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A Data-Frame Theory
of Sensemaking
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Klein Associaies Inc., Fairborn, OF

Throughout the history of psychology, from its earliest philosophical phase
through to modern times, it has always been taken as an empirical fact that
humans have a faculty to understand. This has been referred o as judg-
ment, apprehension, apperception, and other processes (cf. Wooadworth,
1938) in which meanings are ascribed to things that are perceived or
known. Typically, both theory and research focused on how people under-
stand individual simple stimuli (e.g., individual letters, words, colored geo-
metric forms, etc.). During the era of “verbal behavior”™ and the rise of
psycholinguistics from the ashes of behaviorism, a process called “compre-
hension”™ became the subject of much inquiry. Again, both theory and re-
search focused on how people undersitand simple stimuli such as words,
sentences, or text passages (cf. Clark & Clark, 1977).

During the first decade of information-processing psychology, compre-
hension was regarded, again in both theory and research, as: “essentially a
process of compiling a program written in a natural language into a mental
language” (Miller & Johnson-Laird, 1976, p. 631; see also Anderson, 1990,
chap. 12). Analyses of semantics and syntax of utterances, combined with
information about context, were said to produce an understanding or
“meaning representation” as some sort of endpoint in a sequence of mental
events (Smith & Spoehr, 1974).

All of these musings, theories, and research studies addressed psycholog-
ical phenomena from a microcognitive perspective. That is, the goal has
been to understand sequences of mental events down to a level of what are
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believed to be atomic processes and content, such as long-term memory in
support of recognition of individual stimuli.

In the context of complex sociotechnical systems, the notion of "com-
prehension” takes on an entirely new scope, a macrocognitive scope (Klein,
Ross et al., 2003). Practtioners in realworld domains must confront and
understand complex, dynamic, evolving situations that are rich with various
meanings. Though practitioners spend considerable time perceiving stim-
uli, the stimuli tend to be very complex (e.g., the weather forecaster looks
at a satellite image loop) and come i many forms, not just one (e.g., tabu-
lar weather data, forecast text messages, computer model outputs, graphics
of all sorts, etc.). Furthermore, there is nothing like an "endpoint” since the
understanding of dynamic events requires that the understanding itself be
dynamic, not a stored, frozen “meaning.”

Understanding might piggyback on microcognitive processes and
events, The scientific investigation of comprehension at a microcognitive
level is certainly possible, and is of value 1o scientific psychology. However,
it must be complemented by an understanding of comprehension at a
macrocognitive scale, especially if applied science is to lead to effective
change at that scale. Knowing from microcognitive research that there is a
10-millisecond delay in recognizing a target if on the previous trial a false
target has appeared at the same location will not take you very far in the de-
sign of complex cognitive systems. The domain practitioner’s higher pur-
pose 18 not o perceive stimuli, but is, simply put, to make sense of things.

Weick (1995) introduced the process of sensemaking as one of the cen-
tral cognitive functions that people must carry out in all kinds of natural set-
tings. Sensemaking is initiated when a person (or organization) realizes the
inadequacy of the current understanding of events. Sensemaking is often a
response 1o a surprise—a failure of expectations. The surprise can surface
contradictory beliefs and/or distrust of messages and other data.
Sensemaking enables people to integrate what is known and what is conjec-
tured, to connect what is observed with what is inferred, to explain and 1o
diagnose, to guide actions before routines emerge for performing tasks,
and to enrich existing routines. Sensemaking lets people see problems, as
when a weather forecaster determines the problem of the day that will need
continual monitoring or a business executive diagnoses the major chal-
lenges facing a department.

In this chapter, we attempt to explain the nature of sensemaking activi-
ties, We define sensemaking as the deliberate effort to understand events, It
is typically triggered by unexpected changes or other surprises that make us
doubt our prior understanding. We also describe how these sensemaking
activities can result in a faulty account of events, Our description incorpo-
rates several different aspects of sensemaking:
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The inital account people generate o explain events.

The elaboranon of that account

The guestioning of that account in response (o inconsisient data,
Fixatnon on the mninal account.

Discovering madequacies in the mminal account.

Comparison of aliernative accounts,

Reframing the mital account and replacing it with another.

The deliberate comstruction of an account when none is automatically
recognized.

Each of these aspects of sensemaking has s own dynamics, which we ex-
plore and attempi to describe in the main sections of this chapter. We be-
gin with two examples of sensemaking, to illustrate the nature of sense-
making actvittes and highlight the differences between such actvities and
the comprehension of simple stmuli.

Example 1: The Ominous Airplanes,  Major A5, discussed an incident that
occurred soon after 9711 in which he was able (o determine the nature of
overflight actvity around nuclear power plants and weapons facilities, This
incident occurred while he was an analyst. He noticed that there had been
increased reports in counterintelligence outlets of overflight incidents
around nuclear power plants and weapons facilities, A that nme, all nu-
clear power plants and weapons facilities were “temporary restricted fhght”
zones. So this meant there were suddenly a number of reports of small, low-
tving planes around these facihites, At face value itappeared that this con-
stituted a terrorist threat—ithat "bad guys” had suddenlv inereased ther sur-
veillance activities, There had not been any reports of this activity prior 1o
4/11 (but there had been no emporary thght resirictions before 9/11 ei-
ther),

Major A, 5. obtained access 1o the Al Cuaeda wetics manual, which in-
structed Al Qpeda members not to bring attéention to themselves, This piece
of information helped him to begin 1o form the hypothesis that these inci-
dents were bogus—"Tt was a gut feeling, it just didn’c sicvight, IT T was a ter-
rorist [ wouldn't be doing this.”

He recalled thinking to himsell, "If T was uving 1o do surveillance how
would I do it2” From the Al Oaeda manual, he knew they wouldn’t break the
rules, which to him meant that they wouldn't break any of the Hight rules, He
asked himself, “IF'm a terrorist doing surveillance on a potential target, how
do 1 act:”™ He couldn’t put together a sensible story that had a terrorist doing
anything as blatant as overflights in an air traffic restricted area,
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He thought about who wiight do that, and kept coming back to the over-
Hights as some sort of mistake or blunder, That suggested student pilots to
him because “basically, they are idiots,”

He was an experienced pilot. He knew that during training, it was abso-
lutely standard for pilots to be instructed that if they got lost, the first thing
they should [ook for were nuclear power plants. He told us that "an entire
generation of pilots” had been gmiven this specific mstruction when learning
e tly. Because they are so easilv sighted, and are easily recognized land-
marks, nuclear power plants are very useful for getting one’s bearings. He
also knew that during pilot training the visual flight rules would instruct stu-
dents to v east to west and low—about 1300 feet. Basically students would
fy low patterns, from east to west, from awrport to airport.

It ook Major A. 5. about 5 weeks to do his assessment. He found all rele-
vant message traffic by searching databases for about 3 davs, He picked the
three geographic areas with the highest number of reports and focused on
those, He developed overlayvs to show where arrports were located and the
difterent thght routes between them. In all three cases, the "temporary re-
stricted fhight” zones {and the nuclear power plants) happened to fall along
avector with an airport on either end. This added support to his hypothesis
that the overflights were student pilots, lost and uwsing the nuclear power
plants to reorient, just as they had been wold w do.

He also chiecked to see if any of the pilots of the fights that had been
cited over nuclear plants or weapons facilites were interviewed by the FBLL
I the message traffic, he discovered that abour 10% 1o 15% of these pilots
had been detained, but none had panned out as being "nefarious pilots.”

With this information, Major A, 5. setled on an answer o his question
about who would break the rules: student pilots. The students were proba-
bly following visual tflight rules, notany sort of flight plan. Thats, they were
Hying by looking out the window and navigaung.

This instance of sensemaking was tnggered by the detection of an anome
aly. But we engage in sensemaking even without surprises, simply to extend
our grasp of what 1s going on.

Example 2: The Reconnaissanee Team.  During a Marine Caorps exercise, a
reconnaissance team leader and his team were positioned overlooking a
vast area of desert. The fire team leader, a voung sergeant, viewed the
desert terrain carefully and observed an enemy tank move along a trail and
then take cover, He sent this sitnation report to headquarters. However, a
brigadier general, experienced in desert-mechanized operations, had ar-
ranged to go into the field as an observer. He also spotted the enemy mnk.
But he knew that tanks tend not to operate alone, Therefore, based on the
position of that one mnk, he focused on likely overwatch positions and
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found another rank. Based on the section’s position and his understanding
of the terrain, he looked at likely posinons for another section and found a
well-camouflaged second secton, He repeated this process to locate the re-
maining elements of a tank company that was well-camouflaged and block-
ing a kev choke point in the desert. The size and posidon of the force sug-
gested that there might be other higher and supporung elements m the
area, and so he again looked at likely positions for command and logisacs
elements, He soon spotted an otherwise superbly camouflaged logistacs
command post. In short, the brigadier general was able to see and under-
stand and make more sense of the situnanon than the sergeant. He had
much more expenence, and he was able to develop a fuller picture rather
than record discrete events that he notced.

As these examples show, sensemaking goes well beyvond the comprehen-
sion of stmuli, The examples also show that sensemaking can be nsed for
different funcuons, In Example 1, the purpose of sensemaking was froblen
detection—1to determine if the pattern was worth worrving about and moni-
toring more closely, Weather forecasters are often canght up in the need 1o
identify the problem of the day, the potential storm or disturbance that
they will need 1o track, Example 2 shows the unportance of sensemaking for
comuecting the dots and making discoveries, A third function of sensemaking
I8 forning explarations, as when a physician diagnoses an illness or a me-
chanic figures out how a device works, A fourth function is anfecipatory thirk-
fg, 1o prevent potential accidents, Fifth, people such as pilots engage in
sensemaking 10 project future siates in order to prepare for them. Sixth, we
use sensemaking to find the levers—to figure out how to think and act in a sit-
uation, aswhen a project team tries to decide what type of projector o pur-
chase and realizes that the decision is basically a trade-off between cost, size,
and functionality, Seventh, sensemaking lets us see velationships, as when we
use a map to understand where we are located, Eighth, sensemaking en-
ables froblem sdentification, as when a physics student tries to find a means of
depicting the variables in a homework problem in order to find a solution
sirategy. Research into sensemaking should reflect these and other [unc-
tions in order to provide a more comprehensive acconnt.

Our sensemaking research has covered a variety of domains, which was
useful for considering different sensemaking functions, Much of the re-
search was supported by the Army Research Insttute (Klein, Phillips,
Battaglia, Wiggins, & Ross, 2002) and consisted primanly of studies of infor-
mation operatons specialists reviewing a series of messages from a peace-
keeping mission. A second research actvity was a review of navigation inci-
dents in which people got lost and had to recover their bearings (Klein,
Phillips, et al, 2003), A third research project was designed to train
sensemaking skills involved i conductng an infanuy ambush {Phallips,
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Baxter, & Harns, 2003). In addition, we reviewed previous criical-incident
studies of neonatal Intensive care unit nurses [(Crandall & Getchell-Eeiter,
19935 ), Arefighters {Klein, Caldenvood, & Chnton-Cirocen, 19860}, weather
forecasters (Pliske, Crandall, & Klein, in press), and Navy AEGIS command-
ers (Kaempf, Klein, Thordsen, & Wolf, 1986),

THE DATA-FRAME THEORY OF SENSEMAKING

The data—trame theory postulates that elements are explained when they
are fitted into a structure that links them w other elements. We use the
term frame 10 denote an explanatory struciure that defines entities by de-
scribing their relationship to other enttes, A frame can ke the form of a
story, explaining the chronology of events and the causal relatonships be-
tween them; a map, explaining where we are by showing distances and di-
rections 1o various landmarks and showing routes 1o desunations a sevip,
explaining our role or job as complementary 1o the roles or johs of others;
or a plan for describing a sequence of intended actions. Thus, a frame isa
siructure for accounting for the data and guiding the search for more data,
It reflects a person’s compiled experiences,

People explore their environment by attending to a small portion of the
available information, The data identify the relevant frame, and the frame
determines which data are noticed, Neither of these comes first. The darta elicit
and help to construct the frame; the frame defines, connects, and filters the
data, "The frame mav be in error, but until feedback or some other form of
information makes the error evident, the frame is the foundation for under-
standing the situation and for deciding what to do aboutit” (Beach, 1997, p,
24),

Sensemaking begins when someone experiences a surprise or perceives
an inadequacy in the existing frame and the existing perception of relevant
data. The active exploration proceeds in both directions, to improve or re-
place the frame and to obtain more relevant data. The active exploration of
an environment, conducted for a purpose, reminds us that sensemaking is
an active process and not the passive receipt and combination of messages.

The data=frame relatonship is analogous to a hidden-figures sk, Peo-
ple have trouble identifving the hidden figure unul it is ponted out to
them, and then they can’t nat see 1t, Once the rame becomes clear, so do
the data.’

There 15 an ample literature on frames (Goffman, 1974 Minsky, 1975,
Rudolph, 2003; Smith, Giffin, Rockwell, & Thomas, 1986) and similar con-
cepts such as scripts (Schank & Abelson, 10771 and schemata {Barlett,

‘We are indebted o Enk Hollnagel for pointing out this perceptual analogy of the
data—frame theory, illustrating bow op-clown and Bobom-up processing oceur in parallel.
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19925 Neisser, 1976; Piaget, 1952, 1954), Rudolph (2003) asserts that the
way people make sense of situanons is shaped by cogniove frames that are
internal images of external reality, For Minsky, a frame 15 a wpe of data
striccture in which imdmidual cases are defined in terms of a set of Features
on each of a number of feature parameters, which are used to organize a
lisung of case attributes and provide a common representational format for
all cases of the same tvpe. For Goffman, a frame 15 a colturally relative svs-
tem of rules, principles, and so on, that are used to organize society and
guide individual behavior, For Schank and Abelson, a seript 15 a regularly
occurring sequence of events or actvities that can be formulated as a tem-
plate for structuring a description of particular instances of events or activi-
tes of the same kind. For Praget, a schema s a mental representaoon of the
persistent features or attributes of objects. For Barlett, a schema is a mental
representation of the structure of event descriptions {e.g., stories), usually
taking the form of repularly occurring and culturespecific sequences of
dramatic subevents, For Neisser, a schema is a situation- or domain-specific
cognitive structure that directs external information search, guides atten-
oD management, organizes informaton in memory and directs its re-
trieval, and becomes more differentiated as a function of experience,

Our account draws on the work of these researchers. Rather than tiving
e untangle the beritage and disinctions between the descriptions of
frames, scripts, and schemata, we have chosen o use the term frameas a syn-
thesis of these concepts,

Sensemaking 1s a process of raming and reframing, of hting data o a
frame that helps us filter and mterpret the data while testing and inproving
the frame and cyclically moving forward o further adapt the frame. The
purpose of a frame is o deline the elements of the situation, describe the
significance of these elements, describe their relationship to each other, fil-
ter outirrelevant messages, and highlight relevant messages, Frames can or-
ganize relationships that are spaual (maps), cousal (stories and scenarios),
temporal {(stories and scenarios), or funcuonal (scripts),

Whatis not a frame? A frame is not a collection of inferences drawn from
the data, although it can include inferences. Paraphrasing Neisser { 1956, p.
54}, we would say that a frame s that portion of the perceprual cvele that is
internal 1o the perceiver, modifiable by experience, and specific 1o what is
being perceived.

The frame “accepts” information as it becomes available and the frame 15
changed by thatinformarion; it is used 1o “direct” exploratory activities that
make more data available, by which it is further modified,

Our description of sensemaking has some points of overlap with Ends-
ley's (1405) concept of sitation aarenessas a state of knowledge, However,
the concept of sensemaking s different from situation awareness in several
wavs, One difference is that sensemaking is more than accurate retrieval of
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relevant mformation and inferences. Sensemaking is directed at perform-
ing funcuons such as the ones described earlier: problem detecton, prob-
lem identfication, anticipatory thinking, forming explanations, seeing rela-
unonships, as well as projecting the futare {(which 15 Level 3 of Endsley’s
maodel).

Another difference 1s that we are nterested in sensemaking as a process,
not a state of knowledge, Endsley has referred to situaton assessment as the
process used to achieve the state of situabon awareness. Our approach dif-
fers from Endsley s in that she s describing how people notice and make in-
ferences about data, whereas we assert that people use therr frames to de-
fine what counts as data in the hrst place. We view sensemaking as a process
of constructng data as well as meanmg.

The data—frame theory of sensemaking consists of nine assertions, which
are listed in Table 6.1, The subsequent sections discuss each assertion,

1. Sensemaking Is the Process of Fitting Data Inte a Frame and Fitting a Frame
Avound the Data. We distinguish between two entities: data and frames,
Data are the interpreted sigmals of events; frames are the explanatory struc-
tures that account tor the data. People react to data elements by tying to
find or construct a story, script, a map, or some other tpe of structare w ac-
count for the data, At the same time, their repertoire of frames—explana-
tory structures—aftfects which data elements they consider and how they
will interpret these data, We see sensemaking as the effort wo balance these
two enties—data and bames, I people nouce data that do not hitinto the
frames they've been using, the surprise will often mitiate sensemaking to
modify the frame or replace itwith a better one. Another reaction would be
to use the frame o search for new data or o reclasaify existing darta, which
in turn could result in a discovery of a better frame, Weick {19495) stated

TABLE 6.1
Assertions of the Data-Frame Theory of Sensemaking

1. F'iq'l:lm.'l:n'.l.ki.llg is the [FEOCEss isf I]l[i.IIH data into a frame and lil[i::llg a frame aronnd the
daia,

2. Therefere, the “data” are inferred, vsing the fame, rather than being perceptual
primitives,

B, The frame is inferred from a few key anchors,

. The inferences used in sensemaking rely on abductve reascning as well as logical de-
e ticen.

», M‘[m'nulhing usually ceases when the data and frame are brought inte congrienee,

i, l'lz-:]:-;'rw reasan the sune way as novices, bob bave o neher repertoire of brames,

7o Semscmaking is uscd o oachicve a Tunctonal noderstanding—what o do inoa siooa-
fror=—as well as an z||1x1r'.|rl 1||1r|.|'1'.¢l1'|n|:|||1g.

& People pnmarily rely on pust-in-ame mental models.

0, f'i-rl:lhl_'ll'l'.l.ki.ﬂ!; takes difTerent [I..II'JH.‘h cach with igs owr (!}'llml!li-'_h.
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that "Sensemaking is about the enlargement of small cues. It is a search for
contexts within which small details fit together and make sense ... Itisa
continuous alternation between particulars [data] and explanations
[frames|” (p. 133).

2. The “Data™ Are Inferred, Usl'ng the Frame, Rather Than H-E"l:ﬂ'g Perceplual
Primitives. Data elements are not perfect representations of the world but
are constructed=—the way we construct memories rather than remembering
all of the events that took place. Different people viewing the same events
can perceve and recall different things depending on their goals and expe-
riences. (See Medin, Lynch, Coley, & Atran, 1997, and Wisniewski & Medin,
1994, for discussions of the construction of cues and categories,) A hre-
ground commander, an arson invesugator, and an msurance agent will all
be aware of different cues and cue patterns in viewing the same house on
fire. The commander will look at the smoke o determine how itense the
tire 1s and how much of a nisk it might pose to crew members ordered to cut
a hole i the roof to ventilate the blaze, The arson investigator will look at
the color of the smoke For signs that the hire was accelerated by gasoline or
some other means. The arson mvestigator will track how the fire 1s spread-
mg n order to mfer where it started, whereas the commander will be more
interested in gauging where it 18 going to spread in the future. And the in-
surance investigator will monitor the extent of damage—by five, by smoke,
by the water used to fight the fire—in order to judge what portions of the
house can he recovered.

Because the littde things we call “data” are actually abstractions from the
environment, they can be distortions of reality. Feltovich, Spiro, and
Coulson {1997) described the ways we simplhify the world o trving to make
sense of it:

« We define continuous processes as discrete steps.
« We treat dynamic processes as static.
« We treat simultnecus processes as sequential,

« We treat complex systems as simple and direct causal mechanisms.

We SEpATale processes that interact.

« We treat conditional relanonships as universals,

We reat heterogeneous components as homogeneous,

« We treat irregular cases as regular ones,

« We treat nonlinear functional relatonships as linear.

« We attend 1o surface elements rather than deep ones.

We converge on single interpretations rather than multple interpreta-
s,
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In order o consciously deliberate abourt the significance of events, we
must abstract those events into propositions that we can use in our reason-
ing. This process can result in distoraons of sensemaking,

The process of abstracton 1s what allows us o funcuon in an mfimtely
complex environment. Distortion is a small price w pay for being able o
engage i abstract reasoning and dehberate sensemaking, If the cues we ab-
stract are oversimplifications, our explanations will also be oversimplified,
which 15 why Weick sees sensemaking as a continuous cycle of moving to-
ward better particulars and better explanations,

Weick posits an additional source of distoruon—enaciment. People are
not passively recemwing mformaoon but are actively transformung ther
worlds. “*Distortion’ in other words is essentially inevitable because we have
a hand—literally—in what we sense. What the world is without our enacting
15 never known since we fiddle with that world to understand 1" (K. E.
Weick, personal communication, 20003).

This perspective s ditferent from an intormation-processing account in
which data are perceived and become the basis for generating inferences.
This passive view has been criticized from the time of John Dewey (1910).
Our research in helds such as information operations, command and con-
trol, and intensive care unit nursing has not found neat packets of data pre-
sented 10 decision makers. Instead, expertise wis needed to select and de-
fine cues,

For example, consider a driver who wants to avoid collisions., One obwvi-
ous datum 15 the distanee 1o the car ahead. However, this may not be such a
useful cue, After all, that distance is minimal when a dreiver is engaged n
parallel parking, but the car is usually moving too slowly to run much risk.
For an experienced driver, spoiting a dog runming loose can be a more rele-
vant cue than the “safe” current distance to the car ahead.

The idemification of data elements depends on background experience
and on a repertoire of frames. Our disagreement with an information-
processing account of sensemaking is that we do not believe that the inputs
are clear-cut cues. We see people as active interpreters and constructors of
cues and acuve judges of what is relevant and deserving of atiention,
Sensemakers are doing more than registering cues and deriving inferences
based on these cues.

3. The Frame Is Inferred From a Few Key Anchors.  When we encounter a
new situation or a surprising wen of events, the inital one or two key daia
elements we experience sometimes serve as anchors for ereating an under-
standing.* These anchaors elicit the iminal frame, and we use that frame 1o

i . "] \ % i
“Fehomach, Johnson, Maller, and Swanson (18843 wse the term “anchorages poine” o refer
o the clements used Tor subseguent claboration of a framce.
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search for more dat elements.® Klein and Crandall (1995) presented a de-
scription of mental simulation that uses a mechanical-assembly metaphor
to illustrate how people form explanations and project into the future. In
their account, people assemble frames from a imited set of causal factors,
gauge the plausibility of the assembly, and then “run” the assembly to 1imag-
ine how events might have been caused, or to inagine how events might
play out.

Following the research of Klein and Crandall (1995} on mental simula-
tion, we further assert that people rely on af mast three or four anchors in
derming a frume. Recently, Debra Jones (personal communication, May
2003} found that the selecnon of frames by weather forecasters attempting
tor understand severe weather conditions tended to be based on only two o
three anchors.

Example 3 shows the process of using anchors o select frames. The deci-
sion maker reated each dat element as an anchor and used it to frame an
explanation for an aviation accident. Each successive data element sup-
agested a new frame, and the person moved from one frame 1o the next
without missing a beat.

f'.'xmﬂlllf.l.l’.r.' F: The fivestoration u_f il Hr'.ffr.'{.rp.fﬂ Accident,  An accident h'ﬂ.p-
pened during an Army training exercise, Two helicopters collided, Every-
one in one helicopter died and evervone in the other helicopter survived,
Our informant, Captain B., was on the battalion staff at the time,

Immediately after the accident, Captain B, suspected that because this
was a night mission there could have been some complications due o flving
with night-vision goggles that led one helicopter to drift into the other,

Then Captain B, found out that weather had been bad during the exer-
cise, and he thought that was probably the cause of the accident; perhaps
they had flown into some clouds ar night,

Then Caprain B. learned that there was a sling on one of the crashed he-
licopters, and that this aircraft had been in the rear of the formation, He
also found out that an alternate ronte had been used, and that weather was-
n't a factor because they were flving below the clouds when the accident
happened. 50 Captain B, believed that the last helicopter couldn’ slow
down properly because of the sling. The weight of the sling would make 1t
harder to stop to avord running mto another aircraft. He also briefly sus-
pected that pilot experience was a contributing factor, because they should
have understood the risks better and kept better distance between aircrafi,
but he dismissed this idea because he found out that although the lead pi-
lot hadn’t flown much recently, the copilot was verv expenenced, But Cap-

The strategy of using anchors in this way is compatible with the anchonng and adjustment
hewristic {Tversky & Rahneman, 1074).
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tain B, was puzzled about why the shng-loaded helicopter would have been
i tratl, It should have been in the lead because 1t was less agile than the oth-
ers, Captain B. was also puzzled about the route—the entire formaton had
tor make a big Usturn before landing and this might have been a factor too.
So this story, though much different than the first ones, stll had some gaps.

Finally, Captain B, found out that the group had not rehearsed the alter-
nate route, The inital route was to fly straight in, with the shing-loaded heli-
copter in the lead, And that worked well because the sling load had o be
delivered m the far end of the landing zone. But because of a shitt i the
wind direcuon, they had to shift the landing approach to do a U-turn,
When they shifted the landing approach, the shng load had to be put in the
back of the formation so that the load could be dropped off in the saime
place. When the lead helicopter came in fast and then went into the U-turn,
the next two helicopters dwverted because they could not execute the turn
safelv at those speeds and were afraid to slow down because the shing-loaded
helicopter was right behind them. The sling-loaded helicopter continued
with the maneuver and collided with the lead helicopter.

At first, Caprain B. had a single datum, the fact that the accident ook
place at night, He used this as an anchor to construct a likely scenario,
Then he learned about the bad weather, and used this fact to anchor an al-
ternate and more plausible explanation,

Next he learned about the sling load, and fastened on this as an anchor
becanse shing loads are so dangerous. The weather and nighttime condi-
tons may still have been factors, but they did not anchor the new explana-
ton, which centered around the problem of maneuvering with a sling load.
Captain B.'s previous explanaions faded away, Even so, Caprain B. knew his
explanation was mcomplete, because a key datum was inconsistent—why
was the helicopter with the sling load placed in the back of the formanon?

Eventually, he compiled the anchors: helicopter with a shng load, shift in
wind direction, shift to a riskier mission formation, unexpected difficuly of
execubing the U-turn, Now he had the story of the acoident. He also had
other pieces of informaton that contributed, such as tme pressure that
precluded practicing the new formation, and command failure in approv-
ing the risky mission.

4. The Inferences Used i St.'n.re'mnﬁr'irg Rely omn Abductive Rmmﬂing as Well as
Logical Deduction.  Our research with information operations specialists
(Klein, Phillips, et al.,, 2003) found that they rely on abductive reasoning to
a greater extent than following deductive logic. For example, they were
more likely to speculate about causes, given effects, than they were to de-
duce effects from causes. If one event preceded another (simple correla-
tion) they speculated that the first event might have caused the second.
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They were actively searching for frames to connect the messages they were
mven.,

Abductive reasoning (e.g., Peirce, 1903} 15 reasoning to the best explana-
ton. Josephson and Josephson (1994, p. 5) have described a paradigm case
for abductive reasoning:

[} is a collection of data (facts, observations, and givens).
H explains D {would, if true, explain D).

No other hyvpothesis can explain I} as well as H does.
Therefore, H is probably true.

In other words, if the match between a set of daa and a frame 15 more
plausible than the maich 1o any other frame, we accept the first frame as the
likely explanation. This is not deductive reasoning, but a form of reasoning
that enables us to make sense of uncertain evens, I is also a form of reason-
ing that permits us to generate new hypotheses, based on the frame we
adopt,

Weick (1995) and Lundberg (2000) have argued that effeciive sense-
making relies more heavily on plausibiality, pragmatics, coherence, and rea-
sonableness, the criteria emploved by abduction, than on accuracy.

Consider this observation from research by Crandall and Getchell-Reiter
(1993 with nurses, A neonatal intensive care umt (NICLD nurse did not
use the logical form “if a baby has sepsis, then it will show these ssmptoms,”
becanse the symptoms of sepsis are not straightforward and have to be un-
derstond in context, The nurse reasoned: “I am seeing these symptoms
(which in my experience have been connected with sepsis); therefore per-
haps this baby has sepsis.” In deduction, we would call this the fallacy of af-
firming the consequent (“If A, then B; B, therefore A"). However, the nurse
was not engaged in deductive reasoning, and her reasoning strategy seeims
highly appropriate as a way to generate hvpotheses as well as to evaluate
them,

Josephson and Josephson (1994 ) compiled a large set of research efforts
examining abductive-reasoning processes used in determining best expla-
nations. These research directions can be useful for further investigation of
the reasoning strategies found in sensemaking. {Also see the work of Col-
lins, Burstein, & Michalski, 1987, about a theory of human plausible reason-
ing, and Marek & Truszczynski, 1993, on the nature of a logical theory of
educated and justifiable guesses.) Pennington and Hastie (1995) and Klein
and Crandall (1995) have discussed the judgment of plansibility in generat-
ing mental simulations and stories.

Or observations with the informaton operations specialists supported
the importance of developing accounts of abductive reasoning. People are
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explanation machines. People will employ whatever tactics are available to
help them hind connections and idennfy anchors. The information opera-
tions specialists we studied found connectons between all sorts of mes-
sages, not just the themes we had intended, They seemed unable to stop
themselves from seemg hinkages and denving imferences.

Doherty (1993} showed that this tendency to overexplain can lead to
pscudocorrelation {(finding connections that do not exist in the data).
However, we also need to consider the losses that might accrue if people
could not use mimmal evidence to speculate about relationships. We assert
that abducove reasoning predominates durning the process of sensemaking.

5. Sensemaking Usnally Ceases When the Data and Frame Are Brought Into
Congruence,  Our observations of sensemakimg sugaest that, as a dehiberate
activity, it continues as long as kev data elements remain unexplained or
key components of a frame remain ambiguous, Once the relevant data are
readily accounted for, and the frame seems reasonably valid and specified,
the motivation behind sensemaking 18 diminished. Thus, sensemaking has
a stopping point—it is not an endless effort o grind out more inferences.

We note that sensemaking may continue if the potential benefits of fur-
ther exploraton are suthiciently strong. Example 2 shows how the brigadier
general continued o make discoveries by further exploring the scene in
front ol him.

6. Experts Reason the Same Way as Novices, but Have a Richer Repertoirve of
Frames.  Klein et al (2002) reported that expert mformation operations
spectalists performed ar a much higher level than novices, but both groups
emploved the same tvpes of logcal and abducuve inferencing. This finding
15 i1 accord with the literature (e.g., Barrows, Feighiner, Neuteld, & Nor-
man, 1978; Elstein, Shulman, & Spratka, 1978; Simon, 1973) reporong that
experts and novices showed no differences in their reasoning processes.

Klein et al. (2002} found that expert and novice information operations
specialists both ried to infer cause—effect connections when presented with
informanion operations scenarios, They both tried to infer eftects, although
the experts were more capable of doing this. They both iried to infer causes
trom effects. They were both aware of muluple causes, and neither were
particularly sensitive to instances when an expected effect did not occur,
The experts have the benefit of more knowledge and richer mental models,
But in looking at these data and in watching the active connection building
of the novices, we did not find that the experts were using different sense-
making strategies from the novices (with a few exceptions, noted later),
This linding suggests that little i1s to be gained by trving to teach novices to
think like experts, Novices are already trying to make connections, They
just have a limited knowledge base from which to work.
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The information operations specialists, both experts and novices, were
not going about the task in accordance with the precepts of deductve logic.
They were not averse o speculating about causes, given an effect. And this
1s appropriate, The sk was not about making logical deductions, It was
about making sense of the simation, The paracipants were in a speculative
mode, not a mode of conclusive reasoning, The only exception was that a
few of the novices who had just previously worked as intelligence analysts at
first seemed reluctant to speculate too much without more data. None of
the experts exhibated this scruple.

Although the experts and novices showed the same types of reasoning
strateges, the experts had the advantage of a much stronger understanding
of the sitnations. Therr mental models were nicher i terms of having
greater variety, finer differentiation, and more comprehensive coverage of
phenomena. Their comments were deeper, more plausible, showed a
greater sensitivity to context, and were more insightful.

The mechanism of generating inferences was the same for experts and
novices, but the nature of the experts’ inferences was much more mterest-
ing. For example, one of the three scenarios we used, “"Rebuilding the
Schools,” included the message, "An intel report designates specific patrols
that are now being margeted in the eastern Republica Srpska. A group that
containg at least three known agitators is targeting the US. afternoon Milici
patrol for tomorrow and the [PTF patrol for the next day.” One of the ex-
perts commented that this was very serious, and generated action items to
find out why the posture of the agitators had shifted wward violence in this
way. He also speculated on ways 1o mamipulate the loeal chief of police. The
second expert saw this as an opportunity w idennty and serike at the violent
agitators. In contrast, one of the novices commented, "There is a group 1ar-
geting ULS, afternoon patrols—then move the patrols.” The other novice
stated, “The targetng of the patrols—what that means is not clear 10 me. Is
there general harassment or actions in the past on what has happened with
the pawrolsz”

Generally, the novices were less certain about the relevance of mes-
sages, and were more likely 1o interpret messages that were noise in the
scenario as unportant signals, Thus, in “Rebuilding the Schools,” another
message stated that three teenagers were found in a car with contraband
cigaretes, One expert commented, “Business as usual.” The second ex-
pert commented, “Don’t care, You could spend a lot of rescurces on con-
trolled cigarettes—and why? Unless there is a larger issue, let it go.” In
contrast, the novices became concerned about this transgression, One
wondered if the teenagers were part of a general smuggling gang, An-
ather wanted more data about where the cigaretes came from, A third
novice wanted to know what type of suspicious behavior had goten the
teenagers pulled over,
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Vicente and Wang (1998) and Klein and Peio (1989} showed that ex-
perts can ke advantage of redundancies and constraints in situations in
order to generate expectancies. The frames that experts have learned pro-
vide the basis for these redundancies and constraints.

For instance, if vou are a platoon leader in an infantry company, vou may
be assigned the mission of counterreconnaissance. More specifically, you
mav be asked to set up an ambush. You would have a script—a general
frame—available for ambushes. You would also have a lot of ambush-
relevant expenences, such as what has happened during traming when you
tnggered the ambush o early, or about the need to mainGin communica-
tioms between the squads so that the lookouts can easily signal to the bre
teams. These cansal and funcoonal relabonship components are synthe-
stzed into your nnderstandimg of how to conduct an ambush i the current
situation. Your frame /script may have paps—such as what to do about civil-
ians—but vou can fill these gaps (Minsky, 1975, called this “slot-filling™) by
making assumptions and inferences.

Using the lessons from recent military actions, vou mayv not trust civilians
as you might have prior to the ULS. invasion of lrag. You know that civilians
can be booby-trapped as suicide bombers or can call in attacks once vou let
them go. You can apply this knowledge in a variety of frames, such as deal-
ing with ambushes, guarding a compound, or escorting a convoy.

Experts also appear to have more routines—maore wayvs of accomplishing
things, which widens the range of frames they can draw on.® In additon, ex-
perts have a broad set of associations o draw on. The skilled information
operations specialists read more into the messages we showed them—they
were aware of distinetions and related knowledge; whereas the novices read
the messages at a surface level and lacked a knowledge base for enriching
the material.

In addition, experts have a better appreciation of the functions they
want to accomplish in a siteation, This functional orientation guides their
exploration. We discuss the idea of a functional understanding in the next
sectic,

7. Sensemaking Is Used to Achieve a Functional Understanding.  In many set-
tings, experienced practitioners want a functional understanding as well as
an abstract understanding. They want to know what to do in a situation. In
some domains, an abstract understanding 1s sufficient for experts. Scientists
are usually content with gainmg an abstract understanding of events and
domains because they rarely are called on to act on this understanding. In-

'I'T'I1|' T T+ of frames and routines sre linked, s desephbedd |‘:-:.' thye ru.:'-:'.;_:nil'iu|1-|1|'irr|u|:|
decision model (Klein, 1998), Once a person adepts a frame for understanding o situation,
e frame will frequendy include a set of routines for tvpical ways of mking action,
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telligence officers can seek an abstract understanding of an adversary if
they cannot anticipate how their findings will be applied during military
missions. In other domains, experts need a functional understanding along
with an abstract understanding, Weather forecasters can seek a functonal
understandmyg of a weather system if they have to 1ssue alerts or recom-
mend emergency evacuations i the face of a threatening storm.

The experienced mformaton operations specialists we studied wanted
both a functional and an abstract understanding. They wanted to know
what they could do in a situation, not merely what was going on. For exam-
ple, one of our information operatons scenaros included a theme about
refugees in Bosmia prepanng for winter, Our matenal included a message
that seven Bosman fimilies, attempting to reinhabat their homes in Breske,
had met with minor skirmishes and were heading to a refugee camp until
the situation could be resolved. One of the experts commented, "Is this co-
ordinated with the United Nations orgunization overseeing refugees in the
area? If not, it should be.” Other experts made similar comments about
whit should be done here. None of the novices mentioned mking any ac-
tiom at all. For the three scenarios we used, the experts were almost three
times as likely to make comments about actions that should be taken, com-
pared to the novices, The novices we studied averaged 1.5 action sugges-
tions per scenario and the experts averaged 4.4 action suggestions per sce-
Ao,

Chi, Feltovich, and Glaser (1981) studied the sensemaking of subjects
solving phvsics problems, The experts showed a functional understanding
of the problems: They invoked principles that they could use o solve the
prablem, not just principles about the abstract form of the problem. Chi et
al. tound that the roles generated by novices did not contain many actions
that were explicitly ted 1w solution procedures, The novices knew what
problem cues were relevant, but did not know what o do with this knowl-
edpe,

Charness (1979) reported the results of a cognitive task analysis con-
ducted with bridge plavers. The sensemaking of the skilled bridge plavers
was based on what they could or could not achieve with a hand—ithe
affordances of the hand they were dealt. In contrast, the novices inter-
preted bridge hands according 1o more absiract features such as the num-
ber of points in the hand,

Sensemaking involves developing an understanding of what can be ac-
complished and how capabilities can be expanded, Thus, a novice rock
climber surveying a clift’ for holds will understand the chiff face differently
from someone who is much aller, much stronger, and actally has experi-
ence in climbing, The experienced climber will be looking in differem
places for holds and will have a wider repertoire of frames for detecting po-
tential holds—indentations in the rock, protrusions, patterns that permit
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different wedging techmques, and so forth, The inspection 15 not about the
nature of the rock face but is about what can and cannot be achieved, and
what can be used as a hold.

Rudolph (2003} refers to "acton-motivated sensemaking.” The anesthe-
siology residents she studied were not simply attempting to arrive at a diag-
nosis: They were working with a sophisticated simulanon and attempung to
provide anesthesia in preparation for an appendectomy. They were inter-
acting with the simulated patient, learning from their mterventions.

The experts also showed much more anticipatory sensemaking—iden-
bfying actiions that needed to be taken. For example, in "Rebwuilding the
Schools,” a message stated that the commander was meeting with the
nuyor of Breko, An expert commented that there was a need to prepare
the commander for this meeting and to alert the commander to focus on
whitt was currently happening in the schools in Breko., Experts generated
more than four times as many anticipatory action items such as this, com-
pared to novices.

Weick {(1995) has taken the functional understanding further, arguing
that just as behef can lead to action, action can lead to behef, People some-
times manipulate situations as a way of establishing meaning, a sort of a
“ready, aim, fire” mentality, By initiating action, people reduce uncertamty
and equivocation. “People act in order to think, but in their acung, shape
the cues they mterpret” (Ko E. Weick, personal communication, 2003),

8. People Primarily Rely on Just-in-Time Mental Models.  We define mental
models as our causal understanding of the way things work, Thus, we have
mental models of the way the brakes in our car work, the way our computer
works, and the way our project team s supposed o work 1o prepare a docu-
ment, Mental models are another form that frames can take, along with sto-
ries, scripts, maps, and so on. Mental models can be stories, as when we
imagine the sequence of events from stepping on a brake pedal w slowing
down the velocity of our car,

We distinguish between comprehensive mental models and just-in-time
{JIT) mental models, A conmmprehensive mental model captures the essen-
tial relationships. An automobile mechanic has a comprehensive mental
muodel of the braking system of a car. An informanon technology specialist
has a comprehensive mental model of the operating system of a computer,
In contrast, maost of us have only incomplete ideas of these sysiems, We have
some knowledge of the components, and of the basic causal relanonships,
but there are large gaps in our understanding, If we have o do our own
troubleshooting, we have 10 go bevond our limited knowledge, make some
inferences, and cobhle together a notion of what is going on—a JIT mental
madel, We occasionally find that even the specialists to whom we turn don’t
have truly complete mental models, as when a mechanic fails 10 diagnose
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and repair an unusual problem or an informartion technology specialist
needs to consult with the manufacturer to figure out why a computer 1s be-
having s0 strangely.

The concept of JIT 1s not intended to convey ume pressure, It refers to
the construction of a mentil model at the ime 101s needed, rather than call-
ing forth comprehensive mental models that already have been developed.

In most of the incidents we examined, the decision makers did not have
a full mental madel of the sitnation or the phenomenon they needed to un-
derstand, For example, one of the scenarios we used with informaton oper-
anons specialists contaned three entcal messages that were embedded 1na
number of other bller messages: The sewage system 1n a refugee camp was
malfunctiomng, refugees were moving from this camp to a second camp,
and an outbreak of cholera was reported in the second camp. We believed
that the model of events would be clear—the refugees were getting sick
with cholera in the first camp because of the sewage problem and spread-
ing it to the second camp. However, we discovered that none of the infor-
mation operations specialists, even the experts, understood how cholera is
transmitted. Therefore, none of them automatically connected the dots
when thev read the different messages. A few of the specialists, primarily
the experts, did manage (o figure out the connection as we presented more
pointed clues, They used what they knew about diseases to speculate about
causes, and eventually realized what was triggering the cholera outbreak in
the second camp,

We sugpest that people primarily rely on JI'T mental models—building
on the local cause—effect connectuons they know about, instead of having
comprehensive mental models of the workings of an entire svstem. These
JIT mental models are constructions, using fragmentary knowledge from
long-term memory o build explanations im a context, Just as our memories
are partial constructions, vsing fragments of recall together with beliefs,
rules, and other bases of inference, we are claiming that most of our mental
models are constructed as the situation warrants,

Experienced decision makers have learned a great many simple causal
connections, “A" leads 1o "B," along with other relanonships, When events
occur that roughly correspond o “A" and "B,” experienced decision mak-
ers can see the connection and reason about the causal relationship. This
inference can become an anchor in its own right, if it is sufficienty relevant
to the task at hand, And it can lead o a chain of inferences, “A" 1o “B,” “R”
to “Cy" and s0 on,

We believe that in many domains, people do not have comprehensive
mental models but can still perform effectively, The fragmentary mental
models of experts are more complete than those of novices,

Feltovich, Johnson, Moller, and Swanson (1984) have shown that there
are domains in which experis do have what seem 1o be fully worked om
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mental models. Highly experienced pediatric cardiologists have gained a
very sophisticated and in-depth understanding of the mechanism for cer-
tain types of heart funcoons, It may be useful o examine the kinds of envi-
ronments in which people tend to have more complete mental models as
opposed o fragmentary causal knowledge, For example, the cardiac system
could be considered a closed system, wherebv a highly elaborated under-
standing of the working of this organ can be developed and refined as sci-
ence progresses, Contrast a surgeon ' s mental model of a heart with a sol-
dier’s development of muluple frames for learning how to conduct
peacckeeping operations m lrag.

We continue to assert that in most cases even experts are assembling
mental models on the spot, drawing from a wader repertoire of canse—eflect
relationships than novices. One implication of this assertion is that we may
be better advised to train people by helping them expand their repertoire
and depth of causal relationships, rather than tryving to teach fully worked
out mental models within a domam.

9. Semsemaking Takes Different Forms, Each With is Own Dynomics. In
studying the process of sensemaking in information operations specialists
and in other domains, we found different types. If we ignore these tvpes,
our account of sensemaking will be oo general 1o be useful. The nexi sec-
tion describes the alternative wavs that sensemaking can take place,

THE FORMS OF SENSEMAKING

Figure 6.1 shows seven types of sensemaking we have differentiated thus far:
mapping data and frame, elaborating a frame, questioning a frame, pre-
serving a frame, comparing frames, re-framing. and constructing or finding
a frame. Although all of them are tvpes of sensemaking, they operate in dif-
ferent wavs. The activity of preserving a frame is different from constructing
a new frame.

Any of the forms shown in Figure 6.1 can be a starting point for sense-
making. Sometimes data will call for elaborations or changes in a frame,
and somenmes a frame will drve the search for data and the definition of
what counts as data. Sometimes an anomaly will origger sensemaking, and
at other times a person will have to choose between competing frames that
both appear plausible. Therefore, there is no starting point in Figure 6.1,

Some incidents we studied consisted of several of the activines shown in
Figure 6.1, whereas other incidents demonstrated only a few. Moreover, the
order of activities vaned-—sometmes people constructed a frame before
coming to queston it, and at other tmes people simply recognized frames
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and never had to do any construction. Sometimes people alter the data w
fit the frame, and sometimes they alter the frame.

The cycle of elaborating the frame and preserving it in the face of incon-
sistent data 1s akin to Piaget’s (1952) funcion of assimilauon. The process
of reframing 15 akin to accommodation,.

The top oval in Figure 6.1 15 the basic cyvcle of frames that define data
and data that help to elicit frames. In most natural setangs, this cvcle 1s on-
gomng because new events occur and because the actions taken by the per-
san trving to make sense of the events will alter them., Figure 6.1 can be
seen as an adaptation of Neisser's (1976) perceptual ovcle, in which a per-
son's perceptual exploration and other actions sample and influence the
actual world and the information in it, thereby modifying the cognitive
map of the world and the understanding of the present environment,
which directs further exploration and action.

This section describes each of the seven sensemaking types. Within each
of the ovals in Figure 6.1, we show an icon to represent the nature of the
sensemaking activity, Actions listed on the left are ways that the frame is
driving data collection, and actions listed on the right are ways that the data
are atfecting the frame. Thus, within each of the actvities the data and
frame define and update one another. We show reciprocal arrows in the
central Toop o reflect this relatonship. We would have included sinlar
data—frame reciprocal arrows in each of the ovals but decided thar this
would add oo muach clutter 1o the dagram,

We begin with an account of the basic data—frame match.

The specific frame a person uses depends on the dam or mformation that
are available and also on the person’s goals, the repertoire of the person’s
frames, and the person’s stance (e.g., current workload, fatigne level, and
commitment to an activity).”

We view sensemaking as a voliional process, rather than an unconscious
one. In many instances the antomatic recogmtion of how to frame a set of
events will not require a person to engage in deliberate sensemaking. The
matching of data and frame 1s often achieved preconsciously, through pat-
ternt matching and recognition,

We are not dismissing unconsclous processes as concomitants of
sensemaking, Rather, we are directing our mvestigation into mcdents
where dehberate reasoning is emploved to achieve some level of under-

Sensemaking Attempts to Connect Data and a Frame

Bxgn = 1
Weick (1995) has argued that a person s commitment should e cownted as an aspect of
.~|1.|.I|.l.'|_'—|!:l|."h'|1.;' comaitied e an endeavor 1.'|.l;.u'|Hr.':~r ithe 'I-ui:'.' cyvents are undersiood.
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standing. Any cognitve acuvity, no matter how deliberate, will be influ-
enced by unconscious processes. The range between conscious and uncone-
scious processes can be thought of as a continuum, with pattern matching
at one end and comparing different frames at the other end. The blending
of conscious and automatic processes varies from one end of the contin-
uum to the ather,

To illustrate this continuum, consider the recogmtion-primed decision
(RPD) model presented by Klein (1998), Level 1 of the RPD model de-
scribes a form of decision making that 15 based on pattern matching and
the recogmition of typical situations. The imitial hame recognition defines
cues (the pertment data), goals, and expectancies. This level of the RPD
maodel corresponds to the basic data-frame connecoon shown at the top
center of Figure 6.1, and in the con at the beginning of this section. We do
not view this recogmitional match as an nstance of sensemaking,

Klein also described Level 2 of the RPD model in which the decision
maker doees deliberate about the nature of the sitation, sometimes con-
structing stories to try to account for the observed data. At Level 2, the deci-
sion maker 18 engaging in the different forms of sensemaking. The
dam—frame theory is an extension ol the stor-buildmg strategy described
in this Level 2.

The initial frame wsed w explain the data can have importamt conse-
quences. Thus, a fireground commander has stated that the way an on-
scene commander sizes up the sitvation m the first 5 mnutes determines
how the fire will be fought for the next 5 hours, Chi et al. {1981}, studving
the way physics problems were represented, found that novices adopted
fairly literal representations, using superficial problem features rather than
the pertinent underlving principles at work., In contrast, experts used
deeper representations of force, momentum, and energy. Chi et al. argued
that a problem was imually tentatively identfied through a “shallow™ analy-
s1s of the problem features {i.e., the inital frame), and then the representa-
ton was extended (i.e., elaborated) using knowledge associated with that
frame or category,

Elaborating the Frame

As more 15 learned about the environment, people will extend and elabo-
-ate the frame they are using, but will not seek 1o replace it as long as no sur-
prises or anomalies emerge. They add more details, fill n slots, and so
forth.

Example 2 showed how a Marine Corps brigadier general could see
much more than a sergeant, using his experience base to direct his explora-
tnon. He spotted not just the tank that the sergeant had seen, but also other
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tanks in the platoon and the command post that the tanks were defending.
As the general extended his understanding, he did not replace any of his
initial ohsernvations or data elements.

Questioning begins when we are surprised—when we have to consider data
that are inconsistent with the frame we are using. This is a different acovin
than elaborating the frame. Lanir (1991) has used the term "fundamental
surprise” o describe situations in which we realize we may have w replace a
frame on which we had been depending,. He contrasted this with situational
surprise, in which we merely need 1o adjust details in the frame we are us-
g,

I this aspect of sensemaking, we may not know if the lrame is incorrect,
if the sitnation has changed, or it the inconsistent data are maccurate. At
this point, we just realize that some of the data do not match the frame.
Frames provide people with expectations; when the expectations are vio-
lated, people may start to question the accuracy of the frame,

Weick (19495) postulated that sensemaking is often inmitated by a sur-
prise—the breakdown in expectations as when unexpected events occur or
expected events fail to oceur, Our research lindings support this assertion,
Thus, in the navigation incidents we studied, we found that people who got
lost might continue for a long time until they experienced a framebreaker,
a “moment of untruth,” that knocked them out of their existing beliefs and
violated their expectancies. However, as shown in Example 2, contrasting
the way a Marine brigadier general and a sergeant conducted a reconnais
sance mission, there are times when people try to make sense of events be-
cause they believe they can deepen their understanding, even without any
surprise, Even in the navigation incidents we sindied, people were often try-
ing to make sense of events even before they encountered a frame breaker,
They actively preserved and elaborated their frames until thev realized that
their frames were flawed.

Emotional reactions are also important for initating sensemaking, by
generating a feeling of uncertainty or of distress caused by loss of confi-
dence in a frame.

Problem detection {e.g., Klemn, Pliske, Grandall, & Woods, in press) is a
form of sensemaking in which a person begins to question the frame. How-
ever, a person will not start to question a frame simply as a result of receiv-
ing data that do not conform to the frame. For example, Feltovich et al.
(1984) found that experts in pediatric cardiology had more differentiated
frames than novices, letting them be more precise about expectations. Nov-
ices were fuzzy about what to expect when they looked at test results, and

Duestioning the Frame
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therefore were less likely to notice when expectancies were violated. As a re-
sult, when Feltovich et al. presented a "garden path” scenario (one that sug-
gested an interpretation that trned out o be inaccurate), novices went
down the garden path but experts broke free, The experts quickly noticed
that the data were not aligning with the 1moal understanding.

Example 4 describes a fire captain questioning his frame for the progres-
sion of 4 fire involving a laundry chute {(taken from Klein, 19498}, He real-
1zes that the data do not match his frame when he sees Hames rolling along
the cetling of the tourth-floor landing; at this pomt he recognizes the fire 15
much more mvolved than he orignally expected, and he 15 able to quickly
adapt his stratemes o accommadate the seriousness of the bre.

Example 4; The Lawndry Chute Firee A civilian call came in about 2030
hours that there was a fire in the basement of an apariment complex, Ar-
riving at the scene of the call about 5 minutes later, Captain L. immedi-
ately radioed to the dispaicher that the struciure was a four-story brick
building, “nothing showing,” meaning no smoke or flames were apparent.
He was fammiliar with this tvpe of apartment building strocture, so he and
his driver went around the side of the building 1o gain access 1o the base-
ment through one of the side stairwells locaied to either side of the build-
ing. Captain L. saw imumediately that the clothes chute was the source of
the fire,

Looking up the chute, which ran to the top Aoor, Captain L. could see
nothing but smoke and flames. The duct was construcied of thin metal b
with a surrounding wooden skirt throughout its length, Visibility was poor
because of the engulling flames, hampering the initial appraisal of the
amount of involvement, Nevertheless, on the assumption that the civilian
call came close in time o the start of the fire and that the firefighters’ re-
sponse tme was quick, Captain L, instanily assessed the point ol attack io be
the second-floor clothes chute access point,

Captain L. told the hieutenant in charge of the first arriving crew 1o take
a line into the building. Three crews were sent upstairs, to the first, second,
and third floors, and each reported back that the fire had already spread
past them.

Captain L. made his way to the front of the buillding. Unexpectedly, he
saw flames rolling along the ceiling of the fourth-floor landing of the glass
encased front stairwell external to the building. Immediately recognizing
that the fire must be quite involved, Captain L. switched his strategy to pro-
tecting the front egress for the now prime objective of search and rescue
(5/R) operations. He quickly dispatched his truck crew to da 5/R on the
fourth floor and then radioed for a “riple two™ alarm at this location o get
the additonal manpower to evacuate the entire building and fight this new
front. Seven minutes had now elapsed since the first call.
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Om arrival, the new units were ordered o protect the front staircase, lay
lines to the fourth floor to push the blaze back down the hall, and aid in 8/
R of the entire bullding. Approximately 20 people were eventually evacu-
ated, and total time to containment was about an hour,

"N

Preserving the Frame

We tvpically preserve a trame by explaming awav the data that do not match
the frame, Sometimes, we are welladvised o discard unrehable or transient
dara. But when the inconsistent data are indicators that the explanaton
may be faulty, it 15 a mistake 1o ignore and discard these data. Vaughan
(1996) describes how organizations engage in a routinization of deviance,
as they explain awayv anomalies and in tme come o see them as fumiliar
and not particularly threatening. Our account of preserving a frame may
help to describe how routinization of deviance 15 sustained.

Feltovich, Coulson, and Spiro (2001) have cataloged a set of "knowledge
shields” that cardiologists use to preserve a frame in the face of countervail-
ing evidence, Many of these knowledge shields minimize the importance of
the contradictory data, Examples of knowledge shields include arguing
from anthority, resorting 1o bad analogies, ignoring secondary effects, argu-
ing from special cases, and arguing thata principle has a restricted applica-
bility,

The result of these knowledge shields is 1o enable a person to fixate ona
frame, We do not want to judge that a person is fixating just hecause the
person merely perseveres in the use of a frame, What, then, are the criteria
for a fixation error? De Kevser and Woods (15993 studied fixation errors in
the nuclear power plant industry, Their criterion for a fixation error was
that the initial account was incorrect plus the decision maker maintained
this incorrect explanation in the face of opportunities to revise it,

Rudolph (2003) used a garden path research design to lead participants
(medical resident anesthesiologists) into fixation, The garden path para-
digm provides salient anchors that suggest an obvious explanation that
turns out to be incorrect once subsequent evidence is taken into account,
For fixaton to occur, the subsequent data are explained away as a by-
product of elaborating on a frame, It 15 not as if people seek to fixate,
Rather, people are skilled at forming explanations, And thev are skilled at
explaining how inconvenient data may have arisen accidentally—using the
knowledge shields that Feltovich er al, (2001) described. Rudolph found
that some of her participants simply ignored and/or distorted the discrep-
ant data,

The process of preserving an inaccurate frame is well-known 1n land
navigation, where one error leads to another, as waypoints and landmarks
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are misidentified, and the person "bends the map.” In the navigation inci-
dents we studied (Klein, Phillips et al., 2002}, we found many examples of
fixation=—of preserving a frame that should have been discarded. Klein
(submitted) has described how people get lost by attaching too much
credibility to an maccurate anchor and then interpreding other data ele-
ments to fit the maccuracy, thereby corrupting the sensemaking process.
Thus, an inaccurate anchor that comes early in a sensemaking sequence
should have a more serious effect on performance than one that comes
later in the sequence,

The phenomenon of hxation can be seen as a simple result of using a
Frame to direct attenhon—which 15 one of the funchons of frames. We call
this fixation when we are working with a flawed frame, or a frame that 1s
built around flawed dawa. We call it efficient attenton management when
our frames are accurate.

&
Comparing Multiple Frames a

We sometimes need o deliberately compare different frames to judge what
i5 gning 0,

For example, in reviewing incidents from a study of nurses in an NICU
(Crandall & Gambhan, 1991}, we found several cases where the nurses
gﬂth:—*l':—*d evidlence in sUpport of one frame—ithat the neonate was mnkiug A
good recovery—while at the same time elaborated a second, opposing
frame—that the neonate was rl{-*'l.'elnr.ning F.Ep!-'.i!-‘..

Example 30 Comparison of Frames in gn NICU. - This baby was my primary; 1
knew the baby and [ knew how she normally acted, Generally she was very
alert, was on feedings, and was off IVs. Her lab work on that particular
morning looked very good, She was progressing extremely well and hadn™
had any of the sethacks that many other preemies have. She tvpically had
numerous apnea episodes and then bradyvs, but we could easily stimulate
her to end these episodes. At 2.3 her mother came in to hold her and I no-
ticed that she wasn’t as responsive to her mother as she normally was. She
just lay there and half looked ar her, When we lifted her arm it fell right
back down in the bed and she had no resistance o being handled. This
limpness was very unusual for her,

Om this day, the monitors were fine, her blood pressure was fine, and she
was tolerating feedings all right. There was nothing to suggest that anvihing
was wrong except that I knew the baby and I knew that she wasn’t acting
normally, At about 3:30 her color started o change, Her skin was not its
normal pink color and she had blue rings around her eves. During the shift
she seemed to get progressively graver, Then atabout 4:00, when [ was mumne-
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g her feeding back on, I found that there was a large residual of food in
her stomach. I thought maybe it was because her mother had heen holding
her and the feeding just hadn't settled as well. By 5:00 [ had a baby who was
gray and had blue rings around her eyves. She was having more and more
episodes of apnea and bradys; normally she wouldn't have any bradys when
her mom was holding her, 54ll, her blood pressure hung in there, Her tem-
perature was just a littde bit cooler than normal. Her abdomen was a lictle
more distended, up 2 cm from early in the morning, and there was more re-
siclual in her stomach. This was a baby who usually had no residoal and all
of a sudden she had 5 cc to 8 cc. We gave her suppositories thinking maybe
she just needed to stool. Although having a stool reduced her girth, she stll
looked grav and was continuing to have more apnea and bradys, At this
point, her hlood gas wasn’t good so we hooked her back up to the oxvgen.
On the doctor's orders, we repeated the lab work, The results confirmed
that this baby had an infection, but we knew she was in trouble even before
we got the lab work back.

In some of our incident analyvses, we have found that people were track-
ing up to three trames simultaneously. We speculate that this may be an up-
per limit; people may track two to three frames simultaneously, but ravely
more than three,

In their rescarch on pediatric cardiologists, Feltovich et al. {1984) found
that when the experts broke free of the fixaton impaosed by a garden path
scenario, they would idenafy one, two, or even three alternative frames.
The experts deliberately selected frames that would sharpen the distune-
tioms that were relevant. They dentified a cluster of diseases that shared
many symptoms in order o make ine-grained diagnoses, Feltovich eval. re-
ferred o this surategy as using a “logical competitor set” (LCS) as a means
of pinpointing critical details. To Felwovich et al., the LCS is an mtercon-
nected memory unit that can be considered a kind of category. Activation
of one member of the LCS will activate the full set because these are the
similar cardiac conditions that have to be contrasted. Depending on the de-
mands of the task, the decision maker mav set out to test all the members of
the set simultaneously, or mayv test only the most likelv member. Rudolph
(20013) sees this strategy as a means of achieving a differential diagnosis,
The anesthesiologisis in her study changed the way they sought wnforma-
tnon—their search strategies became more directed and efficient when they
could work from a set of related and competing frames,

We also speculate that if a data element is used as an anchor in one
frame, it will be difficult to use it in a second, competing frame, The rival
uses of the same anchor may create conceptual strain, and this would limit
a person’s ability to compare frames, By developing LCSs, experts, such as
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the pediatric cardiologists studied by Feltovich et al., can handle the strain
of using the same anchors in competing frames,

Reframing '

In reframing, we are not simply accumulating inconsistencies and contrary
evidence, We need the replacement frame to guide the way we search for
and define cues, and we need these cues o suggest the replacement frame,
Both processes happen simultaneously.

Reframimg was illustrated i several of the previous examples. The NICU
example (Example 5) shows how the experienced nurse had a “sepsis”
frame available and used it to gather evidence untl she felt that the risk was
sufficienty serions to notity a physician. The helicopter incident (Example
3) showed how Captain B, shifted from one frame to another as he ob-
tained new items of information.

Duncker (18945) introduced the concept that gaiming insight into the so-
lution to a problem may require reframing or reformulating the way the
problem 1s understood. Duncker studied the way subjects approached the
now-classic “radiation problem” (how to use radiation w destrov a tumor
without damaging the healthy gssue surrounding the tumor). As long as
the problem was stated i that form, subjects had difficulty inding a solu-
tion. Some subjects were able to reframe the problem, from “how to use ra-
diation 1o treat a tumor without destroying healthy tssue” o *how 1o mini-
mize the intensiy of the radiation exceptat the site of the tumor.” This new
frame enabled subjects w generate a soluton of aiming weak radiation
beams that converged on the tumor,

Weick (19495) has explained that during reframing people consider data
elements that had previously been discarded, so that formerly discrepant
cues now fit I this way, sensemaking involves retrospective nnderstanding,

LT ]

Secking a Frame :.

We may deliberately try to find a frame when confronted with data that just
do not make sense, or when a frame is questioned and 15 obviously inade-
quate, Sonetimes, we can replace one frame with another, but at other
times we have to ov to find or construct a frame. We may look for analogies
and also search for more data i order 1o find anchors that can he used 1o
construct a new frame. The mental simulation account of Klein and Cran-
dall {1995} describes how people can assemble data elements as anchors in
the process of building an explanation,
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Example § summarizes our description of the various aspects of sense-
making that are shown in Figure 6.1, It is based on an interview we con-
ducted around a navigation incident (Klein et al., 2002}.

Example 6: Flying Blimd.  This incident occurred during a solo cross-
country flight (a required part of aviation training to become a private pi-
lot) ina Cessna 172, The pilot’s plan was for a 45-minute trip. The weather
for thas journey was somewhat perfect—sunny, warm, few clouds, not much
hare. He had several-mle visibility, but not unlimited. He was navigating by
landmarks.

The first thing he did was build a flight plan, including: heading, course,
planned airspeed, planned alutide, way points in between each leg of the
journey, destinarion (diagram of the airport), and a list of radio frequen-
cies, His Hight instructor okaved rhis flight plan. Then he went through his
preflight rounne, He gotin the airplane, checked the fuel and the ignition
{10 make sure the engine was running properly), set the altitude {by cali-
brating the alumeter with the published elevation of the airport where he
was located; this 15 preqy straightforward), and calibrated the directional
avro (D).

He took off and turned in the direction he needed to go. During the ini-
ual several minutes of his flight, he would be flving over somewhat Familiar
terrain, because he had flown in this general direction several times during
his training, including a dual crosscountry (a crosscountry Hight with an
instructor) 1o an airport in the vicinity of his intended course for that day,

Abouta half hour into the Dight, the pilot started gening the feeling tha
he wasn't where he was supposed to bhe, Something didn’t feel right, But he
couldn’t figure out where he was on the map—all the liule towns looked
similar,

What bothered him the most ai this point was that his instroments had
been telling him he was on course, so how did he get losty He checked his
DG against the compass (while flving as straight and level as he could get),
and realized his DGowas about 20 1o 30 degrees off, That's a very significant
maccuracy. 5o he stopped trusting his DG, and he had a rough estimate of
how far off he was at this point, He knew he’d been going in the right gen-
eral direction (south}, but that he had just drifted east more than he should
have.

He decided to keep flving south because he knew he would be crossing
the Ohio River, This 1s a very obvious landmark that he conld nse as an an-
chor to discover his true position, Sure enough, the arrangement of the fac-
tories on the banks of the river was different from what he was expecting,
He abandoned his expectauons and tried w match the factory configura-
tion on the river to his map. In this way, he was able to create a new hypoth-
esis about his location.
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A parocular bend in the river had power plants/factories with large
smokestacks. The map he had showed whether a particular vertical obstruc-
ton (like a smoke stack or radio antenna) 15 a single structure or multiple
structures bunched together. He noted how these landmarks lined up, try-
ing to establish a pattern to get him to the awrport. He noticed a railroad
crossing that was crossed by high-tension power lines. He noticed the lines
first and thought, “Is this the one crossed by the ralroad track that leads
right into the amwports” Then he followed it straight o his destination,

In this example, we see several of the sensemaking activines, The pilot
started with a good trame, in the form of a map and knowledge of how (o
use basic navigational equipment. Unknown to him, the equipment was
malfuncuomng. Nevertheless, he attempted o elaborate the frame as his
journey progressed. He encountered data that made him question his
frame—question his position on the map. But he explained these data
away and preserved the frame. Eventually, he reached a point where the
deviation was too great, and where the opology was too discrepant from
his expectancies. He used some fragmentary knowledge to devise a strai-
egv for recovering—he knew that he was heading south, and would even-
mally cross the Chio River, and he prepared his maps to check his loca-
non at that time. The Ohio River was a major landmark, a dominating
anchor, and he hoped he could discard all of his confused notions about
location and start fresh, using the Ohio River and seeing what map fea-
mures corresponded 1o the visual features he would spoi, He also had a
rough idea of how far he had drified from his original course, so he could
start his search from a likely point, He could not have successfully reori-
ented earlier because he simply did not have a sufficient set of useful an-
chors to fix his position,

Example 6 illustrates maost of the sensemaking tvpes shown in Figure 6.1,
The example shows the initial data<frame maich: The pilot staried off with
a firm belief that he knew where he was, As he proceeded, he elaborated on
his frame by incorporating various landmarks, His elaboration also helped
him preserve his frame, as he explained away some potential discrepancies,
FEventually, he did question his understanding, He did realize that he was
lost. He had no alternate frame ready as a replacement, and no easy way to
consiruct a new frame. But he was able to devise a strategy that would let
him use a few anchors {the Ohio River and the configuration of factones)
to find his position on his map. He used this new frame to locate his desti-
NAtion alrport.

All of the acuvities in this example, and in Figure 6.1, are ways of making
sense of events, The nature and the combination of the sensemaking activi-
ties are different depending on the demands of the task and the expertise
of the sensemaker.



144 KLEIN FET AL

When we think about sensemaking, one source of confusion 15 to treat
different activities as the same. We assert that each of the actvibies shown in
Figure 6.1 has different strategies associated with it, and different obstacles
that must be managed. Therefore, we may need to be careful about treating
all of these different activities as the same. For instance, the support that we
might offer to someone who 15 tracking two opposing stories or frames
might be very different from the support we would give to someone who
needs to reach back to prior events to recall which data elements have been
explamed away and might now be relevant, and these might difter from the
help we could offer someone who has become disoriented and 18 trying to
detect one or two anchors from which to derve a new frame.

POTENTIAL APPLICATIONS OF THE
DATA-FRAME THEORY

The data—{rame theory of sensemaking should have potental w help us de-
sign decision support systems {(D55s) and develop vaming programs. The
previous sections have identified a number of ways that sensemaking can
break down. The process of abstracting data itselt creates distortons, Data
can be distorted when people preserve a frame by bending the map. People
can fixate on a frame, or they can go o the opposite extreme and keep an
open mind, which leads themn to miss important conmections and hypothe-
ses, In several of our siudies, we found that people with a passive attitude of
simply receiving messages were likely (o miss the important problems that
had emerged. Many of our recommendations that follow are aimed at pre-
venling these types of breakdowns,

Decision Support Systems

In designing D55s, one of the lessons from the literature is that more data
does not necessarily lead to more accurate explanations and predictions,
Weick (1995} criticized the information-processing metaphaor for viewing
sensemaking and related problems as settings where people need more in-
formation. Weick argued that a central problem requiring sensemaking is
that there are too many potential meanings, not too few—equivocality
rather than uncertainty. For Weick, resolving equivocality requires values,
priorites, and clarity about preferences, rather than more information.
Heuer (1999) made a similar point, arguing that intelligence analysts
need help in evaluating and interpreting data, not in acquiring more and
more data. The research shows that accuracy increases with data elements
up to a point {perhaps 8=10 data elements) and then assmptotes while cone-
fidence continues to increase (Oskamp, 1965). Omodei, Wearing, McLen-
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nan, Ellott, and Clancy (in press) showed that at some point increasing
data may lead to worse decision quality. Lanir (1991} studied cases on intel-
ligence failure, such as the Yom Kippur war, and found that in each case
the decision makers already had sufficient data. Their difficulty was in ana-
lvzing these data. Gathering additional data would not necessarily have
helped them.

On an anecdotal level, Army ofhcers have commented to us during exer-
cises that informaton technology is slowing the decision cycle instead of
specding it—soldiers are delaying their decisions with cach new data ele-
ment they receve, trving to figure out its significance.

We can offer some guwidance for the field of DSSs:

« Attempts to improve judgment and deasion quality by increasing the
amount of data are unlikely to be as effecuve as supports w the evalua-
ton of data. Efforts to increase information rate can actually intertere
with skilled performance.

« The D55 should not be restricted o logical interences, hecause of the
importance of abducuve inferences.

« The progression of data-information-knowledge-understanding that 15
shown as a ratonale for decision support svstems 1s misleading, It en-
shrines the information-processing approach w sensemaking, and
runs counter to an ecological approach that asserts that the data them-
selves need to be constructed.

» Data fusion algorithms pose opportunities to reduce information over-
load, but also pose challenges to sensemaking if the logical bases of the
algorithms are underspecified.

« Given the limited number of anchors that are wpically used, people
may benefit from a DSS that helps them track the available anchors,

» D555 may be evaluated by applying metrics such as the nme needed to
catch inconsistencies inserted into scenarios and the time and effort
needed to detect faulty data fusion.

Training Programs

The concept of sensemaking also appears to he relevant 1o the develop-
ment of training programs. For example, one piece of advice that is often
given is that decision makers can reduce fixation errors by avolding early
adoption of a hypothesis. But the data=frame theory regards early commit-
ment to a hyvpothesis as inevitable and advantageous. Early commitment,
the rapid recognition of a frame, permits more efficient informauon gath-
ering and more specific expectancies that can be violated by anomalies,
permitting adjustment and reframing. This claim can be tested by encour-
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aging subjects wo delay their interpretation, to see if that improves or hin-
ders performance. It can be falsified by finding cases where the domain
pracudoner does not enact “early” recogniton of a frame,

Feltovich eval, (1984) idenahed several partcipants in their study of pe-
diatric cardiology who falled 1o correctly diagnose the medical problem
and who showed a "data-driven dependence” in their diagnosis activity, re-
spondimg to the most recent strong disease cue in the data, This approach,
which 15 another way of describing continually reframing the situanon, 1s
the opposite of Axaton,

Rudolph (2005} studied the “diagnostic vagabonding™ described by
Dorner (18996). She had minally expected that diagnostic vagabhonding,
with 1ts extensive hvpothesis generation, would effecavely counter tenden-
cies toward fixation, but her data showed that diagnostic vagabonding was
almost as dyvsfunctional as fixation. She concluded that decision makers
need to be sufficiently committed to a frame in order o effectively test it
and learn from its inadequacies—something that 1s missing from the open-
minded and open-ended diagnostic vagabonding, Coupled with this com-
mitment to a diaggnostic frame 18 an attitude of exploration for sincerely
testing the frame in order to discover when it 18 inaccnrate.

These observations would suggest that efforts to mrain decision makers to
keep an open mind {(eg.. Cohen, Adelman, Bresnick, & Freeman, 2003)
can be counterproductive.

A second implication of sensemaking is the use of feedback in training,
Practice without feedback is not likely to result in effecnve training. Butitis
not trivial e provide feedback. Outcome feedback 15 not as useful as pro-
cess feedback (Salas, Wilson, Burke, & Bowers, 20002), because knowing
that performance was madequate 15 not as valuable as diagnosing what
needs o be changed, However, neither outcome nor process feedback is
straightforward. Trainees have 1w make sense of the feedback. It stockbro-
kers perform at or below chance, they can take the good oulcomes as evi-
dence of their skill and the bad outecomes as poor luck or anomalies with
one segment of the market, or any of the knowledge shields people use,
They need 1o have an accurate frame—describing stock selection as a ran-
dom walk (Malkiel, 1999) in order to make sense of the feedback they are
getting, Feedback does notinevitably lead to better frames, The frames de-
termine the way feedback is undersiood, Sumlarly, process feedback is best
understood when a person already has a good menial model of how 1o per-
form the task, A person with a poor mental model can misinterpret process
feedback, Therefore, sensemaking is needed o understand feedback thar
will improve sensemaking—the same cvele shown in Figure 6.1,

A third issue that is relevant to training concerns the so-called confirma-
tione ftgs, The decision research literamre (Mvnat, Doherty, & Tweney,
1957 Wason, 1960} suggests that peaple are more inclined to look for and
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take noboce of informaton that confinms a view than informadon that
disconfirms it

In contrast, we assert that people are using frames, not merely trying to
confirm hypotheses, In nawral settings, skilled decision makers shift into
an acuve mode of elaboratng the compeung frame once they detect the
possibility that their frame 18 inaccurate. This tactic 15 shown in the earlier
NICU Example 5 where the nurse tracked two frames. A person uses an -
tial frame (hypothesis) asa guide in acquiring more information, and, typi-
cally, that mformaton will be consistent with the frame. Furthermore,
skilled decision makers such as expert torecasters have learned to seck
discontuming evidence where approprate.

It 15 not trmal to search for disconbrming informaton—it may requare
the activation of a competing frame. Patterson, Woods, Sarter, and Watts-
Perott (1998), studving intelligence analysts who reviewed articles in the
open literature, found that if the inital articles were misleading, the rest of
the analvses would often be distorted because subsequent searches, and
their reviews were conditioned by the inital frame formed from the first ar-
ticles, The inital anchors affect the frame that is adopted, and that frame
guides information secking, What may look like a confirmation bias may
simply be the use of a frame to guide information seeking, One need not
think of it as a bias.

Accordingly, we offer the following recommendations:

« We suggest that training programs advocating a delaved commitment
tor & frame are unrealistic. Instead, training 15 needed in noticing anomalies
and diagnosing them.

o Training mav be usetul in helping people “get found.” For example,
helicopter pilots are taught to navigate from one wavpoint o another, How-
ever, it the helicopters are exposed to antair attacks, they will typically take
violent evasive maneuvers to avoid the threat, These maneuvers not infre-
quently leave the pilots disoriented. Training might be helptul in develop-
ing problem-solving routines tor getting found once the pilots are seriously
lost.

» Training to expand a repertoire of causal relationships may be more
helpful than teaching comprehensive mental models,

o Training in generic sensemaking does not appear to be teasible. We
have not seen evidence for a general sensemaking skill. Some of the inci-
dents we have collected do sugpest differences in an “adaptive mind-set” of
actively looking to make sense of events, as in Example 2. It may be possible
to develop and expand this type of attitude.

« Training may be hewer aimed at kev aspects responsible for effective
sensemaking, such as increasing the range and richness of frames, For ex-
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ample, Phillips et al. (2003) achieved a significant improvement in sense-
making for Marine officers trained with tactical decision games that were
carefully designed to improve the richness of mental models and frames.

« Training may be enhanced by verifving that feedback is appropriately
presented and understood.

« Training may also be useful for helping people (o manage their atten-
tion (o become less valnerable 1o distractions, Dismukes (1998) described
how interruptions can result in aviation accidents, Jones and Endsley
(ROY5, 20000 reviewed aviation records and found that many of the errors
in Endsley's (19495} Level 1 situation awareness {perception of events) were
compounded by ineffective attention management—[failure to maonitor
critical data, and misperceptions and memory loss due to distractions and /
or high workload, The management of attention would seem to depend on
the way frames are activated and prioritized,

o Training scenarios can be developed tor all of the sensemaking activi-
ties shown in Figure 6.1: elaborating a frame, questioning a frame, evaluat-
ing & brame, comparing alternative frames, reframing a situation, and seck-
ing anchors in order o generate a usetul frame.

« Metrics for sensemaking training might include the time and accuracy
in detecting anomalies, the degree of concordance with subject-matter ex-
pert assessments, and the tme and success in recaovering from a mistaken
interpretation of a situation.

TESTABLE ASPECTS OF THE DATA-FRAME THEORY

Now that we have described the data=frame theory, we want to consider
ways of testing it. Based on the implications described previously, and our
literature review, we have identhed several hypotheses about the data-
frame theory:

1. We hypothesize that frames are evoked /constructed using only three
or four anchors,

2. We hypothesize thatif someone uses a data element as an anchor for
one frame, itwill be difticult to use that same anchor as a part of a second,
competing frame.

3. We hyvpothesize that the quality of the initial frame considered will he
better than chance—ithat people identify frames using experience, rather
than randomly, Based on past research on recognitional decision making,
we assert that the greater the experience level, the greater the improve-
ment over chance of the frame initially identilied,
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4. We hypothesize that introducing a corrupted, inaccurate anchor
early in the message stream will have a correspondingly greater negative ef-
fect on sensemaking accuracy than introducing it later in the sequence (see
Patterson et al., 1998},

5. We hypothesize that increased informaton and anchors will have a
nonhnear relationship 1o pertormance, Hrstimcreasing it, then plateaning,
and then in some cases, decreasing, Thas claim is based on research litera-
ture cited previously, and also on the basic data—frame concept and the
consequences of adding o many data without a corresponding way 1o
frame them.

th, We hyvpothesize that experts and novices will show similar reasoning
sirategies when trying to make inferences from data.

7. We hvpothesize that methods designed o prevent premature com-
mitment W a frame (e.g., the recognition /metacognition approach of Co-
hen, Adehman, Tolcott, Bresnick, & Marvin, 1992} will degrade pertor-
mance under conditions where active attention management is needed
(using frames) and where people have dibiculty iinding useful frames, The
findings reported by Rudolph {2005) suggest that failure 1o achieve early
commitment 0 a [rame can actually promote fixation because commit-
ment to a bame 1s needed o generate expectancies (and to support the
recognition of anomaly) and to conduct efectve tests. The data—frame
concepl 1s that a trame is needed o efficiently and effectvely understand
data, and that atempting o review data without introducing frames is un-
realistic and unproduchve.

3. We hypothesize that people can track up to three frames at a time,
but that performance may degrade if more than three frames must be si-
multaneously considered.

We also speculate that individual differences (e.g., tolerance for ambigu-
ity, need for cognition) should atfect sensemaking performance, and that
this can be a fruidul line of research. Similarly, cultoral differences, such as
holistic versus analviical perspectives, should affect sensemaking (Nisbett,
2008). Furthermore, it may be possible to establish priming techniques to
elicit frames and to demonstrate this elicitation in the sensemaking and in-
[ormation management activities shown by subjects,

Research into sensemaking can draw from a variety of experimental par-
adigins, These include the deGroor {1946,/1965) method of seeing how
people reconstitute a sitnation once the elements have bheen erased {also
see Endsley, 1995, and Vicente, 1991, for recent applications of this ap-
proach), the garden path methad of studying how people escape from fxa-
tion {e.g., Feltovich et al., 1984; Rudolph, 2003), and analyses of problem
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representation (e.g., Charness, 1981; Chi et al., 1981; P. . Smith, McCoy, &
Layton, 1997).

SUMMARY

Sensemaking is the deliberate effort to understand events, It serves a variety
of functions, such as explaining anomalies, anticipating difficulties, detect-
ing problems, guiding informartion search, and aking effective action. We
have presented a data=frame theory of the process of sensemaking in natu-
2] settings.

The theory contains a number of assertions. First, the theory posits that
the interaction between the data and the frame 15 a central Feature of
sensemaking. The data, along with the goals, expertse, and stance of the
sensemaker, combine to generate a relevant frame. The frame subse-
quently shapes which data from the environment will be recognized as per-
tinent, how the data will be interpreted. and what role they will play when
incorporated into the evolving frame. Our view of the data—frame relation-
ship mirrors Neisser's (1976) cvclical account of perception, in that avail-
able intormation, or data, modifies one’s schema, or frame, of the present
environment, which in turn directs one’s exploraton and /or sampling of
that environment. The data are used o select and alter the frame. The
Frame 15 used to select and conbipure the data, In this manner, the frame
and the data work in concert to generate an explanation. The implication
of this continuous, two-way, causal interaction 1s that hoth sensemaking and
data exploration suffer when the frame is inadequate.

Second, our ebservatons in several domains suggest that people select
frames based on a small number of anchors—highly salient data elements.
The imnal few anchors seem to determine the tvpe of explanatory account
that 1s formed, with no more than three o four anchors active at any point
I tme.

Third, our research 1s consistent with prior work {Barrows et al., 197§;
Chase & Simon, 1975; Elstein, 19849} showing that expert—novice differ-
ences in sensemaking performance are not due 1o superior reasoning on
the part of the expert or mastery of advanced reasoning strategies, but
rather to the quality of the frame that is brought to bear. Experts have more
factual knowledge about their domain, have built up more experiences,
and have more knowledge about canse-and-effect relationships.

Experts are more likely to generate a good explanation of the situation
than novices because their frame enables them to select the right dam from
the environment, interpret them more accurately, and see more pertinent
patterns and connections in the data stream.

Fourth, we suggest that people more often construct JIT mental models
from available knowledge than draw on comprehensive mental models, We
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have not found evidence that people often form comprehensive mental
maodels, Instead, people rely on JIT models, constructed from fragments, in
a way that 15 analogous to the construction of memory, In complex and
open systems, a comprehensive mental model 15 unrealistic,

There 15 some evidence that in domains dealing with closed systems,
such as medicine (L.e,, the human body can be considered a roughly closed
system), an expert can plausibly develop an adequately comprehensive
mental model for some medical condinions. However, most people and
even most experts rely on fragments of local cause—eftect connections,
rules of thumb, patterns of cues, and other linkages and relanonships be-
tween cues and mformation to guide the sensemaking process {and mdeed
aother high-level cogmitive processes),

The concept of [I'T mental models is interesting for several reasons. We
beheve that the fragmentary knowledge {e.g., cansal relationships, rules,
principles) representing one domain can be applied to a sensemaking ac-
tivity in a separate domain. If people have worked out complex and com-
prehensive mental models in a domain, they will have difficulty in general-
lzing this knowledge to another domain, whereas the generalization of
fragmentary knowledge 1s much easier, Fragmentary knowledge contrib-
utes to the frame that is constructed by the sensemaker; fragmentarn knowl-
edge therefore helps to guide the selection and interpretaton of data, We
do not have to it our study of mental models to the static constructs and
behets that people hold; we can also study the process of compiling JIT
mental models from a person’s knowledge base,

Fifth, the data—tframe account of sensemaking is different from an infor-
mation-processing descripiion of generatung inferences on data elements,
Sensemaking 15 motivated by the person's goals and by the need o balance
the dara with the frame—a person experiences conlusion in having w con-
sider data thar appear relevant and vet are not integrated. Successful
sensemaking achieves a mental balance by fittng data into a well-framed re-
lationship with other dara. This balance will be temporary because dynamic
conditions continually alter the landscape., Wevertheless, the balance, when
achieved, 15 emotionally satisfyving i itsell, People do not merely churn out
mferences. They are actively trying to experience a maitch, however fleet-
ing, between data and frame.
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