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Resistance to cognitive biases is a crucial element of rationality that
influences judgement and decision-making. Here we synthesized the effects
of debiasing training in educational settings. Our systematic review found
54 randomized controlled trials consisting of 383 effect sizes and 10,941
participants. Our meta-analysis of educational interventions showed a
small, yet significant, improvement in reducing the likelihood of committing
biases compared with control conditions (g = 0.26, 95% confidence

interval 0.14 t0 0.39), 160 effects from 41 studies, P < 0.001). Most studies
focused on reducing the likelihood of committing biases (for example,
confirmation bias) using cognitive strategies. Some biases seemed difficult
toovercome (for example, representativeness heuristic), and questions
remain about the depth and transferability of learning beyond classroom
settings. All studies had unclear or high risk of bias and there was some risk
of publication bias. While evidence suggests that educational interventions
canreduce bias on targeted tasks, more researchis needed to determine
whether these improvements translate to meaningful changes in real-world
decision-making and to identify which paedagogical approaches are most
effective for reducing the influence of cognitive biases.

To navigate acomplex world, young people need to learn how to make
good decisions'. While many assume good decision-making stems
fromintelligence, research shows intelligence and rationality are only
modestly correlated”. Intelligence refers to cognitive abilities to process
information and acquire knowledge, whereas rationality describes
our ability to make good decisions with available information®*. One
key to rational decision-making—and a major component of rational
thinking tests—is our ability to overcome cognitive biases*. Given how

influential cognitive biases areinjudgement and decision-making, itis
important to understand whether young people canlearnto overcome
those biases”.

It is not obvious that we can overcome bias. Daniel Kahneman
once thought “training was hopeless for all kinds of judgements™, yet
systematic reviews have shown debiasinginterventions can reduce pro-
fessional biases in social work’, medical diagnostics®and health-related
judgements’. These reviews focused on specific contexts—where
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Identification of new studies via databases and registers

Identification of new studies via other methods
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Fig.1| PRISMA flow diagram for study selection. The PRISMA diagram shows systematic review selection process: 19,636 records were screened, 1,086 full-text
articles were assessed and 54 studies were included in the qualitative synthesis (41in the meta-analysis) with a total sample of 10,941 participants.

participants may be particularly motivated for success. It may be
harder to teach students judgement and decision-making due to the
widerange of decisions they face. So, itis unclear whether educational
interventions can decrease bias when taught at schools and universi-
ties. These institutions are important vehicles for teaching rational
thinking, so this review aims to see whether educators can help stu-
dents overcome bias.

Theinfluential heuristics and biases framework' posits that peo-
ple often rely on mental shortcuts (heuristics), which can lead to sys-
tematic errors (cognitive biases) injudgement and decision-making'°.
While someresearchers argue that heuristics canlead to efficient and
accurate intuitive decision-making", especially in practised, predict-
able situations' or social judgements®, heuristics can also lead to
decisions that hinder our goals, potentially causing various societal
issues™ ™. Our study acknowledges this debate while focusing on the
potential benefits of mitigating cognitive biases that hinder optimal
judgement and decision-making.

Cognitive biases occur when one’s construction of reality does
not match the truth’®. For example, availability heuristic helps people
make numerical judgements (for example, risks) based on how easily
something comes to mind'’, which leads more people to fear flying
over driving despite higher mortality rates from car crashes”. Failure
to override cognitive biases can lead to poor judgement when weigh-
ing uncertain outcomes, leading to poor decision-making**°. The
ability to overcome cognitive biases is a part of broader assessments
of rationality because rationality predicts good decision-making more
thanintelligence** >,

Traditional intelligence tests (for example, the Weschler Adult
Intelligence Scale)** do not capture most rationality components,

prompting Stanovich etal.* to develop the Comprehensive Assessment
of Rational Thinking (CART) as a gold-standard operationalization of
rationality. Almost half of the CART subtests measure one’s ability to
override cognitive biases—a core component not typicallyincluded in
educational curricula; other rationality components (that s, probabil-
istic and scientific reasoning**) are more commonly taught**°, With
tools such as CART, researchers can now explore whether and how we
can train people to mitigate cognitive biases.

Mitigating cognitive biases exists on a continuum—one can always
striveto beless influenced by biases but never be fully free from them.
As cognitive biases are complex to measure, researchers use various
tasks as proxies. For example, the belief bias task requires participants
to evaluate arguments based on logic rather than the plausibility of
its conclusion*??’, Critics note that prior exposure to heuristics and
biases tasks could have improved their performance simply because
they have completed the task before rather than showing genuine
improvement®>’'. However, measures such as the decision-making
Competence® and CART* have been linked to real-world outcomes,
suchas lower risk-taking behavioursin financial decisions or substance
use** While most cognitive biases cannot be fully overcome, heuris-
ticsand biases tasks appear to be relatively valid proxies for cognitive
bias mitigation.

‘Debiasing’ education aims at reducing the impact of cognitive
biases’. Global companies such as Google and Starbucks have spent
billions of dollars on bias reduction training, such as racial and gender
biases®°, However, attempts to train people to mitigate cognitive
biases have shownmixed results. Someinterventions were successfulin
reducing framing and bandwagoning biases, but not for anchoring and
halo bias®. Another study managed to mitigate confirmation bias (CB),
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fundamental attribution error (FAE), bias blind spot (BBS) and social
projectionbias, but not anchoring bias*. This suggests different biases
may have different underlying mechanisms, so we need to explore
which biases can be most effectively addressed through training.

Critical thinking and rational thinking are closely connected, with
critical thinking considered part of rationality®. Ennis’ critical thinking
dispositions (for example, seek and offer clear reasons and consider
other points of view) and abilities (for example, analyse arguments
and judge source credibility) parallel skills that make us resistant to
cognitive biases*>*', While critical thinking education is embedded
in educational standards such as the Common Core State Standards**
and Next Generation Science Standards* in the USA, these standards
rarely address cognitive biases, plausibly due to doubts about whether
we can learn to overcome them®. Hence, research in critical thinking
education caninform debiasing interventions.

Ameta-analysis showed that successful critical thinking interven-
tionstypically provide opportunities for dialogue and discussion, expose
students to real-world problems and incorporate mentoring**. Com-
bining these components produces larger effects (g=0.57, P<0.001)
compared with just using authentic instruction (g = 0.25), dialogue
(g=0.23) or combining authentic instruction and dialogue without
mentoring (g =0.32)*. Similarly, game-based learning and collaborative
problem-solvingmethods producedlarger effect sizes (thatis, Zgumebased =
0.86; standardized mean difference(SMD),iaborative problem solving =
0.82)**¢ than class-based instruction (g = 0.39)**. Teaching clear criti-
cal thinking principles while having students apply them to specific
contexts (that is, the ‘mixed approach’)* yielded stronger outcomes
(g=0.38) thanteachingabstract principles (g = 0.29) or subject-specific
applications (g=0.23) inisolation*!. As critical thinking and rationality
share characteristics and underlying philosophies*®, teaching methods
probably influence debiasing training effectiveness as well.

This review aims to synthesize the literature on debiasing train-
ing in educational settings. First, we examined whether educational
interventions reduce biases overall. Second, we hypothesized that
some biases would be more amenable to change than others, as found
in other domains®%, We tested whether effects of educational inter-
ventions differed on the bias being targeted (for example, availability
heuristic versus CB) and how it was measured (for example, knowledge
of bias versus likelihood of committing it). We deemed the likelihood
of committing a bias more important than mere knowledge of vari-
ous biases, because knowledge does not automatically decrease the
likelihood of committing the bias. Third, as is true for critical think-
ing**and other learning areas*, some methods for teaching students
aboutbiases would probably be more effective than others. We exam-
ined whether educational design moderated the effects (for example,
online versus face to face). We explored whether demographics (for
example, age and gender) and contexts (for example, school versus
university) influenced outcomes. We assessed whether the risk of bias
inthestudies affected the results. Ultimately, we sought to determine
whether students can be taught to mitigate biases and if so, when and
how they learn best.

Results

Study characteristics

The PRISMA (preferred reporting items for systematic reviews
and meta-analyses) flow diagram (Fig. 1) shows our study selection
process®™'. Following a database search, duplicate removal and filtering
studies through RobotSearch, we screened 19,636 titles and abstracts,
plus 2,818 studies from the reference lists of included studies. After
screening, we assessed 1,086 full-text articles against eligibility criteria.
Ofthose, we excluded 1,037 studies, usually because they were not
randomized or because there was no measure of cognitive bias (full
reasons in Supplementary Table 1). This further selection yielded 54
studies across 49 papers andapooled sample size 0f 10,941 participants.
The characteristics of each included study are presented in Table 1.

Effects of teaching debiasing in education

Overall, teaching debiasing had a significant positive effect on reduc-
ing the likelihood of committing biases when compared with control
conditions (nointervention or active control conditions; g = 0.26,95%
confidenceinterval (CI) 0.14 t0 0.39, N gies = 41, Kefrecesizes = 160, P < 0.001;
Fig.2). There was a high level of heterogeneity not explained by sam-
plingerror alone (* = 74.94). We explored the heterogeneity effects by
assessing the likely distribution of true effect sizes that would be mean-
ingfully helpful (thatis, g > 0.2) or harmful (thatis, g < -0.2). Teaching
debiasing to students may be helpful in over half of the interventions
(59% of true effects, 95% Cl146% to 72%), whereas only a small propor-
tion of interventions may be harmful (4% of true effects, 95% Cl11% to
10%). To better explain the heterogeneity, we conducted several mod-
erator analyses, which are outlined below. In response to a reviewer’s
comment, we made some changes to the pre-registered moderation
analyses. The results of the moderation analyses for age, gender and
educational setting, as well as the associations between moderators,
are available in Supplementary Note 1.

Moderation analyses by cognitive biases

Different cognitive biases were asignificant moderator when comparing
the debiasing intervention with the control condition (F(7,126) = 2.25,
Ngudies = 37, Kegtecrsizes = 134, P=0.03). As shown in Fig. 3, debiasing train-
ing successfully attenuated mixed measures of bias (that is, where the
tasks measured multiple cognitive biases; g = 0.59,95% C10.35t0 0.84,
Ngudies = 7 Ketrectsizes = 43, P < 0.001) and overconfidence (g = 0.28,95% Cl
0.05t0 0.50, Ngygies = 9, Kefrecrsizes = 18, P = 0.02). Both mixed measures of
bias (P,4; < 0.001) and overconfidence (P,q;= 0.03) remained significant
after correcting for the false discovery rate (FDR). As shown in Fig. 3,
effects were not significant for the FAE, causal illusions, judgement
accuracy, anchoring, representativeness heuristic and CB.

These biases could be naturally grouped into those associated
with social group membership (that is, FAE, stereotyping, halo bias
and weight bias) and errors due to cognitive heuristics (for example,
anchoringand causalillusions). Pooled effects for these two groups of
biases were not significantly different fromeach other (F(1,158) = 2.55,
P=0.11; social group membership biases: g = 0.41,95% C1 0.12 t0 0.71,
Ngudies = 7 Kefrecrsizes = 21, P= 0.008; cognitive heuristics: g = 0.25,95% ClI
0.12t0 0.39, Ny gies = 36, Kefrectsizes = 139, P< 0.001).

Moderation analyses by intervention format and duration
The delivery format of the intervention (for example, text/reading or
video based) was a significant moderator (F(4,155) = 2.96, Ny gies = 41,
Ketrect sizes = 160, P=0.02). Educational games had the largest effect
size (g=0.60,95% Cl 0.33 t0 0.87, Ngics = 4, Kefrect sizes = 11, P < 0.001,
P,;;<0.001), followed by traditional training (g=0.21, 95% C10.03 to
0.38, Nyydies = 18, Kefrect sizes = 76, P= 0.02, P,q;= 0.04). Text/reading (g =
0.26,95% C10.02t0 0.50, Ngyygies =8, Kefrectsizes =17, P=0.03, P,4;=0.056) and
video-based training (g=0.44, 95% Cl10.03 t0 0.86, Ny gies = 3, Kettectsizes =
26,P=0.04,P,;=0.06) werenotstatistically significantfollowing FDR cor-
rection. Mixed delivery showed anon-significant effect (a combination
of different formats; g = 0.18,95% Cl—0.03 t0 0.38, Nygies = 10, Keftecrsizes =
30,P=0.09,P,;=0.13).

Thelengthoftheintervention (F(1,143) = 0.86, Ny gies = 35, Kefrectsizes =
145, P=0.35), timing of measurement (that is, with or without follow-up
period; F(1,158) =1.04, Nygies =41, Kefrecesizes =160, P=0.31) and the num-
ber of sessions (that is, one-off or multiple sessions; (F(1,158) =1.31,
Ngudies = 4L, Kegrecrsizes = 160, P= 0.25) were not significant moderators.

Moderation analyses by conditions

When comparing debiasing interventions to control conditions,
there were no significant moderation effects of the different types
of intervention focus (that is, specific bias mitigation, reasoning
improvement or calibration training; F(1,145) = 0.00, ng.gies = 39,
Kefroct sizes = 147, P = 0.96), different delivery modes (for example,
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levels (without worked-out

opportunities customized
examples)

is guided by the student
modeler, which selects
to the students’ mastery

participants’ gameplay
and orders learning

same gameplay order
(no tailored learning

Alternative methods:
opportunities).

fixed-order: all
participants saw the

Comparison
Student model:

Heuristica. Student model plus worked-out

examples: tailored gameplay and extra
worked-out examples when the student
shows misconceptions in their reasoning

Intervention

Delivery format
Educational

games
10,941). ABC, assessment of biases in cognition; AFAT, anti-fat attitudes test; BOAP, beliefs about obese persons; CBAM, confirmation

across different situational

bias test. Fifteen items to
contexts

assess the participant’s

knowledge and
recognition of the three

Custom measure: each
form of the cognitive
biases, and 26 items
assessed participant

Bias/reasoning measure
ability to mitigate bias

Mixed biases

Age mean (s.d.) Bias

21(NR)

94 university
students

N

Country
USA

bias application measure; ECG, electrocardiogram; IAT, implicit association test; JOL, judgment of learning; MACBETH, mitigating analyst cognitive bias by eliminating task heuristics; NR, not reported; PQ4R, preview, question, read, reflect, recite, and

Table 1 (continued) | Characteristics of studies examining debiasing interventions in educational settings
review.

This table summarizes the key characteristics of studies included in our systematic review (53 studies across 49 papers, n

Whitaker et al.**®

Citation

in-person with a teacher or online with computer-generated pro-
grammes; F(1,150) = 0.53, Ny gies = 40, Kegrecesizes = 152, P= 0.47), the
type of biases (for example, attentional versus encapsulated;
F(2,157) = 0.86, Ny gics = 41, Kefrecrsizes = 160, P = 0.42) and the strategy
used toteach about biases (for example, cognitive versus cognitive
+motivational; F(1,145) = 1.76, Nygies = 37, Kettectsizes = 134, P=0.19).

Moderation analyses by comparison conditions

For the likelihood of committing specific biases, the compari-
son condition researchers used influenced the size of the effects
(F(2,307) =13.38, Nyygies = 52, Kerectsizes = 310, P < 0.001). Interven-
tions were significantly better than no-intervention control groups
(g=0.30,95% C1 0.18 to 0.42, P < 0.001) and active control groups
(g=0.31,95% C10.20 to 0.41, P< 0.001). There were not enough
effect sizes for other outcomes (that s, specific knowledge of biases
or improved general reasoning) to moderate those by compari-
son group, but interventions were no better when compared with
alternative methods of debiasing (for example, educational games
versus video interventions; g=0.07,95% CI-0.05t0 0.18, P= 0.25).
These alternate methods of debiasing are discussed in a qualitative
synthesis below.

Sensitivity analyses
Risk of bias within studies. The consensus ratings of risk of bias
forallincluded studies are presented in Supplementary Table 2. As
showninthe summary plot (Fig. 4), no studies had alow overall risk
of bias. This is mainly because only five studies had pre-registered
their methods (studies1and 2 inref. 52; studies 2aand 2b in ref. 53,
and ref. 54) or sufficiently reported their randomization process.
Asasensitivity analysis (Fig. 5), we analysed the studies assessed
as ‘low risk of bias’ on each criterion (with at least three studies)
compared with the overall analysis. These effects were not signif-
icantly different from the overall estimate including all studies
(Pvalues between 0.11and 0.65). For most criteria, effect sizes were
similar to the main analysis. The largest absolute difference was for
studies at low risk of selective reporting (usually because they were
pre-registered; g=0.02, 95% CI -0.12 to 0.16, P= 0.71), but the dif-
ference in pooled estimates was not significant (8, riskversus ali scudies =
-0.25,95% Cl1-0.57t0 0.08,P=0.13).

Outliers. Only one effect size was greater than g=2.5. Removing the
row from the analysis (g=0.26, 95% CI 0.14 t0 0.39, N gies = 41, Kefroce
sizes = 159, P < 0.001) did not substantially change the model results (with
outliersincluded: g=0.26,95% Cl 0.14 t0 0.39, N, gies = 41, Keftectsizes = 160,
P<0.001). Thus, we decided to keep all effect sizes in the analysis.

Risk of bias across studies. We plotted effect sizes against stand-
ard errors using the funnel plot shown in Fig. 6. The multilevel
Egger’s test was significant (F(1,158) =13.71, Ny gies = 41, Kefrect sizes =
160, P<0.001), indicating a small study effect. By contrast, the
three-parameter selection model (3PSM) likelihood ratio test indi-
cated no pattern of effect sizes consistent with publication bias
(x*(1) = 0.63, P= 0.42): both affirmative and non-affirmative studies
were equally likely to be published. The s value showed that studies
need to be 3.46 times more likely to be published when significant
(compared with when the results are nonsignificant) to reduce the
effects of teaching debiasing to zero. Overall, there was modest
evidence consistent with publication bias.

Other analyses and qualitative synthesis

Effects of teaching debiasing on other outcomes. Only one study
measured participants’ knowledge of specific cognitive biases>,
finding significantimprovements following educational game inter-
ventions compared with non-debiasing video control (P<0.001,
Cohen’sd of 0.79-1.56). However, one game (‘Missing’) performed
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Author(s) and year Estimate (95% Cl)

Testa et al.'® [l } 2.75% -0.62 (-0.83 to -0.42)
Roelle et al.®%a ] 173% -0.26 (-0.86 to 0.35)
Abendroth & Richter®? }—I—}{ 2.57% -0.26 (-0.54 to 0.03)
Emory & Luo' I — 173% -0.25 (-0.86 to 0.36)
Lee et al.& b 2.59% -0.20 (-0.48 to 0.07)
Rowland'e® ] 1.22% -0.17 (-1.03 to 0.68)
Joy-Gaba®’ 2.72% -0.07 (-0.29 to 0.15)
Silver'™®! 2.22% -0.06 (-0.48 to 0.36)
Salvatore & Morton®%a - 2.67% -0.00 (-0.25 to 0.24)
Salvatore & Morton®b . 2.64% -0.00 (~0.26 to 0.25)
Botta'*® ] 2.47% 0.00 (-0.32to 0.33)
Van Brussel et al.>* }—w 2.75% 0.00 (-0.20 to 0.21)
Sibbald et al.® —— 2.31% 0.01 (-0.38 to 0.39)
Calvillo et al.*%a }—*—{ 272% 0.01 (-0.21to 0.23)
Barberia et al."® [m= 2.60% 0.07 (-0.20 to 0.34)
Calvillo et al.5%b }—F—{ 2.73% 0.08 (-0.13 to 0.30)
Martinez et al.’”® i 3l 2.86% 0.0 (-0.05 to 0.24)
Kolié-Vehovec et al."”® I 2.87% 0.11 (-0.03 to 0.24)
Gutierrez'®* }‘FI—{ 278% 015 (-0.04 to 0.35)
Gagne'®® - 279% 0.6 (-0.03 to 0.34)
Roelle et al.®8b }}—.—{ 2.25% 0.27 (-0.14 to 0.68)
Legaki et al.%® | 2.85% 0.27 (012 to 0.42)
Jacobson et al.""® }}—I—{ 2.66% 0.32 (0.07 to 0.57)
Onal & Kumkale'®® | 2.88% 0.32 (0.19 to 0.45)
Ramdass'®? I 2.84% 0.38 (0.23 to 0.54)
Bou Khalil et al.5 -y 2.31% 0.40 (0.02 to 0.79)
Aczel et al.® } - 2.90% 0.43 (0.31to 0.55)
Heijltjes et al."®°b | HH 2.83% 0.45 (0.28 to 0.61)
Sellier et al.>” I 2.82% 0.49 (0.32to 0.66)
Barberia et al."?® } -] 2.34%

Adame' | 272% 0.52 (0.30 to 0.74)
Morsanyi et al."”’ } - 277% 0.56 (0.36 to 0.76)
Van Bockstaele et al.'® ] 1.65% 0.61 (-0.04 to 1.25)

Rodriguez-Ferreiro et al.’®*
Heijltjes et al."®%a

Huff & Nietfeld""

Swift et al.'®

Rhodes et al.%®

| 2.42%

I HH

|

I -

! -
Almashat et al.'? } T

! =

T

R 4

|

T

2.85%
2.21%

0.73 (0.39 to 1.07)
0.84 (0.68 to 0.99)
0.87 (0.44 t0 1.29)
2.61% 0.87 (0.60 to 1.14)
277% 110 (0.91t01.29)
0.99% 1M
2.63%

0.10 t0 213)

(&
(-
(
(
(
(
(
(
E
0.49 (02 to 0.87)
(
(
(=
(
(
(
(
(
(
113 (0.87 t0 1.39)

Legaki & Assimakopoulos'®

Pooled estimate 100% 0.27 (0.15to 0.40)

[ T T T
-2 -1 0 1 2 3

Observed outcome

Fig. 2 |Forest plot of pooled results for educational intervention effects on
cognitive bias. Hedges’ g effect sizes (centre points) with 95% Cls (error bars).
This analysis includes 41 studies with 160 effect sizes and a total sample of
10,941 participants. Studies are ordered by effect size magnitude. The diamond
atthe bottom represents overall pooled effect size (g=0.26,95% C1 0.14 to
0.39,P<0.001, ”=74.94%). Studies with aand b refer to separate studies in

one publication. The full characteristics of individual studies are presented in
Supplementary Table 2.

significantly worse than the video of cognitive biases (£(243) =-2.67,
P<0.01). The other educational games (‘Cycles’ and ‘Heuristica’) did
not performbetter than the cognitive bias video condition. The results
highlighted that video-based intervention could be more effective
than some educational games when the goal is toimprove participants’
declarative knowledge about cognitive biases.

Four studies measured improvements in reflective cognition or
reasoning (studies1and2inref. 52 andrefs.56,57), using instruments
such as the cognitive reflection task (CRT)*® or lectical reflective
judgement assessment (LRJA)*. The CRT measures one’s ability to
inhibit automatic—possibly biased—responses and engage in reflec-
tive thinking before responding*®°, whereas the LRJA measures the
skills to recognize biases, work with different perspectives, evalu-
ate evidence and frame decisions®. While these measures do not
directly assess the likelihood of committing specific biases, they are
designed to evaluate a person’s general ability to overcome cogni-
tive biases. Debiasing interventions improved CRT performance,
although this did not transfer to heuristics-and-biases tasks or belief
bias items®>¥. Conversely, a 6 week classroom-based intervention
improved reflective judgement performance in specific conditions™.
Participants with higher dispositions to critical thinking (that is,
openmindedness, analytic and systematic way of thinking) benefit-
ted from a text-based learning strategy, whereas those with lower
dispositions benefited fromavisual learning strategy (for example,
visual diagrams).

Comparison between alternate methods of debiasing. In
head-to-head comparisons, some types of intervention worked bet-
ter than others. Most studies compared educational games with
video-based interventions***>****_ Educational games reduced cog-
nitive biases more effectively than video-based interventions (g = 0.37,
95% C10.07 t0 0.67, Ngygics = 6, Kefrectsizes = 43, P = 0.02). Two studies com-
pared educational games with text-based intervention®*** and found
that participants in the game-based group performed significantly
better®®. However, educational games could reduce racial bias only
when it evoked higher empathy; more participants abandoned the
game than the text, suggesting the text was more engaging®®.

Combining either traditional lectures with educational games® or
with a multimedia presentation®® showed promise. One study found
that the combination of educational games and traditional lectures
led to better learning and retention than either method alone®’. This
combinationallowed participants to learn concepts through slides and
practice mitigation techniques through educational games.

Some studies compared different approaches, such as written
feedback versus written instructions®?, or practice examples versus
worked examples with explicit instructions®. Calvillo et al.”> found
both written instructions and elaborative feedback increased CRT
performance’®, but elaborative feedback did so without increasing
responsetime. This suggests that written instructions increased delib-
erationbut feedbackimproved intuitive decision-making. van Peppen
and colleagues® found that practice improved the effects of explicit
instructions: practising unbiased reasoning helped, but worked exam-
ples helped people learn more effectively. Both studies found learning
was limited to explicitly taught tasks and it did not transfer well to other
heuristics-and-biases tasks.

One study compared traditional debiasing training (that is, expla-
nation of biases, discussion and the ‘consider-the-opposite’ strategy)
withasimilar training where they induced a biasamong participants’.
The researchers taught participants a fake psychological theory to
induce cognitive biases among participants before the debiasing train-
ing. They found that the induction generated a healthy scepticism
among participants, which reduced causalillusions.

Discussion

This review synthesized the literature on debiasing in formal educa-
tional settings (for example, schools, universities). We found 54 studies
with 383 effect sizes. Most studies included a measure of whether
students were less likely to commit cognitive biases (41 studies with
160 effect sizes). Our meta-analyses showed that students could
learn to reduce their cognitive biases when interventions taught a
range of cognitive biases compared with control conditions. Teach-
ing debiasing showed meaningful benefits (g > 0.2) in around half of
theinterventions.

Evidence suggeststhat people canlearnto override their intuitions
to engage in more rational thinking” 2. We saw the strongest effects
on mixed biases, where outcome measures comprised several tasks
representing multiple cognitive biases, followed by overconfidence.
Our findings on mixed biases suggest it might be easier to modestly
decrease theinfluence of multiple biases than to meaningfully reduce
the effects of one (for example, CB). This suggests there may be ‘low
hanging fruit’ for educators who want to increase awareness across a
range of biases, but different strategies are required to make a mean-
ingful difference on any individual bias.

Onesuch strategy might be giving students rapid feedback about
their biased judgements™, especially for quantifiable biases such as
overconfidence™. Itis harder to show errors in theFAE: educators can
pointto how we prefer dispositional causes of others’ mistakes, but oth-
er’'smistakes are probably caused by both situational and dispositional
characteristics. This may mean educator feedback is less compelling,
making it harder to shift biases such as representativeness heuristic
and CB. When we can provide clear and unambiguous feedback, it
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No. of o
studies Effects g (95% Cl)

Mixed biases —— 7 43 0.59 (0.35 to 0.84)

Fundamental attribution error @ 3 3 0.40 (-0.14 to 0.94)

Causal Illusions - 4 M 0.33 (-0.07 to 0.73)
g

-3 Overconfidence — 9 18 0.28 (0.05 to 0.50)
2

é Judgement accuracy —@——— 6 24 0.22 (-0.02 to 0.46)
3

Anchoring —1— 4 n 0.18 (-0.11 to 0.48)

Representativeness heuristic —_—T 4 9 0.10 (-0.30 to 0.49)

CB 4"7 4 15 -0.04 (-0.44 to 0.36)

Educational games —— 4 n 0.64 (0.38 to 0.91)

g Text/reading - 8 17 0.28 (0.05 to 0.52)
S

> Mixed format — 10 30 0.26 (0.06 to 0.46)
2

8 Video based —®— 3 26 0.23 (-0.13 to 0.60)

Traditional training —— 18 76 0.21(0.03 to 0.38)

» Specific bias mitigation —— 33 123 0.27 (012 to 0.41)
3

. Calibration training e e 5 24 0.27(-0.10to 0.63)

° Online 9 35 0.35 (0.08 to 0.62)
g

In person 30 17 0.25 (0.10 to 0.40)

o University 31 135 0.29 (0.14 to 0.43)
g

2 School 9 25 0.22 (-0.04 to 0.49)

'Hg) Mixed strategies — 3 18 0.57 (012 t0 1.03)
Q
©

8 Cognitive strategies —— 33 129 0.26 (0.12 to 0.40)

Mixed/unknown — 10 54 0.30 (0.08 to 0.52)
3

2 Attentional biases —— 26 84 0.28 (0.12 to 0.44)
2

Encapsulated biases —o——— 5 22 0.16 (-0.11 to 0.42)

-0.5 0o 0.5 1.0
Effect sizes

Fig. 3 | Plot of overall moderation analyses. Hedges’ g effect sizes (centre points) with 95% Cls (error bars) for each moderator level. Different colours represent
different moderator variables. Cognitive biases and delivery format were the only significant moderators of effects. The full statistical results for all moderator

analyses arein ‘Results’ section.

might be easier to reduce biases. Our qualitative synthesis supports
this, showing that conditions with games or elaborative feedback
typically outperformed those without (for example, lectures). This
important role of feedback is consistent with meta-analyses on feed-
back forlearning””, critical thinking** and arguments for developing
intuitive expertise'.

Across all biases, interventions performed well against ‘no inter-
vention’ and ‘active control’ groups. This finding is encouraging,

suggesting that debiasing effects are not merely due to demand char-
acteristics. Effects were consistent across education settings and
delivery modes (online or in person). We expect this was due to the
heterogeneity within levels, where the variation in the content made
the process of learning less consequential. Educational games outper-
formed other formats, suggesting evidence-based teaching strategies—
such asinteractivity’®”’, management of cognitive load”®’*, authentic
assessments®and need-supportive learning environments®*—remain
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Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result ‘

Overall risk of bias

T
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] Low risk of bias
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[ High risk of bias

T T
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Fig. 4 | Risk of bias summary for included studies. The proportion of studies assessed as having low risk (cream), some concerns (orange) or high risk (red) for each
domain of the Cochrane Risk of Bias tool 2.0. Full risk of bias assessments for all studies are available in Supplementary Table 2.

| Studies g (95% CI) P value
|
|
Studies with low risk of deviations from intended interventions e 4 0.37(-0.01t0 0.74)  0.05
|
|
|
i
Studies with low risk from incomplete outcome data 1 — 33 0.26 (0.12 to 0.40) 0.00
|
|
|
|
Studies with low risk of inappropriate outcome measurements e 34 0.25 (0.12 to 0.39) 0.00
|
|
|
|
Studies with low risk of selective reporting —— 5 0.02 (-0.12 to 0.16) (o4l
|
|
i
|
All studies | —— 40 0.27 (015 to 0.40) 0.00
|
i
] 0.2 0.4 0.6
Effect size

Fig. 5| Sensitivity analysis by risk of bias criteria. Hedges’ g effect sizes (centre
points) with 95% Cls (error bars) for different risk of bias criteria. Main analysis
effect size (g=0.26,95% C10.14 to 0.39, P < 0.001) compared with effect sizes
from studies meeting specific risk of bias criteria. There were no statistically
significant differences between the pooled estimate for all studies (in black) and
estimates including only low-risk studies for any criteria (in blue): deviations

from intervention (8o, riskversusalistudies = 0-09, 95% C1—0.29 t0 0.48, P= 0.62),
incomplete outcome data (Byo, riskversusaistudies = —0-015,95% C1 -0.07 to 0.04,
P=0.61), inappropriate outcome measurement (B,oy riskversus ait studies = ~0-025, 95%
CI-0.08t00.03, P=0.37) or selective reporting (B,owrisk versus il studies = ~0-23, 95% ClI
-0.57t00.08,P=0.13).

relevant for teaching debiasing. Most studies focused on the effects
of training versus no training rather than on learning design manipu-
lations. Therefore, despite nonsignificant moderation effects, we
maintain that learning design probably matters.

Bias mitigationinterventions are only valuableif they are retained
over time and canimprove practical decision-making®’. The longer the
gap between thefirstand second exposure to heuristics and biases task,
the morelikely participants would show their ‘true’ responses once the
‘experience effect’ wore off°°, While we found no significant differences
betweenimmediate and delayed post-test outcomes, only eight studies
reported follow-up measurements, so anonsignificant difference may
reflect alow power for the analysis. Future research should prioritize
assessing whether these effects are retained for a meaningful period.

While our meta-analysis shows positive effects of debiasinginter-
ventions, questionsremain about the depth of learning achieved. Many
interventions incorporated explanatory components and strategic
training (for example, consider-the-opposite strategies and feedback)*
rather than just providing correct answers. However, most outcome

measures focused on performance on similar bias tasks rather than
assessing deeper understanding or changes in thinking dispositions.
This measurement limitation makes it difficult to determine whether
participants developed genuine insight into why certain responses
reflect biased thinking versus simply learning to recognize and avoid
specific response patterns.

In educational interventions that teach students how to think,
transfer of gains to other subject areasis crucial®**. Some included stud-
ies found that although intervention groups outperformed control
groups on near-transfer items, there were no significant differences in
far-transferitems*>®, suggesting superficial rather than deep learning.
This pattern appears in systematic reviews of games to reduce bias®
and critical thinking interventions®, where benefits remained limited
to domain-specific measures rather than extending to generic critical
thinking measures. This transfer challenge is pervasive throughout
education¥, and we lack confidence that effective transfer occurs in
debiasing education. Futureresearch should incorporate measures that
better distinguish between surface-level patternrecognition and deeper
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Fig. 6 | Funnel plot for publication bias assessment. The relationship between effect sizes (x axis) and standard errors (y axis) for allincluded studies. Plot asymmetry
suggests potential publication bias. Full publication bias assessment results are in ‘Results’ section.

conceptual understanding that enables application across contexts.
Until weidentify methods of promoting transfer, educators should focus
on biases in decisions relevant to students (for example, course selec-
tion or university applications) rather than on less-relatable examples
(for example, ‘is Linda a bank teller?”*®). These authentic curricula may
enhance motivational engagement with cognitive strategies®’, arecom-
mendationalsosupportedin critical thinking education literature®**,

These considerations suggest several priorities for improving
debiasinginterventions. First,incorporating more varied practice con-
texts and explicit discussion of underlying principles may help promote
deeper understanding versus mere recognition of correct responses.
Second, assessment methods should go beyond performance on stand-
ard bias tasks to evaluate whether students can articulate why certain
thinking patternsreflect bias and demonstrate flexible application of
debiasing strategies. Finally, connecting abstract principles to authen-
tic decisionsrelevant to students’ lives may promote engaged learning
needed for lasting changes in thinking dispositions rather than just
task-specificimprovements.

We should test whether debiasing interventions interfere with
functional heuristics. Our study focused on reducing cognitive biases,
aligned with the heuristics and biases framework, which has faced
criticism™%°°, Some researchers argue that ‘errors’ in laboratory tasks
may reflect strategies well adapted for real-world decision-making".
Forinstance, CB might be aside-effect of efficient Bayesian reasoning”.
Four studies targeting CB (study 2 inref. 52 and refs. 54,92,93) showed
no significant improvement over control groups, underscoring how
deeply ingrained this bias is. As CB is often intertwined with personal
beliefs and motivations, classroom training may not automatically
translate to other domains without additional supports—such as
repeated practice in varied contexts, prompts to ‘check for contrary
evidence’ or real-life incentives. Future research should explore
whether reducing biases in educational settings improves real-world
decision-making or potentially hinders the development of adaptive
heuristics or causes other adverse effects. This highlights the need for
more ecologically valid measures of decision quality.

Limitations of included studies

No studies in this review were judged to have an overall ‘low’ risk of
bias, mainly due to lack of pre-registration or explicit blinding pro-
cedures. Education studies seldom meet the Cochrane ‘low risk of

bias’ criteria as blinding participants or teachers can be difficult’®**,
Our ratings may be harsh because many studies pre-dated reporting
standards such as CONSORT?* and JARS’®; the studies may have used
sound methods but just failed to report details. These ratings did not
significantly influence the pooled effect sizes. Future researchers can
mitigate experimental biases by pre-registering studies (for example,
Open Science Framework), allowing transparent research practices.
More low-risk studies are needed to verify whether findings are robust
against common experimental biases.

The funnel plot and multilevel Egger’s test indicated a small study
effectinthe included studies, indicating tendencies for small studies
only tobe published when they are significant. Prospective registration
could help with controlling publication bias. Nevertheless, the s value
indicated that publication bias would need to be relatively strong to
nullify findings. Similarly, the 3PSM likelihood ratio test suggested no
pattern of effect sizes consistent with publication bias. The findings
presented here may be somewhatinflated by publicationbias, but the
key findings appear relatively robust to this bias.

There are many cognitive biases and the field is yet to deeply
explore them. For example, only two studies explored effects to reduce
the BBS*”7, which is the belief that we are less biased compared with
others. This meta-bias can cause people to be less receptive towards
debiasing advice or engage in bias mitigation strategies because they
arelesslikely to accept that their judgement could be wrong”. Hence,
BBS could be an important factor that influences the success rate of
debiasing training®. There is also a range of other influential biases
(for example, base-rate neglect and sunk-cost fallacy)’*'°° that need
further exploration.

Limitations of this review
We selected only randomized controlled trials (RCTs) for this review
sowe could draw stronger causal estimates of treatment effects. While
RCTs have high internal validity, they often have low external valid-
ity. Many educators work with students for up to 40 weeks of the year
and most of the included studies lasted less than 2 h. By only includ-
ing RCTs, we may be missing more ecologically valid studies. Future
researchers could review debiasing studies using observational studies,
quasi-experimental and qualitative designs.

Another limitation of our methods is aconfound between the abil-
ity for a bias to be taught and ease of measurement. Some biases (for
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example, anchoring) are relatively easy to measure'”’. Others may be

more laborious (for example, CB)'*. Higher effects may reflect meas-
urementaccuracy rather than greater teachability. Our review was not
designed to assess the reliability and validity of the measures used in
this domain, but future reviews could compare different measures. The
variety of tasks used to measure cognitive biases can be problematic, as
wording and response format caninfluence participants’ responses (for
example, open-ended questions versus multiple choice)'®®. Conversely,
overuse of similar measures risks invalidity if participants know the
answers (for example, ‘A bat and ball cost US$1.10...)*. Therefore, in
addition to standardized measures of bias (for example, CART)>'*,
future research should develop consistent and accurate methods for
measuring cognitive biases.

Asourreview only assessed outcomes that can be easily measured,
we could not make causal inferences about how these interventions will
improve practical decision-making in day-to-day lives. Simply knowing
thatyou arebeingtested gives enough cue for anyone toimmediately
override their system I thinking'®. However, we often miss these cues in
real-life settings. As such, itis difficult to say how well benefits transfer
to real-life situations, important decision-making and meaningful
outcomes such as decision quality'°.

Our findings show that education reduces bias on average, though
substantial unexplained heterogeneity remains. There are probably
other influential moderators that we did not code for or could not
discernfrom the methods alone. Student-level moderators (for exam-
ple, gender and age) were not adequately addressed, as they relied
on study averages rather than individual effects. This approach risks
ecological fallacy, where aggregate-level treatment-covariate inter-
actions may not reflect individual-level interactions'”’. Although we
pre-registered age and gender as moderators, these moderation analy-
ses were underpowered and potentially confounded by study-level
characteristics. Future research could consider individual participant
data meta-analyses to investigate which individual factors influence
the effects of debiasing interventions and identify which individuals
benefit the most from these interventions.

Thelarge number of moderators we registered may have increased
the chance of type I errors. While many significant moderators had P
values well below critical values, some that were close to significance
(P=0.04) warrant caution. Additionally, some moderators were con-
founded, complicatinginterpretation. For example, interventions focus-
ing on reasoning improvement exclusively addressed mixed types of
biases, whereas encapsulated biases were only addressed in interven-
tions focusing on specific bias mitigations. When both confounded
moderators were entered into the multivariate meta-analysis model,
there were no significant moderating effects, making it unclear which
factor drove larger effect sizes. Readers should note that moderation
analyses are observational and susceptible tounmeasured confounding.

Conclusions

Debiasing interventions can be effective in mitigating a range of cog-
nitive biases, improving important components of rationality. Some
biases (for example, anchoring and FAE) can be more challenging to
mitigate. The differences between cognitive biases may stem from how
easily students can get rapid, accurate feedback.

The findings of this review have important implications for both
researchers and educators. Researchers should continue to examine
and validate measures for cognitive biases (for example, CART)* to
ensure consistency in cognitive bias measurement. Further exploration
isneeded for overcoming hard-to-shift biases (for example, CB) and on
methodsfordeeplearning and transfersto real-world decision-making.
While our review highlights the effectiveness of debiasing training in
formal educational settings, more research is needed before strong
policy recommendations can be made. Educators might consider these
findings when designing critical thinking programmes, but should be
aware of the current limitations in the evidence base.

Methods

We prospectively registered this systematic review via the Open Sci-
ence Framework (OSF)'%® on 26 July 2022. We registered the protocol
before conducting the search, but after validating the search terms on
the ‘target set’ of 13 papers. Since we registered the protocol, we have
made a small number of changes to our methods following reviewer
recommendations. We conducted additional moderation analyses
inresponse to reviewer suggestions (that is, biases focused on social
group membership and outcomes measured at immediate post-test
versus follow-up). Also, rather than moderating for outcome, we con-
ducted our analyses separately for each outcome to ensure other
moderation analyses reflected homogeneous outcomes. We also added
sensitivity analyses that were not in the pre-registration, specifically
testing whether effect sizes differed when using only studies judged to
belowrisk of biasand when removing outlier effect sizes. Additionally,
we implemented the Benjamini-Hochberg'® procedure to control
the FDR across all moderator analyses, which was not specified in our
original protocol but added to strengthen our statistical approach
and address concerns about multiple comparisons. We adhered to
the PRISMA statement™° and the Reporting Standards for Researchin
Psychology®® to present our method and results.

Inclusion and ethics statement

As this study is a systematic review and meta-analysis rather than
primary research, some aspects of the standard inclusion and ethics
framework are not directly applicable. We made efforts toinclude stud-
iesfromdiverse geographical regionsin our search strategy, including
papersthat were published inlanguages other than English, and applied
consistentinclusion criteriaregardless of study origin. Our author team
includes researchers from Australia, Indonesia, Italy, Portugal and
Hong Kong. We have made deliberate efforts to cite relevant research
from all regions represented in our analysis, avoiding citation bias
towards high-income country publications. No new participant data
were collected, and no biological materials or cultural artifacts were
transferred as part of this work. Our review was exempt from ethics
committee approval as it involved analysis of published data only.

Eligibility criteria

We selected studies based on these pre-specified inclusion criteria:

(1) Design: we only included studies with randomized assignment
into groups (either at an individual or cluster level). We only in-
cluded RCTs because they are among the most robust methods
of assessing educational interventions™. We excluded nonrand-
omized trials or cohort studies. While nonrandomized designs
are pragmatic in many educational settings, they carry higher
risks of confounding unless they use sophisticated statistical
methods to control for all systematic differences between the
intervention and control groups'. Using only RCTs enabled us
to draw stronger causal claims on treatment effects'?.

(2) Participants: we included students in any kind of formal educa-
tional setting (for example, school and university). We excluded
on-the-job learning, or where the purpose of the training is to
alleviate mental illness (for example, interpretation bias modi-
fication for participants with health anxiety)" rather than to
reduce bias/improve rationality.

(3) Interventions: we included any intervention with an explicit
focus on explaining or providing strategies to overcome cogni-
tive biases. Merely presenting content that would probably
reduce bias (for example, courses on statistics and probability
and critical thinking interventions) were not eligible unless the
discussion of cognitive biases was explicit. This included:

« Cognitive bias modification training
« Cognitive bias mitigation (game based)
* Educationinterventions on heuristics and biases
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» Motivational debiasing strategies
« Calibration training (for over-/underconfidence)
- Affective strategies to overcome biases

Interventions had tobe ‘educational’ and not merely ‘nudges’ (that
is, subtly altering the environment to influence decision-making). We
operationalized educational interventions as interventions with cur-
ricular aims and objectives, usually guided by a teacher or instructor.
Weincluded studies where the educational intervention was =10 min.
Brief intervention designs or short interventions (that is, 9 min or
less) were excluded. We determined that interventions shorter than
10 min were closer to nudging than educational, where creating a
minor change was not ‘teaching’ students the skills to mitigate cogni-
tive biases, but rather served as a guide to shape people’s behaviours
asintended.

(1) Comparisons: we included comparisons against any other types
of control, educational intervention or debiasing training. We
grouped the following comparisons for moderation analyses:

« Nointervention or placebo interventions

« Otheractive educational interventions (for example, math-
ematics training)

« Alternative methods of debiasing (for example, game-based
versus direct instruction)

(2) Outcome: we included learning outcomes related to knowledge
or skills involved in overcoming biases. These outcomes were
be analysed separately as follows:

« Thelikelihood of committing specific biases (for example,
standard contingency judgement task measuring causal
illusions™ and heuristics and biases scale™)

« Specific knowledge of biases (for example, determining what
bias was represented in some scenarios)

« Improved reasoning or cognition generally (for example,
improved rationality assessed through CART* or the
alternative form of cognitive reflection test"®)

« Improved decision quality (for example, the youth
decision-making competence scale™)

(3) Finally, we included studies in any language, using either
Google Translate or help from reviewers who spoke multiple
languages. We included both published and unpublished stud-
ies from any time period. The studies needed to present original
data (that is, we excluded review articles and research protocols
where data were not yet available).

Information sources and search strategy

Wegenerated asearchstrategy using the titles and abstracts of aninitial
sample of papers. We derived the strategy from existing reviews’** and
primary studies>". These papers helped us generate a list of terms that
identified the target papers (that is, ‘objective approach’)"'®, This strat-
egy ensured that we optimised sensitivity while maintaining specificity.
Thelist of search terms was as follows:

« Participants: (educati* or student* or adolescen* or undergradu-
ate* or universit* or college or participant* or teen* or child* or
school or youth) and

« Intervention: (judgment* or judgement* or ‘decision compe-
tence’ or bias* or debias* or fallac* or rational* or intuition or
heuristic* or ‘decision making’ or ‘decision-making’) and

» (train*or strateg* or intervention or teach* or technique or
program* or *game* or curriculum) and

« Comparison: (randomised or randomized or experiment* or
control or condition*) and

«  Outcome: (skill* or learn* or reduc* or improve* or awareness or
mitigat*)

We entered these search terms onto Scopus, PsycINFO, ERIC,
Web of Science and Proquest Dissertations and Theses. We conducted
searcheson28July 2022 until 4 August 2022, with additional searches
using thereferences fromincluded studies conducted on 6 April 2023.

Study selection

We used EndNote X9 (ref. 119) to find and remove duplicated studies
from the search. To accelerate our title/abstract searching, we first
filtered the deduplicated studies through RobotSearch to remove the
non-RCT studies™. RobotSearchis a pre-trained algorithm for identi-
fying randomized experiments from titles and abstracts. It is highly
accurate, with 99.1% sensitivity and 77.2% specificity'*’. We then used
Covidence' to screen the title and abstract of the remaining studies,
which was done independently and in duplicate across two review-
ers. We sought full texts for all articles that passed title and abstract
screening. The full-text screening was also conducted independently
andinduplicate.Inboth screening stages, any conflicts were resolved
through discussion or a consultation with athird reviewer. Finally, one
reviewer searched the referencelists ofincluded studies for papers that
may have been missed in the first search'?. All studies were includedin
our systematicreview. We included studies in the meta-analysis when
we were able to extract or impute sufficient data for effect size calcu-
lations using guidelines from the Cochrane Handbook for Systematic

Reviews of Interventions'>.

Data items and collection process

One reviewer developed a data extraction form, which then was
piloted and revised alongside another reviewer. The form extracted
detailsregarding participants (for example, age and education level),
outcomeinformation (description of measures and construct type),
intervention (description, duration, delivery format, intervention
focus and strategies taught), comparison (type of comparison,
description and duration) and any metric that could be used to cal-
culate an effect size (for example, means, standard deviations, Cls
and Pvalues). When the included study did not present exact values
but presented figures, we extracted data from figures using WebPlot-
Digitizer'**. Reviewers independently extracted allitems in duplicate
and resolved disagreements via discussion or consultation with a
third author when necessary.

Risk of bias in individual studies

We assessed the risk of bias in individual studies using the Cochrane
revised tool to assess risk of bias in randomized trials (RoB 2)'*.
This tool assesses whether studies have sufficiently mitigated the
risk in five domains of biases: bias arising from the randomization
process, bias due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement of the outcome
and bias in selection of the reported result. We chose this standard
because RoB 2 has shown better sensitivity, specificity and validity
compared with other quality assessment tools and its predecessor
(RoB1). Compared withRoB 1, RoB 2 has more guidance from signal-
ling questions embedded in the tool*. Following the guidance in the
Cochrane Handbook', the overall risk of bias for a study was con-
sidered lowriskif the study was judged as low risk in all domains. We
analysedrisk as ‘intention to treat’, assessing the effect of “assignment’
(that is, including all randomized participants) rather than ‘adher-
ence’ to the intervention. As per AMSTAR 2 (ref. 127), we conducted
quality assessment independently and in duplicate until reviewers
reached sufficient agreement. Specifically, we conducted quality
assessments of the first 17 included studies (-35%) independently
and in duplicate using the RoB 2 Excel tool. We resolved disagree-
ments through discussion and consultation with a third author
where necessary. Once we reached over 80% agreement on all
domains, one reviewer conducted the risk of bias individually for
the remaining studies.
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Summary measures and synthesis of results

We extracted data for each eligible effect size reported within each
study. We used the post-test, between-groups standardized mean
difference as the principal summary measure. We used Hedges’s g to
correct for biasesinsmall sample sizes'”. We caninterpret Hedges’s g
inasimilar conventionas Cohen’sd (thatis, 0.2 = small,0.5=moderate
and 0.8 =large). This measure was calculated using the metafor'* pack-
ageinR"°. When means and standard deviations were not reportedin
the original paper, we used other statistics to calculate effect sizes (for
example, Pvalues and Cls) or imputed estimates using recommenda-
tions from the Cochrane Handbook.

We conducted multilevel meta-analyses, nesting effect sizes
within studies using the rma.mv function in the metafor package. All
statistical tests conducted in our meta-analysis, including modera-
tor analyses using F tests, were interpreted using the conventional
approach for these analyses, which examines the significance of
variance explained by moderators without directional hypotheses.
For correlation analyses examining relationships between modera-
tors, two-tailed tests were used as no directional hypotheses were
pre-registered. For each analysis, we assessed heterogeneity using 2
atlevel 2 and level 3 (within and between studies, respectively). This
shows how much variance is not explained by sampling error™’. The
results of these analyses were visualised using the forest functioninthe
meta package™?, producing aforest plot of aggregated results (effects
nested within studies). We also assessed heterogeneity using pro-
cesses outlined by Mathur & VanderWeele'*, These processes assessed
the proportion of true effects (that is, those not due to chance, arte-
facts or sampling error) that are likely to be helpful (we defined as a
small, positive effect; Hedges’ g > 0.2) or harmful (Hedges’ g < -0.2).

Additional analyses

We ran a series of moderation analyses to explore different possible
sources of heterogeneity. These analyses included (1) age (continu-
ously moderated; using mean/median); (2) educational setting (for
example, primary/elementary school versus middle/high school
versus university versus holiday camps); (3) gender (continuously
moderated; using percentage female, where reported); (4) specific
bias addressed by the intervention (that is, specific bias mitigation,
reasoning improvement or calibration training); (5) types of biases
(specific cognitive biases, encapsulated versus attentional biases);
(6) debiasing strategies taught (that is, cognitive-oriented strategies
versus affective-oriented strategies versus motivational-oriented
strategies); (7) length of intervention (for example, one session ver-
sus multiple sessions, reported length of intervention); (8) delivery
format (that is, reading versus game-based versus traditional train-
ing versus video-based) and (9) delivery mode (that is, person ver-
sus computer-aided). These analyses were visually plotted using the
ggplot2 (ref.134) packageinR.

We also conducted a range of sensitivity analyses that were not
inthe pre-registration following recommendations fromareviewer.
We tested whether effect sizes were smaller than in our main analysis
whenonly using studies judged to be low risk of bias. We also tested
whether effect sizes were different when removing outlier effect
sizes. We checked the correlations between these moderators to
assess whether any of them were confounded. We ran a pairwise
chi-square test for our categorical moderators, correlational analysis
for our continuous moderators and a one-way analysis of variance for
bothcategorical and continuous moderators. Toaccount for multiple
comparisons across our moderator analyses, we applied the Benja-
mini-Hochberg procedure'® to control the FDR. This adjustment
was implemented across all moderator analyses simultaneously to
maintain amore conservative approach to significance testing'> ",
The FDR control procedure helps maintain the expected proportion
of false positives among all rejected null hypotheses, providing a
morebalanced approach betweentypelerror control and statistical

power compared to traditional family-wise error rate corrections
(for example, the Bonferroni correction)™®,

Risk of bias across studies

To assess publication bias, we conducted a multilevel meta-analytic
Egger’s test. This test assesses whether effect sizes and standard
errors are associated, which indicates publication bias. This test
also controls for clustering. As asecond test of publication bias, we
also conducted a selection model™’ using the weightr functioninR,
after aggregating effect sizes within studies (using the aggregate
function in metafor).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data supporting the findings of this systematic review and
meta-analysis are openly available via the OSF repository at https://
osf.io/7x5z6. This repository contains the complete dataset extracted
fromtheincluded studies, including effect sizes, moderator variables
andrisk of bias assessments. The minimum dataset necessary tointer-
pret, verify and extend the researchincludes the coded effect sizes from
each study, sample sizesand moderator variables used in our analyses.
All dataare provided in accessible formats.

Code availability

The R code used to conduct all analyses and generate the figures in
this systematic review and meta-analysisis available via the same OSF
repository at https://osf.io/7x5z6. The code includes all scripts used
for datapreparation, meta-analytic models, moderation analyses, sen-
sitivity analyses and visualization. All analyses were conducted using
R (version 4.4.1) with the metafor, meta and ggplot2 packages. The
repositoryincludes documented code withcomments and aREADME
file to facilitate reproducibility of all results presented in this Article.
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