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Abstract 

Anticipatory thinking is a critical macrocognitive function of individuals and teams. It is the 

ability to prepare in time for problems and opportunities. We distinguish it from prediction 

because anticipatory thinking is functional—people are preparing themselves for future events, 

not simply predicting what might happen. And it is aimed at potential events including low-

probability high threat events, not simply the most predictable events. Anticipatory thinking 

includes active attention management—focusing attention on likely sources of critical 

information.  

 

We distinguish three types of anticipatory thinking: pattern matching to react to individual cues, 

trajectory tracking to react to trends, and a conditional form of anticipatory thinking in which 

people react to the implications of combinations of events. We discuss some individual and 

team-level barriers and suggest some ways to enhance anticipatory thinking. 
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What is Anticipatory Thinking? 
 

Anticipatory thinking is the process of recognizing and preparing for difficult challenges, many 

of which may not be clearly understood until they are encountered. It is a form of sensemaking. 

Sensemaking often takes the form of explaining events and diagnosing problems, a retrospective 

process (e.g., Weick, 1995). It can also take the form of formulating expectancies about future 

events (e.g., Weick & Sutcliffe, 2001). It is this future-oriented aspect of sensemaking that 

interests us here—anticipatory thinking.  

 

The ability to perform anticipatory thinking is a mark of expertise in most domains. For example, 

deGroot (1946/1978) provided protocols of grandmasters studying chess positions and trying to 

find the move to play. Many of their comments show instant reactions upon considering a 

possible move, such as recognition that a move is promising, or else ―Take it away,‖ to reflect 

immediate disapproval. The grandmasters didn’t have to perform progressive deepening to 
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appreciate where they might be able to take control and where they would be getting themselves 

into trouble.  

 

We distinguish anticipatory thinking from prediction. Certainly, anticipatory thinking overlaps 

with prediction and relates to the Level 3 situation awareness described by Endsley (1995) as 

well as the Hawkins and Blakeslee (2005) formulation of the brain as a device for storing 

memories in order to make predictions. However, we believe it is a mistake to see anticipatory 

thinking as a means of predicting what will happen. Instead, we are gambling with our attention 

to monitor certain kinds of events and ignore/downplay others. The ability to blend different 

concepts, experiences and stories is a key part of human intelligence and permits us to handle 

greater uncertainty and ambiguity.  

 

For example, experienced drivers are actively scanning for potential hazards, unlike novices. 

Pradhan et al. (2005) studied the eye movements of skilled and inexperienced drivers and found 

that the skilled drivers directed their focus to potential trouble spots. In contrast, the 

inexperienced drivers ignored these trouble spots, presumably keeping their eyes on the road to 

make sure they kept their car within the lanes. The experienced drivers aren’t expecting the 

hazards or predicting them but they are managing their attention. Experience and training have 

created the right patterns. Therefore, they have heightened sensitivity to weak signals that would 

be ignored by those with less experience. They have an edge in detecting problems. 

 

Another difference is that anticipatory thinking is aimed at potential events including low-

probability high threat events, not simply the most predictable events. 

 

Further, the process of prediction is externally directed and usually concerned with guessing 

future states of the world. In contrast, anticipatory thinking is function in that it helps us prepare 

to respond, not just to predict. Klein, Phillips, Rall, and Peluso (2006) studied information 

operations specialists and found that the more experienced ones engaged in ―functional 

sensemaking.‖ They weren’t simply noting the content of messages but were interpreting the 

messages in terms of what information operations they could initiate. Their sensemaking 

centered on what they could do. Therefore, we take a functional view of anticipatory thinking. 

We are sensitive to the affordances in the situation. These affordances stem from our beliefs 

about our own capabilities. When we anticipate events we are also preparing ourselves to react.  

 

Think about a sports event. Sometimes, when we don’t care, we might predict that that favored 

team will win the game. But when we do care, and our team is the underdog, we say we are 

anticipating a loss—we are preparing ourselves for the disappointment.  

 

In his book, Fundamental Surprise, Lanir (1986) showed that in military examples of surprise 

the signals were fairly strong. The reason for the surprise was that the military officers 

overestimated their own abilities to react. Thus, we fail to anticipate when we don’t prepare 

ourselves, either because we don’t notice the signals or because we don’t worry about them and 

don’t bother to prepare ourselves. Anticipatory thinking depends on our capability to prepare, 

and not just our ability to predict future states of the world.  
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Varieties of Anticipatory Thinking 
 

In reviewing various examples of anticipatory thinking we found several different forms, and we 

expect that researchers will identify additional forms in the future. Three common forms are 

pattern matching, trajectory tracking, and conditional. 

 

Pattern Matching  
 

With pattern matching the circumstances of the present situation bring out similar events and 

clusters of cues in the past. Experts have developed large pattern repertoires and so can 

immediately be on guard if they notice something untoward. Anticipatory thinking doesn’t only 

involve problem detection but one of its greatest values is to provide an early warning system 

when we are about to run into trouble. We will sense that something doesn’t feel right, or that we 

need to be more vigilant. Greater experience and higher levels of expertise make it more likely 

that our anticipatory thinking will be accurate and successful. (We discuss anticipatory thinking 

in the context of recognitional decision making in a later section). They also carry a danger, 

namely overconfidence in our experience may lead us to make a diagnosis, but miss something 

new or novel that may be seen by the naïve observer. 

 

Trajectory Tracking  
 

Sometimes anticipatory thinking requires people to get ―ahead of the curve.‖ The curve is the 

trajectory of events, and getting ahead of the curve means preparing ourselves for how the events 

are unfolding and how long it will take us to react. It means noticing and extrapolating trends. 

But it also requires a functional perspective. Infants have trouble catching a ball that a parent 

rolls past them because they initiate their reaching response aimed at where the ball is. With age 

and practice they learn to reach where the ball will be by the time they can move their hand. 

Beach and Mitchell (1990) have highlighted trajectory tracking as the basis of their account of 

decision making. Again, anticipatory thinking here blends our assessment of external events with 

the preparations we make to handle these events.  

 

Trajectory tracking is different than pattern matching. It requires us to compare what is expected 

with what is observed. The process of tracking a trajectory and making comparisons is more 

difficult than directly associating a cue with a threatening outcome.  

 

This is one of the areas where we use narrative. By paying attention to the experiences of others, 

generally expressed through stories, we build additional patterns that we can use to govern our 

response to future events. Narrative is a fundamental mechanism for meaning making Kurtz and 

Snowden (2003) and is of particular use in trajectory tracking to understand the possible 

trajectories of other actors in the decision space. 

 

Convergence  
 

This type of anticipatory thinking requires us to see the connections between events. Instead of 

responding to a cue, as in pattern matching or to a trajectory, we also need to appreciate the 

implications of different events and their interdependencies. We notice an ―ominous 

intersection‖ of conditions, facts, and events. 
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Or, sometimes we don’t notice this ominous intersection. Snook (2002) has provided a variety of 

examples of inadequate anticipatory thinking in his analysis of the 1994 friendly fire incident in 

which two USAF F-15s shot down two U.S. Army Blackhawk helicopters over northern Iraq. 

The F-15s and the helicopters were the only aircraft in the area at the time, it was clear daylight, 

and both the F-15s and the helicopters were in communication with an AWACS (Airborne 

Warning and Control System) that served as an air traffic control tower in the sky.  

 

Because the primary mission of F-15s is air-to-air combat with enemy fighter jets, there was little 

expectation that they might be attacking helicopters. The F-15 pilots received brief training 

showing the profiles of Iraqi helicopters, but no one anticipated that the USAF pilots might have 

to visually distinguish friendly versus enemy helicopters. Therefore, the training didn’t address 

ways to tell Iraqi Hind helicopters apart from U.S. Army Black Hawk helicopters.  

 

Two years prior to the shoot down, the operational security specialists had instituted a procedural 

change in which U.S. aircraft taking off from Turkey would squawk one IFF (Identify Friend or 

Foe) code until they reached the Iraqi border and then switch to a different IFF code while they 

were flying over Iraq. No one anticipated that some pilots might fail to make this shift and would 

therefore be vulnerable to friendly fire. AWACS crews were not on the lookout for this kind of 

IFF error. As a result, no one noticed that the Army helicopters flying into Iraq were not 

switching IFF codes (because no one had ever notified the Army aviation community about the 

new IFF procedure). Consequently, during the shoot down incident the F-15 pilots found that the 

helicopters were not emitting the appropriate IFF code, indicating (incorrectly) that the 

helicopters were Iraqi. 

 

The Weapons Directors (WDs) on the AWACS were communicating with all the aircraft. The 

procedure was for an en route WD to track an aircraft through Turkey, and then transition the 

aircraft to a Tactical Area of Responsibility (TAOR) WD when it crossed into Iraq. These two 

WDs sat next to each other, to facilitate their coordination. However, on the day of the shoot 

down the radar console for the en route WD wasn’t working and he was shifted to an extra 

console, and away from the TAOR WD. No one anticipated how their separation might degrade 

their coordination. No one anticipated a need to ensure that they handed off aircraft moving 

between Iraq and Turkey. As a result, the TAOR WD was not tracking the helicopters as he 

communicated with the F-15s who informed him of their intent to shoot down two ―unknown‖ 

helicopters.  

 

Each of these examples contributed to the shoot down. Each of them represents a failure of 

convergent anticipatory thinking – a failure to appreciate how problems might arise in the future. 

  

Convergent thinking may require mindfulness. Langer (1989) and Weick, Sutcliffe, and Obstfeld 

(1999) have discussed the importance of mindfulness for skilled performance and safety. 

However, many times the relationships forge their own connection without being willed. 

Whether deliberate or unconscious, we need to notice inconsistencies.  

 

In addition to catching inconsistencies, the convergent form of anticipatory thinking is how we 

notice connections. In one high-level Marine Corps exercise (Klein, McCloskey, Phillips, & 
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Schmitt, 2000) the planners had not done a very thorough job and the exercise controllers 

decided to teach them a lesson. The plan left a very weak defense against an attack from the 

north so the controllers got ready to launch precisely this type of attack. They were gleefully 

awaiting the panicked response of the Marine unit they were going to punish. However, the 

Marines had augmented their staff with some experienced Colonels who had formerly been on 

active duty but now in the reserves. These Colonels had no real responsibilities. They didn’t 

report to anyone or have anyone report to them. So they could just wander around. One of them 

noted a situation report that an enemy mechanized brigade had just moved its position. That was 

odd – this unit only moved at night, and it was daytime. He wondered if it might be on an 

accelerated time schedule and was getting ready to attack. (The technician who noted this 

movement had no idea of its implications.) Checking further, the Colonel talked to the Senior 

Intelligence Watch Officer who was also suspicious, not because of any event but because of a 

non-event. The rate of enemy messages had suddenly declined. This looked like the enemy was 

maintaining radio silence. Based on these kinds of fragments, the Colonel sounded an alert and 

the unit rapidly generated a plan to counter the attack—just in time. The Colonel didn’t predict 

the enemy attack; he put together different cues and discovered a vulnerability in his unit’s 

defenses.  

 

Aspects of Anticipatory Thinking 
 

Anticipatory thinking is linked to most if not all of the macrocognitive functions and processes 

described by Klein. Ross, Moon, Klein, Hoffman, and Hollnagel (2003). It is part of decision 

making, particularly the generation of expectancies within accounts such as recognition-primed 

decisions (Klein, 1998). Anticipatory thinking also enables the decision maker to mentally 

simulate courses of action, and evaluate what sorts of problems they might lead to.  

 

As discussed earlier, anticipatory thinking is one type of sensemaking; explanation/diagnosis is 

the other type. Anticipatory thinking is essential to planning and replanning, for preparing to 

alter the direction taken. It is critical to coordination—effective teams need to have 

interpredictability so that team members successfully predict each other’s reactions and 

successfully anticipate how they will each react to unexpected events. At the level of team 

interactions team sensemaking depends on the coordination of anticipations. 

 

Anticipatory thinking is a form of problem detection. Klein et al. (2006) showed that problem 

detection is not simply accumulating discrepancies until some threshold is reached—in many 

cases it requires a re-framing of situational understanding in order to appreciate the significance 

of the evidence. That means shifting mental models and frames. Anticipatory thinking is also a 

form of mental simulation and the generation of expectancies. 

 

Anticipatory thinking is expressed through attention management as illustrated by the research 

on the eye movements of drivers. It forms the basis of common ground because without 

anticipatory thinking we couldn’t maintain dialogs and we couldn’t be surprised by the reactions 

of others. Surprise indicates that common ground has broken down and has to be repaired.  

 

Barriers to Anticipatory Thinking 
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Unhappily, the set of barriers that interfere with anticipatory thinking is fairly long. We may fall 

pretty to fixation/pattern entrainment (DeKeyser & Woods, 1993); we may use knowledge 

shields to explain away inconsistencies (Feltovich, Coulson, Spiro, & Adami, 1994); and we may 

be overconfidence in our own capabilities. On top of these we also have to contend with team 

and organization-level barriers: organizational policies that filter weak signals; perverse 

incentives; disconnects between the data collector and the data integrator; difficulties in directing 

someone else’s attention. Klein (2006) has described a variety of barriers to problem detection at 

the team/organizational level. 

 

We recently completed a pilot study to see if we could improve anticipatory thinking in small 

teams (Snowden, Klein, Chew, & Teh, 2007). Specifically, we wanted to overcome failures in 

anticipatory thinking resulting from attention entrainment/fixation/garden path thinking, 

dismissal of alarms raised by people noticing weak signals; confusions about mission intent. We 

primarily wanted to increase the likelihood of noticing and reacting to weak signals.  

 

The study used military and intelligence scenarios presented to seven small teams (n = 4-5 per 

team) of professionals working in related organizations in Singapore. Each scenario included 

weak signals – to determine if and when the team noticed these signals and their implications. At 

predetermined break points each team member wrote individual notes about what was 

happening. We also observed the team discussions.  

 

We examined a few techniques to improve performance such as having the team members 

examine attractors and barriers to their mission, a crystal ball method for considering alternative 

explanations for events, a ritualized dissent technique, and a prospective hindsight method. Data 

were collected using narrative capture as well as a method for calibrating situation awareness. 

 

A key finding is that at least one individual in every group did notice the weak signals and their 

implications and typically half the group noticed the weak signals, based on the individual notes. 

However, no team took these early signs seriously. Usually, they weren’t mentioned at all. If 

mentioned, they were dismissed. So the groups themselves did not ―consciously‖ pick up or act 

on those signals. Therefore, the challenge shifts from helping people recognize weak signals to 

helping their groups and organizations take advantage of the anticipatory thinking of individuals.  

 

Improving Anticipatory Thinking 
 

We structure this section by considering the ways that anticipatory thinking may break down and 

some kinds of interventions to reduce or avoid the breakdown. Some of the common breakdowns 

result from fixation, weak mental models, organizational barriers, automation, and perspective. 

 

The fixation problem has been amply demonstrated and discussed (e.g. DeKeyser et al., 1993; 

Feltovich et al., 1994; Lovallo & Kahneman, 2003; Rudolph, 2003) have suggested the value of 

an ―outside view,‖ using analogs to provide a reality check. Another approach is to bring in fresh 

eyes that have not yet been captured by the dominant interpretation of the situation. In contrast to 

a devil’s advocate, these fresh eyes bring with them authentic dissent.  

 

Weak mental models serve as a limiting factor for effective anticipatory thinking. One approach 

is to value and develop expertise. Klein et al. (2004; Klein & Baxter, 2006, submitted) has 
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described a range of techniques for speeding up the growth of expertise. Snowden (2000) has 

taken a different tack, exploring techniques for re-conceptualization using high abstraction 

languages or metaphor. For example, the attractors/barriers exercise seeks to strengthen 

anticipatory thinking by having people alter their perspectives of a situation. The ―future 

backward‖ technique appeared to increase the sophistication of lessons learned sessions. 

Organizations may try to slow down the rapid rotation assignments so that people can gain more 

experience. And that raises the question of how organizations support or impede anticipatory 

thinking. 

 

Organizational barriers can take two forms. Between-organization barriers impede the flow of 

ideas, interpretations and information; within-organization barriers discourage people from 

voicing unpopular concerns. One approach for reducing between-organization barriers is to set 

up liaison officers or units. However, this stop-gap method doesn’t overcome the problem that 

people’s primary allegiance is with their home organization, so that organizational rivalries still 

operate. Perhaps a more intense solution is to truly establish new units drawing from the rival 

groups (in order to use their networks and expertise) but with a unified hierarchical structure. 

Turning to within-organization barriers, methods such as the use of Devil’s Advocates don’t 

seem to work. Snowden et al. (2007) have explored different approaches to ritualized dissent in 

which the team members are expected to voice unpopular but sincere beliefs; teams using these 

approaches appeared to perform better. The PreMortem method (Klein, 1998) is another form of 

ritual dissent that has gathered at least anecdotal support. Another approach has been described 

by Weick, Sutcliffe, and Obstfeld (1999) who studied High Reliability Organizations and found 

that they took a mindful and active stance towards potential problems, compared to the mindless 

and dismissive attitude of companies and industries that tolerated higher accident rates. 

 

Complexity. Obviously, high degrees of complexity pose challenges to anticipatory thinking. 

Military organizations try to overcome complexity by structuring situations. The costs of this 

structuring process include a difficulty in seeing connections that cut across the boundaries and a 

vulnerability to situations that don’t fit the pre-existing structure.  

 

Automation. Can increase passivity, thereby interfering with the active mindset needed for 

anticipatory thinking. Cognitive Systems Engineering methods (e.g., Hollnagel & Woods, 1983; 

e.g., Rasmussen, Pejtersen, & Goodstein, 1994) have been developed to improve the design of 

information technologies so that they support anticipatory thinking. These methods are intended 

to ward off ―technophiliacs‖ and to maintain focus on strengthening and supporting the cognitive 

functions of the decision makers. 

 

Team coordination. Anticipatory thinking is essential to teams as well as for individuals. Klein et 

al. (2004) have discussed the importance of interpredictability for teams, and Serfaty et al. 

(1998) have described an anticipation ratio measuring a team’s implicit coordination in terms of 

the tendency to send messages before those messages were requested. To improve anticipatory 

thinking for teams we can use a ―see-attend-act‖ distinction. Someone on the team has to do the 

anticipatory thinking to become alert to a possible threat. The commander and other team 

members have to attend to the cues and the potential threat. And they have to prepare themselves 

to react.  
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Requirements for Anticipatory Thinking 

 

A number of the chapters in this volume illustrate the importance of anticipatory thinking. None 

of these chapters explicitly refers to anticipatory thinking, because it had not been previously 

identified as a macrocognitive function that is relevant to the Naturalistic Decision Making 

community. Nevertheless, the varieties of anticipatory thinking all seem to be relevant to the 

projects described by the chapters. 

  

Osland (Chapter 2) describes the challenges facing global leaders. These challenges, such as 

complexity, multiplicity, interdependence, ambiguity, flux, cultural variations, make anticipatory 

thinking extremely difficult but the nature of the job makes anticipatory thinking essential for 

global leaders. Similarly, Zimmerman, Sestokas, and Burns (Chapter 14) described a training 

program for Joint Forces Air Component Commanders (JFACCs) that should increase their 

anticipatory thinking. DiBello and Lehmann (Chapter 17) describe a knowledge elicitation 

instrument that differentiates business experts who can quickly learn to anticipate changes in 

projected sales and revenues from those who are slower to anticipate what is likely to happen in 

the next quarter. 

 

Several of the chapters addressed applications of cognitive systems engineering. Smith, Spencer 

and Billings (Chapter 9) describe the design of a work system to support adaptive decision 

making in the National Airspace System. The operators will have to cope with uncertainty about 

how a situation will develop and will have to explore and evaluate ―what-ifs‖ for alternative 

responses—requirements for anticipatory thinking. Yeoh, Mui and Leong (Chapter 13) described 

efforts to improve the decision making of battle commanders; these efforts should help 

commanders perform anticipatory thinking so as to avoid the kinds of breakdowns we discussed 

earlier in the case of the shoot down of the U.S. Army Black Hawk helicopters.  

 

Anticipatory thinking is critical for effective teamwork, as illustrated by Hutchins and Kendall 

(Chapter 5) in their analysis of team collaboration by firefighters, Aegis air warfare teams, 

maritime interdiction teams, and interagency teams. Perry and Wears (Chapter 4) assess large 

scale coordination within healthcare and the need that decision makers have to track 

expectancies and make accommodations on the fly. Strater and Cuevas (Chapter 10) examined 

the role of collaboration technologies for supporting ad hoc command and control teams – which 

face a more severe challenge in anticipatory thinking than intact teams. 

 

Anticipatory thinking is also useful for dealing with neutral or adversarial groups. Sieck, Grome, 

Smith, and Rababy (Chapter 7) studied the expertise needed to anticipate Middle Eastern crowd 

reactions. Thunholm (Chapter 8) contrasted military commanders with high or low experience in 

battle planning and decision making and found that one of the key demands was to anticipate 

what an adversary might do.  

 

Therefore, we find the requirement for anticipatory thinking embedded in a wide variety of the 

domains studied by NDM researchers. Hopefully, in the future it will be possible to harvest the 

discoveries made about anticipatory thinking in these different settings and for these different 

activities. 
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Conclusions 
 

Anticipatory thinking isn’t just another new term. It is a form of sensemaking, looking forward 

rather than retrospectively. It is different than prediction. While it intersects with virtually all of 

the macrocognitive functions (e.g., decision making, planning and coordination), it is different 

from each of these functions. It may operate in different ways than the explanatory forms of 

sensemaking. We believe that anticipatory thinking is critical to effective performance for 

individuals and for teams. This paper offers some initial thoughts about the nature of anticipatory 

thinking, and we hope these will stimulate additional investigation. 
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