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Abstract

This paper looks at the safety culture at NASA. It compares the Challenger and Columbia accidents and the safety culture that failed the crews of these space shuttles. Using Presidential Commission Reports on both shuttle accidents and other resources this paper tries to understand the nature of the changes in NASA’s culture that need to take place.
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To understand the culture at The National Aeronautical Space Administration (NASA) a brief history of the beginning of the organization is required. NASA began October 1958 in response of the Soviet Union’s launch of their spaceship Sputnik.  The organization was “Formed as a result of the Sputnik crisis of confidence” (NASA, 2004). 

“A full-scale crisis resulted on October 4, 1957 when the Soviets launched Sputnik 1, the world’s first artificial satellite as its International Geophysical Year entry. This had a “Pearl Harbor” effect on American public opinion, creating an illusion of a technological gap and provided the impetus for increased spending for aerospace endeavors…” (NASA, 2004 FAQ p. 1). NASA was created by integrating the National Advisory Committee for Aeronautics and three research laboratories, all governmental organizations into one while dealing with a national defense crisis. Other governmental agencies like the Naval Research Laboratory in Maryland, the Jet Propulsion Laboratory managed by the California Institute of Technology for the Army, and the Army Ballistic Missile Agency in Huntsville, Alabama joined the venture. 

Most of the individuals who became involved in NASA were the best and the brightest engineers of the military or worked with the military. The organization had a “command structure” and a “chain of command” by virtue of the military mindset head of the organization. Everyone at NASA understood that there were risks involved in becoming a member of NASA, especially the astronauts who flew these experimental aircraft. The pilots of the spacecraft accepted the risk in this research project, but they also wanted to minimize those risks as much as they could. There was no way to make certain that all the experimental instruments and materials used on the spacecraft was 100 percent safe to use, so they simulated as many possibilities that they could think of. They developed a “Will Do, Can Do” attitude during the Mercury and Gemini projects when they successfully launched and recovered spacecraft. It was further entrenched into the program during the Apollo projects. The lives of the men who were lost during the early years were considered heroes and were celebrated for the ultimate sacrifice to gain political, scientific and technological advances. NASA learned from the mistakes made in these programs and ultimately fixed all the problems that they found.

 Understanding the military atmosphere and the “acceptable risk” attitude of the originators of NASA can help us understand the problems that NASA is currently having regarding their safety culture. When everyone knows that there are risks involved with space travel and that there can not be a 100 percent assurance of safety then safety risks are important issues but over time safety become a secondary issue and not as imperative an issue as it should be. The real issue NASA has to look at is not making the shuttles completely safe, because there is no way to make experimental machinery completely safe. The real issue is correctly addressing problems as they arise. Historically the engineers and other staff at NASA were innovative, they worked the problems that arose and did not ignore them because in the past they got away with the same thing happening. 

The same issues that NASA is currently having were evident in the 1980’s when the Challenger accident happened. “The Commission was surprised to realize after many hours of testimony that NASA's safety staff was never mentioned.  No witness related the approval or disapproval of the reliability engineers, and none expressed the satisfaction or dissatisfaction of the quality assurance staff.  No one thought to invite a safety representative or a reliability and quality assurance engineer to the January 27, 1986, teleconference between Marshall and Thiokol.  Similarly, there was no representative of safety on the Mission Management Team that made key decisions during the countdown on January 28, 1986. The Commission is concerned about the symptoms that it sees” (Rogers, Armstrong, Acheson, Covert, Feynman, & Holz, 1986 ch.7). The fact that back in the 1980’s the problems concerning safety issues were placed in a Presidential report reinforces the notion that safety at NASA has been relatively placed on the back burner. 

The safety issues were addressed after the Challenger accident but the organization slid back into old behavioral patterns giving lip service and no real change initiative to the engineers and listening to their advice. In order to meet flight schedules and budgets; issues regarding atypical situations. “Safety is something to which NASA personnel are strongly committed in concept, but NASA has not yet created a culture that is fully supportive of safety. Open communication is not yet the norm, and people do not feel fully comfortable raising safety concerns to management” (Behavioral Science, 2004 p. 3). NASA must change how it assesses risks and atypical incidents that are inherent in working with experimental equipment.

This communication problem is a main focus that needs to be addressed when attempting to change the culture at NASA. The lack of an open communications has become a cultural norm at NASA. During the aftermath of the Challenger explosion the commission that studied the incident stated: “On April 3, 1986, Arnold Aldrich, the Space Shuttle program manager, appeared before the Commission at a public hearing in Washington, D.C. He described five different communication or organization failures that affected the launch decision on January 28, 1986” (Rogers & Armstrong, et al.,1986 ch. 7). The Columbia Accident Investigation Board found similar problems at NASA. “Further, the Board determined early in the investigation that it intended to put this accident into context. We considered it unlikely that the accident was a random event; rather, it was likely related in some degree to NASA’s budgets, history, and program culture, as well as to the politics, compromises, and changing priorities of the democratic process. We are convinced that the management practices overseeing the Space Shuttle Program were as much a cause of the accident as the foam that struck the left wing” (Gehman, Barry, Deal, Hallock, Hess, Hubbord et al., 2003 Vol. 1 p. 11). The foam was the reason the Columbia shuttle was damaged, but not correctly recognizing that there was a problem is the most important aspect of the accident.  

Culture is the way things are done. It is impossible to touch, but it is powerful system that shapes an organization. “The law of the culture outweighs any other law. It is the strongest empowering message of all” (Belasco, 1990 p. 200). The culture of an organization shapes the way it does business and the behavior of the members of the organization. To shape a change in behavior and ultimately the culture of an organization the new behaviors need to be modeled and espoused by upper management in order for the other members to believe the new behavior is important and the change to truly take place. “To change an organization’s culture is thus to change the basic attitudes that members have developed over the years of their careers.” (Senge, Kleiner, Roberts, Ross, Roth & Smith, 1999 p. 336) 

Changing the culture at NASA regarding effective operations will have to come from renewed national commitment, a commitment reflected by the White House and Congress, a commitment from the very top down. “For any changes to take place at NASA or any organization there must be either a political, social, or economic incentive. The NASA budget has so declined over the years that it is desperate to get the job done in spite of insufficient visibility and funding. The space program died along with the USSR. Unfortunately, these influences are seldom considered in depth. Without urgencies and commitment to mission from the outside, the right people slowly fade from the organization, and without these, all organizations inevitably face the slow death of inattention and attrition” (Tracy A. Scanlan, Lt. Col. USAF Ret., personal communication, March 10, 2004).

The Assessment and Plan for Organization Culture Change at NASA states: “The most efficient change strategy is for this change to begin with senior leadership” (Behavioral Science, 2004 p. 8).  To have any substantial, ongoing change the members of the NASA staff from the least to the greatest must feel that upper management all the way to the President and the Congress really wants to hear what they have to say. They need a national mission to rally around and a sense of urgency in completing that mission. NASA currently does not have such a calling.

NASA needs to reinvent how it communicates all organizational issues. The management of the organization should learn to listen to its members and eliminate barriers to individuals who bring significant issues to light and accessing the opportunity to look at the issues. In the Presidential report on the Challenger accident the commission stated; “NASA did not accept the judgment of its engineers that the design was unacceptable and as the joint problems grew in number and severity NASA minimized them in management briefings and reports.  Thiokol's stated position was that ‘the condition is not desirable but is acceptable’” (Rogers & Armstrong, et al., 1986 ch. 6). The idea that a condition is not desirable but acceptable is a reality in the world of experimental equipment. No one really knows what will happen with an experimental spacecraft. The assessment of the issues that come up during a flight is much more important than eliminating all risks that are involved in such an undertaking. When unusual situations crop up upper management must listen to the engineers and astronauts that it employs and aid them in finding out what the true nature of the problem is, so that innovative thinking can take place and the problem is correctly assessed and solved.  

Communication at NASA is structured like a military without a mission, they are stagnant, the focus is on economies of scale and the status quo. Communication that has not gone through channels is often dismissed by upper management. This will have to change dramatically if NASA is to change its culture. Allowing any member of the NASA staff to bring an issue to upper management will increase the notion that safety matters are important. “Where open communications are recognized as critical to the culture NASA wishes to create, having a group that feels inhibited from speaking up is problematic. This tends to confirm that an important target of the culture change effort will be building leadership behaviors at all levels that encourage and reinforce open communication” (Behavioral Science, 2004 p. 13). In an article from the Knight Ridder Tribune Business News U.S. Senator Bill Nelson said: “’I think the Gehman commission is going to spank NASA pretty hard,’ Nelson said: "I don't expect them to get on the budgetary issues, which are a major part of the problem, but I do expect them to get into the culture -- the lack of communication from the bottom up, the lack of attention to safety, the atmosphere of intimidation instead of encouragement of getting concerns expressed to the top management" (Shaw, 2003). Top management will need to encourage the changes needed at NASA. The current culture is such that it will take repeated urgent clear communication concerning safety to institute the changes needed within the organization.

There is another important cultural issue that affects NASA is the idea that we have gotten away with it in the past. “NASA and Thiokol accepted escalating risk apparently because they "got away with it last time."  As Commissioner Feynman observed, the decision making was: "a kind of Russian roulette. ...” (Rogers & Armstrong, et al., 1986 ch. 6). To change this cultural norm NASA must openly convey that this attitude is no longer acceptable. NASA must be determined to find ways to change this attitude not only at all NASA Centers but with every contractor that it deals with. There must be a deliberate communication that “excellence” is the only acceptable attitude for the organization, and that mediocrity is not acceptable for the organization. ” Decisions governing Space Shuttle operations must be consistent with the philosophy that unnecessary risks have to be eliminated.  Such decisions cannot be made without a clear understanding of margins of safety in each part of the system” (Rogers & Armstrong et. al., 1986 ch. 9). Justifying and understanding the risks that are part of any experimental program are important to NASA.  The trick in understanding the risk is that when problems arise, and they will arise, how to deal with them. Ignoring a problem is not learning from it and NASA needs to once again learn from the problems that occur.

“NASA ‘does not have an independent safety program and has not demonstrated the characteristics of a learning organization.’" (Eisler, Watson & Levin, 2003) NASA needs to become a learning organization. “Failure to rethink our enterprises will leave us little relief form our current predicaments: rising turbulence causing rising stress; increasing disconnection and internal competitiveness; people working harder, rather than learning how to work smarter; and increasingly intractable problems beyond the reach of any individual or organization” (Senge & Kleiner et al., 1999 p.3). For the cultural changes to take hold at NASA they must reinvent themselves from the form of governance they now have to a learning organization where the safety of the individuals and machinery are of the utmost importance in all the projects they are involved in.

The upper management will need to “walk-the-talk” of a learning organization.  Instituting a safety program that is supporting the projects at NASA could ensure that safety is a priority and may also assist in the change in the organization’s view regarding safety issues. “The underlying limit behind this challenge is the clarity and credibility of the management’s aims and values. If people feel that their leaders can be trusted to support new values and actions, they will be more willing to commit time and effort to take risks” (Senge & Kleiner et al., 1999 p. 197). Promoting a safety group could show exactly how committed NASA is to changing its culture.

The changes in NASA’s culture will not happen unless the management truly walks-the-talk and encourages the change through out the entire organization. “Making a strong case for change is the most important part of the change process. People need to understand why something is important before they will get interested in how to go about changing” (Maurer, 2003). Most of the people at NASA understand the strong need for the culture change; they just need to believe that it is truly important to upper management. “Official management, on the other hand, claims to believe the probability of failure is a thousand times less. One reason for this may be an attempt to assure the government of NASA perfection and success in order to ensure the supply of funds. The other may be that they sincerely believed it to be true, demonstrating an almost incredible lack of communication between themselves and their working engineers” (Feynman, 1986). The individuals at NASA must judge that those in charge really do want the culture to change because they will be risking their careers if the upper management really is just giving lip service to the cultural changes. “As with personal behavior patterns, repeated organizational behaviors such as management decisions and daily behaviors tolerated within the culture can be analyzed to intuit the actual values” (Balestracci, 2003). 

In his appendix to the Challenger Accident Report Dr. Richard P. Feynman said: “In fact, previous NASA experience had shown, on occasion, just such difficulties, near accidents, and accidents, all giving warning that the probability of flight failure was not so very small. The inconsistency of the argument not to determine reliability through historical experience, as the range safety officer did, is that NASA also appeals to history, beginning "Historically this high degree of mission success..." (Feynman, 1986).  Understanding NASA’s attitudes regarding safety shows that they are not a learning organization. They use the historical data to say we got away with this situation before so there is no reason to believe that we will not get away with it again. They have not learned from their mistakes to fix problems only to ignore them because historically the problems have not caused any critical issues, so they will not in the future.    

Learning that a problem exists and ignoring it instead of fixing it is something that will have to change at NASA for the organization to survive in the future. During the final Columbia Space flight there were several attempts to have satellites take pictures of Spacecraft. Management did not feel that these pictures would be helpful or that they were necessary and were cancelled three times. The management was not listening to their experts because the foam was never a problem in the past and it certainly could not be a problem now. “The object’s large size and the apparent momentum transfer concerned Intercenter Photo Working Group personnel, who were worried that Columbia had sustained damage not detectable in the limited number of views their tracking cameras captured. This concern led the Intercenter Photo Working Group Chair to request, in anticipation of analysts’ needs, that a high-resolution image of the Orbiter on-orbit be obtained by the Department of Defense. By the Board’s count, this would be the first of three distinct requests to image Columbian-orbit. The exact chain of events and circumstances surrounding the movement of each of these requests through Shuttle Program Management, as well as the ultimate denial of these requests, is a topic of Chapter 6” (Gehman & Berry et al., vol. 1, p. 27). The men and women at NASA saw that there was a potential problem but were ultimately dismissed by management. This type of situation must be remedied and management must listen to the upward communication of the mission experts.

A sense of commitment to the organization is missing at NASA and this lack of commitment to the organization as a whole may also be part of the problems with the culture at NASA. “At NASA we see a notable sense of commitment and loyalty to the technical work being performed, but much less commitment to the organization itself. This is an important improvement opportunity for the Agency” (Behavioral Science, 2004 p. 17). The people of the organization have developed a commitment to their special task and do not look at the project as a whole and the organization then the compartmentalization can bring about a feeling of protecting turf. This can mean that individuals may not bring up issues believing that they can take care of them internally and not look for outside help. Dr. Feynman states it this way: “Let us make recommendations to ensure that NASA officials deal in a world of reality in understanding technological weaknesses and imperfections well enough to be actively trying to eliminate them” (Feynman, 1896).  

The hierarchical governance at NASA has led to decisions being made without all the needed information. This central authority previously has not wanted to hear bad news unless there is a solution to the problem given at the same time. This has not worked because critical problems have not been addressed because there were no solutions found at the time of the problems. “…the larger organization is often not prepared to grant this increased autonomy” (Senge & Kleiner et al., 1999 p. 367) NASA top management must give autonomy to find answers and listen to the recommendations of these experts in order to solve some of the issues inherent to space travel. Every member at NASA needs to feel empowered to do what is right. 

Some of the conclusions that the team from Behavioral Scientific Technology stated in their report are: “The NASA culture reflects a long legacy of a can-do approach to task achievement but does not yet fully reflect the Agency’s espoused core values of Safety, People, Excellence and Integrity. The culture reflects an organization in transition, with many ongoing initiatives and lack of a clear sense at working levels of “how it all fits together” (Behavioral Science, 2004 p. 29). A large organization such as NASA with its many projects must communicate to its members the vision of how it all fits together.  The top management of NASA needs to “Build a sense of urgency, create a clear tomorrow, develop a migration path and reinforce the new behavior” (Belasco, 1990 p. 28) in order to sustain the transformation and cultivate the new culture it desires.


NASA needs to start using their core values of Safety, People, Excellence and Integrity as the vision for the organization. The first of these values is safety and if the members of the organization understand that safety is the utmost issue instead of meeting schedules. “The unrelenting pressure to meet the demands of an accelerating flight schedule might have been adequately handled by NASA if it had insisted upon the exactingly thorough procedures that were its hallmark during the Apollo program.  An extensive and redundant safety program comprising interdependent safety, reliability and quality assurance functions existed during and after the lunar program to discover any potential safety problems“ (Gehman & Barry, et al., 2003 ch. 7). NASA needs to go back to the basics of the early space programs where safety issues were of the utmost importance and every consideration was given to make sure that the space craft were as safe as they possibly could be.
 

There needs to be a change in attitude that “what if-ing” is desirable. Individuals need to know that management will support them in the determination of perceived problems. Questioning unusual events and how they affect the safety of the crew and the spacecraft should be encouraged and promoted. “Open communication is not yet the norm, and people do not feel fully comfortable raising safety concerns to management” (Behavioral Science, 2004 p. 29). In some instances management has sent signals that they do not want safety issues to be presented. “NASA's bureaucratic structure kept important information from reaching engineers and managers alike” (Gehman, & Barry et al., 2003 ch. 8). These signals whether intentional or not must be found and stopped. The open flow of information needs to reach those who are in the position of making decisions even during a mission.

NASA may need to change its upper management, but if they are willing participants and encourage new open communications the changes in the culture can be accomplished. Top management, as well as the other staff members, at NASA need to constantly remind themselves safety is the first of their core values. “Remind all employees of common values. Bind your people through a common set of values” (Belasco, 1990 p. 206). The core values of NASA need to be emphasized to everyone, thus empowering individuals to speak up and even become insistent when they feel an issue needs to be addressed. This is the issue brought to attention by the Behavioral Scientific Technology group. “Embrace minority opinions – create an atmosphere where disagreements are encouraged and new ideas/alternatives are pursued” (Behavioral Science, 2004 p. 29).

Commitment to the organization is lacking at NASA. There is a commitment to the work but not to the organization as a whole this may be the result of the organization loosing its purpose, its mission. “People do not feel respected or appreciated by the organization. As a result the strong commitment people feel to their technical work does not transfer to a strong commitment to the organization” (Behavioral Science, 2004 p. 29). “Instead of loyalty, we now ask for commitment. It is up to the organization and its leaders to provide the kind of environment where people give that commitment freely” (Senge & Kleiner et al., 1999 p. 209). Leadership at NASA for whatever reason is not fostering the atmosphere that people are important and that what they do is imperative for the survival of the organization.

These cultural changes are great in magnitude, but if NASA is going to survive these changes must be made. “There is an opportunity and need to strengthen the culture’s integrity by becoming an organization that lives the values” (Behavioral Science, 2004 p. 30). The leaders at NASA have the opportunity to develop a learning organization where open communications brings about a culture where safety and excellence are core values. Ray Hood-Phillips of Denny’s corporation put it this way when interviewed for a Newsday article: "If you really want fundamental change it has to be deliberate and intentional; it cannot happen by osmosis or just wishing it would happen," Hood-Phillips said. "You have to put talent behind it and resources behind it. And the leader cannot be ambivalent or unsure about what needs to take place; he or she needs to be a champion" (Madore, 2003).

The culture of any organization can change if the leadership (upper management) of that organization is truly committed to the change. In the case of NASA all the members of the organization need to believe that it is politically, socially and economically vital to change the behaviors that have lead to the down fall of the culture. The changes at NASA must come from the top down and it remains to be seen if the organization will be able to make those changes in a sustainable fashion. 

After the early safety issues were resolved with the Gemini and Apollo projects the organization has atrophied and acceptable risks have been taken at the expense of two shuttle crews. Safety and excellence must become valued by all members of the NASA organization and questioning must become as important as finding answers in order for the organization to change. This has to start with upper management, because that is where the decisions are made.

The Behavioral Science Technology group believes that management must be trained to use the open communication that is needed to sustain change. In its final paragraph in the assessment portion of their plan they state: “The culture change initiative should also focus on helping managers and supervisors maintain an effective balance between task orientation and relationship orientation. At NASA many manager have a natural inclination toward task orientation, which is not unusual for technical organizations. However, strong task orientation at the expense of relationship orientation can lead to inhibition of upward communication and weak perceived organizational support” (Behavioral Science, 2004 p. 30). The leadership at NASA must develop relationships within the organization, develop open corridors of communication and impart the importance core values if it is to change its culture. 

NASA like all other organizations must reinvent itself, develop a vision, a vital mission and communicate them to the public. This reinvention should bring the young innovative engineers back to the organization. If NASA fails to reinvent itself then like all living creatures and organizations it will eventually die. Currently the people who are at NASA are not the innovative thinkers who began the organization, the people who remain are satisfied with the status quo. As with any organization NASA may want to change its culture, but the significant problem I find is that NASA must find its reason for existing. There are now public organizations that can do the experimental work that NASA has been doing. These organizations now have the best and the brightest people that NASA once employed. I surmise that NASA has bigger problems than how to deal with culture, it just may be dealing with the transition of an ending.
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