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Abstract 1 

Critical thinking classes are ubiquitous in U.S. college curricula. One of their aims is to teach 2 

good reasoning skills. To date, there is little systematic evidence that they do this. We report the 3 

results of a field experiment (N =397) that compared undergraduate critical thinking classes 4 

taught in a philosophy department to other undergraduate philosophy classes. The results 5 

suggest that an appropriately designed critical thinking class can dramatically reduce 4 common 6 

biases in judgment and decision making: honoring sunk costs, inferring causation from 7 

correlation, ignoring regression to the mean, and overlooking opportunity costs. The size of the 8 

debiasing effects were substantial (Cohen’s d > 0.80) and persisted at least 16 months after the 9 

class ended.  10 

Keywords: decision making, biases, debiasing, critical thinking  11 

Public significance statement 12 

We provide evidence that an appropriately designed college critical thinking class can 13 

dramatically reduce some decision making biases. The reductions in biases were large and 14 

persisted at least 16 months after the end of the class.  15 

  16 
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Critical Thinking Classes Can Reduce Common Biases: Results from a Field Experiment 1 

1.0 Introduction 2 

Debiasing interventions are not always effective, and when they are, their effects can be 3 

short-lived and modest in magnitude (Aczel et al., 2015). We report here on a training program 4 

that aimed to reduce biases that violate the following five commonly accepted reasoning rules.  5 

The causal rule: Don’t use only correlational data and no additional assumptions or 6 

evidence to infer causal relations (Seifert et al., 2022)  7 

The regression rule: For events that have a central tendency, don’t ignore the fact that 8 

extreme events tend to be followed by less extreme (more average or typical) events 9 

(Fong et al., 1986).  10 

The sunk cost rule: Unrecoverable costs (e.g., time, money, effort) cannot be a 11 

consideration that favors one course of action over another (Frederick et al., 2009).  12 

The opportunity cost rule: When reflecting on a course of action, don’t ignore opportunity 13 

costs (the costs of not pursuing the best alternative) (Frederick et al. 2009,).  14 

The Gambler’s Fallacy rule: When statistically independent events occur more (or less) 15 

often than expected, don’t assume that they will compensate by thereafter occurring less 16 

(or more) often (Rogers, 1998).  17 

The training program was a naturally occurring, though intentionally designed, critical 18 

thinking class taught in a philosophy department at a major state university. Training proceeded 19 

in two phases. Students were introduced to a normatively correct reasoning rule in a context in 20 

which they were inclined to apply the rule and commit to its correctness (i.e., the commitment 21 

phase of training). For the rest of the semester, students were given many opportunities to apply 22 

that rule in contexts where they were less likely to apply it correctly (i.e., the recognition phase 23 

of training). When contrasted with students who took philosophy classes that did not include this 24 

training, those with training had on average smaller biases for every rule except the Gambler’s 25 

Fallacy. While the training program ran for an extended period of time (1 semester), the size of 26 
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the reduction in those biases was substantial and persistent (Cohen’s ds greater than 0.80 1 

lasting up to 16 months after the training ended). This work represents the first systematic 2 

evidence that training in a critical thinking class can reduce some common biases. In the 4 3 

cases in which training was successful, the effects were larger and more enduring than those 4 

typically found in the debiasing literature.  5 

1.1 Biases and interventions 6 

 Biases in judgment and decision making can be defined as judgment and decision 7 

making tendencies. Understood in this way, biases do not necessarily lead to errors (Cokely et 8 

al., 2018). For example, John may have a bias, a decision making tendency, to decide to drive 9 

on the right side of the street. Only sometimes is that going to be an error (e.g., in some parts of 10 

England). Nonetheless, biases are often associated with error (Larrick, 2004). Error can be 11 

described as a discrepancy between how people make judgments and decisions (i.e., 12 

descriptive models) and how they ought to make judgments and decisions (i.e., normative 13 

models) (Baron, 2004). Consider, for example, the bias of honoring sunk costs (Arkes & Blumer, 14 

1985). Sunk costs are costs (e.g., time, money, effort) that have already been accrued and for 15 

which there is no hope of future recovery. Standard normative models (e.g., maximizing 16 

expected value or utility) imply that those costs should not factor into decisions about the future, 17 

even if doing so should turn out to be adaptive by, say, reducing cognitive dissonance (Eswaran 18 

& Neary, 2016). To illustrate, suppose Sam has already spent $200 on Program A with no hope 19 

of getting that $200 back. Sam can now switch to Program B, whose expected future return is 20 

$100 greater than that of Program A. It seems that the right decision is to switch to Program B 21 

since it promises a better return. However, some people honor the $200 sunk cost and decide to 22 

stay with Program A, thus making what appears to be a sub-optimal decision not in accordance 23 

with some normative standards (e.g., maximizing expected value). Not only do biases 24 

sometimes lead to error, they sometimes lead to costly error (Bishop & Trout, 2004). The 25 
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negative effects of biases can include poorer outcomes for medical decisions (Galesic et al., 1 

2009) and forgoing beneficial opportunities involving natural resources (Tanner & Feltz, 2022). 2 

Many attempts have been made to develop interventions that reduce or eliminate biases 3 

in judgment and decision making. Reviews of attempts to reduce or eliminate some biases 4 

suggest that most interventions have had limited success (e.g., Larrick (2004) and Soll et al. 5 

(2015)). When training succeeds in reducing a bias, the reduction appears to be fairly modest in 6 

magnitude and duration. For example, training has been shown to bring about short-term 7 

reductions (typically a matter of a few weeks) in honoring sunk costs (Cho et al., n.d.; 8 

Hafenbrack et al., 2014; Larrick et al., 1990; Tan & Yates, 1995) and applying the law of small 9 

numbers (Fong & Nisbett, 1991; Kosonen & Winne, 1995; Schaller et al., 1996). Our sense is 10 

that these studies are fairly representative of published studies that report on the successful 11 

reduction or elimination of certain biases. The successful debiasing strategies’ effects are 12 

usually equivalent to a Cohen’s d of about 0.5, and they are usually measured no more than a 13 

few weeks after the intervention. There are outliers, of course. For example, Morewedge et al. 14 

(2015) used videos targeting several biases (i.e., bias blind spot, confirmation bias, fundamental 15 

attribution error, anchoring, representativeness, and social projection) and reported sizable 16 

effects (Cohen’s d > 1) that held 2 months later.  17 

 Our focus is on strategy-based biases, biases that involve a person using a suboptimal 18 

reasoning rule (see Arkes (1991) for fuller discussion). These biases are often contrasted with 19 

association-based biases (e.g., biases arising from stereotypes) and psychophysical-based 20 

biases (e.g., illusions). We employed a cognitive debiasing intervention, an intervention that 21 

aims to change individual reasoners so that they use rules that approximate some normative 22 

standard for making judgments or decisions (Larrick 2004, Soll et al. 2015). Cognitive debiasing 23 

interventions are sometimes contrasted with technological interventions that attempt to change 24 

the reasoner’s decision making environment, e.g., nudges (Thaler & Sunstein, 2008). 25 
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Research suggests that cognitive debiasing interventions can be effective (Morewedge 1 

et al., 2015; Soll et al., 2015). To illustrate, training in some disciplines tends to reduce certain 2 

decision making biases. Training in economics tends to reduce the sunk cost bias (Larrick et al., 3 

1990, 1993). Advanced undergraduate psychology students tend to reason better about 4 

statistical problems than non-psychology students (Nisbett et al., 1987). Research suggests that 5 

there are factors that tend to make cognitive debiasing interventions more effective. Training 6 

tends to be more effective when the rules are simple (such as “Do not honor sunk costs”) rather 7 

than computationally complex (such as Bayes theorem), when reasoners find the rules at least 8 

somewhat familiar, when rules are specific and involve concrete examples, and when training 9 

includes ample opportunity for practice and feedback (Morewedge et al., 2015).  10 

There is some evidence that training in philosophy can reduce some biases (Halpern, 11 

1993; Saarinen, 2015). One study suggests that philosophy graduate students can weigh 12 

evidence and evaluate arguments more effectively than graduate students in some other fields 13 

(Kuhn, 1991). Compared to students who major in other fields, philosophy majors tend to do 14 

well on the Cognitive Reflection Task (Cokely & Feltz, 2009; Livengood et al., 2010; 15 

Nieswiadomy, 2009). The CRT is a measure of one’s cognitive reflectivity like one’s tendency to 16 

not go with gut reactions (Baron et al., 2015; Frederick, 2005). Given the possibility of selection 17 

effects, it is difficult to interpret correlational studies. Perhaps those who choose to study 18 

philosophy tend to be less biased, more reflective, and more likely to do well on standardized 19 

tests; and so perhaps the activity of studying philosophy does nothing to change these built-in 20 

factors. There is, however, a controlled study that shows that taking a philosophy course rather 21 

than a non-philosophy course leads students to be more cognitively reflective and less likely to 22 

rely on intuition (Oktar et al., 2023). Suppose some biases are caused by intuitive (e.g., System 23 

1) reasoning (Soll et al., 2015). If training in philosophy reduces reliance on intuition, then 24 

perhaps training in philosophy can reduce some biases as well (Prinzing & Vazquez, 2025). 25 

There is even some evidence that philosophy training can improve some kinds of reasoning in 26 
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children (e.g., deductive reasoning (García-Moriyón et al., 2005; Kilby, 2025; Wei & Chen, 1 

2025). To be sure, there is evidence that points in the opposite direction. There are studies that 2 

suggest that professional philosophers display similar biases as non-philosophers (Schulz et al., 3 

2011; Schwitzgebel & Cushman, 2015)).  4 

On balance, the overall weight of the available evidence suggests that a cognitive 5 

debiasing intervention that involves philosophical training might be effective at reducing or 6 

eliminating some biases. If so, then perhaps a philosophy class that aims to train students to be 7 

good reasoners can be effective at reducing some biases. Critical thinking classes are common 8 

in philosophy curricula in the United States. To date, there is little systematic evidence that 9 

critical thinking classes can reduce biases in students (Ennis, 1989; Pithers & Soden, 2000; 10 

Willingham, 2008). Our goal is to test whether a critical thinking class can reduce some biases if 11 

it abides by the general guidelines (mentioned above) for effective cognitive bias interventions: 12 

teach simple rules students find familiar, use concrete examples, and give students plenty of 13 

practice and feedback (Morewedge et al., 2015).  14 

1.2 The Training Plan 15 

We selected a handful of commonly identified biases and directly tested if training in a 16 

critical thinking class could reduce or eliminate those biases. Our intervention aimed at training 17 

students to use the following 5 rules, each of which is associated with a bias: the causal rule, 18 

the regression rule, the sunk cost rule, the opportunity cost rule, and the Gambler’s Fallacy rule. 19 

These rules are good candidates for training because they are simple, specific, likely to be 20 

somewhat familiar to participants, and they afford many concrete examples where feedback is 21 

easy to give and understand. We chose to target these specific rules for two reasons. First, we 22 

suspect that people violate them with some regularity in everyday life. Second, assessing 23 

whether someone violates these rules is a straightforward matter. This is because each target 24 

rule is a proscription: it forbids (or proscribes) drawing a conclusion from certain kinds of 25 

evidence. Thus, a reasoner who draws conclusion from those kinds of evidence violates the 26 
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rule. The causal rule forbids deriving causal conclusions from correlations. The regression rule 1 

forbids deriving a causal conclusion when regression to the mean is an alternative explanation. 2 

The sunk cost rule forbids using a particular sort of consideration (a sunk cost) as a reason to 3 

pursue a course of action. The opportunity cost rule can be understood as a pair of 4 

proscriptions. One proscribes pursuing a course of action merely because its expected 5 

consequence is a net benefit (because there might be a clearly better alternative), and another 6 

proscribes rejecting a course of action merely because its expected consequence is a net cost 7 

(because there might be no better alternative). And finally, the Gambler’s Fallacy rule forbids 8 

treating events that are statistically independent as if they were statistically dependent.1  9 

 Training proceeded on the assumption that participants sometimes correctly apply the 10 

five target rules outside of the classroom. The goal was to train them to always apply the target 11 

rules correctly outside of the classroom. Training proceeded in two steps (see Tan & Yates 12 

(1995) for a similar discussion). The commitment step leveraged a student’s tendency to 13 

sometimes apply the target rule into an explicit commitment to that rule. Students are introduced 14 

to “easy” cases – cases to which most students are naturally inclined to apply the target rule – 15 

and then are invited to explicitly commit to the rule. For example, the causal rule might be 16 

introduced with a case in which a person concludes that eating chocolate causes acne based 17 

on a correlation between eating a candy bar one day and developing acne the next. Most 18 

students judge that the correlation does not support the causal conclusion—and those who 19 

don’t are quickly convinced by their peers. Once students commit to a rule, they are provided 20 

 
1 Even though these rules of thought are normative, their application can sometimes be 

impractical. For example, one might violate the opportunity cost principle (as here described) by 

not weighing the options when a problem isn’t particularly significant (e.g., choosing a pair of 

socks to wear to the gym) or when resources are limited (e.g., deciding whether to jump right or 

left to get out of the way of the oncoming train). Despite these practical difficulties, some 

everyday reasoning problems do call for the application of these rules. When reflective 

deliberation on a problem is called for, we follow many other scholars in taking the above five 

rules of thought to be normative.  
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with easier to remember axioms that capture the rule’s essential idea. Causal rule: Causal 1 

arguments have holes if they don’t have controls; Regression rule: If something impresses, it 2 

probably regresses; Sunk cost rule: Wasted money and time can vex if you let ‘em, but when 3 

making decisions it’s best to forget ‘em; Opportunity Cost rule: If an option’s imperative, you 4 

have reasons comparative; Gambler’s Fallacy rule: You should guess runs regress but doubt 5 

they even out.  6 

This same technique is used for each rule. For example, the regression rule might be 7 

introduced by asking students to explain why very tall teens tend to have shorter best friends; 8 

the opportunity cost rule might be introduced with a case in which a person is given the 9 

opportunity to choose one of 3 envelopes, opens the first, finds that it has $5 in it, and then 10 

chooses it without bothering to look inside the other two; the sunk cost rule might be introduced 11 

with case in which a young person decides to stay in a failing relationship because of all the 12 

effort they’ve invested in the relationship; and the Gambler’s Fallacy rule might be introduced 13 

with a fair coin-flipping case. By starting with easy cases, it is usually possible, perhaps with 14 

some prompting, to get the students themselves to introduce, describe, and defend the target 15 

rule. In our experience teaching thousands of students, we have never had a student publicly 16 

refuse to commit to the target rules in the commitment phase of training.  17 

The second and final step of training, the recognition step, lasts for the rest of the 18 

semester. The goal is to leverage the students’ commitment to the target rule into a robust ability 19 

to always recognize when to apply it (see for a similar training approach Aczel et. al. (2015)). 20 

This is done by presenting students with many reasoning opportunities that call for the rule’s 21 

application, including many “hard” cases – cases to which many students are not naturally 22 

inclined to apply the target rule.2 Consider two opportunities for applying the causal rule: 23 

 
2 These opportunities are given continually over the course of training, even as other rules are 
introduced. In other words, practice problems are interleaved rather than blocked (that is, 
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evaluating the effectiveness of capital punishment and the effectiveness of an exercise training 1 

regimen. On the one hand, someone who correctly applies the causal rule will see past the 2 

disparate content and recognize that both problems call for the application of the causal rule. 3 

Someone who does not correctly apply the causal rule, on the other hand, might not recognize 4 

the underlying structural similarities of the two problems, and so might settle the capital 5 

punishment issue on ideological grounds and the exercise issue on personal, anecdotal 6 

experience. When students fail to apply a target rule, they are gently reminded of their previous 7 

commitment to the rule. This can often be done by appealing to the easy cases as analogies 8 

(e.g., “Isn’t this like the 3 envelope problem?”). Students know they must apply the target rules 9 

on quizzes and tests. But in training, students are given the opportunity to resolve for 10 

themselves the apparent inconsistency between their (often public and confident) commitment 11 

to the rule and their failure to apply the rule to the case at hand. They admit (often with some 12 

chagrin) that they have committed a reasoning error on the case at hand. For the rest of the 13 

semester, students are constantly given the opportunity to apply the rule to a wide variety of  14 

cases.  15 

Our hypothesis is that training will facilitate proper use of each of the five target rules. To 16 

test this hypothesis, we compared the reasoning performance of students enrolled in parallel 17 

philosophy courses. Students in the training condition were enrolled in a critical thinking course 18 

housed in a philosophy department that explicitly taught the five target rules (in addition to a 19 

range of other rules and concepts). Students in the control condition were enrolled in other 20 

introductory philosophy courses during the same semester at the same university. None of the 21 

control courses explicitly taught any of the five target rules. Participants completed a reasoning 22 

survey at the beginning of the semester (pre-test) and the same survey at the end of the 23 

 
problems that call for the application of, say, the sunk cost rule are not presented all at once, but 
are mixed with problems that call for the application of other rules). 
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semester (post-test). Sixteen months after the end of the semester, participants were invited to 1 

complete a survey consisting of questions that were different than the questions used in the pre-2 

test and post-test (16 month post-test). Our research questions were: (1) Would the training 3 

group demonstrate significant improved performance compared to the control group’s? (2) 4 

Would this improved performance persist for 16-months on a survey consisting of different 5 

questions testing the same reasoning rules?  6 

In a study not reported here (but full details, data, and analyses are available on this 7 

project’s OSF page (Bishop, Feltz, & Conway, 2025)), we found evidence that suggested the 8 

answers to those two research questions were ‘yes’. In that study, the sample consisted of a 9 

training group comprised of 147 students in a Critical Thinking class and 248 students that 10 

constituted the control group from two Introduction to Philosophy classes and a Moral Problems 11 

class. All participants were tested on their reasoning about the causal rule, regression rule, sunk 12 

cost rule, opportunity cost rule, and Gambler’s Fallacy rule. Performance on applying these 13 

rules was measured using a single survey at the beginning of the semester, at the end of the 14 

semester, and 17 weeks after the semester, and then with a survey 19 weeks after the end of 15 

the semester that used different materials to test the same reasoning rules. For all the rules 16 

except for the Gambler’s Fallacy rule, participants in the training group gave more correct 17 

responses compared to those in the control group in each post-test. In other words, the effect 18 

persisted to 19 weeks after the class was over. However, this study did not include an important 19 

control (i.e., the possibility that trained students merely became more skeptical) that the study 20 

we report below does. Given how similar the results were in the two studies, for the sake of 21 

brevity we only report on the study that included the skepticism checks.  22 

1.3 Transparency and Openness 23 

We have posted all measures, datasets, and analyses on this project’s OSF page: 24 

https://osf.io/syxr9/ (Bishop, Feltz, & Conway, 2025). The /The study was not pre-registered 25 

registered 26 

https://osf.io/syxr9/
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2.0 Experiment  1 

2.1 Method  2 

2.1.1 Participants  3 

We recruited 397 students from five introductory-level philosophy classes who 4 

completed both the pre-test and post-test. We recruited 113 participants in the training condition 5 

split across two classrooms (56 and 57 in two critical thinking courses), and 284 students in the 6 

control condition, split across three classrooms (79 and 98 in two Introduction to Philosophy 7 

courses, and 107 in a Moral Problems course).  8 

Sixteen months later, we invited all participants by email to answer questions testing the 9 

same biases but with different materials than those used in the pre-test and post-test (see the 10 

Appendix). 94 completed the 16-month follow-up (23.7% completion rate, 28 training and 66 11 

control condition).We unfortunately only assessed demographics at the 16-month follow up. This 12 

sample consisted of 59 females and 35 males, Mage = 20.49 years, SD = .86. 67 people 13 

identified as Caucasian, 12 as Hispanic, 9 as Black, 3 as Asian, 1 as Aboriginal, and 1 mixed.  14 

2.1.2 Methods and Procedure  15 

Participants responded to materials assessing the five biases at the beginning of the 16 

semester (pre-test), at the end of the semester (post-test),) and then one more time, using 17 

different materials evaluating the application of the reasoning rules, 16 months after the end of 18 

training (16 month post-test). All materials were delivered online, and participants who 19 

completed the 16 month post-test were compensated with a $10 gift certificate. 20 

Participants were given 5 scenarios describing a situation where a “statement of facts” 21 

does not provide much, or any, support for a conclusion. For example, the causal rule was 22 

tested in the pre-test and post-test (but not the 16 month post-test) using the following scenario.  23 

Statement of Facts: The Anti-Crime Law reformed Moldova's social and judicial 24 

policies. The goal of the law was to reduce crime. In the two years following the 25 

enactment of the law, the crime rate in Moldova dropped by 3%. 26 



CRITICAL THINKING CLASSES CAN DEBIAS  
 

13 
 

13 

Conclusion: The Moldovan Anti-Crime Law was an effective deterrent: It reduced crime. 1 

The statement of facts gives us ______________ to accept the conclusion. 2 

Participants were asked to fill in the blank by responding on a 7 point Likert-scale where 1 = no 3 

reason, 4 = moderate reason, and 7 = very strong reason. Full materials and instructions for 4 

each of the rules for the pre-test/post-test and 16 month post-test are in the Appendix.  5 

 We also included two scenarios in which no rules taught during training were violated. 6 

The point of these skepticism checks was to help determine if participants in the training group 7 

became better at applying the rules specifically or if they simply became more skeptical of all 8 

reasons to believe a conclusion or of all reasons to believe a conclusion presented in this format 9 

(i.e., statement of facts—conclusion format). One skepticism check was an argument to a 10 

causal conclusion, and the second was an argument in support of a course of action (see 11 

Appendix). Participants responded to these two skepticism check scenarios using the same 12 

Likert scale that was used in the reasoning rules scenarios.  13 

The normative answer to the rule violation questions was that the statement of facts 14 

gave no reason (the sunk cost and Gambler’s Fallacy questions) or at best a weak reason (the 15 

causal, opportunity cost, and regression questions) to accept the conclusion. The normative 16 

answer for the skepticism check questions was that the statement of facts gave at least 17 

moderate reason to accept the conclusion.  18 

We employed a 2 (reasoning training: experimental versus control, between-subjects) × 19 

3 (pre-test v post-test v 16 month post-test) mixed-model design. We had reason to think that 20 

there would be a significant interaction, such that performance on rule-violation items in the 21 

training and control groups would be similar at the pre-test, significantly improve for the training 22 

but not control group at the post-test, and this improvement in performance would remain 23 

significant at the 16 month post-test.  24 

We also had reason to think that after training, at the post-test and 16 month post-test, 25 

the training group would be significantly more skeptical of the rule-violation items than of the 26 
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skepticism check items. We had no reason to think that performance on the skepticism check 1 

items would change over time or that the control group would evince higher skepticism for the 2 

rule-violation than the skepticism check items, as they had no training to support differentiating 3 

them. As sample size diminished with each wave of data collection, we report key results from 4 

those who completed the pre-test and post-test, and then again at all three timepoints. 5 

2.2 Results  6 

 We conducted a series of mixed-model ANOVAs. One series was on each of the five 7 

reasoning rules in the pre-test and post-test. The second series was on the five reasoning rules 8 

for those who completed the pre-test, post-test, and 16 month post-test. We also performed the 9 

same analyses on the 2 skepticism checks. Means, standard deviations, and tests for the 10 

interaction of time and training/control are reported in Tables 1 and 2. Fuller analyses are in this 11 

project’s OSF page (Bishop, Feltz, & Conway, 2025).   12 

Table 1. Means, standard deviations, and mixed-model ANOVAs for the pre-test, post-13 
test.  14 

 15 

Rule Condition Pre-test 

M SD 

Post-test M, 

SD 

df F p Cohen’s 

d 

Causal  Training 4.34, 1.50 2.73, 1.54 395 81.94 < .001 0.91 

Control 4.54, 1.39 4.65, 1.47     

Regression  Training 4.52, 1.64 2.04, 1.32 395 199.23 < .001 1.42 

Control 4.74, 1.50 4.96, 1.44     

Sunk Cost Training 5.37, 1.76 1.41, 1.07 395 399.27 < .001 2.01 

Control 5.53, 1.61 5.55, 1.61     

Opportunity 

Cost  

Training 5.38, 2.01 2.24, 1.74 395 180.58 < .001 1.35 

Control 5.38, 1.94 5.65, 1.71     

Training 2.19, 1.65 2.15, 1.75 395 6.60 .07 0.18 
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Gambler’s 

Fallacy 

Control 2.30, 1.47 2.66, 1.82     

Casual 

Skepticism 

Training 4.21, 1.59 3.97, 1.71 395 2.33 .13 0.15 

Control 4.15, 1.48 4.24, 1.39     

Opportunity 

Cost 

Skepticism 

Training 6.10, 1.54 5.88, 1.70 395 0.68 0.41 0.08 

Control 6.17, 1.38 6.12, 1.41     

 1 

  2 
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Table 2. Means, standard deviations, and mixed-model ANOVAs for the pre-test, 16 month post-test.  1 
 2 

Rule Condition Pre-test M, SD Post-test M, SD 16 month Post-test 

M, SD 

df F p Cohen’s d 

Causal  Training 4.54, 1.69 2.32, 1.28 3.39, 1.81 91 15.83 < .001 0.83 

Control 4.32, 1.50 4.26, 1.52 4.98, 1.57     

Regression  Training 4.75, 1.84 2.04, 1.50 3.18, 1.85 91 20.99 <.001 0.96 

Control 4.75, 1.53 4.86, 1.53 4.25, 1.60     

Sunk Cost  Training 4.79. 2.18 1.54, 1.29 1.86, 1.48 91 22.37 < .001 1.00 

Control 5.59, 1.71 5.38, 1.68 4.17, 1.85     

Opportunity Cost  Training 5.50, 1.77 2.39, 1.79 2.32, 1.59 91 25.43 < .001 1.06 

Control 5.29, 1.98 5.45, 2.04 4.95, 1.78     

Gambler’s 

Fallacy 

Training 1.96, 1.48 1.93, 1.70 1.86, 1.76 91 0.54 .58 0.15 

Control 2.18, 1.50 2.35, 1.74 2.52, 1.85     

Causal 

Skepticism 

Training 4.14, 1.08 3.79, 1.62 3.68, 1.56 91 0.71 .49 0.18 

Control 4.11, 1.52 3.86, 1.49 4.17, 1.60     

Opportunity Cost 

Skepticism 

Training 5.89, 1.83 6.57, 0.79 5.57, 1.67 91 4.23 .02 0.41 

Control 6.24, 1.24 6.15, 1.30 6.27, 1.10     

3 
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Figure 1  1 

Violin and Box Plots of the 7 scenarios we used. The line inside the box represents the median, the box 2 

represents the interquartile range from 25%-75% without outliers shown. The whiskers extend to the 3 

most extreme data point within 1.5 times the interquartile range. The width of the violin represents the 4 

density of responses.  5 

 6 

 7 

Figure 2  8 
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Mean performance at the three measurement points for the Control and Training groups for 1 

each individual reasoning rule in Experiment 2. Error bars are the 95% confidence interval.  2 

Grey = control group, black = training group.  3 

 4 

 5 

3.0  Discussion 6 

Participants were given a reasoning test at the beginning of the semester (pre-test) and 7 

again at the end of the semester (post-test) that assessed whether they violated the five target 8 

rules. On the pre-tests, participants in training and control conditions scored similarly and poorly. 9 

On the post-tests, participants in the control conditions continued to score poorly, while 10 



CRITICAL THINKING CLASSES CAN DEBIAS  
 

19 
 

19 

participants in the training conditions demonstrated large improvements in reasoning 1 

performance on four of the five rules. The lone exception was with the Gambler’s Fallacy rule. 2 

For that rule, the results were non-significant. However, given the apparent floor effect, there 3 

was not as much room for those participants to improve. Given that restriction in range, perhaps 4 

the results for the Gambler’s Fallacy rule were in line with our data. The performance in the 5 

training condition for the Gambler’s Fallacy remained stable, high, and similar to the results in 6 

the training group for the other reasoning rules. There was a non-significant numerical shift for 7 

the control group suggesting increased tendency to think that the evidence in the Gambler’s 8 

Fallacy scenarios gave good reason to accept the conclusion from pre-test to post-test.  9 

Participants were then given delayed tests using different materials to evaluate 10 

reasoning on the same five rules 16 months after the semester ended. On the 16 month post-11 

test, participants in the control condition did not improve, while participants in the training 12 

conditions retained their improvements in reasoning performance on four of the five rules (with, 13 

again, the Gambler’s Fallacy rule returning non-significant results). These effects were not likely 14 

the result of participants becoming more skeptical overall. On tasks that provided good reason 15 

to accept a conclusion, reasoning did not significantly change before and after receiving the 16 

debiasing training except for a slight shift on the opportunity cost skepticism check scenario for 17 

those who completed the pre-test, post-test, and 16 month post-test. As such, the training 18 

appeared to specifically target and correct instances of poor reasoning.  19 

To help contextualize these effects, for each of the individual biases we evaluated, not 20 

counting the Gambler’s Fallacy, the intervention used here was more effective at reducing these 21 

biases than some other interventions that aimed to reduce these same biases. For example, in 22 

a study that provided instruction to psychology undergraduates on how to use causal diagrams, 23 

participants showed no significant improvement in a pre-post test evaluation of whether a 24 

correlation supports a causal claim (Cohens’ d =  0.05) and only modest improvement after 1 25 

week (Cohen’s d = 0.33) (Seifert et al., 2022). Another study sought to train students in an 26 
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introductory psychology class (with a focus on science literacy) to distinguish causal statements 1 

from correlational statements. At the end of the semester, training had similar modest effects at 2 

improving students’ ability to distinguish causal statements from correlational statements 3 

(Cohen’s d = 0.60) and to distinguish news headlines that used correlational language rather 4 

than causal language (Cohens d = .48) (Mueller & Coon, 2013). For honoring sunk costs, a trio 5 

of studies examined whether a 15-minute mindfulness-meditation induction would immediately 6 

reduce sunk cost bias. Compared to controls (who completed a 15-minute mind-wandering 7 

induction), it  reduced sunk cost bias with Cohen’s ds of 0.75, 0.49, and 0.67 (Hafenbrack et al., 8 

2014). In a separate study, participants were given a sunk cost scenario and asked to reflect 9 

either on how they might improve the situation or on their thoughts and feelings about moving 10 

forward after incurring the sunk cost. Reflecting on their thoughts and feelings about the sunk 11 

cost reduced sunk cost bias compared to the control (Cohen’s d = 0.29) (Strough et al., 2016). 12 

Classroom instruction on sunk costs had similarly sized small effects (Cohen’s d = 0.36) (Sirois, 13 

2019). For overlooking opportunity costs, increasing participants’ awareness of resource 14 

constraints (e.g., manipulating a 1-week v. 1-month budget) produced a moderate reduction in 15 

the bias Cohen’s d = 0.50 (Spiller, 2011). In two other studies, participants were presented with 16 

a focal option. Those who were instructed to write 5-10 sentences about what they could do 17 

rather than the focal option were less likely to choose it (Cohen’s ds = 0.49, 0.67) (Jones et al., 18 

1998). With regard to ignoring regression to the mean, Fong et al. (1986) found that for two 19 

sports-related problems (i.e., second year jinx and exceptionally high batting averages in first 2 20 

weeks of season), training in an undergraduate statistics class improved the frequency of using 21 

considerations relevant to regression to the mean (Cohen’s ds = 48, .42) and increased the 22 

quality of such reasoning (Cohen’s ds = .26, .40). None of the effects from the studies we’ve 23 

reviewed here had Cohen’s d greater than .75. To contrast, the Cohen’s ds in our experiments 24 

ranged from 0.83 to 2.01 and persisted to at least 16-months after the training ended. The size 25 
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and duration of these effects suggest that these are among the most successful interventions to 1 

reduce those biases.  2 

Our results were generally robust across four of the five reasoning rules tested; each 3 

showed similar performance at the pre-test for both groups, followed on the post-tests by a 4 

substantial increase in performance for the training group, but not the control group. The only 5 

exception to this pattern was the Gambler’s Fallacy, where we found no evidence of a 6 

statistically significant performance increase (for similar difficulties in finding significant effects 7 

with the Gambler’s Fallacy, see Fong et al. (1986)). We speculate that we made the question 8 

too easy, leading to a floor effect that gave participants little room for improvement  (i.e., to 9 

judge that the evidence provided poor reason to believe the conclusion).  10 

Although the training group participants gave generally high scores to the skepticism 11 

check items (i.e., the items that did not violate any rules taught during training), they were 12 

nonetheless somewhat more skeptical of these items than control group participants. This 13 

suggests that training may have made some participants somewhat more critical of reasoning 14 

that did not violate any of the rules taught in training. It is unclear how to interpret these results. 15 

One possible interpretation is that training promoted excessive, perhaps unwarranted, 16 

skepticism. Another is that training promoted epistemic virtue by teaching reasoners to 17 

apportion their credences with greater humility (akin to debiasing the tendency to be 18 

overconfident in judgments (Fischhoff et al., 1977). This is an issue that requires more attention 19 

and investigation. 20 

Our results (as well as our experience in the classroom) suggest that some people can 21 

already reason in accordance with some normatively correct rules, and some biases occur 22 

because they fail to apply those rules to all appropriate reasoning problems. This idea, that we 23 

sometimes use a non-normative rule when we might have used a normative one instead, is not 24 

new (see, e.g., Tan & Yates 1995). For many classic studies that show people violating a 25 

(presumably) normative rule of thought, there are often other studies that seem to show people 26 
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respecting that rule in a different context. For example, people commit the conjunction fallacy 1 

(Tversky & Kahneman, 1982). But not always (Gigerenzer, 1991; Tversky & Kahneman, 1983). 2 

People improperly ignore base rates (Kahneman & Tversky, 1973). But not always (Gigerenzer 3 

& Hoffrage, 1995). People are overconfident (Griffin & Tversky, 1992). But not always (Moore & 4 

Healy, 2008). People fail at conditional reasoning (Wason, 1968). But not always (Cosmides & 5 

Tooby, 1992). 6 

Why does the recognition phase of training lead to large enduring changes in people’s 7 

judgments? Our study does not sanction drawing any strong conclusions (see below). But, 8 

perhaps when students commit to the target rules publicly, explicitly, and confidently, their 9 

commitment perseverates (McFarland et al., 2007; Ross et al., 1975). As a result, when 10 

students recognize that they’ve failed to apply a target rule when it was appropriate to do so, 11 

they admit to a reasoning error and are motivated to properly apply the rule in future. Once 12 

students learn to recognize when a target rule applies, we speculate that their ongoing 13 

commitment to the rule explains why they continue to use it through training and beyond. 14 

While our experiment might suggest that recognition (i.e., recognizing when it’s 15 

appropriate to apply a normative rule) is key to some instances of debiasing, given the 16 

naturalistic environment in which the experiments took place, there was a lack of control to help 17 

establish the exact constellation of causal mechanisms that were responsible for the debiasing. 18 

There are a host of possible explanations, including our favored interpretation, namely, that 19 

participants who sometimes use a correct rule can learn to use that rule on the full range of 20 

cases to which it applies. But there are other potential causes such as having incentive to do 21 

well either for a grade (Arkes, 1991; Larrick, 2004) or for social reasons (Heath et al., 1998), 22 

reducing barriers or costs associated with applying the better rule (Arkes, 1991), providing easy 23 

to remember mnemonic devices (Heath et al., 1998), or replacing poor reasoning strategies with 24 

slightly better strategies that aren’t the normative rules (e.g., having apprehensive feelings or 25 
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other heuristics rather than calculating expected utility) (Cokely & Kelley, 2009). Our studies are 1 

silent on the exact cognitive mechanism or mechanisms that are responsible for differences we 2 

observed. Future work can help identify which, if any, of those potential causes led to the 3 

reduction in biases in our study.  4 

3.1 Limitations  5 

Several qualifications are in order. Even though the 16 month post-test was different in 6 

content from prior tests, it shared contextual features with those tests and with training. The 7 

general format of all the tests was identical, and the materials assessing application of the 8 

reasoning rules were presented to participants by the authors, one of whom was the teacher in 9 

the training group courses. And we only used one item question to assess the biases at each 10 

measurement time, which can limit the ability to estimate the items’ reliability. These (and 11 

perhaps other) issues limit the conclusions we can draw about the extent to which participants’ 12 

ability to apply the target rules transfers to other contexts. We should note, however, that some 13 

of these limitations on generalizability are to some degree inevitable. Any attempt to assess 14 

whether reasoners continue to use a target rule will occur in a context and so will raise 15 

questions about the extent to which the ability to apply the rule transfers generally. Even so, 16 

there is a lot of room for future studies to explore whether these rules transfer to a wider range 17 

of contexts than were tested here.  18 

Another set of limitations concerns the participants. For one, participants self-selected 19 

into training and control courses rather than being randomly assigned. It cannot be conclusively 20 

ruled out that students who opt to take a critical thinking class would naturally tend to score 21 

higher than other students on critical thinking tests. But the self-selection hypothesis seems 22 

unlikely to explain the large within-subjects improvements in reasoning after training. 23 

Nonetheless, future research should consider full random assignment to increase the 24 

persuasiveness of causal claims. The population studied here is narrow. College students who 25 

choose to enroll in introductory philosophy classes may not be representative of college 26 
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students, much less the population in general. Moreover, the convenience sample of mostly 1 

North American, white college students could be unrepresentative of the general population in 2 

various ways (Henrich et al., 2010). In addition, there is gathering evidence that there are 3 

individual differences associated with the presence, and magnitude, of some of these biases. 4 

Just to give one example of an individual difference, those who are more numerate tend to be 5 

less biased than those who are less numerate (Cho et al., n.d., 2024; Cokely et al., 2018; Feltz 6 

& Cokely, 2024; Ybarra et al., 2018). Hence, it remains to be seen how well the current results 7 

will replicate with other populations or taking into account individual differences.  8 

Finally, the training intervention reported here – a college class devoted to critical 9 

thinking – was expensive. The extended practice and feedback that the intervention afforded 10 

are likely to be important elements in the effectiveness of the debiasing training. Future work will 11 

be needed to determine whether more modest interventions can produce similar results. 12 

3.2 Conclusion 13 

 Our study is consistent with the literature on strategy-based cognitive debiasing 14 

approaches: It shows that it is possible to train people to reason better about causation, 15 

regression, sunk costs, and opportunity costs. What our study contributes to this literature is that 16 

it establishes that these improvements can be both large (e.g., a 2 standard deviation 17 

improvement in application of a reasoning rule) and durable (lasting at least 16 months after 18 

training is over).    19 
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Appendix. Full materials used for the pre-test, post-test, and 16 month post-test.  1 

Instructions: Each exercise (7 in total) includes a statement of facts and a conclusion. Assume 2 

that the statement of facts is true. Your task is to judge whether the statement of facts gives us 3 

reason to accept the conclusion. 7-point Likert scale: 1 = no reason, 4 = moderate reason, 7 = 4 

very strong reason.  5 

Pre-test, post-test materials 6 

(a) Causal rule  7 

Statement of Facts: The Anti-Crime Law reformed Moldova's social and judicial 8 

policies. The goal of the law was to reduce crime. In the two years following the 9 

enactment of the law, the crime rate in Moldova dropped by 3%. 10 

Conclusion: The Moldovan Anti-Crime Law was an effective deterrent: It reduced crime. 11 

The statement of facts gives us ______________ to accept the conclusion. 12 

(b) Regression rule  13 

Statement of Facts: Sam is a good baseball player. But sometimes he has a bad game. 14 

After he has a bad game, Sam does extra mental exercises before his next game. And 15 

his performance almost always improves. 16 

Conclusion: Sam's extra mental exercises have a good effect on his performance. 17 

The statement of facts gives us ______________ to accept the conclusion.  18 

(c) Sunk cost rule  19 

Statement of Facts: Sam is financially comfortable but not wealthy, and he takes a one-20 

week vacation every year. Three months ago, he paid a $500 deposit to rent a beach 21 

house during his vacation. He now realizes that he would enjoy a week at a mountain 22 

resort far more than at the beach house. The $500 deposit on the beach house is non-23 

refundable. 24 

Conclusion: The $500 deposit is a factor that weighs in favor of going to the beach. 25 

The statement of facts gives us ______________ to accept the conclusion.  26 
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(d) Opportunity cost rule  1 

Statement of Facts: If you sign this contract with Corporation XYZ, your costs over the 2 

next year will be $50,000 more than your revenues. 3 

Conclusion: You should not sign this contract with Corporation XYZ. 4 

The statement of facts gives us ______________ to accept the conclusion.  5 

(e) Gambler’s Fallacy rule  6 

Statement of Facts: A coin is fair. That means that the coin has a tendency to come up 7 

heads half (50%) of the time and tails half (50%) of the time. So far, we've flipped the 8 

coin 20 times. By chance, it has comes up heads 15 times and tails 5 times (75% 9 

heads). We plan to flip the coin 80 more times (for a total of 100 flips). 10 

Conclusion: In the next 80 flips, the coin is likely to come up tails more often than 11 

heads. 12 

The statement of facts gives us ______________ to accept the conclusion.  13 

Causal Skepticism Check 14 

Statement of Facts: The Anti-Crime Law reformed Moldova's social and judicial 15 

policies. The goal of the law was to reduce crime. In the two years following the 16 

enactment of the law, the crime rate in Moldova dropped by 3%. In similar countries that 17 

did not pass such a law, the crime rate dropped by 1%. 18 

Conclusion: The Moldovan Anti-Crime Law was an effective deterrent: It reduced crime. 19 

The statement of facts gives us ______________ to accept the conclusion.  20 

Opportunity Cost Skepticism Check 21 

Statement of Facts: If you sign this contract with Corporation XYZ, your costs over the 22 

next year will be $50,000 more than your revenues. Your best alternative - signing a 23 

different contract with Denko Corporation - will result in a significant profit (your revenues 24 

will be considerably greater than your costs). 25 

Conclusion: You should not sign this contract with Corporation XYZ. 26 
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The statement of facts gives us ______________ to accept the conclusion.  1 

16 month post-test materials 2 

Causal Rule 3 

Statement of Facts: The state of Caledonia puts in place new water pollution 4 

regulations. One year later, water pollution levels in Caledonia are unchanged. The lakes 5 

and streams of Caledonia are just as polluted as they were when the new regulations 6 

were put in place.   7 

Conclusion: The new water pollution regulations had no effect on Caledonia's levels of 8 

water pollution.  9 

The statement of facts gives us ______________ to accept the conclusion.  10 

Regression Rule 11 

Statement of Facts: Pat is a swim coach. Pat rewards swimmers who have a great race 12 

with a "Great Race" award. After swimmers receive a "Great Race" award, they usually 13 

swim slower in their next race. 14 

Conclusion: Pat's "Great Race" award tends to have a negative effect on swimmers' 15 

performance. 16 

The statement of facts gives us ______________ to accept the conclusion.  17 

Opportunity Cost Rule 18 

Statement of Facts: The Cannington Corporation is deciding on an investment strategy 19 

for the next three years. If they adopt the "whiplash" strategy, their investment portfolio 20 

will grow by 8% each year for the next three years.  21 

Conclusion: The Cannington Corporation should adopt the "whiplash" investment 22 

strategy for the next three years. 23 

  The statement of facts gives us ______________ to accept the conclusion.  24 

Sunk Cost Rule 25 
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Statement of Facts: Freedonia has been at war with its neighbor Sylvania for four 1 

years. They're fighting over Pearl Island and its rich natural resources, which Sylvania 2 

currently controls. In this war, Freedonia has paid a very heavy price in terms of lost lives 3 

and money, and it must now decide whether to continue to fight or sign a peace treaty. If 4 

Freedonia continues to fight, it will eventually defeat Sylvania and gain control of Pearl 5 

Island. If Freedonia signs a peace treaty, Sylvania will stay in control of Pearl Island. 6 

Conclusion: The cost in lives and money Freedonia has paid over the past four years is 7 

a factor that weighs in favor of continuing the war.  8 

  The statement of facts gives us ______________ to accept the conclusion.  9 

Gambler’s Fallacy Rule 10 

Statement of Facts: A spinning wheel is fair. That means that on any spin, the wheel 11 

has a tendency to come up green half (50%) of the time, and red half (50%) of the time. 12 

So far, we've spun the wheel 20 times. By chance, it has comes up red 15 times (75% 13 

red).  14 

Conclusion: In the next series of spins, the wheel is likely to come up green more often 15 

than red until the proportion of green and red outcomes are closer to even (50-50). 16 

  The statement of facts gives us ______________ to accept the conclusion.  17 

Causal Skepticism Check 18 

Statement of Facts: 23 cities, including Townville, imposed a ban on high cholesterol 19 

oils in restaurants and grocery stores. Since these bans were imposed five years ago, 20 

health measures (such as levels of heart disease, obesity, diabetes, and mortality) in 21 

those cities, including Townville, have remained constant. But over those same five 22 

years, in similar cities that have not banned high cholesterol oils, those health measures 23 

have gotten noticeably worse. 24 

Conclusion: The high cholesterol oil ban had a positive effect on the health of the 25 

Townville residents. 26 
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  The statement of facts gives us ______________ to accept the conclusion.  1 

Opportunity Cost Skepticism Check 2 

Statement of Facts: Ecuador is deciding whether to implement a new health care 3 

policy. They're considering the best three options: Plan A, Plan B, and Plan C. The three 4 

plans will cost about the same. (Health care costs will make up about 8.4% of the 5 

economy on all three plans.) But Plan A has far better health outcomes for the people of 6 

Ecuador than Plans B and C.  7 

  Conclusion:  Ecuador should adopt Plan A.   8 

  The statement of facts gives us ______________ to accept the conclusion.  9 

  10 
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