

The Program understands that unless JSC Engineering is going to come
along with you, it will be a long day.

Now, here is the other danger. If every time we have an accident we add
more rules, we will get to a point that we cannot build anything. You
cannot put so much check and balance and oversight that you cannot
move forward. There is some risk that you have to take. What comes
out of lessons learned in my mind, I go back. There are times we have
to take the risk

The ET stringer problem. My message to him was that that was a
problem that was not well understood. And he could have tried to drive
the team to a solution that was not necessarily well grounded in data and
probably gotten away with it. But he took the time. We rolled back. We
modified the system. We validated the modification. We actually did
identify the root cause. And the part at the end of the day for me that put
a final exclamation point on, was this last flight we did a tacking test.
He could have said we got it licked. We completely understand it. But
he said, “no. I still want to understand that the mod we made is not
creating a problem for this last tank.”

Huge issue for the entire program was we were always six months away
from launch. That probably happened coming out of Challenger and it
definitely came out of the Columbia.

He still played that function of helping the program projects when they
needed help, play that again in an independent role, and another
independent check and balance for readiness for flight.

He said that “dissenting opinions is part of your culture around here.
People completely understand that it is okay and that you will be
supported to bring up an alternate opinion or dissenting opinion.” |
thought that was great but it was painful to get to the point where people
accepted it.

Training part for the FRR members, I mean the MMT members.
Coming out for the cockpit resource management. Part of the training
was seeking out and looking for new and different opinions. It set the
stage and then the other actions or simulations. Of course, MOD has
always been huge on simulations. But as an integrated MMT, especially
me as a new project manager going through that process 4-5 times
before we actually flew was a tremendous help. My first couple of sims,
I was stupid. I was making comments that had no freaking basis for ever
being said. I do not mind being the stupidest person in the room but I
learned. It got better. That is important.
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Sample of interview responses

Management

Management

Management

Management

Management

Management

Management

Management

Management

Program

Communication actually was better than average from the Program
down to the projects. We did a lot of traveling as a group, and had a lot
of interaction as a team to the point where we all knew each other really
well. So that helped facilitate picking up the phone and saying, “Crap,
dude, we have a problem,” and those types of things.

There was some frustration on my part about the delegation of when did
it stop with the PM with me, and when did it need to be elevated to the
PRCB.

Governance model and so forth and decisions, my humble opinion, we
will lose sight of what we learned the last eight years post return to
flight, within the next three to five years. Then it will be like starting all
over again.

My reaction to Challenger was, and it was repeated in Columbia, was
that we weren’t listening to the hardware. Everything I have learned in
the process is that if you got a design that has been done well and has
the right safety factors, etc. etc., it is going to talk to you before it kills
you. If you are not listening to it, it will kill you.

Then in Columbia we had the same thing occur. We saw stuff coming
off the tanks and hitting the tiles and damaging the tiles several times
before it really killed us. Then sure enough, we were not listening to the
hardware. We did not extrapolate that to its worse resolve.

How key it was to have the technical team in charge of their subsystem?
You know. Such that they were accountable and responsible for what
their subsystem did.

Everybody always focused their attention on the issue at hand and
making sure they fixed that. And not the philosophy of how you deal
with the hardware in terms of that concept of the hardware’s talking to
you. A lot of people think that is a bunch of BS.

You know when a guy would come up and talk to you about an
anomaly. I used to review every single anomaly. I do not know whether
Engineering still does that or not at the directorate level. But I made
sure that conversation occurred during the process.

The only thing I can think of is that most people look at it as too
theoretical. It is clear that the thought process didn’t get to the hearts of
some people like it did to mine. Awful lot of emphasis on fixing that
problem and getting on.

The Program decided they were going to move that role from JSC to
KSC.
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Program

Program

Program

Program

Program

Program

Program

We are in that sinusoidal cycle that we seem to go through. We are still
on that thinning out phase right where we want less and less
involvement from the NASA guys. So we are nearly a decade away. |
would say about year six or so away from the accident. We stopped the
“we are going to hire, we are going to put more people on it.” We are
back on the, “we are going to thin everybody out.” We are going to be
more hands off.

I thought what was good at least organizationally and it had to do
technically. We three centers, JSC, Marshal, KSC, all participated
together and we actually went through all the FMEA CILS again, but
we did it as a team with the NASA subsystem manager leading that
team with the contractors. We all went to Rockwell Downey. I think I
spent six months there, literally. And we went through every FMEA
CIL in our subsystem, but we did it as a JSC/KSC/Marshal/contractor
team. I think that was really good.

Although I think we went overboard some, in particular at JSC, with the
independence of Engineering from the Program.

I think his technical capability and the level and detail at which he
looked at things really helped us improve on how we were
dispositioning the issues and looking at the problems and evaluating the
risks. I think without that, without somebody really forcing us to do that
from a leadership role, we were destined to make the same kind of
mistakes in not properly dispositioning some of the things.

I think they felt and always looked towards, you know, what other
problems there were. But without that leadership to say, “now we are
going to go pound all these things flat.” We were the team. The
engineers were pushed very hard to just confine what they were looking
at first. But, he came in and I thought gave us the right technical
leadership that we needed at the time.

In my mind, the way we solved it for a short time after Challenger was
by putting stronger personalities in SM&A who could counter act
anyone in the Program or Engineering and say, [xxxxx] would say,
“bullshit. We need to go do this.” So, we put stronger personalities in
place after Challenger. After Columbia, we tried this different
governance model so we put mechanisms in place to kind of do.

They were too close to what we MR’d it and moved on. We really need
somebody stepping back from it, whether that is leadership in the
Program or engineering, and saying we need to take a different look at
this problem. I think we tend to miss things when we are working so
close to them for such a long period of time. We are talking decades.
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Program They focused on culture. There wasn’t a damn thing wrong with the
culture in this agency... Well because all of a sudden, everybody had to
have a say, whether they knew anything or not. You had doctors,
medical doctors, voting on RCS systems. And everyone had to talk.
And there was a weakening of leadership, like I don’t think I have ever
seen before, the inability to make decisions all of a sudden.

Program Up until the time I retired, it was abysmal. The inability of people to
sort bullshit from truth, fact from fiction. The ability of managers to say,
“I am going to make that decision.”

Program That is one of the reasons I retired. No, the NESC is BS as far. Where is
the Johnson Space Center Engineering Directorate? Why do they need
an NESC to help?

Program You need people who can stand up and lead. People who can run a

meeting and make decisions. You need the participation of the entire
organization. And that includes the division chiefs, the directorate
heads, the center director and staff.

Program Now, I am not saying they are doing the best work, but as far as a center
director ownership of the product, I think they are far better than
anybody else.

Columbia Section 3 — Dissemination and Diffusion

It is apparent, based on the number of observations noted, that communication
and inclusion were a 180 degree change from the way it was prior to Columbia. A lot of
effort was put to make sure everyone knew what the other person was doing and how it
could affect them. The vertical flow of information was also made easier through the way
forums such as the MMT were being operated. Experts stated that this is where the
accident vulnerabilities needed to be addressed. They still believed that their data was
correct, but now they had a means to disseminate their data and concerns. Management
was in a slightly different place. They were reconciling how NASA got to this
operationally silent place again. They blamed the ineffective transfer of rationale for why

processes were the way they were so that they could be respected by the next generation.
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That’s why they focused on how the only effective transfer of lessons learned had to
come as a result of the transfer of leaders from one program to the next.

Frustration was expressed that this was still not recognized by the Agency,
evidenced by the lack of Shuttle leaders assigned to new leadership positions of the next
major human space flight program. Program customers did see a change in
communication after Columbia. It was primarily driven by the way established forums
such as FRRs and MMTs were being conducted. Before the accident these forums had
existed but were not a place for active communication. Presentations were watered down,
decisions were already made, people were focused on their own problems...but after
Columbia, the forums required active participation and engagement. This shifted the
importance of cross integration and decision making back to these senior level forums,

consequently bringing in more rich information and active participation.

Table 45. Columbia Interview Responses Related to Dissemination and Diffusion

Group Sample of interview responses

Expert Sure. It is interesting because even back then, you did not realize all the
boards existed because so much was done outside of board. There was not
a lot of communication. Again, this is from a KSC perspective. It might
have been different at JSC, but I was not familiar with most of the boards
because things were done more within PRTs and locally. I did not know
who half the management folks were at JSC. So, when we did work, it
was mainly done within the KSC community.

Expert There was a little bit of tension. There was a lot of going back and forth
between the folks who actually worked on the vehicle and those who did
the analytical work off site.

Expert When I think about it, there really was not a lot of talk back after we did
like a repair.
Expert From KSC, we did not know a lot of what was going on. We were given,

here is when you need to have the vehicle ready.
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Expert

Expert

Expert

Expert

Expert

Expert
Expert

Expert

Expert

Now the flow of data within websites like NASA Spaceflight or
Spaceflight Now is just incredible. You always know what it is going on
because of those.

When you do not have to deal with the mission, it makes the job of TPS
turn around so much different.

What happened was that we were pretty well blind. When all was said
and done, the last I heard was, “oh, yea, there is no problem. Everything
worked out.” Than you come back and go, “damn.” The amount of
discussion that was going on within the organizations compared to what
was at the top was just nothing. There are people that if they felt bad
enough, could have said something at a tag up. Every organization, not
one thing. I even asked [xxxxx] after. “Did anybody bring up any
subject?” She said, “no.” They reviewed all the emails. The emails would
go up to Hamilton and then stop and over to the Program, but never the
next step up.

I do remember that first of all, there was no direct link to the director of
Engineering like we do have now.

As far as the management line of communication goes, I think it has
entirely flipped to the point that our director of Engineering announced he
is part of the MMT. Absolutely everything flows through directorate. So,
whereas before, the line was not as direct with directorate more tied to
Shuttle Program or OPO, it is now in series to the point that everything
goes through directorate Engineering.

It is definitely putting more brains into the issue.

I think talking post-Columbia, there is a much stronger relationship
between the subsystem people and NSE, and probably even the division
management all the way up the chain through the directorate into the
Project Office, and even at the center level.

Some improvements. The Engineering Directorate, director or his/her
designate, became a member of the MMT. They were not members
before.

The flight before Columbia, a huge piece of foam came off equivalent to
what hit the carbon, and actually hit a metallic piece on either the tank
SRB or somewhere, and actually bent it. We were never, I do not think
[xxxxx] was either, ever informed by the project that that had happened.
So we did not even know that pieces as large as that could even come off.
That was a break down in communications between somebody. I guess
between the project and the subsystems people. We probably should have
in hindsight even though the tiles were getting hit by the foam, we
probably should have done some foam tests. But we never did take the
time to do that. I think that once we got operational, we do not do many
R&D type tests anymore. Everyone was concerned to keep the schedule
moving and so forth.
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Expert

Expert

Expert

Management

Management

Management

Management

Management

Program

Program

I would not say it was probably unique to us. I am sure the other systems
are doing much better than they did before.

I think troops like the damage assessment team have just done a
phenomenal job of putting objective means in place to assess the health of
the vehicle.

I am always amazed as to how well OPO’s and MMT’s run. You know,
you watch what goes on in the DAT and how the information presented
from the DAT is presented in the OPO meeting. The OPO meeting brings
together a lot of different disciplines and then all of that is rolled up and
presented to the mission management team lead at the end of the day. Of
course, the mission management team brings together even more groups.
You go through this daily cycle, and to me I think it’s a real showpiece of
people working together well.

Someone may ask why are we doing all that thirty years from now. If you
ask me, well there was a reason for them. If you try to explain it without
having that context, they say, “nah, that does not make any sense. We
have better technology now.” Well, technology was not the issue. It was
that mentality which we were operating under thinking we did not need
any more. We were operational. So, that is the mentality I think we have
to guard against. When the generation changes, how will those lessons
learned be bought forward?

We screwed up by not moving people. He told me personally, quite
honestly, that Constellation screwed the pooch by not moving any of the
Shuttle folks. He said some of the folks should have just been directed
they were going to work Constellation

It took seven, maybe six years to actually get to the point where people
clearly understood Tech Authority.

I always work under the premise I am empowered until told otherwise. I
think all the other PMs did the same thing. So, I failed in the
responsibility of sharing things with my counterparts that probably could
have helped them along the way.

Data to the umpteenth level was presented either at the PRCB or the FRR
board post-Columbia. Very watered down summarized charts were taken
forward to the program level boards prior to Columbia. Just the top level
know, no flight constrained in most in a lot of instances.

The leadership we had at the time like [xxxxx] was down at KSC, and
[xxxxx] was at JSC, I guess. I forget who was at Headquarters. They
kind of lead that, “hey, we are going to work together. We want to
improve communication amongst the centers.” That was obviously a big
problem with Challenger where we weren’t communicating well. That
leadership and their personalities allowed that to happen.

Right after, the other reaction we got after Challenger was they put in
these really strong personnel.
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Program

Program

Program

Program

Program

Program
Program

Program

I think over time it got to that where it was, the answer was already
determined before you got to the board, and it was more like a rubber
stamp at the boards. That would be in the late ‘90’s maybe. That noon
board still allowed for, “hey, you had ET,” and you had other disciplines
listening to what Orbiter was doing as an out brief, maybe not as part of
the digging in.

I couldn’t question what they were doing or even listen very intently to
how they were resolving it because I was scrambling to solve the latest
Orbiter problem. The thing that makes me think of that is the STS-112
FRR where we had a chunk of foam come off. It put a ding in the ETA
ring on the SRB. That was discussed at the FRR by the ET folks as a non-
problem. Had we really stopped and thought about it at the time, it was a
chunk of foam coming off the bipod putting a ding in the ETA ring. That
should have made us all stop and say, “hey, what is going on here?” But
we didn’t. I remember sitting at that FRR worried about my problems and
hearing [xxxxx] say, “we have this piece of foam that came off and
dinged this ring.” I was not even aware that had happened on the last
flight. Had we all been paying more attention and listening to the details
of that problem, maybe we would have treated it differently. You are so
caught up in your own project’s problems, you may not be listening to
how other problems are dispositioned.

Certainly one thing I think that has improved since Challenger, since
Columbia actually, is our willingness to bring in outside folks to look at a
particular problem.

The biggest problem I have after Columbia is this idea that we had culture
that needed changing. Maybe I said that already. But this was the hardest
working, most open organization in the world. There were a couple of
people I would fault. There was serious concern while we were flying
about damage to the thermal protection system on the Columbia. The
Engineering Director was talking it in the halls. I don’t know how the
director of Engineering didn’t pick up on all the conversation and elevate
it to the highest levels of the agency.

That is where we got dinged. You weren’t listening to your engineers.
The engineers were such pussies, they didn’t know how to scream. And
the Engineering manager didn’t know how to take what they were telling
him and do something with it.

We over compensated.

Well, the noon board process, the PRCB process, daily phone calls, as
recently as when I was working Station.

Yes, but when I was observing Flight Readiness Reviews, had all the
center directors around the table, and never saw one of them ask a
question of another center’s work.
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Group Sample of interview responses

Program I have seen center directors just walk off into the halls until their center’s
product got up. And, it’s supposed to be a decision-making forum with
people with diverse interests and backgrounds and techniques and
technical capabilities. That just seems to have vanished. At JSC, we used
to have a senior staff that was diverse with many technical disciplines
represented.

Columbia Section 4 — Memory and Meaning

Experts seemed to be beaten down that data was what it was and it was hard to
change management’s ideas as new data came in, or as gaps in data were uncovered.
Worse yet, if there was a flare of attention to expert concerns, the organization had
internalized that the attention may have been there in the short term, but would eventually
return to its old ways of doing business by putting mission execution over mission safety.
Management shared similar concerns of the short time span that accident experiences
had. They again pointed to the turnover of leaders and the difficulty of staying true to a
constraining process if you had not personally lived the reason of why it had been there.
Program customers that had had the multi accident history were comfortable with tension
— they knew it had brought out a stronger solution. The problem was that there were not

enough of these managers left that could bring out and pass on this environment.
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Table 46. Columbia Interview Responses Related to Memory and Meaning

Group

Sample of interview responses

Expert

Expert
Expert

Expert

Expert

Expert

Expert

Expert

Expert

Prior to the Columbia accident, it was always interesting because when
you would get new information or had a new way to do something, no
one wanted to hear it. It was like, this is the way we have been working
for 20 years.

Oh, it just happens.

Pre-Challenger. My discussion literally would last ten minutes because
I would be challenged by the MMT saying, “what do you want us to do
about it?”

I think it is the memory of what happened during 107. It is the stay
diligent. Continue to look at everything. Every little thing you think is
not an issue at face value, look deeper and see if it is an issue.

As long as it is clearly communicated, then I can be reconciled that I
have done my job.

What still bothers me is this pre-Challenger knowledge and pre-
Columbia knowledge and we did not do anything about it. So you could
still say in your mind’s eye that even though you have done all this
stuff, is there a possibility that something is occurring that I do not
know about? In order to meet the flight schedule, we are continuing to
ignore it.

We just did not get involved that much prior to the accident. After the
accident, we have been much more involved with the OPO and not just
with the orbiter, but with the Space Shuttle management both.

And I'll tell you one of the things after that that I noticed. The agency
seemed to spend a great deal of effort post-Challenger putting these
recommendations from the Rogers Commission into place. Then I
noticed over time how that was disassembled. So, to me that was kind
of surprising, and I kind of came to my own conclusion that you tend to
react or overreact or react fully to the aftermath of an accident; but as
time progresses, you tend to go back to your own old way. You either
discover or conclude that the recommendations that came out of that
Commission were not of value or they were not implemented in a way
to give you value and you tend to gravitate back towards the old way.
After enough time goes by, the corporate knowledge or the corporate
memory of why those changes were done is forgotten.
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Expert

Expert

Management

Management

Management

Management

Management

What I would be concerned about over time if the Shuttle Program were
to continue, is would that trend continue, would we get more and more
comfortable with doing things the way we used to do them, and would
there, as people left and took the corporate knowledge worked up the
memory of what happened in this terrible accident away with them,
would the folks who were taking their place understand the implications
and the ramifications of the decisions that they made? So, that’s my
observation, that’s my comparison to post Colombia vs. post-
Challenger.

They lean more towards accomplishing the mission objectives than they
do to get the data to ensure that you’re safe and that is a risk trait and
prerogative of the program managers to make that, so that is the weight
that they have on their shoulders.

You also had this mentality that Shuttle was operational, had been very
successful. We were launching a lot.

“Yea, this is what we found out. My responsibility was here and my
oversight was there. I am not going to let that happen again. Go hire a
hundred.”

The interesting thing is that we were told our culture was off so we were
correcting it. Then we were told we were risk adverse. Those two were
clashing. That sometimes got confusing, but I think what was happening
is that they said, you cannot be so. You cannot have a culture where you
get paralyzed. You do sometimes have to come back and say, “yes,
there is a risk.” Someone has to stand up at the table and take the risk.
Speaking to a concern I had before Columbia, I remember Challenger,
which was really a very emotional thing for a lot of us because we
watched it. But a generation had gone by. If you looked at the people
who were in place or coming in, they do not remember Challenger.
They were not involved with Challenger. “Oh, yea, that was that
accident.” I do not remember Apollo I, but talk to some of the old
timers. So, now you look at Columbia. Columbia was about as bad as
you could lay it out. So the emotional part of the organization is what
drives the hunger and the need to try and understand the technical issues
and the data necessary to get that. Then you look at the organizational
managers who all remember because it still was not that far away. What
was it like when you did not have that information? The consequences
of losing the crew and losing faith in the country that we could operate a
vehicle in space. We all felt the Shuttle Program was over and we
would not be given anything.

I would say that the biggest concern I have is what happens when
organization starts to mature? What happens to that group of people?
Columbia? Yea, that was 10-15 years ago when you have a whole
generation who does not understand that.
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Management

Management

Management

Management

Management

Management

Management

But the thing is that they do not then understand why that process was
put in place. It is when you change those processes, you do not
understand them because they do not make sense. They were put in
place for a reason. If you do not know why, you just say, “oh, that does
not make any sense.” It is not efficient or it is not this or it’s not that. If
they say, “go ask the grey haired guy,” well it is obvious to the grey
haired guy. Like it would be obvious to me. Like if we were going to
tune a flight Shuttle, we would always want to have insight into every
system. And the Director of Engineering needs to have that insight. It is
obvious to me. I saw it before and I saw it after. | saw the consequences.
We unlearned. That is what we did. Everything that we learned from
Challenger and systems we put in place, we started to let it migrate.
Because political, budget, whatever, and also because of people in
positions saying, “I do not know why we are doing that.” When I came
out here, we were doing zero based reviews. Well, a lot of it came out
of Challenger. What happened is that we unlearned a lot of the stuff
because we had people involved that did not have that tie back to what
we truly learned out of Challenger.

There was this ill generated mindset that the Shuttle people brought
overhead with them. It is almost consistent with, by having civil
servants work with their contractor by creating overhead.

But *88 to 2003, that is a lot of years of success. How many flights it
was? [ think the obvious answer and the simple answer is that we grew
comfortable with the system that we had. And [xxxxxx] stated it best
after the fact I believe, when he said we never became an operational
program. Human Spaceflight should never be looked at as an
operational program like an air transportation system, like the airliner
industry, because every flight is a little bit different. So getting used to
the belly of the Orbiter getting beaten up every flight is an example. In
fact, [xxxxx] even said he had gotten to the point when he was Orbiter
Deputy, that he just called it fair wear and tear. He kind of confessed in
a sense, I should never have done that. That was just not right. He might
have said that was dumb.

There were a number of problems that happened in that interim of 20
years or whatever that people just jumped all over hydrogen leaks, and
gosh, a bunch of different things.

We reached the point of acceptance pre-Columbia because of so many
years of success. And we all came out of post-Columbia knowing that
we had a discreet number of flights remaining.

MER mantra of we trust in God, all others bring data.
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Management

Program

Program

Program

Program

I talk about left to right, and right to left. So, if we can’t manage it from
the data driven side, can we manage it from the risks acceptance side,
the consequence side? And get to a point we can accept it, it will fly.
They both have a place to help us be successful. Data is an imperative
though.

What is it that makes us safe? What we decided it was, it was three
fundamental things from Apollo, which was the strong in line checks
and balances, engineers, checking engineers’ work, healthy tensions
between the responsible organizations, Safety, Engineering and the
program, and then value added independent assessments, bringing in
folks from the outside on the tough problems. The study we did said
those are the fundamental things we do right to make us safe.
Sometimes we throw in way too much other stuff. But each time after
Challenger and Columbia, I think we resorted back to those
fundamentals.

Those are good practices, best practices that we saw in the agency. But
overall, we do a really poor job of documenting and then utilizing those
lessons learned databases. But it really is in the people that you put in
charge of the projects that bring their own experience and their own
lessons learned and apply them to their projects.

Mission ops probably reworked all of their procedures, documented
their rationale, and probably improved their product. The strength of
Mission Operations was that they had a culture, very strong. They had
procedures for everything they did. And that organizational mentality
was able to keep the organization running in the same direction
regardless of how people change.

You know one of the first things he told me? My engineers were not
smart enough to take this over now.

Present Day Section 1 — Environmental Interface

As experts reflected on the way they were operating today, there seemed to be a

sense of value to listening to their technical voice, listening to requests that maybe did not

get sufficient attention in the past. That said, there were comments made that a slow shift

was occurring to take some topics for granted and allow them to be considered normal.

The same concern existed with the movement of people. They were now moving to other

jobs and so the voice of experience would continue to get weaker. Surprisingly,
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management and programs did not comment on the external environment. It would

appear that was silent or dormant at this time.

Table 47. Present day Interview Responses Related to the Environmental Interface

Group Sample of interview responses

Expert We were kind of like, “we need to get this data.” It went forward to
OPO and forward to MMT. MMT would not make the decision to get
the data. Of course, everybody knew in their minds we have late
inspection and we could get this data during late inspection. So the
decision was pushed off which was surprising. There were a lot of
people in the community who were like, this is expected. We want this
data. We need this data to clear the vehicle. Then we got lucky because
a crewmember went out and took pictures.

Expert It seems that some of the other programs have gotten to where they
want to be so perfect, they are not even willing to talk about accepting
risks.

Expert I believe that if we had an Elevon Coating issue like we had before

Challenger or a chin area issue, I believe Today the Program would put
a time out in the whole process and take the time to deal with the issue.

Expert We seem to pay much more attention now to the little funnies or in-
flight anomalies or whatever, and investigate those.

Expert We are uncomfortable now. I am working Constellation.

Expert Others might say about there were echoes that were happening before
the Columbia accident. Some things were the same. Normalization of
deviance, and so on. I do believe in those things. Those were operating
with unconscious principles were going on. It is not a matter of
maliciousness. It is a matter of sinking into mindsets. It has not hurt me
yet. I think Today, we pay more attention to data or damage that is
discovered from an inspection.

Expert Psychological factors, like emotionality. I still hear that Today. I have
friends who have been removed from teams because they are perceived
as being too out of control because they are too emotional.

Management No comments

Program No comments

Present Day Section 2 — Action and Reflection Subsystem

Today experts seemed to feel more comfortable with the quality of data that

existed around their systems. They also seemed to take comfort in that the details of their
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concerns or challenges were more robust because it was not just with them as individuals,
but also present in the forums and processes under which they were discussed. Experts
also appeared to have a renewed confidence coming from an organizational structure that
was now pulling on their opinion because it was valued and expected. Where there was
optimism in the technical realm, there was caution seen by the more senior executives.
They were seeing the pressures to streamline and increase productivity. And they saw
that if senior leaders were not ready to courageously fall on their sword for the right
productivity/safety balance, we would slip into another period of catastrophic

vulnerability.

Table 48. Present day Interview Responses Related to Action and Reflection

Group Sample of interview responses

Expert By the time it is taken through all the different areas, there is hardly any
data missing. I would say there is no data missing by the time it gets to
boards that are making the decisions.

Expert There are a lot more things the managers look to us to be able to explain

Expert Before, a single person in power would easily brush it off. I think the
process Today because it is not resting on one person but boards and
teams, it does not allow that to happen.

Expert It is pretty good in that anyone can open a risk and elevate it to the
modular level. If they want, they can push it further.
Expert One significant one. Really very significant. Prior to Challenger and

prior to the Columbia accident, as the subsystem manager, we never
were in the MER room. We never supported the MER activities. Since
Columbia, we support the MER flights in the MER room as part of the
Engineering group. We never did that prior to either Challenger or
Columbia.

Expert One of the things I think may have happened is that we may be moved a
little bit too far into the conservative realm. How do I explain that to
you? If the system is none forgiving, and that is a hard definition. A tile
is forgiving. Carbon is non-forgiving. I kind of feel like with some of
the methodology Today, we are putting too many factors on the final
calculations.

Management No comments
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Program Now we are in the thinning out phase of things. We are probably going
to have too little on commercial crew and too little on Orion, until we
either catch ourselves or have some huge problem. Right? We can’t
seem to strike that right balance and maintain it for any period of time.
There is one little slice in time where we actually get it. We are either
over reacting from the accident, or trying to thin things out too much
because of budget and political pressures.

Program And a center director surviving the political appointee and endorsement.
To have somebody like the last one you mentioned, [xxxxx] who is
running my center. And run it long enough that if you don’t like it, you
have to take me out. And they did. So unless the individuals are willing
to take it to that point as opposed to this is what is best for the agency as
opposed to human space flight. It might take a few center’s dead bodies
to do the course correction.

Present Day Section 3 — Dissemination and Diffusion

There was definitely a consistent perception from experts, through management
and up to executives, that the organization we have today was an evolution of the
responses to the accidents of the past. Experts saw an organization where unpopular
dissenting opinions could be discussed. They also saw that it was not leader dependent.
The organization had embraced this culture by putting processes around it. Management
saw a different style of management where healthy debates might not occur the way they
had in the past, but they still occurred in a process-driven painful and lengthy way. And
finally the program customers also saw the modes of operation to be a compilation of the

best features of the programs of the past.
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Table 49. Present day Interview Responses Related to Dissemination and Diffusion

Group Sample of interview responses
Expert The dissenting opinion is always presented.
Expert One of my first observations in my career was how quickly technical

discussions were dismissed. I think we as an organization would do a
lot better if the experts who were trying to present a point where
listened to. I know it is painful. Some of us in our discussions, the way
we talk, it is difficult for someone outside the Engineering environment
to take.

Expert We certainly have put in enough processes to ensure that will not
happen again.

Management Prior to the accident with [xxxxx] chairing, and this is hearsay not
wholeness observation — a lot of people felt the decisions had already
been made. There were separate meetings that happened before the
PRCB. [xxxxx] would come in and basically drive the discussion to the
decision that had already been made. I heard that from multiple people,
unsolicited usually. So there was something going on there that I think
was different in the earlier days where there was a lot more debate. I
mean back in the olden days people would tell me there would be
knocked down, dragged out arguments that went on in the PRCBs. That
changed pre-Columbia. Now, post-Columbia, with all this training,
soliciting, alternate opinions and so forth, we were much more
collaborative, open, debated not in a bad way but debated everything.

Program But the whole lesson learned from that fiasco was that you can’t do it
from Headquarters. I turned blue in the face yelling at these guys. And
they are going to do it. They are going to try and integrate from
Headquarters for the only reason I can think of is that Marshall doesn’t
want to work for JSC.

Program That is what I considered of Station. I was going to reinvent the panty
hose. We took the best of Apollo and the best of Shuttle, and we created
the Station organization. We started with daily meetings and the
PRCBs, the documentation.

Present Day Section 4 — Memory and Meaning

Surprisingly there was not a lot of data reflecting memory and meaning from the
present day. From experts there was a sarcastic sense that we as an organization go back

to step 1 every time we have to deal with a new accident. Some of those times it may be a
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realization of something that had been with you forever but you never noticed it. And
when we go through that relearning process we bring the experience to the engineer that
will now make that experience a permanent part of who they are. With this the program
customers agreed — you have to have lived the accidents to truly understand the
unforgiving severity of the space business. Unfortunately, it was difficult to pass that

knowledge on from one leader to the next.

Table 50. Present day Interview Responses Related to Memory and Meaning

Group Sample of interview responses
Expert I think memory in our organization is very poor. Post-Columbia we
dealt with things as if it was the very first day.

Expert It is real easy to learn from mistakes. That is how we learn. We learn
because we screwed up. It cost us and it cost people their lives. You do
not forget that. That is looking backward.

Expert It is the realization that debris impact of the vehicle can kill you.

Management No comments

Program I think you have to take people who have been there before, who at
least understand the way we have done things before. They didn’t
necessarily have to be the leaders but they have to understand.

Theme Analysis

Across both the accident investigation reports and the interview data, there were
seven common themes that emerged. They are identified and discussed in this section and
the implications are discussed in chapter 5. The themes are:

Theme 1 — NASA determined the Shuttle is not an operational, goal driven spacecraft
(AR)
Theme 2 — NASA created a culture to question and give meaning to data (MM)

Theme 3 — NASA overreacts to external inputs as a result of catastrophic events (EI)
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Theme 4 — NASA learned to listen and give accurate meaning to new data (EI)
Theme 5 — NASA Improved communication and integration (DD)
Theme 6 — NASA added diversity to organizational roles (DD)

Theme 7 — NASA operates with risk ambivalence (MM)

Theme 1: NASA determined the Shuttle is not an operational, goal driven

spacecraft (AR)

From the day that the Space Shuttle was proposed, it was envisioned to be a
spacecraft that could fly as frequently as airliners do today. It never achieved that state.
Traffic models projected 50 flights a year. Consequently, during Challenger and
eventually Columbia, the pressure existed to make flying the Space Shuttle a routine
experience. From an OLSM, the Action and Reflection (AR) subsystem was active, but
the data showed minimal evidence in the other three subsystems. During Challenger,
experts expressed the challenge of having to fight to get more flight data to understand
their systems (more external data) — even after 50 flights. After 100 flights, the Space
Shuttle Program Office was well on its way to transfer operational responsibility to the
contractor. But, then Columbia brought the Agency back to the reality that this was still a
developmental spacecraft. Participants commented on structural changes, cultural
changes, memory. Nothing exemplified that more than the Shuttle Program manager’s
decision during the last Shuttle flight to do a tanking test. That test, worth over a million
dollars, had no other purpose than to get data and verify that a design modification made

for the last external tank was technically adequate for flight. The need for new data,
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reconciling that data against what the organization thought to be true, communication

across the organization on why NASA was taking the time to perform this test, and all of

this was in an environment that allowed multi-dimensions to meeting NASA’s mission

goals--a very different picture from the single dimension goal-driven organization. The

following were comments from the data regarding the focus on flying the Space Shuttle.
From the Interviews.

Go, go, go. Keep launching, load it up as much as you can. Keep going.
You are also aware that the brakes were melting. There were pieces of molten
brakes. We did not have the drag parachute at the time. That came later. I always
wondered how in the world do we keep flying and landing? (s4.3)

You also had this mentality that Shuttle was operational, had been very
successful. We were launching a lot. (e1.2)

We were totally clueless about all of these things so early in the program.
How can I say it? The environment was always like, “oh, we have always had it,
TPS can take it, let’s not worry about it.” That was since the very beginning. We
were hit thousands of time and it has never been a problem. (s2.10)

Obviously, one of the big environmental factors that was shaping how the
program was being executed, which was the push to privatize the subsystem
managers and transition over to Boeing. (s3.1)

You want to get back to flying again so you are doing everything you can

to get back to flying again. (s3.7)
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From the Investigation Reports.

Rogers Recommendation VIII: Flight Rate... Flight Rate WG formed to
assess impact of flight crew training.

CAIB (2003) Finding F6.2-6--Schedule pressures influenced STS-107
decisions... Risk management system enhanced, balance technical, schedule and
resource risks.

Theme 2: NASA created a culture to question and give meaning to data

(MM)

The evolution of the norms and culture of the Shuttle program, its contractor, and
the government engineering organization had changed significantly over its 30-year
history. In the pre-Challenger days there had been a strong need by the experts to
understand their vehicle. But it was not until after Columbia that the leadership had
changed that relationship of experts pushing the inquisitive mindset, to the leadership
pulling the need for data from the experts. That change from push to pull validated
curiosity and the environment for differing opinions. With that environment experts were
able to express their need for additional information and data and the organization
allowed it to come into discussions and decision making. This theme was related to
theme 4 in that they both had elements of handling new information and giving it new
meaning. The following data supported this theme.

From the Interviews.

...maybe you should have listened to us years ago. (s1.13)
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I believe that if we had an Elevon Coating issue like we had before
Challenger or a chin area issue, I believe Today the Program would put a time out
in the whole process and take the time to deal with the issue. (s2.14)

...“Is there someone here who has a stake or has a concern and wants to
talk? If so, you can speak now.” And he would wait and wait and wait. For some,
I would see squirming in their seats because it would seem to go on for a minute,
thirty seconds. There is silence. (s4.4)

MMT expanded its discussions, welcomed more inputs, welcomed anyone
could come to the microphone, and the FRRs, too. FRRs. There were more people
going including myself in the Return to Flight. MMTs were a lot more welcoming
of anyone coming up to the microphone to talk. MMTs also have the anonymous
box. (s4.5)

The technical meeting they have with Orbiter was a new thing. It used to
be just USA and Boeing. Now they said anyone can come. Anything you want to
talk? Make an appointment and we will all talk. (s4.6)

There are a lot more things the managers look to us to be able to explain.
(s1.20)

He said that dissenting opinions are part of your culture around here.
People completely understand that it is okay and that you will be supported to
bring up an alternate opinion or dissenting opinion. I thought that was great but it

was painful to get to the point where people accepted it. (e2.13)
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I think his technical capability and the level and detail at which he looked
at things really helped us improve on how we were dispositioning the issues and
looking at the problems and evaluating the risks. I think without that, without
somebody really forcing us to do that from a leadership role, we were destined to
make the same kind of mistakes in not properly dispositioning some of the things.
(pl.11)

I think they felt and always looked towards, you know, what other
problems there were. But without that leadership to say, “now we are going to go
pound all these things flat.” We were the team. The engineers were pushed very
hard to just confine what they were looking at first. But, he came in and I thought
gave us the right technical leadership that we needed at the time. (p1.12)

The dissenting opinion is always presented. (s1.19)

One of my first observations in my career was how quickly technical
discussions were dismissed. I think we as an organization would do a lot better if
the experts who were trying to present a point were listened to. I know it is
painful. Some of us in our discussions, the way we talk, it is difficult for someone
outside the Engineering environment to take. (s1.20)

That is where we got dinged. You weren’t listening to your engineers. The
engineers were such pussies, they didn’t know how to scream. And the
Engineering manager didn’t know how to take what they were telling him and do

something with it. (p2.11)
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Prior to the Columbia accident, it was always interesting because when
you would get new information or had a new way to do something, no one wanted
to hear it. It was like, this is the way we have been working for 20 years. (s1.10)

From the Investigation Reports.

Rogers Finding 3: Problem reporting requirements not concise and do not
get critical information to management.

CAIB Finding 6.3-12--Communication breakdown.

CAIB Finding 6.3-15--Lapses in leadership & communication.

Recommendation R6.3-1 Management training needed.

Theme 3: NASA overreacts to external inputs as a result of catastrophic
events (EI)

When an agency as public as NASA functions in the public stage, it must be

responsive to its stakeholders, a long and diverse set of groups. NASA is a part of the

executive branch of the United States government, therefore responsive to Presidential

direction and the associated science and technology advisors. It is funded annually by

Congressional language, therefore, state interests become a significant factor. Those two

groups are heavily lobbied by corporate America who would like to see a portion of

NASA’s approximate $18 billion a year budget directed to work they can compete for.

And, ultimately there is the taxpayer and the public opinion on value. Therefore, when a

catastrophic event has occurred, NASA has responded with overwhelming technical

excellence. Some aspects of the response were strengths in the areas of crisis

management, reconstruction of the failure, and technical solutions of the specific
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technical problem. The questionable response has been the organizational changes to the
system. In combination, the technical and organizational inputs are overwhelming. There
is an overload of external inputs. It was noted through several interviews that there was a
sense of overreaction to a failure. There also seemed to be an acceptance that it was
acceptable...for now, until we get flying again...thus putting a time limit on the changes
that were put in place. At the technical level, the changes were internalized as paralysis
and the inability to get things done anymore. In some cases it even alienated employees
that this was not the NASA they knew or wanted to continue working for. But to senior
management the overcorrection was acknowledged as part of the process to get back to
flying, and ultimately the pendulum would swing back the other way. What senior
management wanted to do was limit the amount of overreaction and slow down the decay
of practices to a set of boundary limits to keep the organization from going into analysis
paralysis, but also have the appropriate levels of checks and balances for safety. That
balance could also be seen as a tension between Goal Reference Knowledge and New
Information in the Memory and Meaning subsystem of the OLSM.

There were notable quotes of self-awareness to have a balance and the
mechanisms employed to try to manage that healthy tension.

From the Interviews.

...clearly we were going to do everything we could to meet the
expectations of the report. So XXX in particular, took ownership for the report.
(2.9)

I think Columbia and the Columbia board destroyed this agency. (p2.5)
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Same kind of response. We over react, right. We decided no, we are not
going to transition to KSC any longer. We are going to pull that subsystem
manager role back to JSC. And, oh, by the way, we are going to hire a whole
bunch of people, right. So we all went on this hiring binge right after Challenger.
And literally, I mean hundreds of people were hired right during that. (p1.3)

I think it was that overreaction that we get after the accident really sets us
up for the next set of problems, which is too costly of a program, takes too long.
Yea, we over reacted. We were streamlining things, maybe a little too far. But we
were streamlining things. And then we over reacted by hiring hundreds of people
and reforming the Program. We ended up with this triumvirate of program
managers, one at Headquarters, one at JSC, one at KSC. After Challenger, that
was a weird situation too. (pl.4)

We over compensated. (p2.12)

We are in that sinusoidal cycle that we seem to go through. We are still on
that thinning out phase right where we want less and less involvement from the
NASA guys. So, we are nearly a decade away. [ would say about year six or so
away from the accident. We stopped the, “we are going to hire, we are going to
put more people on it.” We are back on the, “we are going to thin everybody out.”
We are going to be more hands off. (p1.6)

Although I think we went overboard some, in particular at JSC, with the

independence of Engineering from the Program. (p1.10)
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Now we are in the thinning out phase of things. We are probably going to
have too little on commercial crew and too little on Orion, until we either catch
ourselves or have some huge problem. Right? We can’t seem to strike that right
balance and maintain it for any period of time. There is one little slice in time
where we actually get it. We are either over reacting from the accident, trying to
thin things out too much because of budget and political pressures. (p1.13)

And I'll tell you one of the things after that that I noticed. The agency
seemed to spend a great deal of effort post-Challenger putting these
recommendations from the Rogers Commission into place. Then I noticed over
time how that was disassembled. So, to me that was kind of surprising, and I kind
of came to my own conclusion was that you tend to react or overreact or react
fully two the aftermath of an accident; but as time progresses you tend to go back
to your own old way. You either discover or conclude that the recommendations
that came out of that Commission were not of value or they were not implemented
in a way to give you value and you tend to gravitate back towards the old way.
(s7.1)

But the thing is that they do not then understand why that process was put
in place. It is when you change those processes, you do not understand them
because they do not make sense. They were put in place for a reason. If you do
not know why, you just say, “oh, that does not make any sense.” It is not efficient
or it is not this or it’s not that. If they say, “go ask the grey haired guy,” well it is

obvious to the grey haired guy. Like it would be obvious to me. Like if we were
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going to tune a flight Shuttle, we would always want to have insight into every

system. And the Director of Engineering needs to have that insight. It is obvious

to me. [ saw it before and I saw it after. I saw the consequences. (e1.19)

From the Document Reviews.

There was not supporting document data to this theme unless one considers the
hours, volumes, and millions spent after each of these accidents.

Theme 4: NASA learned to listen and give accurate meaning to new data (EI)

Similar to theme 2, this theme dealt with the external information subsystem and
how the organization dealt with new data and the organizations focused on ensuring that
meaning was accurate. There was a very important lesson that the technical community
and management community both had been reminded of through these two accidents —
perhaps the most important one — listen to your hardware, it is talking to you! So much
goes into these simple words. To the technical experts it meant get data on performance,
understand what’s normal and what’s not, understand limits/capabilities, trend it over
time, be curious of what you don’t know — find out. A different lesson talked about the
responsibility to communicate what you knew and didn’t know to the right decision
makers. But the decision makers also learned about being data driven. They, too, had to
be curious. They, too, needed to care and demand the right data to make informed
decisions. They may not have had the role of creating the data, but they did have the
responsibility to pull the data in to make their decisions, not just on cost and schedule, but
also on technical and risk. Much had been said about this all the way back to Challenger

and Vaughan’s (1996) work on Normalization of Deviance, through Columbia and the
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criticism that Orbiter foam strikes had been happening since the first flight, but the
consequences were never understood until after Columbia, through the date of this
writing, where we were flying ISS 24/7 with a technical team who closely monitored
system performance to see when it started behaving outside of its expected performance
levels.

From the Interviews.

We were kind of like, “we need to get this data.” It went forward to OPO
and forward to MMT. MMT would not make the decision to get the data. Of
course, everybody knew in their minds we have late inspection and we could get
this data during late inspection. So the decision was pushed off, which was
surprising. There were a lot of people in the community who were like this is
expected. We want this data. We need this data to clear the vehicle. Then we got
lucky because a crewmember went out and took pictures. (s1.17)

Performance was not well understood early on. Instrumentation basically
helped us understand that kind of thing. Especially the number one thing that was
really kicking us in the butt was boundary layer transition. (s2.3)

It was not until post-Columbia that we were ever able to do that after this
boundary DTO came about. In my opinion, it was too little too late. We basically
wasted many, many missions. (s2.4)

Others might say about there were echoes that were happening before the
Columbia accident. Some things were the same. Normalization of deviance, and

so on. I do believe in those things. Those were operating with unconscious
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principles were going on. It is not a matter of maliciousness. It is a matter of
sinking into mindsets. It has not hurt me yet. I think today, we pay more attention
to data or damage that is discovered from an inspection. (s4.14)

What was not learned as a result of Challenger was in my opinion, the
ability of the management or the reluctance of the management to accept what the
flight data was telling us and applying it correctly to the current situations. (s6.5)

So, if I could not go up to the project manager and prove to him that it was
flight safety related, then I kind of moved my item down his list. I understand
that. His list was based on flight safety first. Research and development to learn
something new would be second. So, as long as I could not prove it was essential,
then we did not do some of those things. As a manager or as an engineer, if |
cannot prove it, then I have not made the right case. I cannot fault that guy for
that. He has to make decisions based on a lot of problems. He is to pick the
critical problems first. (s6.16)

There are a lot more things the managers look to us to be able to explain.
(s1.20)

Pre-Challenger, post-Apollo, going into Shuttle. It still does not change
the support we got into developing the carbon system. The more we got into it,
the more people who realized it was more and more complex than they had
thought in terms of response to different environments. But, prior to Columbia,
even though we knew about Challenger’s thing, prior to Columbia, we still did

not have the test data I told you about. That test data still did not exist. (s6.8)
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I think we’ve all become complacent, I think the investigation heightened
our sensitivity to making sure we have objective data, you know, less hand
waving and more thoughtful consideration of things. (s7.5)

...the ET stringer problem. My message to him was that that was a
problem that was not well understood. And he could have tried to drive the team
to a solution that was not necessarily well grounded in data and probably gotten
away with it. But he took the time. We rolled back. We modified the system. We
validated the modification. We actually did identify the root cause. And the part at
the end of the day for me that put a final exclamation point on, was this last flight
we did a tacking test. He could have said we got it licked. We completely
understand it. But he said no. I still want to understand that the mod we made is
not creating a problem for this last tank. (¢2.10)

I prided myself in not being the world’s greatest engineer. I prided myself
into getting a group of people who had the brains, and I prided myself in the
ability to smoke out bullshit. If you smoke out all the bullshit, what is left is...
data. (p2.17)

Data to the umpteenth level was presented either at the PRCB or the FRR
board post-Columbia. Very watered down summarized charts were taken forward
to the program level boards prior to Columbia. Just the top level know, no flight
constrained in most in a lot of instances. (e2.19)

That is what I think a lot of people have been telling me is when they got

serious, the program really centered around our noon boards and PRCBs as to
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where we really tightened up. And the expectations on the technical guys is that
you are going to have your shit together when we go in here. We are going to tell
data stories. We are going to do that. It centered around there which had all the
elements. (p2.8)

They lean more towards accomplishing the mission objectives than they
do to get the data to ensure that you’re safe and that is a risk trait and prerogative
of the program managers to make that, so that is the weight that they have on their
shoulders. (s7.10)

MER mantra of we trust in God, all others bring data. (¢2.21)

I talk about left to right, and right to left. So, if we can’t manage it from
the data driven side, can we manage it from the risks acceptance side, the
consequence side? And get to a point we can accept it, it will fly. They both have
a place to help us be successful. Data is an imperative though. (¢2.23)

From the Data Reviews.

Rogers Recommendation 1 (oversight) b/c - Finding: Neither contractor
nor NASA responded adequately to internal warnings about faulty designs.
http://history.nasa.gov/rogersrep/v1ch6.htm

CAIB Finding F7.4-5--Risk info & data not communicated.

Theme 5: NASA Improved communication and integration (DD)
This theme was a standalone element of the Dissemination and Diffusion
subsystem, with very notable structuring features that were now valued in the

organization. Weick’s (1987) concept of High Reliability Organizations had some key
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features, such as interdependencies, that made large organizations exceedingly
susceptible to reliability challenges. For NASA, that complexity was very dominant. The
Agency was distributed in 10 different geographical locations, its technical contractor
experts even more distributed. The number of vehicle elements such as the external tanks,
the Orbiter, the boosters, the launch pad...were all different organizations, with different
management structures, and with different objectives. But, yet, they were all dependent
upon each other, not just for mission success, but also to safely execute each Shuttle
mission. Challenger identified weaknesses in how each of these loosely coupled
organizations was not communicating, therefore, the Agency put in place some
integration forums that mitigated that risk. It took years for it to mature, be more specific
about its role, its expectations of members, and its cultural norms. Those Shuttle
integration forums lasted until the last Shuttle flight and were a critical element of the
program’s success. They became so powerful in their role that they had carried over to
other programs and to the governance models of how the entire Agency operated. This
was one of the Shuttle Program’s greatest legacies.

From the Interviews.

We hired over a 100 civil servants. We robbed many from the contractors.

That is how we got the NESCs. Then they were put into the PRCBs and the PRTs,

and then we expanded the MER. The MER used to be a small room. We got a

bigger MER. We got more Engineering involved. It went from hardly anything to

all of a sudden now, we transformed into Engineering being fully engaged. We

had a seat at the MMT. The MMT was completely different. In the old days the
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MMT was in that conference room with view graphs. Now it was the entire
agency. We went almost 180 degrees difference. (el.8)

The action that came out of Columbia was the MMT. I think it did do what
it was supposed to. It bought the Mission Evaluation Room (MER). It expanded
it. It bought a lot of oversight. It bought the bear of the analyses and all that that
occurs during a flight. (e1.14)

Training part for the FRR members, I mean the MMT members. Coming
out for the cockpit resource management. Part of the training was seeking out and
looking for new and different opinions. It set the stage and then the other actions
or simulations which of course, MOD has always been huge on simulations. But
as an integrated MMT, especially me as a new project manager going through that
process 4-5 times before we actually flew, was a tremendous help. My first couple
of sims, I was stupid. I was making comments that had no freaking basis for ever
being said. I do not mind being the stupidest person in the room but I learned. It
got better. That is important. (e2.14)

As far as the management line of communication goes, I think it has
entirely flipped to the point that our director of Engineering announced he is part
of the MMT. Absolutely everything flows through directorate. So, whereas before
the line was not as direct with directorate more tied to Shuttle Program or OPO, it
is now in series to the point that everything goes through directorate Engineering.

(s2.13)
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I am always amazed as to how well OPO’s and MMT’s run. You know,
you watch what goes on in the DAT and how the information is presented from
the DAT is presented in the OPO meeting. The OPO meeting brings together a lot
of different disciplines and then all of that is rolled up and presented to the
mission management team lead at the end of the day, and, of course, the mission
management team brings together even more groups. You go through this daily
cycle, and to me I think it’s a real showpiece of people working together well.
(s7.11)

Pre-Challenger. My discussion literally would last ten minutes because |
would be challenged by the MMT saying, “what do you want us to do about it?”
(s2.11)

Sure. It is interesting because even back then, you did not realize all the
boards existed because so much was done outside of board. There was not a lot of
communication. Again, this is from a KSC perspective. It might have been
different at JSC, but I was not familiar with most of the boards because things
were done more within PRTs and locally. I did not know who half the
management folks were at JSC. So, when we did work, it was mainly done within
the KSC community. (s1.2)

The leadership we had at the time like XXX was down at KSC, and XXX
was at JSC, I guess. I forget who was at Headquarters. They kind of lead that,
“hey, we are going to work together. We want to improve communication

amongst the centers.” That was obviously a big problem with Challenger, where
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we weren’t communicating well. That leadership and their personalities allowed
that to happen. (p1.13)

That is what I think a lot of people have been telling me is when they got
serious, the program really centered around our noon boards and PRCBs as to
where we really tightened up. And the expectations on the technical guys is that
you are going to have your shit together when we go in here. We are going to tell
data stories. We are going to do that. It centered around there which had all the
elements. (p2.8)

That is what I considered of Station. I was going to reinvent panty hose.
We took the best of Apollo and the best of Shuttle, and we created the Station
organization. We started with daily meetings and the PRCBs, the documentation.
(p2.22)

Communication actually was better than average from the Program down
to the projects. We did a lot of traveling as a group, and had a lot of interaction as
a team to the point where we all knew each other really well. So that helped
facilitate picking up the phone and saying, “Crap, dude, we have a problem,” and
those types of things. (€2.15)

The flight before Columbia, a huge piece of foam came off equivalent to
what hit the carbon, and actually hit a metallic piece on either the tank SRB or
somewhere, and actually bent it. We were never, I do not think XXX was either,
ever informed by the project that that had happened. So, we did not even know

that pieces as large as that could even come off. That was a break down in
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communications between somebody. I guess between the project and the
subsystems people. We probably should have, in hindsight even though the tiles
were getting hit by the foam, we probably should have done some foam tests. But
we never did take the time to do that. I think that once we got operational, we do
not do many R&D type tests anymore. Everyone was concerned to keep the
schedule moving and so forth. (s6.9)
From the Data Reviews.

Rogers Recommendation II: Shuttle management structure-relationships
between centers and Hdqtrs.

Rogers Recommendation V: Astronaut forms team to assess management
communication at all levels, standardization of ops, conduct FRRs & MMTs.

CAIB Finding F6.3-24, F6.3-27, F6.3-28--Communication breakdown -
MMT roles & responsibilities defined. MMT now decision-making body.

CAIB Finding F7.4-6--SSP Sys Integration not handle Orbiter; NASA
defines procedures, clarifies roles, focuses on safety Increases authority of Sap
Sys Integ. Office, Flight Ops & Integ. Office created.

Theme 6: NASA added diversity to organizational roles (DD)

This was not a demographic diversity finding, but rather an expansion of the

expected perspectives and accountabilities into the decision-making bodies. Similar to

theme 5, it was anchored in the Dissemination and Diffusion (D&D) subsystem since it

focused on how different members took different roles in bringing in and distributing out

information. There was also an element of experts and managers giving and accepting
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new meaning to their roles. The theme of roles in the organization had the overwhelming
dominance in the interview discussions and also the investigation recommendations. This
appeared to be the case because it was the checks and balances mechanism that was put
in place to have an organization be more resilient against failures. It was also in the
middle of the tension between mission focused and safety focused. It was what changed
between the overreaction after an accident to the complacency that was in place right
before the next accident. There were very specific changes that had been implemented in
order to have the right governance for a Human Space Flight program: elements such as
keeping the government (vs. the contractor) technically engaged with the hardware,
putting astronauts in key management positions; putting institutional Engineering
directors in technical discussions, management teams and decision boards; creating
Independent Authority voices in the readiness for flight decision forums; and, even the
creation of independent Engineering and Safety Excellence organizations. The Shuttle
Program ended with all of these checks and balances in place. The challenge was that
some of these were in place during Challenger, and most of these were in place during
Columbia. What changed was how these roles were employed in the daily routine of
flying human missions. This tension that resulted from having such an expensive,
redundant, bureaucratic process associated with flying humans may be a defining
characteristic of human space flight programs. Without these controls, the tendency will
be to push faster, buy more with less, and take higher risks with human lives. Although
the Shuttle Program was over, it was noted that this was the balance that the commercial

community was working its way through today.
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From the Interviews.

As long as it is clearly communicated, then I can be reconciled that I have
done my job. (s4.13)

I think what you ended up with was an institutional Engineering
organization trying to figure out what they were supposed to be doing. Well, we
were building X-38, and we were building TransHab, and we were building all
these other things XXX started. (el.5)

XXX may sign my paycheck but he is not my boss really. XXX is my
boss. (s4.12)

There were some civil servants who had a predominant role as subsystem
managers who were basically taken out of that position. It was turned over to the
contractor. That caused a lot of concern within the civil servant population. You
know, Shuttle as it is today, was their baby. At the time, the political sense was
that it is very expensive. We can find a way to cut costs so turning it over to the
contractor. There was an air, if it was really true or not, there were a lot of people
saying that because the government was in the subsystem role, it was causing the
contractor to do more than they needed to do which was driving the costs up. So,
get rid of the middle civil servant layer and costs would go down. So, as we
started on the approach about the year 2000. (el.1)

Probably tech authority could be used because tech authority was really
the key to what the CAIB said that NASA needed to do. You need to bring in the

institution that is not part of the program to provide that technical oversight, so
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you do not go down a rabbit trail that is technically unsound. And that tech
authority should not have any responsibility for worrying about costs or schedule.
It should be technical. (e1.12)

The Program understands that unless JSC Engineering is going to come
along with you, it will be a long day. (e1.16)

He still played that function of helping the program projects when they
needed help, play that again in an independent role, and another independent
check and balance for readiness for flight. (e2.12)

How key it was to have the technical team in charge of their subsystem.
You know. Such that they were accountable and responsible for what their
subsystem did. (e3.3)

There was this ill generated mindset that the Shuttle people brought
overhead with them. It is almost consistent with, by having civil servants work
with their contractor by creating overhead. (€2.5)

I think back then the information flowed, I would not say more formally,
but on a very linear path of connections. As subsystem manager, a lot of my
interactions with the project went through XXX who was the TPS TMR back
then. So, there was a much more linear single connection communication path.
(s3.5)

Action to put in the NESC. The NESC was not the technical authority.

The NESC was that piece that could go in and do analyses, or to go in and say,
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“we have this problem. We can try to find a solution or help the program with a
solution,” or say, “we have a bit of money,” which they did. (el.13)

That is one of the reasons I retired. No, the NESC is BS as far. Where is
the Johnson Space Center Engineering Directorate? Why do they need an NESC
to help? (p2.9)

Certainly one thing I think that has improved since Challenger, since
Columbia actually, is our willingness to bring in outside folks to look at a
particular problem. (p1.20)

Probably tech authority could be used because tech authority was really
the key to what the CAIB said that NASA needed to do. You need to bring in the
institution that is not part of the program to provide that technical oversight, so
you do not go down a rabbit trail that is technically unsound. And that tech
authority should not have any responsibility for worrying about costs or schedule.
It should be technical. (e1.12)

Now, here is the other danger. If every time we have an accident we add
more rules, we will get to a point that we cannot build anything. You cannot put
so much check and balance and oversight that you cannot move forward. There is
some risk that you have to take. What comes out of lessons learned in my mind, I
go back. There are times we have to take the risk. (e1.20).

From the Data Review.

Rogers Recommendation II: Astronauts in management.
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Rogers Finding 6: Operational Maintenance & Inspection Program
immature; does not provide Level II with adequate closed loop oversight. Also,

NSTS Oversight Group with SR&QA ensures contractor reviews consistent.

Theme 7: NASA operates with risk ambivalence (MM)

This theme may appear to be overly critical, but actually it was the opposite. This
theme captured the difficulty in managing the risk being taken with each Shuttle flight.
The Shuttle Program was tasked with one of the most technically challenging endeavors
attempted by human kind. To this day it has remained the only reusable machine that can
take humans into space and return them safely to earth. To accomplish this feat, NASA
must operate at a delicate balance between exploration and exploitation. At the beginning
of the program, the pendulum was at the limits of exploration. Risk taking was high and
in many cases unknown. Significant discussion from experts centered on needing to
understand the spacecraft and its limitations. Management discussions centered on
understanding the risks they were taking while boldly moving forward towards
accomplishing the mission. Significant tension was noted in this risk balance. It was
noted that over time exploitation became more dominant while portions of the
organization were still trying to understand this non-operational spacecratft.
Unfortunately, with both accidents, there was a common acceptance that the risk balance
had shifted too far and unquantifiable risks were being taken that may not have been
taken, with the right data and the right questions. The accidents highlighted the
consequence of the risks being taken. This reality that a Space Shuttle and its crew could

be lost as a result of poor engineering and poor decision making became entrenched in
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the memory of the individuals that experienced it. A noted vulnerability was that this
awareness had a hard time transferring to those who had not experienced it and
consequently was lost from the experts and the leadership in the organization. Over the
30-year history of the Shuttle Program, multiple experts and managers had led the Space
Shuttle through its missions — many of them had the memory of Challenger’s
vulnerabilities and the remainder had the memory of Columbia’s unnecessary fate. Those
realities still existed at the time of this writing in the leadership, the processes, and the
culture of the team of the now concluded Space Shuttle Program. The participant data
was consistent in showing that risk balance was highly dependent on the memory of the
organization. Some saw it as overly conservative and an impediment to getting the
mission done, while others saw it as forgetful of the consequence to taking too much risk.

From the Interviews.

It seems that some of the other programs have gotten to where they want to be so
perfect, they are not even willing to talk about accepting risks.

We managers have the prerogative to accept the risk but I need to know from your
engineers the risks I am accepting.

We’re often in a position where we have some data and we wish we had more, but
either it’s impractical or impossible to obtain a statistically significant sample, and what it
all boils down to is an adequate characterization of risk. I think a lot of the discussion as
of late has been, is the program willing accept the risk of flying?

He was the Administrator. He came to the table and said, “it is my risk. You guys

have done your job.” That was the risk adverse solution to this whole thing.
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Now here is the other danger. If every time we have an accident we add more
rules, we will get to a point that we cannot build anything. You cannot put so much check
and balance and oversight that you cannot move forward. There is some risk that you
have to take. What comes out of lessons learned in my mind, I go back. There are times
we have to take the risk

I also wanted to make sure the Program Office and managers understood that
there were things we were observing across all of the flights that potentially needed
attention.

Well, before the accident, we were flying successfully. We thought we were
impervious to problems with major significance. We never had lost a crew. We never had
a significant, a really significant problem. We had a fuel cell glitch, but nothing really
major. So, Challenger just hit us blind. It was probably the first problem in flight we ran
into that we couldn’t work our way out of.

After enough time goes by, the corporate knowledge or the corporate memory of
why those changes were done is forgotten.

What I would be concerned about over time if the Shuttle Program were to
continue, is would that trend continue, would we get more and more comfortable with
doing things the way we used to do them, and would there, as people left and took the
corporate knowledge worked up the memory of what happened in this terrible accident
away with them, would the folks who were taking their place understand the implications
and the ramifications of the decisions that they made? So, that’s my observation, that’s

my comparison to post-Colombia vs. post-Challenger.
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They lean more towards accomplishing the mission objectives than they do to get
the data to ensure that you’re safe and that is a risk trait and prerogative of the program
managers to make that, so that is the weight that they have on their shoulders.

Speaking to a concern I had before Columbia, I remember Challenger, which was
really a very emotional thing for a lot of us because we watched it. But a generation had
gone by. If you looked at the people who were in place or coming in, they do not
remember Challenger. They were not involved with Challenger. “Oh, yea, that was that
accident.” I do not remember Apollo I, but talk to some of the old timers. So, now you
look at Columbia. Columbia was about as bad as you could lay it out. So the emotional
part of the organization is what drives the hunger and the need to try and understand the
technical issues and the data necessary to get that. Then you look at the organizational
managers who all remember because it still was not that far away. What was it like when
you did not have that information, the consequences of losing the crew and losing faith in
the country that we could operate a vehicle in space. We all felt the Shuttle Program was
over and we would not be given anything.

I would say that the biggest concern I have is what happens when organization
starts to mature. What happens to that group of people? Columbia? Yea, that was 10-15
years ago when you have a whole generation who does not understand that.

We unlearned. That is what we did. Everything that we learned from Challenger
and systems we put in place, we started to let it migrate. Because political, budget,
whatever, and also because of people in positions saying, “I do not know why we are

doing that.” When I came out here, we were doing zero based reviews. Well a lot of it
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came out of Challenger. What happened is that we unlearned a lot of the stuff because we
had people involved that did not have that tie back to what we truly learned out of
Challenger.

Those are good practices, best practices that we saw in the agency. But overall,
we do a really poor job of documenting and then utilizing those lessons learned
databases. But it really is in the people that you put in charge of the projects that bring
their own experience and their own lessons learned and apply them to their projects.

Mission ops probably reworked all of their procedures, documented their
rationale, and probably improved their product. The strength of Mission Operations was
that they had a culture, very strong. They had procedures for everything they did. And
that organizational mentality was able to keep the organization running in the same
direction regardless of how people change.

It is real easy to learn from mistakes. That is how we learn. We learn because we
screwed up. It cost us and it cost people their lives. You do not forget that. That is
looking backward.

It is the realization that debris impact of the vehicle can kill you.

I think you have to take people who have been there before, who at least
understand the way we have done things before. They didn’t necessarily have to be the
leaders but they have to understand.

From the Investigation Reports.

Finding 2: NASA Levels I and II not appropriately consider contractor's concern.

Finding 7.4-3--Little progress made toward independent analysis of risk.
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Finding F7.4-5--Risk info & data not communicated. Risk management system

enhanced, balance technical, schedule and resource risks.

Summary of the Data

These seven themes summarized observations made by both formal NASA
investigation reports and NASA employees at different levels of the organization. These
concluding themes were a culmination of the organizational learning after the Challenger
accident, the Columbia accident, and the resulting knowledge operationalized in the
organization today as a result of both accidents. The next chapter framed these themes
with the appropriate literature in the field and provided implications to future research

opportunities.

130



CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

Overview

The opportunity to study the catastrophic failures of a complex, high reliability
organization is very limited. In this special case, NASA went through two such events--
the explosion of Challenger during ascent and the breakup of Columbia upon reentry. The
purpose of this research was to provide insight to how NASA has learned over time
following two catastrophic shuttle accidents. The research was grounded in
Organizational Learning System Theory (OLSM) (Schwandt, 1997; Schwandt &
Marquardt, 2000) and informed by concepts characterized in High Reliability
Organizations (Weick, 1987) and Normal Accident theory (Perrow, 1984). The OLSM
was used to collect and analyze investigation reviews and interviews. The data surfaced
seven recurring themes across the four subsystems of the OLSM. There were three
conclusions from this study. The first was the transformation of NASA as an exploratory
organization to one exploiting itself for maximum performance. That plight overshot the
right balance between exploration and exploitation (Nelson & Winter, 1982; Zollo &
Winter, 2002) and through these accidents NASA retreated back to a more inquisitive
state of its Space Shuttle in order to fly out its remaining missions in a safe and reliable
manner. The second was that sensemaking (Weick, 1995) was not sufficient to ensure the
performance requirements of a High Reliability Organization. The rush to understand and
pressures to show progress accelerated the process of understanding the real root cause of
a catastrophic event and putting in the necessary changes to ensure it would not happen

again. And the third conclusion was recognizing the critical role that an individual
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leader’s personal experiences played in the transfer of operational knowledge. Many
processes and roles can be put in place after an accident, but the leader drives the
decisions around that structure and without personal experiences, the reasons behind rules
and process will not be valued and followed. Now with the ending of the program,
NASA'’s operational lessons must be understood to effectively transfer to the next
generation of NASA’s exploration programs.

These conclusions emerged from the conceptual design of this study.
Retrospectively, considering the themes and conclusions of this study, the design would
be modified a bit to reflect different levels of influence coming from the different OLSM
subsystems. Figure 4 shows an updated version of the conceptual design highlighting the

increased emphasis in the Memory and Meaning subsystem.
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Figure 4. Revised Conceptual Design with emphasis on Memory and Meaning
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Conclusions

There were seven themes that emerged as recurring observations in this study. By
looking at them through the four subsystems of the OLSM (Schwandt, 1997; Schwandt &
Marquardt, 2000) the researcher was able to paint a descriptive picture of the
organization at different phases of the program’s life cycle. By looking at the end state,
the researcher was able to see what NASA learned as the best state of its organization.
These were the findings:

Conclusion #1: NASA'’s organizational learning is dependent in seeking a

continuous balance between being an exploratory organization and exploiting the

need to efficiently accomplish its dual missions.

Conclusion #2: NASA'’s high public visibility limits its effectiveness to learn as an

organization.

Conclusion #3: NASA lacks sustainable, institutionalized processes for

transferring knowledge.

These three conclusions were discussed as they related to the themes found in the
data and their relationship with learning theory and literature. First, they were framed
around the OLSM subsystems involved and the corresponding interactions. Then, the
conclusion was defended based on the themes presented in Chapter 4. As part of the
discussion, the applicable literature was noted to give a theoretical reference to the

subject matter being discussed.
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Conclusion #1

NASA is in a continuous balance between being an exploratory organization and
exploiting (Nelson & Winter, 1982; Zollo & Winter, 2002) the need to efficiently
accomplish its missions. In this research, NASA found this balance in a cyclical
oscillation between two opposing needs, not a place of equilibrium between the two. This
study focused on the last 30 years, more specifically the lifetime of the Shuttle program.
This period started with innovation to create the most complex engineering marvel ever
attempted by mankind. This period took us through a long time of engineering discovery
that came through many successes, but also with very painful failures. This period also
included a transition to maximize performance of the Space Shuttle. Fly it more often, fly
it with more cargo, fly it for longer periods and do all this for less money, with a smaller
workforce, and with less public opinion support. This period actually never ended. NASA
bounced back and forth attempting to find the sweet spot between understanding the
limits of this engineering marvel and maximizing the returns to the public stakeholders
that enabled the Space Shuttle to be created.

The OLSM (Schwandt, 1997; Schwandt & Marquardt, 2000) provided an
excellent framework to understand NASA’s tension between exploration and exploitation
(Nelson & Winter, 1982; Zollo & Winter, 2002). All subsystems and interactions were
involved. The Environmental Interaction was observed in the new information coming
from public opinion of what type of organization they wanted NASA to be.
Dissemination and Diffusion unveiled the difficulty that came from conflicting direction.

In one direction the public and parts of the organization wanted innovation, while at the
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same time management, Congress, and OMB wanted efficiency and progress. New
structuring processes and roles were put in place to control that tension. This was where
organizational leadership was observed in the Action and Reflection subsystem. NASA’s
leaders created an actionable direction forward for the Space Shuttle program that was
aligned with the goals of the Agency. Through this whole plight, Memory and Meaning
evolved for the organization, making sense of a transition from an invincible mindset to
one that learned to manage risk.

The knowledge created by NASA was in the self-awareness of this polar tension,
the purposeful actions to adjust strategic directions, and the management of the risk
between exploration and exploitation of the Space Shuttle.

Both March and Olsen (1975) and Levinthal and March (1993) talked about the
Success Trap or Success Myopia. They talked about how an unrealistic optimism can
exist as a result of continuous successes in the face of adversity. That mentality in the
memory of the organization creates blind spots that inhibit the curiosity that HRO’s need
to stay critical, be preoccupied with failure, and be robust against the challenges that are
inevitable in a complex system and organization.

So, was the unrealistic optimism destructive or was it misplaced? With the
organization thinking it could not fail, its attention went to maximizing performance,
getting more out of the system. Katz and Kahn (1978) called that an open loop system. It
had no way of getting feedback that it was going too far. And that’s what happened to

NASA. It went too far until an accident happened — twice.
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The conclusion made by the participants in the study was that the Shuttle was not
an operational spacecraft. It did not function like an airliner. Every flight revealed more
information about how it performed and its limitations. Technical experts knew that they
didn’t know everything and with this conclusion came the opportunity to continue to
explore more about the Shuttle’s performance. This conclusion was vertically supported.
The data did not suggest this to be the case after Challenger, but definitely after
Columbia. Many of the participants talked about how the first accident burst the
perception that the Shuttle was invincible, but it was not until Columbia that the
awareness changed to proactive measures that would prevent those kinds of accidents
from happening again.

It was those measures that also represented the operational knowledge gained by
NASA. Kofman’s (2006) conscience business risk balance concepts capture NASA’s
tension of pushing too hard on mission objectives (such as flight rate) while protecting
the research and development (R&D) reality that the Space Shuttle was not an
operational spacecraft and should not have been treated as such. A defining identity for
NASA is the mission to move technology up the “Technology Readiness Level (TRL)”
curve. Take basic research and duplicate it in the lab. Take a lab concept and
demonstrate it in the relevant environment of space, take something that you have
demonstrated in space and make it a critical operational system for a defined mission.
The Space Shuttle is caught up in the push to go up that curve, but maybe more

exploration is still required in the early parts of the TRL continuum.
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Also, Zollo and Winters (2002) who describe balances between dynamic
capabilities (exploration) and routines (exploitation), but here the emphasis was on its
fluidity. There was not one risk balance point, it’s always shifting. Senior executives
reflected back on the Space Shuttle Program and noted about a 7-year swing in the risk
balance. Finally, Brown and Duguid (1998) also provided insight into the risk balance.
They focused on the differences between practice and process and how they related to
exploration vs. exploitation, respectively. Technical experts continuously referenced their
emphasis on flight data: collecting it, analyzing it, and trying to understand it. But it was
the processes put in place that would drive schedules, squeeze out budgets, and force

efficiencies. The sweet spot was the co-existence of the tension between the two.

Conclusion #2

NASA’s presence in the public sector limited its effectiveness to learn as an
organization. The identity that came with NASA gave it strength, but it also could be
very hindering. On the positive side, this Agency has had an inspiring mission objective
of exploration, it has attracted the best people, and it has often been associated with
working humankind’s hardest technological challenges. But with that image came
expectations that have shaped the way it has made sense of the past, the approach under
which the Agency handled itself in the present, and the way NASA corrected itself for the
future. Weick has updated his work on sensemaking to not only think retrospectively to

explain the past, but also in purposely look toward the future (Weick & Sutcliffe, 2005).
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An overwhelming amount of data pointed to a sense of overreaction to each
accident. The OLSM (Schwandt, 1997; Schwandt & Marquardt, 2000) provided a
framework to observe how the overreaction hindered NASA from fully learning from
these two catastrophic events. Once again, external stakeholders arose after each new
accident, demanding a reason for why they happened, who was at fault, and what would
be done to prevent it from happening again? The Action and Reflection subsystem
showed how NASA urgently responded to those questions and goals, whether they were
the right ones or not. Memory and Meaning were shaped with limited sensemaking
(Weick, 1995), taking away true organizational learning opportunities.

This finding was about the inhibiting role that external reports played in the
learning of the organization. Fiol and Lyles (1985) spoke to the idea that learning does
not occur during turbulent times. Reactionary mode responses are ineffective. We saw in
the participants’ quotes where time was of the essence in showing progress towards a
moving target of always being six months away from returning to flight.

Starbuck and Milikin (1988) talked about fine tuning the odds until something
breaks. In this case it was about embracing the first plausible explanation so that the
program could move forward. Taking the time to understand the true root cause was not
explored and therefore was not learned.

Ultimately, NASA’s reactionary response was shaping the culture and memory of
the organization. In “Stop Fighting Fires,” Bohn (2000) talks about the effects of a
reactionary culture. The thought of moving from organizational fighting fires

(overreaction to accident response) to triage (where we are today) was explored.
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This urgency and overreaction were also observed to overlap with the emotional
transition of the organization. Extreme grief was noted in the periods following each
accident. Moving from that state to one of hypersensitivity created a very rich
environment for learning. It was not clear from the data the level of overlap between the
two. Clearly the interviews demonstrated that the employees were eventually open for
changes, but the overwhelming comments on overreaction would seem to indicate that
their readiness state to learn was overshadowed by the 2-3 year period that followed each
accident’s focus on responding to external report demands.

This research was not stating that learning did not take place, but rather asked if
there had been enough time for accurate sensemaking to take place? Clearly, some of the
structural changes that were put in place after Challenger, such as the establishment of
PRCBs or the accountability of the OSMA, survived for the 25 years that followed the
accident. Bigger questions could be put around the observations that might have been
hinted to after Challenger but were maybe not embraced after Challenger and were
therefore seen again at the time of Columbia. The recurrence of those observations could
indicate that the learning opportunity was not seized after the first accident. It was
plausible that the reason that they were not seized was because NASA was so focused on
Return to Flight (RTF) Rogers Commission (1986) responses that truly understanding
some of the root causes of the first accident were rushed and those questions were not
asked, questions around “why was there Organizational Silence (Morrison & Miliken,
2000) ?,” “Why did normalization of deviance go unchecked?” Those same contributing

causes played a role in Columbia and only then did enough time get spent recognizing its
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presence and corrective actions get generated. But was it enough? Again, it was a finding
from an investigative report and the corrective response was prescribed. Did the
organization really take the time to understand why, buy into it, and take ownership of
the response? Interview data indicated “no.” The result was a distancing of the
individual commitment from the organizational position, which over time led to the
abandonment of the corrective action response. At NASA, that response could be seen in
the interview data of the current state of the organization. Employees were once again
seeing other programs making the decisions that Shuttle made in the past without first
considering the implications towards the future.

If NASA as an organization was given enough time to look back at each accident,
it could understand how it was operating before the accident happened, how it got there,
and the things that it would have to do to keep it from happening again. Then NASA
would also have to understand if it was willing to change those defining characteristics,
and if so - operationalize those changes. Weick’s (1995) sensemaking process was rushed
and did not give the opportunity for critical thinking to play out. The external report
process bypassed that retrospective process and prescribed a solution to a plausible cause,
therefore putting the conclusions and corrective actions at risk of being accurate or even
wrong. Why did NASA’s culture tolerate it? Maybe it was the “get back to mission” or

“can do” attitude that is embedded in NASA’s Memory and Meaning subsystem.
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Conclusion #3

NASA'’s organizational routines were ineffective without experienced leadership
that had come from personal accident experience. This finding was not just about the
operational knowledge created in the organization, but it was also about what enabled the
effective transfer of that knowledge throughout the organization. A mindful leader
creates the awareness for balancing routines in memory with the need to question and
deviate and establish new routines (Levinthal & Rerup, 2006).

The OLSM (Schwandt, 1997; Schwandt & Marquardt, 2000) effectively captured
the multiple dimensions of knowledge transfer in the organization. The most pronounced
came from the way NASA stored its knowledge in the Meaning and Memory subsystem--
how it thinks about itself, like the invincibility of its Shuttle, and what it remembers, like
its inability to communicate difficult issues up the chain of command. Other subsystems
such as Environmental Interface for how it takes in new data, and Dissemination and
Diffusion for how it distributes data are also factors.

Operational knowledge was not effectively gained through the traditional
knowledge management systems typically employed by most organizations. This was
compounded by the circumstantial state and priorities of the organization after each of
these accidents. There was more effectiveness in the way roles were redefined,
organizational structure changes that were made, the processes around decision making,
and a very effective shift in the culture of the organization. Finally, there were some

limitations to making the transfer of operational knowledge gained effective.
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Lessons Learned Database

NASA and other self-proclaimed HROs referenced the HRO characteristics, their
focus on failures, and the opportunity to learn from the accidents of other organizations.
This typically entailed some version of a “lessons learned” database (LLDB), which, of
course, NASA also had. The participants in this research showed very little confidence on
the value of the LLDB. Hansen, Nohria and Tierney (1999) talked about the strategy for
managing knowledge. They drew the distinction between Codification and
Personalization. Codification was like the LLDB. Personalization was a person-to-person
customized consulting. With NASA, the LLDB had not been effective when used alone.
In Smith (2001), for example, Ernest and Young consulted by starting codification with
some “canned” solutions, but then followed up with experts for customization. In this
finding, the importance of the leader was recognized as the single most important element
in ensuring that lessons from the past were carried on to programs in the future. At the
final Space Shuttle Lessons Learned summit, the last program manager said, “The single
most important thing I wish I would have done is move my Shuttle experience folks to
Constellation” (NASA’s new exploration program).

The program manager’s perspective was important because he recognized the
importance of being able to rely on past experiences to relay the rationale behind why
certain requirements, standards, or processes were in place. Those storytelling events
enabled those important lessons to be understood and potentially be passed on to the next

group of employees.
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Argyris and Schon (1974) drew on a different aspect of the knowledge transfer.
They discussed single vs. double loop learning. Challenger and Columbia inputs for this
study might give perfect insight to the difference between the two. The initial Challenger
accident opportunity gave the organization the opportunity to make decisions based on
the data they got from the accident. Several participants noted the realization that the
Space Shuttle could actually fail as the big lesson from Challenger. It was not until
Columbia that the second/double loop learning occurred. Here the questioning and the
probing were to why it took place. And with those questions came the dissection of the
root causes and the resulting corrective actions. Argyris and Schon talked about some of
those corrective actions, such as engineering social groups, as being ineffective. Both the
Challenger and Columbia boards drove the creation of several new organizations as part
of the governing model for the Agency. Participant feedback was mixed as to the

effectiveness of some of those groups.

Structuring

There were several defining characteristics of NASA as an organization that came
into reality as a result of the two Space Shuttle accidents. First, there was the
redistribution of several key roles in the organization. After the accidents astronauts were
put into leadership positions; direct paths of communication from S&MA to the top
agency leadership were put into place; executive decision forums like the MMT and FRR

grow in membership; the NESC was created for engineering and safety excellence; and,
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expectations were better defined for the System Engineering Office in the Shuttle
program.

The program manager also changed in style. There was a definite change from the
Pre-Challenger leadership approach defined by Borgatta, Bales & Couch (1954) as “The
Great Man Theory” that stated that a great leader was born, not made. Or Theory X by
McGregor (1957) who also believed that engineers needed to have very prescriptive
expectations, otherwise they would deviate to a less efficient use of their time. That style
generated behaviors like the ones observed where engineers hold on to issues that are
theirs and are rewarded for solving those issues. With this approach there were issues that
went unaddressed for too long.

The new style that appeared to have been developed and was in full use was that
of a distributed leadership model that emphasized more teamwork and inclusiveness. This
new style also helped with Levinthal and March’s (1993) concern of Spacial Myopia.
Here the biggest concern was that functions were collapsed in order to be efficient. The
result was issues that were not resolved or even noted because everyone involved was
just working his/her specific issue and not working issues that crossed interface lines.
Another version of this challenge was with organizations that may not normally be in the
decision-making forum. Engineering institutional chiefs, for example, were added to the
MMT and now they were bringing in the strength of their organization into those forums
for a more participative and open discussion. All of these changes have different levels of
effectiveness into the organization. What was known was that better launch decisions

could be made if there were more complete information. In some cases, it was a decrease
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of risk to the crew that could come from a repair, in other cases it could just be a better

understanding of the risk used to determine if the Shuttle was acceptable to fly or not.

Culture

A big focus of the CAIB (2003) findings and the source of much debate within
the Agency was that leaders set the culture of the organization. Participants were very
consistent with their observations about what the culture was like pre-Challenger
compared to post- Columbia. Some of the biggest changes were captured while exploring
the Environmental Interface subsystem and the way new information was handled
changed. The culture shifted from filtering information from management to knowledge-
sharing networks that came through a distributed leadership approach. Coupled with that
was that experts were no longer just trying to push information up to management,
management was now pulling and expecting more data from experts. Where this did not
happen readily, systems were augmented like the ones noted above in the roles section.
The leader helped the transition out of the Success Trap (Levinthal & March’s (1993)--
the unrealistic optimism that the vehicle and their crew were invincible. On the other side
of the spectrum was an unquestionable shift away from Morrison and Miliken’s (2000)
concept of Organizational Silence. The participants’ reference to intimidation and fear
was gone. These new set of leaders had set a new tone that enabled shared
sensemaking(Weick, 1995). They had made themselves and their decision-making

forums approachable and concerned about safety.
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Individual level

These discussions about LLDB, roles, and even culture were excellent categories
for describing where the changes occurred in the Space Shuttle program. The participant
data indicated that none of those structural and cultural changes mattered without the
leader’s having personally experienced the consequences of failures and, therefore,
becoming a promoter and defender of the changes that were now part of the organization.
This was supported by Simon (1991) and his bounded rationality concept, where human
systems made decisions based on their limited knowledge or past experiences. They now
had an expanded capacity to take in more information and were able to organize it for
better decision making.

Nonaka (1994) then took the leader’s experiences and expanded them to the
organization. Flow was always from an individual to others and eventually from groups
to organizations. More important was the idea of the learning spiral where sharing
actually caused an amplification of the memory as others contributed bits and parts to
what had started out as one individual’s experience.

Finally, Eisenhardt and Galunic (2000) (Coevoling at last) offered some possible
solutions about how to take advantage of the leaders’ experiences by breaking routines.
They favored rotations of those Shuttle leaders into new organizations. The focus was on
breaking routines. The different styles that a manager brings in by asking different types
of questions, by including the extra-long silent pauses to make sure that everyone had a

chance to speak, the extraction of ideas from the silent meeting of participants sitting
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quietly in the back of a room. Those style differences broke up the auto-pilot routines that

some of the forums had become.

Conclusions

It is the conclusion of this researcher that NASA as an organization learned not
only as a result of Challenger, but as a result of both accidents. The Agency was in a
continuous process to strike the balance that it needed to have between an exploratory
organization and one exploiting all its resources for maximum performance. This delicate
balance was challenged twice with the loss of 14 astronauts in over 100 flights that
spanned a 30-year history. The result was the Shuttle’s legacy that was a set of checks
and balances processes, a team of relentless experts, a finite number of mindful leaders,
and a culture of accepted inquisition. There may have been more, but NASA’s push to
quickly get back to flight after each of these accidents limited the operative
implementation of some other learning opportunities. Finally, all processes and checks
and balances were not enough to make those processes sustainable and robust around the
inevitable erosion that misplaced or misunderstood processes go through over time. The
answer was to transfer leaders who had personally experienced the causes and
consequences of these tragic events throughout the organization. They will set the culture
and environment required to put the right amount of productivity, but also cautiousness
into the system.

Much criticism came to NASA about how the Agency could have allowed
Columbia to occur — did it not learn its lesson from Challenger? The answer was that yes,

it did, but part of the lesson was also about how to pick yourself back up and start flying
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again. The safest thing was not to fly, but that was not the answer either. The learning
was around having the structure to monitor organizational internal processes and
decisions routinely so that you can correct yourself before getting to another catastrophic

event.

Implications

Limitations.

There was a tendency to want to generalize the observations of this study to other
sectors of NASA, the private sector, and even to other agencies. That truth existed not
only here in academia, but also in industry. Unfortunately there were carefully selected
organizations, individuals, and context that made this case study more applicable to some
organizations vs. others. First, we have to recognize that this study was already dealing
with an organization that met the definition of a traditional HRO. To some, HROs might
also include school systems, financial institutions, offshore drilling expeditions, many
sectors that in the recent past have shown that failure was not an option that happens
without grave consequences. The themes and findings can be studied for applicability to
other uses, but this should be done with awareness of the unique circumstances of this
study. Special consideration should be given to the fact that NASA’s workforce is highly
specialized, its motivation comes from a public organization’s policy and not market
driven, and there are not many relevant aerospace benchmarks to help refine best
practices. With those considerations in mind, the findings noted can be considered in

principle for applicability in the other sectors.
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Practice.

With the end of the Shuttle Program, NASA and Human Space Flight now face
the need to transform back from a state of Shuttle exploitation to exploration. The
complexity was that it had been decades since the organization had been there before.
Arguably, both Challenger and Columbia pulled the organization back towards
exploration from exploitation, but never reached the point in the continuum of early
Shuttle development. It was only then where the organization flew in the face of technical
risks that had to be solved and not efficiencies around cost or schedule. Now NASA as on
organization must explore the development the next generation spacecraft and launch
vehicle while exploiting the operational flight of the International Space Station. Now
over 10 years old, this 6-person permanent presence in space faces the danger of also
going too far in the direction of an operational spacecraft. The same challenges of Shuttle
exist. Budget pressures to reduce its recurring operational costs, schedule pressures to
extend its operational life, and political pressures to make its relevance to the taxpayers
meaningful. The co-existence of an operational and developmental spacecraft by the
same organization is complex, especially as it recognizes that it must move in a more
exploratory direction without putting at risk the practices and culture that protect the six

human lives on ISS.

Theory

The Organizational Learning System Model (OLSM) (Schwandt, 1997; Schwandt
& Marquardt, 2000) did an excellent job of capturing the learning elements of the

organization. Every theme was well rooted in one of the subsystems or the interaction
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between subsystems. The one missing element which appeared to be important in this
case was the element of urgency. There must be a question of “why now?” for
organizational learning to take place. All of the themes observed were at some point
present in the history of the Shuttle Program. But some “trigger” caused the organization
to be open to changing itself to a new state. Therefore, the OLSM might stand to be
enhanced by an added fifth section in the center to deal with the readiness of the

organization to change.

Research Methods

The methodology of studying an event through the four lenses of the OLSM
(Schwandt, 1997; Schwandt & Marquardt, 2000) created a very robust process of
ensuring that the participant reflected on an event in full context. It was apparent that the
interviews themselves created moments of sensemaking to some of the participants by
looking at a situation in a way that they had not previously considered. By following a
grounded set of lenses that as a whole gave a total picture, the reflection process was
completed.

The conceptual design of this research also showed the strength of a simple and
repeatable framework for collecting data and analyzing the research questions. In the
framework, the only adjustment that was suggested was not to introduce research
questions about context before each accident. Even though responses looked at learning
after the event, the participants found themselves over-concentrating on pre-failure

events.
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The methodology of this study first converted HRO literature into interview
questions then took those questions and asked them in the framework of the four OLSM
subsystems for each chronological time stamp that data was required. It was a technique
that could be further studied as a repeatable data collecting technique for other qualitative

studies.
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Recommendations

The search for effectively operationalizing lessons learned to make any
organization more robust and reliable is a rich field not yet understood. This study has
identified future research opportunities in three main areas: first, the identification of
triggers to better understand an organization’s position in the exploration vs. exploitation
continuum; second, a transition model between sensemaking and sustained organizational
learning; and, finally, the third area was an update to the OLSM that introduced the
concept of time as a component of the learning equation.

One element that was excluded from the design of this study was the focus on
leadership. The emerging codes, themes, and third conclusion of this study pointed to the
criticality of this element and the role it played in this case. Therefore, future studies
revolving around the Shuttle Accidents or more generically, failure investigations, should
consider making leadership a focused element of the literature, conceptual framework,
and methodology.

The organizational pendulum will always swing between exploration and
exploitation. At the exploratory extreme there are no rigid processes, unorthodox
solutions are encouraged, and risk taking is rewarded. At the exploitation extreme
processes are learned for efficiency, rules are strictly enforced, and deviations are
reprimanded. Organizations cannot live at those extremes and, yet, they don’t know when
they are there until it’s too late. Partnerships are needed between academia and industry

to design, develop, and test operational tools that help give insight to that current state.
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From there, purposeful actions can be taken to move the organization in one direction or
the other.

This research also pointed to the vulnerability that exists in stopping the
inquisitive thinking of organizational effectiveness as soon as a plausible explanation is
reached for the observed characteristics of the organization. In the engineering field,
much time is spent testing conclusions or validating analytical results. What is the
equivalent process for testing accuracy in an organization? Without that validation, how
can you trust your conclusions and therefore how can you trust the appropriateness of the
corrective actions you choose to put in place?

Finally, an important element that surfaced in the data from the participants was
the element of time. Not only did it affect the quality of the answers that came out of
these accidents, but it also affected for how long those observations were valid. Time
affected how much time participants had to access the data. It affected how much time
they had to distribute data, how much time they had to make sense of data, how time
critical were the conclusions from the data, and how much time before data decayed from
memory. To fully understand learning in the organization it is important to bring in the
concept of time into the OLSM and modify the subsystems and their interactions to
account for this new variable.

The conclusions from these future suggested studies will contribute to theory, to

practice, and to future test methodologies.
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Concluding Remarks

NASA is an agency that has existed for over half a century. It continues to have
an identity around innovation and engineering excellence. Unfortunately, much like this
country, this Agency is struggling with its mission and having the means to accomplish
its mission. Without those elements, NASA’s ability to sustain that identity is at risk.
Therefore, it is critical that whenever a mission or challenge is put in front of this
Agency, that NASA perform to its full potential and that it not fail as a result of mistakes
that it should have learned from its failures in the past. The space business is not very
forgiving. There are no video game reset buttons. Failures cost lives, failures don’t
inspire, failures cause the loss of national pride, and failures cause the loss of confidence

that ultimately makes a premier agency obsolete. NASA will not be that Agency.
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