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Abstract 
 
How people update their beliefs when faced with new information is integral to 
everyday life. A sizeable body of literature suggests that people’s belief updating is 
optimistically biased, such that their beliefs are updated more in response to good 
news than bad news. However, recent research demonstrates that findings previously 
interpreted as evidence of optimistic belief updating may be the result of flaws in 
experimental design, rather than motivated reasoning. In light of this controversy, we 
conduct three pre-registered variations of the standard belief updating paradigm 
(combined N = 300) in which we test for asymmetric belief updating with neutral, non-
valenced stimuli using analytic approaches found in previous research. We find 
evidence of seemingly biased belief updating with neutral stimuli — results that cannot 
be attributed to a motivational, valence-based, optimism account — and further show 
that there is uninterpretable variability across samples and analytic techniques. Jointly, 
these results serve to highlight the methodological flaws in current optimistic belief 
updating research. 

 
Keywords: Belief updating, optimism, statistical artefact, rationality 

 
  



Optimism Where There is None 

 

3 

Introduction 
 
Over the past decade, research has argued that people are optimistically biased when 
updating their beliefs in light of new information, such that desirable information elicits 
greater updates than undesirable information. Given the practical implications of such 
motivational distortion, the phenomenon has attracted considerable cognitive and 
neuroscientific interest (Chowdhury et al., 2014; Garrett et al., 2014, 2018; Garrett & 
Sharot, 2017; Kappes et al., 2018; Kuzmanovic, Jefferson, et al., 2016; Kuzmanovic, 
Rigoux, et al., 2016; Kuzmanovic et al., 2018; Kuzmanovic & Rigoux, 2017; Marks & 
Baines, 2017; Moutsiana et al., 2013, 2015; Sharot et al., 2007; Sharot, 2011; Sharot et 
al., 2011; Sharot, Guitart-Masip, et al., 2012; Sharot, Kanai, et al., 2012), and seen 
application to high-stakes domains such as lay people’s views on anthropogenic climate 
change (Sunstein et al., 2016). However, recent research has highlighted limitations of 
existing results and demonstrated that what appears to be optimistically asymmetric 
belief updating may in fact be attributable to a statistical artefact arising from the 
experimental design, rather than a self-enhancing motivational bias (Harris et al., 2013; 
Shah et al., 2016; but see Garrett & Sharot, 2017 for rebuttal). In this paper, we further 
investigate this “statistical artefact hypothesis” with three pre-registered experiments. All 
three demonstrate asymmetric belief updating in response to neutral information in our 
main analysis, and we further observe uninterpretable variability across samples and 
across various analytic techniques. Given there is no desirability in these trials, this 
asymmetry cannot be attributed to optimism. 
 
The Update Method  

Evidence for optimistic belief updating has primarily been obtained from “the update 
method” (Sharot et al., 2011). The simplest instantiation of the method proceeds as 
follows: Participants first estimate their chance of experiencing a negative life event (E1), 
then they are provided with the base rate statistic for experiencing that event (BR), and 
finally, they are asked to re-estimate their chance of experiencing said event (E2). For 
example, a participant, Sam, might be asked to estimate their chance of experiencing a 
negative life event, like getting divorced, to which they reply 5%. Sam is then presented 
with the BR of divorce (the actual proportion of the general population that gets divorced 
in their lifetime), which is 45%. Since the BR in this instance is greater than Sam’s E1 for 
this negative event, this belief updating trial would be classed as one with undesirable 
information. Trials on which participants receive desirable information typically elicit 
greater updates than trials with undesirable information, which is interpreted as evidence 
of optimism in belief updating (e.g., Sharot et al., 2011). 
 
The Statistical Artefact Hypothesis 

While the update method has been accepted as the basis for a range of high-profile 
cognitive and neuroscientific work (e.g., Sharot et al., 2007, 2011; Sharot, Kanai, et al., 
2012; Moutsiana et al., 2015; Garrett et al., 2018), it has also been subjected to critique. 
As the update method requires people to update a probabilistic belief, the appropriate 
normative standard against which to evaluate behavior so as to identify bias is Bayes’ 
theorem (Hardman, 2009; Kahneman & Tversky, 1973; Phillips et al., 1966; Phillips & 
Edwards, 1966). Continuing our example, Sam is asked to report their risk of divorce. 
Normatively, this risk is comprised of two types of information: knowledge about the 
base rate of divorce and any individuating information Sam has to differentiate personal 
risk from the average person’s. For instance, Sam might intend never to marry in the first 
place, which suggests that they should differentiate themself from the average person 
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about marriage-related base rates (and this has long been understood to be the central 
challenge in assessing the accuracy of people’s personal risk estimates for future life 
events, e.g., Weinstein, 1980). These two types of information — the base rate and 
individuating information — combine multiplicatively in Bayes’ theorem, yet the update 
method neglects the influence of individuating information on normatively rational belief 
updating (c.f. Shah et al., 2016).  
 
One way in which individuating information poses a difficulty for the update method is in 
the classification of trials with desirable versus undesirable information. For example, the 
primary component of Sam’s belief may be the intention to never marry (whilst 
recognizing this may change later in life, and, as such, is greater than zero), but Sam 
estimates the base rate of divorce in the general population to be 50%, combining to a 
personal risk estimate of 5%. Upon learning the BR (45%) Sam should, in fact, slightly 
decrease the estimate of own, personal risk, not increase it as the classification of the 
desirability of BR (based on its comparison with E1) would suggest. 
 
Even more worryingly, basic aspects of the probability scale — namely, that it is 
multiplicative and bounded — mean that over- and under-estimates relative to a given 
BR should not give rise to equal amounts of belief change once individuating knowledge 
comes into play. As Shah et al. (2016) demonstrate, it is mathematically impossible to 
equate the amount of BR error (the difference between one’s estimate of the BR and the 
actual BR), the amount of individuating knowledge, and the normatively necessary 
degree of belief change across desirable and undesirable trials on the bounded, zero to 
100 probability scale. Matching any two of these three will necessarily give rise to a 
divergence on the third (SI, Fig. S6). 
 
As a result of both the issues above, entirely rational Bayesian agents will display 
seemingly optimistic belief updating (Shah et al., 2016). While Kuzmanovic and Rigoux 
(2017) have recently sought to remedy these issues (see SI, Supplementary Analyses, 
1.3 for critique), the Shah et al. critique suggests that the vast majority of evidence for 
optimistic belief updating may be nothing more than a statistical artefact.  
 
Why (Neutral) Valence Matters 

Valence — whether information is good, bad, or neutral — is essential to the claims 
supporting the existence of optimistic belief updating. As Sharot and Garrett (2016) 
explain, optimistic belief updating is “a valence-dependent asymmetry in how people use 
favorable and unfavorable information” (p. 31). That is, optimistic belief updating is 
motivated by the perceived valence of encountered information. Therefore, establishing 
a causal relationship between asymmetries in belief updating (such as those recorded 
with the update method) and information valence is necessary to distinguish true, 
unrealistically optimistic belief updating from non-motivational, confounding effects.  
 
Typically, belief updating studies use negative life events when asking participants for 
probability estimates with the update method (e.g., how likely is it that you will contract 
liver disease?). Negative life events are convenient because their perceived valence is 
considered to be universal, and one can readily gather accurate base rates from sources 
like the Office for National Statistics to use in experimental materials (e.g., Sharot et al., 
2011). Given the statistical confounds associated with the update method, however, 
Shah et al. (2016) argued for the need to include both positive and negative life events in 
studies using the update method to evaluate directional, valence-driven effects (as in 
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Garrett & Sharot, 2017; Marks & Baines, 2017). The current study goes further by 
including neutral events as our focal stimuli. With negative events, evidence for 
optimistic updating has been claimed where participants update their beliefs more in 
trials where BR is less than E1 than where BR is greater than E1 (setting aside 
methodological concerns just outlined). If such an asymmetry can be observed with 
neutral events, this cannot be attributed to optimism, since there is no valence from 
which to ascribe (un)desirability. Thus, by parsimony, one should not appeal to a 
motivational explanation to explain such a pattern in situations where desirability is 
present. 
 
In this paper, we present evidence for a non-motivational account of asymmetric belief 
updating by eliciting the statistical artefact with neutral life events, replicating it in three 
variations of the update method, and displaying its variability across samples and 
alternative analytic techniques (SI, Supplementary Analyses 1.1-1.6). As inherently non-
valenced, an asymmetry in belief updating with neutral events suggests that what has 
been previously interpreted as evidence of optimistic belief updating is the result of 
statistical patterns rooted in methodological constraints, rather than a motivational bias. 
That this artefactual asymmetry varies so unpredictably further undercuts the 
interpretability of past and future results returned by the update method. 

 
Method 
 
Since studies utilizing the update method typically involve more than one stimulus (life 
event), there are variations in the way this experiment can be, and has been, run: 
Participants can provide E2s immediately after receiving the BR for each event 
(Kuzmanovic, Jefferson, et al., 2016; Marks & Baines, 2017), or they can provide all 
these at the end, after having provided E1s and received BRs for all events in the study 
(Garrett & Sharot, 2014, 2017). Such procedural changes have been made in the past 
without justification and it is unknown how they affect the results of the update task. We 
subsequently replicated our experiment in three ways for robustness (Fig. 1). While no 
predictions of different results between these studies were made, this project represents 
a direct replication of the same methodology using these three slightly different 
procedures. All data otherwise followed the same scoring plan. 
 
Participants 

One hundred participants were recruited for each study (N = 300). This sample size was 
deemed sufficient by a power analysis conducted with Judd et al.’s (2017) tool for 
calculating statistical power for mixed effects models. However, due to the quasi-
experimental nature of this study, and in fact any study using the update method, the 
validity of such a power analysis is limited. Since we do not know how many life events 
participants will rate as neutral, we cannot know how many stimuli will be included in the 
main analysis, which focuses specifically on neutral life events. While we made a 
conscious effort to compile seemingly neutral life events, it is also plausible that some 
participant(s) will not rate any life events as neutral, and thereby be excluded from the 
main analysis. With these unknowns in mind, we arrived at the sample size of 100 
because a hypothetical power analysis with 51 stimuli (the number of events used), an 
effect d of 0.5, and 100 participants returns a high power of 0.84. This is also roughly 
double the sample size used in Marks and Baines (2017), which is the only other 
optimistic belief updating study that uses the same main analysis (a linear mixed effects 
model). 
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The Prolific Academic online research platform was used for recruitment, and the 
participant pool location was restricted to the United Kingdom because the stimuli (the 
life events and base rate statistics) were compiled to suit this specific population, and 
certain events and base rates may not be relevant to participants living elsewhere. The 
sample for each study were independent of one another. In Study 1, participants’ ages 
ranged from 18 to 81 (M = 32.82, SD = 11.52) with 73 females; in Study 2, ages ranged 
from 18 to 67 (M = 33.29, SD = 10.31) with 78 females; and in Study 3, ages ranged 
from 19 to 73 (M = 36.09, SD = 12.06) with 80 females. 
 
Design 

A 3 (event valence: negative, neutral, positive) x 2 (direction of error: upwards, 
downwards), quasi-experimental within-subjects design was implemented with the 
Qualtrics web-based survey software. Event valence (negative, neutral, or positive) 
signifies the self-reported desirability of experiencing a given life event. While the set of 
life events used (SI, Table S1) was intended to be comprised of neutrally-valenced 
events, event valence was coded trial-by-trial with participants’ self-reports, meaning that 
an event had to have been rated as “neither positive nor negative” (three on a five-point 
Likert scale) to be classed as a neutral trial for a given participant. Direction of estimation 
error (henceforth referred to as “direction of error”) indicates whether a participant’s 
initial self-estimate was less than or greater than the presented base rate on a given trial 
(whilst previous studies would refer to these trials as desirable vs. undesirable, such a 
categorization cannot be made for neutral events). Our dependent variable — the 
magnitude of belief updating — is the absolute difference between E1 and E2, signed as 
positive if the update is in the predicted direction (according to the direction of error), or 
negative if it is in the opposite direction. See the subsection on “Measures” below for 
further definition of these variables.  
 
Stimuli 

A total of 51 life events, each with an accompanying base rate statistic (MBR = 38.39, 
SDBR = 21.58), was presented to each participant (SI, Table S1). This set of life events is 
comprised of both previously used and novel material. Two life events were taken from 
Shah et al.’s (2016) materials that were deemed to be neutral at face value (“Be exactly 
the same weight in 10 years’ time” and “Last the whole of winter without catching a 
minor cold”). Twenty-one life events were taken from the materials used by Garrett and 
Sharot (2017), which were found to be rated as neutral by pilot participants [3.00 ± 0.99 
on a 1 (extremely negative) to 5 (extremely positive) scale]. Finally, 28 novel life events 
were compiled by gathering or calculating base rate estimates based on external 
sources (e.g., Ofcom, BBC) that were associated with seemingly regular, mundane life 
events [e.g., “How likely is it that the next store you visit is air conditioned?” (BR = 30%); 
“…that you use more than 3.7GB of mobile data over the next four weeks? (BR = 17%)].  
 
Procedures 

Study 1. Study 1 involved two parts (Fig. 1). In Part 1, each participant was presented 
with a life event and asked to estimate the likelihood of this event happening to them in 
the future (E1); participants were also asked to give a second estimate of the likelihood 
of the event happening to an average person (eBR; an estimate of the base rate). These 
two estimates were made on a 0% to 100% scale and there were no restrictions on 
participants’ response time. The order of these two estimates was counterbalanced 
between subjects by randomly assigning each participant to one of two conditions: E1 



Optimism Where There is None 

 

7 

followed by eBR, or eBR followed by E1. After these two initial estimates were recorded, 
participants were presented with the actual base rate statistic (BR). On the next page 
they were required to write down the BR correctly (BR Recall). If they incorrectly recalled 
the statistic, they were provided with the correct statistic on screen and required to enter 
that value. This ensured that the correct BR was attended to by all participants. 
Participants were then asked to re-estimate the likelihood of the event happening to 
them personally (E2). Once this sequence was completed for all 51 life events, in a 
randomized order, participants moved on to Part 2. 
 
In Part 2, they were presented with each of the 51 life events again in a randomized 
order and asked to indicate the valence of each event, “How would you feel about 
experiencing this event?” on a five-point Likert scale (1 = extremely negative, 2 = 
somewhat negative, 3 = neither positive nor negative, 4 = somewhat positive, 5 = 
extremely positive) (Valence Rating). This rating would later be used to classify the trials 
as negatively, neutrally, or positively valenced according to each individual participant’s 
subjective rating. Trials rated as 3 were considered neutral.  
 
Study 2. Study 2 involved three parts (Fig. 1). The procedure followed that of Study 1, 
except the E2s for all events were recorded in Part 2, which was followed by the 
recording of all valence ratings in Part 3. 
 
Study 3. Study 3 involved two parts (Fig. 1) and mirrored the procedure of Study 1, 
except the ordering of E2 and Valence Rating were swapped such that the updating 
occurred across the two parts (i.e., E1 in part one, E2 in Part 2). This procedure follows 
that used in Experiments 3A and 3B in Shah et al. (2016). 
 
Exclusion Criteria 

Following on from Shah et al. (2016), a pre-registered exclusion criterion was employed 
prior to analyzing the data from each study. Mean updates in each of the six conditions 
(i.e., negative/neutral/positive by upwards/downwards) were calculated and outliers were 
removed (±3 × the interquartile range)1. However, all of our results hold regardless of 
this criterion, except for a single supplementary result (noted below in the “Further 
Analyses” subsection). In addition, trials where E1 equalled the BR were necessarily 
excluded in our analyses, as they are in all analyses of the data from the update method, 
because the central, quasi-experimental classification of trials as desirable or 
undesirable — or in our case, upwards or downwards — cannot be applied. From the 
5,100 trials recorded in each study, these criteria resulted in 339 (6.65%), 414 (8.12%), 
and 431 (8.45%) trials being excluded from studies 1, 2, and 3, respectively.  
 
Measures 

There are three measures that are central to interpreting results from the update 
method: direction of error, update value, and event valence. First, each trial’s direction of 
error is determined by calculating the difference between BR and E1. If the difference is 

                                                 
1 We note that on page 7 of the pre-registration this exclusion criterion is written as “±3   the 
interquartile range.” This discrepancy is due to a clerical error whereby the multiplication sign was 
inadvertently removed when pasting the text into the OSF registration form and converting the 
Word file to PDF format. In addition, the mention of removing trials “in which a derived probability 
cannot be applied” is also erroneous as it is not applicable to the methodology presently used 
because we provided static, non-derived base rates.   



Optimism Where There is None 

 

8 

positive (i.e., BR > E1) then the direction of error is classed as upwards, and vice versa 
for a downwards direction of error.  
 
The update value in each trial, which indicates the magnitude of belief updating, is then 
determined by calculating the absolute difference between participants’ re-estimates and 
initial estimates (|E2 - E1|). This is then labelled as positive if updating goes towards the  

 
Fig. 1. Schematics of the procedure used in each study. Images depict the task sequence for a 
single trial, differing slightly across studies: participants make an initial self-estimate (E1) and an 
estimate of the base rate (eBR), view the base rate (BR), write down the base rate correctly (BR 
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Recall), rate the event’s valence on a five-point Likert scale where a rating of 3 indicates the 
event is perceived as neutral (Valence Rating), and make a revised self-estimate (E2). The same 
stimuli were used in each study. We have followed the abbreviations of Kuzmanovic and Rigoux 
(2017). To aid cross-referencing, in Shah et al. (2016) E1 and E2 are SE1 and SE2, eBR is BR1, 
BR is actualBR. 

 
BR (i.e., in accordance with the direction of error) or negative if updating goes away from 
the BR (i.e., not in accordance with the direction of error). For example, if E1 is 40, BR is 
50, and E2 is 30, the update would be coded as -10; whereas if the BR was 10 then the 
update would be coded as +10. Additional pre-registered analyses in which direction of 
error is calculated in the normatively appropriate manner on the basis of participants’ 
estimates of the BR (eBR), are presented in the supplementary materials (SI, 
Supplementary Analyses, 1.1). 
 
Finally, event valence is determined trial-by-trial with the self-report question, “How 
would you feel about experiencing this event?”, measured on a five-point Likert scale 
from “extremely negative” (1) to “neither positive nor negative” (3) to “extremely positive” 
(5). Following Garrett and Sharot (2017), we code ratings of 1 and 2 as negative, 3 as 
neutral, and 4 and 5 as positive. While our set of life events was compiled with neutral 
valence in mind, this procedure grants each participant the opportunity to provide 
updates for negative, positive, and neutral events, depending on their personal 
preferences.  
 

Results 
 
Main Analysis  

To test our central hypothesis that participants will update asymmetrically in response to 
neutral information, we conducted three studies with independent samples in which 100 
participants proceeded through the update method with 51 life events. Following our pre-
registered analysis plan, we applied a linear mixed effects model (LMM) — as in Marks 
and Baines (2017) — to trials in which the stimulus (life event) was rated as neutral by 
the participant. Update value was entered as the dependent variable, direction of error 
(upwards/downwards) as a fixed factor, and participant as a random factor. 
 
To select a model specification, we first fit the specification with the maximally complex 
random effects structure and then iteratively reduced model complexity until all 
degenerate random effects parameters were removed and the model was not singular 
(Bates et al., 2018). This procedure led us to a specification with only random intercepts 
by participant; however, the results hold across model specifications and we report the 
statistics of the maximally complex model specification in the Supplementary Information 
(SI, Table S2). Finally, we used Type III tests and Satterthwaite’s approximation for 
degrees of freedom to calculate the statistical significance of the fixed effects. In all three 
studies, asymmetric belief updating was observed with neutral life events (Fig. 2).  
 
In Study 1, there were 1,521 trials in which participants updated in response to a rated-
as-neutral life event, with 801 trials with an upwards direction of error (M = 2.11, SD = 
4.56) and 720 with a downwards direction of error (M = 11.33, SD = 15.91). An LMM 
determined that direction of error significantly affected the magnitude of participants’ 
updating (F(1,1515) = 244.47, p < 0.001), such that an upwards direction of error (i.e., 
BR > E1) decreased update scores by approximately 9.13 percentage points (fixed 
effect estimate) ± 0.58 (standard error), as compared to downwards direction of error.  
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In Study 2, there were 1,699 trials in which participants updated in response to a rated-
as-neutral life event, with 831 trials with an upwards direction of error (M = 4.16, SD = 
10.01) and 868 with a downwards direction of error (M = 10.08, SD = 18.06). An LMM 
determined that direction of error significantly affected the magnitude of participants’  
 

 
 
Fig. 2.  Asymmetries in belief updating with neutral life events in each of the three studies. Points 
indicate the magnitude of belief updating predicted by the linear mixed effects model with bars 
representing 95% confidence intervals. Numbering of plots corresponds to the study. 

 
updating (F(1,1694) = 77.09, p < 0.001), such that an upwards direction of error (i.e., BR 
> E1) decreased update scores by about 6.24 percentage points (fixed effect estimate) ± 
0.71 (standard error), as compared to downwards direction of error. 
 
In Study 3, there were 1,667 trials in which participants updated in response to a rated-
as-neutral life event, with 828 trials with an upwards direction of error (M = 4.13, SD = 
8.82) and 839 with a downwards direction of error (M = 10.56, SD = 20.80). An LMM 
determined that direction of error significantly affected the magnitude of participants’ 
updating (F(1,1662) = 68.48, p < 0.001), such that an upwards direction of error (i.e., BR 
> E1) decreased update scores by about 6.51 percentage points (fixed effect estimate) ± 
0.79 (standard error) as compared to downwards direction of error.  
 

Secondary Analyses 

Adding event valence as a second fixed factor. In addition to our central hypothesis 
testing, we also conducted a pre-registered analysis of each study’s data with LMMs that 
included event valence as a second fixed factor in interaction with direction of error. This 
analysis parallels that of previous related work (Garrett & Sharot, 2017) and allows us to 
assess whether the supposed desirability of information influenced belief updating, as 
well as view that effect in comparison with the asymmetry in neutral trials described 
above (Fig. 3). To select a model specification, we followed the same procedure as in 
the main analysis, which led us to select a specification that includes only random slopes 
and intercepts by participant for direction of error and no correlation parameters. 
However, the results once again hold across model specifications, and we report the 



Optimism Where There is None 

 

11 

statistics of the maximally complex model in the supplementary information (SI, Table 
S3).2 
 
In Study 1, there were significant main effects of both direction of error (F(1,98) = 
233.80, p < 0.001) and event valence (F(2,4713) = 47.98, p < 0.001), plus a significant 
interaction term (F(2,4706) = 61.80, p < 0.001), whereby the updating asymmetry was 
smallest for the positive events (Fig. 2). Despite this, participants updated more in 
response to a downwards direction of error across both negative and positive events. In 
1,662 trials with negative life events, participants updated more in response to a 
downwards direction of error (n = 683, M = 10.73, SD = 14.23) than upwards (n = 979, M 
= 2.86, SD = 6.31). Equally, in the 1,578 trials with positive life events, participants 
updated more in response to a downwards direction of error (n = 882, M = 4.97, SD = 
9.41) than upwards (n = 696, M = 3.10, SD = 6.65). 
 
In Study 2, there were again significant main effects of direction of error (F(1,98) = 
112.85, p < 0.001) and event valence (F(2,4656) = 35.49, p < 0.001), as well as a 
significant interaction term (F(2,4610) = 43.86, p < 0.001). Among the 1,582 trials with 
negative events, participants updated more in response to a downwards direction of 
error (n = 692, M = 13.08, SD = 21.33) than upwards (n = 890, M = 3.76, SD = 10.18), in 
a similar fashion as Study 1. However, update values in the 1,405 trials with positive 
events displayed no asymmetry between downwards (n = 835, M = 4.05, SD = 10.98) 
and upwards direction of error (n = 570, M = 4.48, SD = 10.62).  
 
 

 
 
Fig. 3. Asymmetries in belief updating with event valence and direction of error as fixed factors. 
Points indicate the magnitude of belief updating predicted by the linear mixed effects model with 
bars representing 95% confidence intervals. Numbering of plots corresponds to the study. 

 

                                                 
2 Because this secondary analysis is conditioned on a post-treatment variable (i.e., participants 
rated event valence after being provided with the BR), the results of this analysis may display a 
post-treatment bias (Montgomery et al., 2018). However, this potential issue also applies to past 
studies using the update method and life events of varying valence (e.g., Garrett & Sharot, 2014, 
2017). 
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In Study 3, there were once again significant main effects of direction of error (F(1,98) = 
42.35, p < 0.001) and event valence (F(2,4636) = 18.51, p < 0.001), as well as a 
significant interaction term (F(2,4586) = 60.09, p < 0.001). Interestingly,  
a flip in belief updating asymmetry was observed, which has previously been considered 
to be characteristic of optimistic belief updating. In 1,616 trials with negative life events, 
participants updated more in response to a downwards direction of error (n = 639, M = 
12.41, SD = 22.17) than upwards (n = 977, M = 3.62, SD = 9.51); whereas participants 
updated less in response to a downwards direction of error (n = 723, M = 3.45, SD = 
10.42) than upwards (n = 663, M = 6.57, SD = 14.16) in the 1,386 trials with positive life 
events.  
 
Further analyses. Beyond the reported LMMs, there are a number of other analyses 
that have been applied to data produced by the update method. Relating to the critiques 
outlined here (i.e., the problems of misclassification and the bounded probability scale), 
Shah et al. (2016) analyzed the data with an alternative classification scheme and 
compare participants’ updating with rational Bayesian predictions, and Kuzmanovic and 
Rigoux (2017) sought to incorporate in the influence of individuating information with a 
computational modelling technique based on reinforcement learning. We report the full 
results of each of these analytic approaches (all of which were pre-registered) in the SI, 
Supplementary Analyses 1.1-1.3. This shows that, despite their different attempts to 
remedy the limitations of the update method (attempts which have been critiqued – 
Harris et al., 2021; Shah et al, 2016), they each demonstrate the ‘unmotivated’ updating 
asymmetry with neutral events when the data from Studies 1-3 are aggregated. Whilst 
Analysis 1.1 yields such a result across all three studies, analyses 1.2 and 1.3 display 
unexplainable variability across the studies in terms of the significance of this result 
(Table 1). 

Finally, we conducted an unregistered analysis in which we applied the procedure used 
in the original work of Sharot et al. (2011)3. This analysis uses regressions to assess 
correlations between “estimation error” (i.e., |E1 – BR|) and belief updating (SI, 
Supplementary Analysis 1.4). While it is meaningful to control for initial error (to ensure 
that observed asymmetries do not merely reflect an uneven distribution of errors), we did 
not preregister this particular analysis as it is conceptually flawed. As outlined in the 
Introduction above it is meaningless to subtract Sam’s base rate estimate (BR) from his 
individual estimate (E1), because normatively, Sam’s individual estimate should be a 
function of both of these quantities, and, normatively, Sam could even be required to 
revise the individual estimate in the opposite direction of that ‘error’, depending on what 
Sam took the base rate to be (see also, Shah et al., 2016). All of the (pre-registered) 
further analyses described in the previous paragraph (and reported in Supplementary 
Analyses 1.1-1.3) were proposed in the previous literature as conceptually meaningful 
alternative solutions for controlling for ‘estimation error’.  

The flawed analysis returns a statistically significant asymmetry with neutral events in 
Study 1, but there is neither a significant asymmetry in Studies 2 and 3, nor in the 
aggregated data (Table 1). Further, the statistically significant asymmetry in Study 1 
does not hold when our exclusion criterion is not applied. To test the robustness of this 
result — and to explore why there is considerable, seemingly uninterpretable variability 
in results across studies — we ran simulations where we sampled subsets of events and 
participants from the aggregated data of Studies 1-3 and applied the regression analysis 

                                                 
3 We included this analysis in response to reviewer comments. 
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to each sample. These simulations showed that materially different results can be 
obtained with the regression analysis depending on which events are used 
(Supplementary Figure S7). Building on this, we subsequently pre-registered and ran an 
additional Study 4 using 20 of the 51 events from Studies 1-3, which further 
demonstrates that consistent belief updating asymmetries, in line with optimism bias, are 
not observed (see SI, Supplementary Study 4 for a write-up of these results). 

Other analytic approaches may also be applicable, such as including stimuli (life events) 
as a random factor to heed the statistical literature pointing out that the failure to do so 
can inflate Type I error rates on fixed effect estimates (Judd et al., 2012; Yarkoni, 2020). 
However, this does not resolve the asymmetry observed with the LMMs (SI, 
Supplementary Analyses, 1.6). Further, one might argue that Bayesian modelling 
equivalents to the LMMs reported here should be used. But such an analysis introduces 
an additional “researcher degree of freedom” by requiring the specification of a prior 
distribution; and given that there is no precedent of this in the literature, we restricted our 
analyses to address our hypothesis. Nevertheless, all data has been made openly 
available on an OSF project page for further analysis. 

Table 1: P values indicating the statistical significance of the asymmetries observed with neutral 
events according to four analytical techniques intended to resolve the flaws of the update method 
in each study and the aggregated data of Studies 1-3. Comparisons of upwards vs. downwards 
updating using the Bayesian difference measure and the regression analysis (with “estimation 
error” as the independent variable) were made with t-tests; comparisons using the Bayesian ratio 
measure and learning rates were made with non-parametric Wilcoxon signed rank tests. The 
analysis marked with `*` was not pre-registered. Full results for each analysis are reported in SI, 
Supplementary Analyses 1.2-1.4. 

 Study 1 Study 2 Study 3 Aggregate 

Bayesian difference measure 
(Shah et al., 2016) 0.049 0.044 0.013 < 0.001 

Bayesian ratio measure  
(Shah et al., 2016) 

< 0.001 0.784 0.449 0.010 

Learning rates  
(Kuzmanovic & Rigoux, 2016) 

 0.001 0.704 0.324 0.016 

Regression analysis* 

(Sharot et al., 2011) 
< 0.001 0.662 0.540 0.081  

 
 

Discussion  
 
The present study provided the first targeted application of the update method to test for 
asymmetric belief updating with neutral life events. In the main analysis, the central 
result obtained was the thrice replicated asymmetry in belief updating with neutral stimuli 
(Fig. 2), which is coupled with uninterpretable variability among the results returned by 
various analytic techniques that have been proposed as fixes for the flaws of the update 
methods (Table 1). Such findings are unpredicted and unexplainable by motivational 
accounts. Consequently, our results contribute to the debate concerning the status of the 

https://osf.io/8q74m/?view_only=9ea1dcb105164bda9f35228b3bb3495c
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optimistic belief updating phenomenon (Sharot et al., 2011) by demonstrating the 
empirical consequence of the statistical confounds previously highlighted (Shah et al., 
2016) — empirical consequences that subsequent rebuttals have questioned (e.g., 
Garrett & Sharot, 2017; Kuzmanovic & Rigoux, 2017). While seemingly optimistic 
asymmetries can arise in the data, the current results suggest that such effects are not 
valence-driven. Given that an asymmetry can be observed in the absence of valence, 
and thus an absence of motivation, the presence of an asymmetry with valenced events 
is insufficient evidence for one to conclude that a motivational bias is present. 
 
Previous research has countered the statistical artefact hypothesis by including positive 
events in the deployment of the update method (e.g., Garrett & Sharot, 2017; Marks & 
Baines, 2017). While such studies succeed in demonstrating asymmetric belief updating 
with positive events in a manner that is consistent with motivational optimism, they fail to 
appreciate “that the statistical artefacts will necessarily vary in expression as a function 
of events” (Shah et al., 2016, p. 106). Consequently, “the very nature of the artefacts 
that plague the update method mean that, given the right set of events [with the right 
statistical attributes], everything and anything could empirically be found, even in entirely 
unbiased agents” (Shah et al., 2016, p. 107). This is because the statistical artefact 
hypothesis is multi-faceted, being driven by both the base rate and the amount of 
individuating information the individual believes they possess about their chance of 
experiencing a particular event4. In fact, the variability of these subjective confounds can 
be seen even when an identical set of life events is used. Across our studies, there are 
differences in the distributions of implied likelihood ratios (a measure of participants’ 
individuating information derived from Bayes Theorem), estimation error (|E1 – BR|), and 
base rate error (|eBR – BR|) (see SI, Figs. S3-S5 for the empirical distributions of these 
variables in each study; also see SI, Fig. S6 for a numerical simulation of the relationship 
between these variables). It may be these discrepant statistical characteristics that give 
rise to varying results across studies.  
 
One tempting approach to side-step the variability in results across studies and analyses 
is to focus solely on the aggregated data from Studies 1-3 as the single “answer.” This 
approach is attractive as it achieves the highest possible statistical power. Equally, 
however, this strategy masks the strikingly variable results across the individual studies, 
which were already adequately powered with 100 participants each. This point is 
especially striking in view of the fact that the update method has most widely been used 
in cognitive neuroscience studies that contained far fewer participants. The original work 
of Sharot et al. (2011) relied on a sample of just 19 participants, Garrett et al. (2014) had 
30 participants, Garrett and Sharot (2014) had 32 participants, Kuzmanovic and Rigoux 
(2017) had 27 participants, and even the large (by neuroscience standards) sample of 
Moutsiana et al. (2013) was just 52 participants. 
 
Our findings suggest that there is not a consistent, behaviourally-large, motivational 
asymmetry in belief updating, as would be required to inspire confidence in the neural 
correlates – and therefore the existence – of the optimistic bias phenomenon. While 
variability with “sensible” stimuli (i.e., negative or positive events) is often attributed to 
natural noise in the world, we observed similar variability with entirely nonsensical stimuli 

                                                 
4 Note that the same sized bias for positive events as for negative events (greater updating in a 
downwards direction) would be predicted in unbiased agents in the very unlikely situation where 
positive stimuli are the exact analogues of the negative stimuli, with the same base rates, but also 
being “exactly matched for diagnostic knowledge” (Shah et al., 2016, p. 106). 
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(i.e., neutral events). The dominant theory for a general optimism bias is that it is an 
adaptive, self-serving mechanism that enhances exploratory behavior and reduces 
stress and anxiety as a regular feature of healthy human cognition (Sharot, 2011). 
Further, it has been argued that the ability to integrate desirable and undesirable 
information reflects two dissociated processes with different developmental trajectories 
in the human brain (Chowdhury et al., 2014; Moutsiana et al., 2013). On neither 
perspective would one expect the findings presented here. Were the update method a 
suitable tool for probing optimistic bias, it simply should not show “bias” with valence-
neutral events. The fact that it can, and that results vary across samples and analyses, 
renders both the behavioral results of earlier studies and the underlying neurological 
correlates, based on small samples, uninterpretable.  
 
Whilst our investigation included small changes in methodology across studies and 
covered several supplementary analyses, readers familiar with the optimistic belief 
updating literature might point out that we did not control for certain covariates that have 
been considered in past studies, such as participants’ familiarity, vividness, emotional 
arousal, and perceived controllability of the events presented. While this could indeed be 
viewed as a limitation of the present work, we do not see it as such because past studies 
consistently report no change in results with or without these controls (e.g., Sharot et al., 
2011; Moutsiana et al., 2013; Shah et al. 2016), and moreover, certain covariates like 
emotional arousal are, by definition, irrelevant for neutral life events. Likewise, it could be 
argued that our results are limited due to the fact that we only considered one framing; 
we only asked participants how likely they were to experience the events presented and 
not how likely they were to not experience the events. However, the potential of a 
confounding framing effect also seems unlikely given that the past studies that do control 
for it report there to be no consequence (e.g., Garrett et al., 2014; Garrett & Sharot, 
2014; Korn et al., 2014; Sharot et al., 2011).  
 
Other methods for optimism research need to be used, but there is no quick fix. One 
plausible direction is to test for bias as asymmetric deviations from Bayes’ theorem, 
which acknowledges that updates in different parts of the probability scale cannot be 
mathematically equated to one another. Yet, Shah et al. (2016) demonstrate that the 
fundamental problems with the scale are inherited in such analyses given that 
participants’ responses will be noisy (see SI, Supplementary Analyses, 1.2). 
Alternatively, some investigators have traded off external validity and utilised “lottery” 
methods incorporating objective probabilities (Eil & Rao, 2011; Mobius et al., 2014; 
Barron, 2019; Buser et al., 2018; Coutts, 2019; Ertac, 2011; Gotthard-Real, 2017). 
These studies have produced markedly inconsistent results, with some observing an 
optimistic asymmetry (Eil & Rao, 2011; Mobius et al., 2014), and others finding no 
evidence thereof (Barron, 2019; Buser et al., 2018; Coutts, 2019; Ertac, 2011; Gotthard-
Real, 2017).     
 

Conclusion 
 
Optimism research is of importance to both researchers and practitioners across 
disciplines. Yet, for there to indeed be a true optimism bias in belief updating, the 
evidence should not be able to be produced by rational, unbiased agents (e.g., Shah et 
al., 2016) or in cases where the variable upon which it depends — valence — is 
removed. The update method thus remains unfit for purpose, and assuming evidence 
produced by it to be solid is ill-advised. Optimistic belief updating, along with optimism’s 
other forms, may very well exist in the real-world. At present, however, the foundational 
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method that research is building upon continues to fail critical tests. Here, it has failed to 
display a consistent valence-dependence, an inherent attribute of optimistic belief 
updating’s very definition.  
 
Data and Code Availability 
The datasets and code used in this paper are available on the OSF project page.  
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