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DATA INDETERMINACY:
ONE NASA, TWO MODES

Roger Dunbar and Raghu Garud

In the early momning of February 1, 2003, the incoming Columbia shuttle flight 107
started re-entry into the earth’s atmosphere. At 8.54:24, however, Mission Control
noticed that the hydraulic sensors on the left wing had failed. The spacecraft was
committed to re-enter the earth’s atmosphere, was traveling at around Mach 23, and
its wing temperature was set to rise to over 2,800 degrees Fahrenheit. Mission
Control simply watched as the spacecraft disintegrated.

An investigative board highlighted the importance of a specific technical event
during the shuttle launch, i.e., a block of insulation foam around 640 cubic inches in
size fell off and struck the underside of the orbiter’s left wing, breaking several
protective tiles and most likely compromising its thermal coating skin. When the
spacecraft re-entered the earth’s atmosphere 16 days later, hot plasma gas flowed
directly into the spacecraft, setting off chain reactions that destroyed the shuttle’s
systems and crew. Several NASA managers had realized during the launch that this
destruction might be possible. They asked that some checks be carried out, but most
were never done.

Although the Accident Investigation Board identified the specific technical events
that caused the orbiter’s physical destruction, it also suggested that the tragedy
involved critical organizational issues. Since the earliest shuttle launches, blocks of
foam had fallen and struck the orbiter, potentially damaging its thermal protection sys-
tem. Despite these events, NASA had continued to fly shuttles, including Columbia.
What were NASA’s managers doing? '

Vaughan (1996) described how, over time, a process she calls “normalization of
deviance” became a NASA routine. Deviance normalization accepts that unexpected
events occur. It then requires NASA managers to classify unexpected events as being
“in-family” or “out-of-family” and involving “not safety of flight” or “safety of
flight” issues. By defining “in-family” and “not safety of flight” issues as “acceptable
risks,” managers can permit launches, helping NASA maintain its flight schedule
commitments.

In this chapter, we deconstruct the processes and actions that impacted the ill-
fated STS-107 shuttle (the Columbia) flight. Our general argument is that alternative
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organizing modes for managing distributed organizational knowledge ensure data
indeterminacy. We begin by explaining how knowledge in organizations is dis-
tributed across different organizational elements, making alternative organizing
modes possible. One organizing mode emphasizes the use of knowledge in support of
exploration. A second organizing mode emphasizes the use of knowledge in support
of predictable task performance. Depending on the organizing mode that an organ-
ization relies upon, pieces of knowledge are pulled together in different ways to
generate an organizational response.

We use the story of shuttle flight STS-107 to show how, when people process real-
time data, ongoing events have different meanings in different parts of an organization.
We also highlight how understandings that are appropriate for achieving predictable
task performance may be directly at odds with understandings that are appropriate for
exploration. We show that as individuals operating in real time attempt to accom-
modate both organizing perspectives simultaneously within a distributed knowledge
system, the significance of available real-time data becomes indeterminate so that
ways to react or respond become impossible to discern. In situations that demand high
reliability because of the potential high cost in human life, the emergence of indeter-
minacy can have disastrous consequences, as was the case with STS-107.

DISTRIBUTED KNOWLEDGE: PEOPLE, TECHNOLOGIES, RULES,
AND METRICS

Where exactly is knowledge and understanding located within an organization?
There is growing acceptance of the idea that, rather than being somehow shared in
organizations, knowledge is fundamentally distributed across different organizational
elements (Hutchins, 1995). It is distributed not just across and within people but also
in organization technologies and their designs, in the rules and procedures that are
used to identify contexts and mobilize actions, and in the metrics and tools that are
used to determine and assess value (Garud and Rappa, 1994; Callon, 1998). Table
11.1 identifies a set of organization elements each of which contains different pieces
of distributed organizational knowledge.

If an organization is to use its knowledge to generate value, the elements that
contain distributed knowledge must somehow cohere. Coherence evolves as people
in organizations choose specific metrics and install procedures to use and combine
knowledge from different elements to achieve value according to these metrics.

~ Table 11.1 Distributed arrangements

People Different perspectives and different levels of inclusion
.~ Technologies Knowledge is embedded in technological artifacts
~ Organizational Establish the decision context and the temporal rhythm for coordination

- Toutines

- Metrics Shape what is measured, what is acceptable and what is not acceptable
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Figure 11.1 Partial response graph of STS-107 disaster
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