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World-renowned physicist Richard 
P. Feynman tended to avoid the 
committees and commissions that 

scientists of his stature are usually called to serve on, 
wrote The New York Times upon his death in 1988. 
But he made an exception for the inquiry into the 
Challenger space shuttle disaster of 1986.

He wasn’t much of a team player, however. He asked 
tough questions of witnesses. And he sometimes skipped 
regular meetings of the commission to perform his own 
research. He questioned engineers and examined rocket 
parts in storage at NASA facilities, according to the Times. 
When he found out something, he wasn’t shy about 
going before television cameras to share it.

None of this pleased the chair of the commission, 
William P. Rogers. He was a Washington lawyer who 
had once served as his country’s top diplomat. 
He wanted an “orderly investigation.”

One day at the commission’s hearings, attention focused 
on the O-ring seals. (An O-ring is a fl at ring of rubber 
or plastic, used as a gasket or seal.) These were supposed 
to seal the joints between parts of the booster rockets. 
As members of the commission passed around a piece of 
the O-ring material, Feynman asked for a glass of ice water. 
He dipped the ring into the ice water and then squeezed 
it briefl y with a clamp. When he released the ring from 
the clamp, the rubbery material failed to spring back. 

How do Richard Feynman’s 
efforts to understand the 
Challenger disaster show 
the value of bringing an 
outsider’s fresh thinking 
into an organization facing 
a big problem?

• the Challenger accident 
• the Columbia accident
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•  O-ring
•  resilient
•  posthumously
•  spar
•  normalization 

of deviance
•  organizational culture

He then confronted the former chief of the solid rocket 
booster program: “I took this stuff that I got out of your seal 
and I put it in ice water, and I discovered that when you put 
some pressure on it for a while and then undo it, it doesn’t 
stretch back. It stays the same dimension. In other words, 
for a few seconds at least and more seconds than that, 
there is no resilience in this particular material when it is 
at a temperature of 32 degrees,” he said.

But the whole point of the O-rings was to spring back 
under pressure. The inquiry concluded that if NASA had 
conducted the same experiment and discovered that 
the O-rings did not seal at low temperatures, the disaster 
could have been avoided.
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The Challenger Accident 
On 28 January 1986 the space shuttle Challenger, on a mission designated 
STS-51L, blew up just a little more than a minute into its fl ight. All seven crew 
members perished.

It was NASA’s fi rst fatal accident in almost 20 years. And it occurred with the 
whole world watching. Challenger’s crew included Christa McAuliffe, selected as 
NASA’s “Teacher in Space.” She was part of an effort to help the public identify 
with the shuttle program and rekindle Americans’ romance with space exploration. 
Her presence aboard the shuttle meant more people were watching—including 
children—than would have been otherwise. 

How the Challenger and Its Crew Were Lost 

After the accident, President Reagan named a commission to investigate and 
recommend steps to prevent such a thing from happening again. He put former 
Secretary of State William P. Rogers in charge.

The investigators faced a grim task. But at least they could draw on the vast amount 
of data NASA routinely collects in connection with all space missions. And from 
this, they were able to get a very clear idea of what had gone wrong.
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The photo record of Challenger’s brief fl ight showed that in literally the fi rst second, 
a puff of gray smoke spurted from a particular joint on the right solid rocket booster. 
That joint, known as the “aft fi eld joint,” was supposed to seal two parts of the 
rocket together. But the smoke indicated a break in the seal.

Over the next couple of seconds, eight more distinctive puffs of smoke—each 
blacker than the one before—emerged from the damaged seal. The smoke was 
dark and thick. From this, investigators concluded that the solid rocket booster’s 
hot propellant gases were burning the grease, insulation, and the rubber O-rings 
in the joint seal. The joint simply wasn’t strong enough to contain the hot 
propellant gases.

This weak spot on the solid-fuel rocket booster faced the external tank. 
At 58.788 seconds into the fl ight, the fi rst fl icker of a fl ame appeared. It grew 
into a large plume and spread to the external tank. Soon after, the external tank 
ruptured and leaked liquid 
hydrogen fuel. This liquid 
propellant mixed with fl ame 
from the solid rocket booster. 
At 73.124 seconds, the external 
tank’s liquid hydrogen tank shot 
upward into its liquid oxygen 
tank. The solid-fuel rocket 
booster also collided with 
the liquid oxygen tank.

At 73.137 seconds, Challenger 
began to break up. At 78 seconds, 
Challenger was an enormous 
fi reball in the sky. People on the 
ground in Florida, and before 
their television screens around 
the world, could only look on 
in horror.

The Rogers Commission released 
its report on 6 June 1986. The 
consensus of the commission 
and the other agencies that took 
part in the investigation was that 
the failure of the joint between 
the two lower parts of the right 
solid-fuel rocket caused the 
accident. No other part of the 
space shuttle was a factor. 
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How the Weather’s Effect on the Solid Rocket Boosters Caused the Accident 

When the space shuttle was fi rst in development, its solid-fuel rocket boosters 
were something new for NASA. The agency had used solid-fuel rockets for some 
small unmanned spacecraft. But the astronauts of the Mercury, Gemini, and Apollo 
missions had all been boosted into space by liquid-fuel rockets. 

And even as NASA weighed the possibility of solid-fuel rockets for the shuttle, price 
estimates indicated that liquid-fuel rockets offered potentially lower operating costs. 
But the solid-fuel rockets offered lower development costs—they would cost less 
to make, in other words. So that’s what the agency opted for. NASA awarded the 
contract for the rockets to a company called Morton Thiokol.

The Rogers Commission sharply criticized the solid-fuel rocket booster and 
particularly the faulty design of its joint. The problem got worse, the report noted 
sternly, as both NASA and its contractors “fi rst failed to recognize it as a problem, 
then failed to fi x it, and fi nally treated it as an acceptable fl ight risk.”

At the heart of the controversy over the joint on the solid-fuel rocket boosters were 
the O-rings. That little washer that seals the connection between your garden hose 
and the spigot is an O-ring. You can fi nd O-rings in industrial settings as well as 
backyards. For instance, engineers may seal together sections of pipe with O-rings. 
But at whatever scale, an O-ring works because it’s made of a  resilient  material—
one capable of bouncing back to its original shape after being compressed. An O-ring 
is pressed between two lengths of pipe, as one example, and then bounces back 
to fi ll the space between them, creating a perfect air- or gas- or water-tight seal.

NASA used the rockets repeatedly. Many of them took some knocks after being 
launched into space several times. The solid fuel was a rubbery material that didn’t 
always fi t just right inside the rocket. And the O-ring material wasn’t as resilient 
as it should have been, especially at low temperatures. All these factors made it 
hard to form a perfect seal.

Although engineers conducted many tests 
on the shuttle, they really had no test data 
to predict the safety of a launch if the 
temperature were below 53 degrees F 
(12 degrees C). In January, even Florida 
can get cold. As scientists prepared 
Challenger for what would turn out to be 
its fi nal fl ight, the temperature hovered 
around the freezing mark: 32 degrees F 
(0 degrees C). 
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The Rogers Commission included some 
of the most famous names in American 
aerospace exploration: Neil Armstrong, 
the fi rst man to walk on the Moon; 
Charles (Chuck) Yeager, the fi rst pilot 
to fl y faster than the speed of sound; 
and Sally Ride, the fi rst American woman 
in space. Richard P. Feynman, a Nobel 
Prize-winning physicist, also served.
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How NASA Management Contributed to the Accident 

In its inquiry, the Rogers Commission found failures in communication. These 
failures led to a launch decision made on the basis of incomplete and sometimes 
misleading information. The commission found confl ict between engineering 
data and management judgments. The commissioners also found that NASA’s 
management structure allowed fl ight-safety questions to bypass key shuttle 
managers.

As early as 1977 a test of the Thiokol rocket had identifi ed a defect in the seal. 
This defect meant that elements tended to come apart, rather than become more 
tightly sealed together, under the pressures of launch. But NASA managers never 
addressed this problem.

On the eve of the launch, Thiokol engineers thought they had warned their 
managers that NASA should not launch the shuttle in cold weather because 
of doubts about the joint seal. But the managers did not interpret the engineers’ 
remarks as advice to hold off on a launch.
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The commissioners also noted that they heard 
nothing from, or about, NASA’s safety team during the 
investigation. No witness mentioned safety engineers, 
and no one said whether safety engineers had done 
a good job or not. And no one thought to include 
safety staff in the meeting where NASA made the 
fi nal decision to go ahead with the launch. 

Changes NASA Made to Reduce the Possibility of Another Accident 

The Rogers Commission recommended nine steps NASA should take to reduce 
the possibility of another Challenger disaster. The steps included big changes. 
Almost all of them had many parts. They addressed technical issues (redesign 
of the troublesome O-ring seals) as well as “human factors” issues such as 
communication. The commission found that too many managers tended to 
get stuck in their cubicles and not see the bigger picture.

President Reagan asked NASA to provide, within 30 days of the issue of the 
Rogers Commission Report, a plan to carry out the report’s recommendations.

In response to these recommendations:

• NASA had the solid rocket booster redesigned. Engineers made changes in 
the segment joints and case-to-nozzle joints, the nozzle, propellant grain shape, 
ignition system, and ground support equipment. The O-rings were replaced 
by new rings made of a better-performing material called nitrile rubber.

• NASA added an orbiter to the fl eet to lighten the burden of a heavy fl ight 
schedule on too few spacecraft; the agency also reassigned some tasks 
to unmanned spacecraft.

• NASA reorganized the shuttle program’s management structure to ensure 
that dissenting voices got a say in launch decisions. It also strengthened 
its support for its safety staff.

• The space agency ordered improved communication among managers, 
and an end to the isolation of managers from one department to the next. 

• NASA strengthened the fl ight readiness review—the pre-launch process 
that had given Challenger its green light in 1986. Staff members now record 
reviews and take minutes (a formal kind of note-taking).

• NASA committed to “criticality review and hazard analysis.” This involved 
looking over every shuttle component to see which ones needed upgrades 
to make them reliable.

• The agency’s scientists developed new systems to allow astronauts to escape 
in the case of another faulty liftoff. NASA also improved the orbiters’ landing 
systems—tires, wheels, and the like—so that in the case of an aborted mission, 
the shuttle crews would have further options for landing. 
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The Challenger accident has often 
been used as a case study in courses 
and seminars on decisionmaking 
and workplace ethics.
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On 29 September 1988 NASA celebrated the shuttle’s “return to fl ight” as the 
orbiter Discovery blasted off from the Kennedy Space Center. On this mission, 
designated STS-26, Discovery carried a tracking and data relay satellite as one 
of its payloads. It was identical to the one that had been lost two and a half years 
before. The shuttle had returned to the skies, much safer than before.

Not everyone was convinced that NASA had taken all possible steps to avoid 
another accident, however. Some critics felt the changes had not been thorough 
enough, and that sooner or later, there would be another disastrous accident. 
Tragically, they would be proved right less than 15 years later. 
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The Challenger Crew 
Francis R. (Dick) Scobee, the commander of Challenger’s last mission, STS-51L, was 
a native of Washington state who enlisted in the Air Force as a teenager. After training 
as an engine mechanic, he got a university education through the Air Force. Once he 
became part of the astronaut corps, he served as an instructor pilot on the NASA/Boeing 
747 shuttle carrier airplane. STS-51L was his second spacefl ight.

Michael J. Smith was the pilot of STS-51L. Born in North Carolina and educated at the 
US Naval Academy, he served in the Navy for many years before NASA selected him 
as a candidate astronaut in 1980. STS-51L was his only spacefl ight.

Judith A. Resnik, an Ohio native, was an electrical engineer by training and a classical 
pianist by avocation (her hobby). NASA accepted her as an astronaut candidate in 
January 1978. On her fi rst spacefl ight, as a mission specialist aboard STS-41D in August–
September 1984, she and her crewmates earned the nickname “Icebusters” for the skill 
they showed in using the shuttle’s robotic arm to dislodge dangerous bits of ice from the 
orbiter. STS-51L was her second spacefl ight.

Ronald E. McNair was a native South Carolinian, a jazz saxophonist, and a fi fth-degree 
black belt in karate. He also had a doctorate in physics from MIT. His fi rst spacefl ight 
was aboard STS-41B, in February 1984. STS-51L was his second spacefl ight. He was 
a mission specialist.

Ellison Onizuka, a Japanese-American born in Hawaii, studied aerospace engineering 
at the University of Colorado and spent many years as a fl ight test engineer, working 
on several different kinds of aircraft. He was aboard STS-51L as a mission specialist.

Gregory B. Jarvis was a native of 
Detroit. He was an electrical engineer 
by training, and he specialized in 
missiles and satellite design. He was a 
civilian payload specialist aboard STS-
51L. It was his only mission in space.

S. Christa Corrigan McAuliffe was 
aboard Challenger as part of NASA’s 
Teacher in Space Program. A Boston 
native who had taught English and 
social studies in middle and high 
schools, she was teaching American 
history at Concord High School in 
New Hampshire when NASA selected 
her as a teacher in space. Unlike their 
Challenger crewmates, McAuliffe 
and Gregory Jarvis were not federal 
employees.

All seven of the Challenger crew 
were awarded the Congressional 
Space Medal of Honor posthumously
(after death). 

ThThe Ch
F ii
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The Columbia Accident 
On 1 February 2003 the shuttle Columbia was on its way back home at the end 
of an intense 16-day science mission, designated STS-107. Sixteen minutes before 
its scheduled touchdown in Florida, Columbia broke up on reentry into Earth’s 
atmosphere. All seven of the crew perished. The accident left debris scattered 
across much of the Southwestern United States. 

To fi nd out what had gone wrong and prevent another occurrence, NASA 
convened the Columbia Accident Investigation Board, or CAIB. Adm Hal Gehman 
was its chair. 

How the Columbia and Its Crew Were Lost 

The physical cause of the Columbia disaster was a breach in the thermal protection 
system—a kind of protective plating made of several materials—heat-resistant 
tiles, thermal blankets, and reinforced carbon-carbon. The system was supposed 
to shield the orbiter on its way back to Earth. A chunk of insulating foam broke 
off at launch and struck the orbiter’s left wing within the fi rst two minutes of fl ight. 
This caused the breach. 
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The chunk of foam, about the size of a small briefcase, made a chink in the 
reinforced carbon-carbon protecting the wing’s leading edge. The chink let hot air 
penetrate the wing’s interior. This superheated air was more than 5,072 degrees F 
(2,800 degrees C) hot. That ultimately melted the wing’s thin aluminum spar, or 
structural support. That, in turn, weakened the whole orbiter’s structure. As Columbia 
hurtled to Earth with a broken wing, aerodynamic forces acting on the shuttle 
caused loss of control, wing failure, and the orbiter’s breakup. 

How Damage to the Thermal Protection System Caused the Accident 

By the end of the investigation into the Challenger disaster, almost everyone 
in America had heard about O-rings. After the Columbia accident, everyone had 
heard about heat-shield tiles. These made up the shuttle’s thermal protection 
system, or TPS. Columbia, as you may recall, was the fi rst orbiter to go into space. 
As you read in Chapter 7, Lesson 1, it returned from its maiden fl ight with 16 
of its tiles missing and another 148 damaged.

It wouldn’t be the last time such damage would occur to an orbiter. Many times 
chunks of insulating foam around the shuttle’s external tank broke off at launch 
and dinged the TPS. As the CAIB report later made clear, this phenomenon 
became so common that NASA offi cials developed their own standard term for it—
“foam shedding.” And since they had observed it so many times on orbiters that 
did return safely, they didn’t consider it a serious problem. 

 Normalization of deviance is the term for this process of reclassifying defects 
as acceptable. “Lowering the bar” is a common phrase that captures much the 
same meaning.
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The search for debris from 
Columbia was the largest land 
search ever conducted.

The foam strike in the case of STS-107 was fi rst noticed the day after launch, as 
NASA offi cials on the ground reviewed high-resolution photography of the launch. 
Some engineers suspected real trouble lay ahead. But the strike seemed to have 
no effect on Columbia’s mission. 

Some weak signals appeared early on that the orbiter was 
in trouble, the CAIB concluded afterward. But mission 
management failed to detect them and take corrective 
action. Clear signs of trouble emerged only after reentry 
had begun. And by then it was too late. 

How NASA Management Contributed to the Accident 

Like the Rogers Commission, the Columbia inquiry looked not only at hardware 
that failed but also at management systems. The CAIB report used forceful and 
direct language. “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.” The board’s conversations with Congress also suggested that 
the nation needed a “broad examination” of NASA’s Human Space Flight Program, 
rather than just an investigation into the specifi cs of the Columbia accident.

The CAIB faulted NASA for its overly ambitious fl ight schedule. The board also 
faulted the agency for not putting into place a truly independent offi ce for safety 
oversight. Too many people at NASA had responsibility for both sticking to the 
fl ight schedule and maintaining safety. As an organization, NASA clearly needed 
to do both. But as items on any individual’s to-do list, those two responsibilities 
confl ict with each other. The safety function needed to be separated from the 
responsibility for sticking to the fl ight schedule.
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The CAIB report also touched on NASA’s organizational 
culture as a factor in the Columbia accident.  Organizational 
 culture refers to the values, norms, and shared experiences 
of an organization. It’s “the way we do things around here.” 

The CAIB noted that the Apollo program’s dramatic 
achievements had given NASA staff a sense of their 
organization as a “perfect place.” NASA failed to adapt 

from the high drama of historic fi rsts in space to the bureaucratic routine of the 
space shuttle program. And as NASA budgets got smaller, more and more work 
was done by outside contractors, rather than people who worked for NASA. 
That should have prompted more effort to develop effective communications 
and safety oversight processes. But it did not. 

Changes NASA Made to Reduce 
the Possibility of Another Accident 

The CAIB report acknowledged that 
the changes it recommended would be 
hard to make, and resisted by NASA. 
But NASA did put in place the changes 
the board called for. These included:

• Efforts to reduce “foam shedding” 
and also to strengthen the orbiter’s 
heat shield

• Improved inspection routines 
before launches

• Improved imaging—video and 
photos—of the shuttle, both 
at launch and during orbit

• Establishment of a Technical 
Engineering Authority responsible 
for all technical requirements for 
the shuttle system—to identify, 
analyze, and control hazards 
within the system.

NASA now has contingency plans to launch a rescue mission, should an orbiter get 
into trouble in space. And in late 2008 NASA released a report outlining what it 
had learned from the Columbia accident with regard to crew safety and survivability 
for future spacefl ight. It called for changes in the harnesses that hold astronauts in 
place during reentry on a space mission, for example. 
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Can you identify aspects of the 
organizational culture of any 
group you’re part of, at school 
or elsewhere? 
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It also called for automatic parachutes that could bring even unconscious astronauts 
safely back to Earth in case of accident. The report said that with current technology, 
another accident like that of Columbia would not be survivable. But providing for 
crew escape from a damaged spacecraft would widen the margin of human safety.

Almost everything people do involves some risk, whether it’s spacefl ight, driving 
a car, or fl ying in a commercial airplane. The question for NASA and the American 
public is how much risk is acceptable. The federal and state governments, reacting 
to public pressure, have enacted many laws and regulations to make cars and planes 
safer—from requiring seatbelts and airbags in cars to limits on how many hours 
a day commercial pilots can fl y. To retain public support for the space program—
and protect the lives of its astronauts—NASA must do all it can to reduce the 
risk of spacefl ight as much as possible. 

Even with the shuttle program now coming to a close, lessons learned from 
the Challenger and Columbia accidents remain critical. Scientists, engineers, 
and managers are taking these lessons and applying them to future missions 
and spacecraft design. Through hard work and bright ideas—as well as never 
forgetting the shuttle crews’ sacrifi ces—the highly skilled men and women 
on the ground hope to create safer spacefl ight for astronauts in years to come. 
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The Columbia Crew 

Rick Douglas Husband was an Air Force colonel who commanded Columbia for STS-107. 
He was a Texan by birth and a mechanical engineer by training. He fl ew more than 40 
different types of aircraft. Chosen as an astronaut candidate in December 1994, Husband 
made two fl ights on the shuttle.

Willie McCool was the pilot on mission STS-107. He was an Eagle Scout and a 1983 
graduate of the US Naval Academy, where he was second in his class of 1,083. NASA 
selected him as an astronaut in 1996. STS-107 was his only spacefl ight.

David M. Brown, a native of Virginia, was a physician by training. But he was also an 
accomplished Navy pilot. NASA chose him to be an astronaut in 1996. As part of the 
crew for STS-107, his only spacefl ight, he logged nearly 16 days in space.

Laurel Blair Salton Clark, of Racine, Wisconsin, was a Navy captain and a physician. 
Her education included Navy undersea medical offi cer training. In the course of her 
military service she performed many medical evacuations from US submarines. STS-107 
was her only spacefl ight.

Michael Anderson was born in upstate New York but considered Spokane, Washington, 
home. He had a bachelor’s degree in physics/astronomy from the University of 
Washington and a master’s in physics from Creighton University. He was a lieutenant 
colonel in the US Air Force. STS-107 was his second spacefl ight.

A native of India and a naturalized 
American, Kalpana Chawla
had aeronautical and aerospace 
engineering degrees from schools in 
India, Texas, and Colorado. She was 
also a highly trained pilot, licensed 
for airplanes and gliders. She worked 
for NASA for several years and then 
in private industry. She was selected 
as an astronaut in December 1994. 
STS-107 was her second mission.

Ilan Ramon was a colonel in 
the Israeli air force and a payload 
specialist on STS-107. He had a 
degree in electronics and computer 
engineering. While still in his teens, 
he fought in the Yom Kippur War 
of 1973.

Like the members of the Challenger
crew, all members of the Columbia
crew, including Ramon, who was 
not a US citizen, were awarded the 
Congressional Space Medal of Honor 
posthumously. 
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✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

Lesson 2 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What caused the Challenger accident?

 2. What was the problem with Challenger’s O-rings at low temperatures?

 3. What specifi c problem with NASA’s management structure did the 
Rogers Commission identify?

 4. NASA made many changes in response to the Rogers Commission report; 
list three of them.

 5. What caused the Columbia accident?

 6. What is “foam shedding,” and why didn’t NASA see it as a serious problem?

 7. The Columbia Accident Investigation Board faulted NASA for allowing 
which confl ict in responsibility to continue with regard to safety?

 8. NASA made many changes in response to the Columbia Accident 
Investigation Board’s report; list three of them.

 9. How did faulty leadership and management contribute to the two shuttle 
disasters? How might you apply the lessons to a problem at your school 
or in your community? 
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