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Citation:     Mandel, D. R. (2008, June). Judgment under uncertainty. Intelligence Analyst  Training Newsletter, 7‐9.    Judgment under Uncertainty  David R. Mandel*  Intelligence analysis may oftentimes be described as an exercise in making judgments  under conditions of uncertainty. It involves many of same aspects of judgment, broadly  construed, that have been studied for decades by experimental psychologists— hypothesis testing, causal inference and explanation, prediction, assessments of risk and  probability, and so on.     What has the behavioral science of human judgment revealed? First and foremost, it  has shown that humans systematically violate logical principles to which that most  theorists agree judgment ought to conform if they are to be regarded as coherent.  These systematic violations are called biases and they are usually attributed to the  informal strategies or rules of thinking that people follow, which theorists call heuristics.  The “heuristics and biases” approach, pioneered by Amos Tversky and Daniel  Kahneman, have revealed many fundamental insights about human judgment. One of  the best ways to learn about these insights is to test oneself on a sample of the same  types of problems that psychologists have devised to gain insight into the nature of  human judgment. Consider the following example adapted from Kahneman and Tversky  (1972):     Country X has two munitions factories. In the larger factory about 45  missiles are produced each week, and in the smaller factory about 15  missiles are produced each week. In any given year, about 50% of the  missiles produced at each factory are “A‐type” missiles and 50% are “B‐ type” missiles. The exact percentage of each type, however, varies from  week to week. Sometimes the percentage of A‐type missiles, which  happen to pose a greater threat, is more than 50% and sometimes it is  less than 50%. For a period of 1 year, a foreign spy agency recorded the  number of days on which more that 60% of the missiles produced in each  factory were of the A‐type. Which factory is likely to have had more such  days?   a. The larger factory  b. The smaller factory  c. About the same     



If you are like the majority of Kahneman and Tversky’s participants who responded to a  similar problem (different cover story but the same features), then you would have  answered “about the same” when, in fact, the correct answer is the smaller factory.  Why? Because the weekly output of smaller factory represents a smaller and, hence,  less reliable sample of the yearly output than that of the larger factory, it is likelier to  register more weeks in a given year in which the percentage of A‐type missiles is greater  than 60%. That is, it is more likely to deviate from the expected value of 50% because  the variance of its sampling distribution is larger than for the large factory. Most people  tend to neglect the sample sizes of the two factories. Instead, they judge on the basis of  how representative each factory is of the country’s overall missile production. Because  they both produce about 50% of A‐type missiles in a year, they appear equally likely to  deviate from that distribution.     Use of this “representativeness heuristic” for assessing the probabilities of events or  event sequences can also help explain why people misperceive the relative likelihood of  short‐run chance sequences. For instance, assuming that the probability of male (M)  and female (F) births is roughly equal (p ≈ .5 in each case) and that the determination of  each birth is independent of other births, people tend to find the sequence of births  FMFMMF to be more likely than the sequence MFMMMM, despite their roughly equal  probability (Kahneman & Tversky, 1972). Indeed, the sequence FMMFMF is viewed as  more likely than the sequence MMMFFF, despite the equal number of males and female  births in each. These misperceptions of chance appear to be due to the widespread  belief that local sequences will represent the long‐run sequences from which they are  drawn. Thus, sequences that match the proportion of males to females in the  population are seen as more probable. Likewise, those that seem to alternate in an  apparently random manner are also viewed as more likely. In fact, however, people  overestimate the number of alternations in random sequences because they mistakenly  believe that chance is a self‐correcting process. This type of erroneous thinking is  believed to underlie the gambler’s fallacy—namely, the gambler’s tendency to believe  that after a losing streak a win is “due.” As most learn the hard way, this isn’t so.     The tendency to judge probability on the basis of representativeness can also bias  probability assessments by detracting attention from relevant statistical information  even when other qualitative sources of information are entirely non‐diagnostic.  Consider the following thumbnail description drawn at random from a sample of 70  engineers and 30 lawyers:     Dick is a 30 year‐old man. He is married with no children. A man of high  ability and motivation, he promises to be quite successful in his field. He  is well liked by his colleagues.     When asked how likely is it that Dick is an engineer (or in another experimental  condition, a lawyer), the average response was a 50% chance, regardless of whether the  base rate of engineers was 30% or 70% (Kahneman & Tversky, 1973). However, when 



the non‐diagnostic description was omitted, average responses correctly approximated  the base rates. That is, participants estimated that there was about a 70% chance that  Dick was an engineer (or a 30% chance that he was a lawyer). Evidently, the irrelevant  information presented in the thumbnail sketch led people to disregard the relevant base  rates and, instead, assume that the chances were fifty‐fifty. Individuating information,  such as descriptively rich personality profiles, tend to be much more salient than  numbers such as base rates or prior probabilities. They can, therefore, compete with  less salient but relevant pieces of information for an analyst’s attention. As well, it may  be easier to formulate causal explanations using individuating information—even when  it is non‐diagnostic—than using base rates or other quantitative estimates. Given that  people prefer to give and receive explanations that have a causal narrative structure,  people (including analysts) may be prone to giving more weight than deserved to  information that lends itself easily to a causal narrative.      As a final example, consider Kahneman and Tversky’s (1982) “Linda problem.”  Participants were asked to read the following sketch of a woman named Linda:     Linda is 31 years old, single, outspoken, and very bright. She majored in  philosophy. As a student she was deeply concerned with issues of  discrimination and social justice, and also participated in anti‐nuclear  demonstrations.     [Note that this study was conducted about 3 decades ago when references to  anti‐nuclear demonstrations would have been normal]    In one variant of the task, participants were asked to indicate which of two statements  was more probable:     a. Linda is a bank teller.  b. Linda is a bank teller and active in the feminist movement.     About 85% of statistically naive participants and about 50% of participants trained in  statistics incorrectly chose the second option as the more likely of the two, presumably  because of the personality sketch was more representative of a feminist who happened  to be a bank teller than of a woman who was merely a bank teller. In fact, however,  since the set of bank tellers includes the subset of feminist bank tellers, the conjunction  selected by the majority of participants has to be equally or less probable than one of its  constituent elements. This requirement of extension logic is known as the conjunction  rule:     P(A and B) ≤ P(B).    And, the tendency for people to violate it when individuating information leads them to  think that the conjunction (namely, bank teller AND feminist) is more probable than one 



of its constituents (namely, bank teller) is known as the conjunction fallacy. The  tendency of statistical trained participants to commit the conjunction fallacy was even  greater when the relevant statements were embedded within a list of eight statements  and each had to be assessed in terms of its probability. In that variant of the task, over  80% of both trained and untrained participants committed the conjunction fallacy,  assigning higher probabilities to the feminist bank‐teller conjunction than the bank‐ teller description alone. Apparently, individuating information can not only lead people  to disregard less salient but diagnostic information such as base rates, it can also lead  people to disregard logical requirements of reasoning at the expense of coherent  judgment.     I have highlighted here just a few of the ways in which judging on the basis of  representativeness can bias people’s judgments. The representativeness heuristic,  moreover, is just one of many heuristics that people use to make judgments, each of  which can lead to a variety of systematic errors in human judgment.     If you would like to learn more about the science of judgment under conditions of  uncertainty, then consider register for a one‐day seminar on the topic that will be held  in Ottawa on June 23. For more information, please contact....     References    Kahneman, D., & Tversky, A. (1973). On the psychology of prediction. Psychological  Review, 80, 237‐251.    Kahneman, D., & Tversky, A. (1982). On the study of statistical intuitions. In D.  Kahneman, P. Slovic, & A. Tversky (Eds.), Judgment under uncertainty: heuristics and  biases (pp. 493‐508). Cambridge: Cambridge University Press.     Kahneman, D., & Tversky, A. (1972). Subjective probability: a judgment of  representativeness. Cognitive Psychology, 3, 430‐454. 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 Risk, and 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