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Abstract The Web 2.0 enabled collaboration at an
unprecedented level. In one of the flagships of mass col-
laboration—Wikipedia—a large number of authors socially
negotiate the world’s largest compendium of knowledge.
Several guidelines in Wikipedia restrict contributions to
verifiable information from reliable sources to ensure rec-
ognized knowledge. Much psychological research demon-
strates, however, that individual information processing is
biased. This poses the question whether individual biases
translate to Wikipedia articles or whether they are pre-
vented by its guidelines. The present research makes use of
hindsight bias to examine this question. To this end, we
analyzed foresight and hindsight versions of Wikipedia
articles regarding a broad variety of events (Study 1). We
found the majority of articles not to contain traces of
hindsight bias—contrary to prior individual research.
However, for a particular category of events—disasters—
we found robust evidence for hindsight bias. In a lab
experiment (Study 2), we then examined whether individ-
uals’ hindsight bias is translated into articles under con-
trolled conditions and tested whether collaborative
writing—as present in Wikipedia—affects the resultant
bias (vs. individual writing). Finally, we investigated the
impact of biased Wikipedia articles on readers (Study 3).
As predicted, biased articles elicited a hindsight bias in
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readers, who had not known of the event previously.
Moreover, biased articles also affected individuals who
knew about the event already, and who had already
developed a hindsight bias: biased articles further increased
their hindsight.

Introduction

The World Wide Web has revolutionized our access to
information. A myriad of even remote sources is immedi-
ately available at our fingertips. However, with the devel-
opment of Web 2.0 technologies, the production of
informational contents is no longer limited to professionals.
Rather, any person with internet access can contribute to
the informational web content. Laypersons are thus not
only receivers of information but also its producers.
Interestingly, a large number of these products are the
result of collective actions as the Web 2.0 enabled people
to collaborate at an unprecedented level.

By now, much research points to the benefits of mass
collaboration. For instance, the collaboration among mil-
lions has led to the creation of the largest compendium of
world knowledge: Wikipedia. Psychological research with
individuals indicates, however, that human information
processing is often biased (e.g., Pohl, 2017). For example,
we falsely believe in hindsight that we had known all along
in foresight what would happen (hindsight bias; Fischhoff,
1975; Roese & Vohs, 2012; Pohl & Erdfelder, 2017).
Considering that many biases are robust and widespread,
the question arises as to whether they extend to a collective
level, that is, whether they are mirrored in products of
“collective effort” such as mass collaboration. The aim of
the present studies is thus to examine whether these col-
lective representations contain traces of individual biases.
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To investigate this question, we analyzed how repre-
sentations of events in Wikipedia articles change over time
and whether Wikipedia articles show evidence of hindsight
bias. For instance, does the article about the nuclear power
plant of Fukushima suggest—in hindsight, but not in
foresight—that the nuclear disaster was likely? Moreover,
we examined whether hindsight bias in Wikipedia articles
may, in turn, affect readers’ perceptions of events (i.e.,
their hindsight bias). That is, we tested whether hindsight
bias is (1) transferred within the course of producing
Wikipedia articles, as well as (2) when perceiving Wiki-
pedia articles. We chose Wikipedia as it is one of the
flagships of mass collaboration (it is among the ten most
frequently retrieved pages of the Internet, http://www.
alexa.com, and is also increasingly discovered in and for
academic circles, e.g., see http://www.psychologi
calscience.org/members/aps-wikipedia-initiative) and thus
likely shapes the representations of a broad audience.
Furthermore, Wikipedia comes along with a number of
guidelines that aim at preventing bias. Hindsight bias was
chosen, because it is one of the most robust cognitive
biases (see meta-analyses of Christensen-Szalanski &
Wilham, 1991; Guilbault, Bryant, Brockway, & Posavac,
2004) and has a number of far reaching consequences such
as effects on the attribution of responsibility and guilt (e.g.,
Carli, 1999; Hastie, Schkade, & Payne, 1999; LaBine &
LaBine, 1996; Rachlinski, 1998).

The article is organized as follows. We first turn to
Wikipedia and briefly outline its principles and its status
as a repository of collective representations. Next, we
define hindsight bias and elaborate on relevant research.
Subsequently, we turn to the perception of biased Wiki-
pedia articles. We then report two studies that examined
whether Wikipedia articles show traces of hindsight bias
(production; Studies 1 and 2) and one study that inves-
tigated how Wikipedia articles affect readers’ biases in
the representations of events (perception; Study 3).
Finally, we summarize our results and discuss their
implications.

Mass collaboration and knowledge production
in Wikipedia

Mass collaboration involves the activities of a large num-
ber of people. It is usually mediated by digital tools (e.g.,
Web 2.0) and results in (digital) products (Cress, Jeong, &
Moskaliuk, 2016; e.g., mathematical solutions, Gowers &
Nielsen, 2009; data for scientific research, Barron, Martin,
Mertl, & Yassine, 2016; computer games, Fields, Kafai &
Giang, 2016). One of the most prominent results of mass
collaboration is the online encyclopedia Wikipedia. By
now, it exists in more than 280 different languages. Its
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largest version alone—the English language version—was
authored by more than 26 million users and contains more
than five million articles (https://en.wikipedia.org/wiki/
Wikipedia:Statistics).

In contrast to traditional encyclopedias, Wikipedia is
written exclusively by volunteers and is open to anyone.
Therefore, the educational background of the authors is
very diverse (e.g., Merz & Doring, 2010) implying that
many authors do not have a professional education in the
topics they write about (e.g., Oeberst, Halatchliyski,
Kimmerle, & Cress, 2014a). Another difference to tradi-
tional encyclopedias is the number of authors: on average,
articles in the English Wikipedia are written by 50 different
authors (Kittur & Kraut, 2008). This number is easily
multiplied when it comes to articles of broad importance
and high topicality (e.g., the nuclear disaster in Fukushima,
Keegan, Gergle, & Contractor, 2011; Oeberst et al.,
2014a, b; the Arab spring, Ferron & Massa, 2011; Massa &
Scrinzi, 2012), or highly controversial topics (e.g., Wilson
& Likens, 2015).

Wikipedia’s content has thus been socially negotiated
(by collaborative authoring) and is publicly available. It
may, therefore, be conceived of as a repository for col-
lective representations (Pentzold, 2009; Olick, 1999).
Moreover, it is, indeed, frequently retrieved (http://www.
alexa.com). If Wikipedia articles were biased, they could
thus likely shape the views of millions.

Unknown to many users, however, Wikipedia operates on
a number of basic rules that aim at preventing bias. Most
important for the present purpose is the following three
rules: (1) verifiability (http://en.wikipedia.org/wiki/Wikipe
dia:Verifiability;  http://en.wikipedia.org/wiki/Wikipedia:
Verifiability#What_counts_as_a_reliable_source), (2) no
original research (http://en.wikipedia.org/wiki/Wikipedia:
No_original_research), and (3) neutral point of view (http://
en.wikipedia.org/wiki/Wikipedia:Neutral_point_of_view).
These rules urge authors (1) to contribute only information
that is verifiable and from reliable sources, (2) to contribute
recognized knowledge (i.e., precluding novel thoughts and
theories to be presented), and (3) to use an unbiased lan-
guage and to include “all significant viewpoints that have
been published by reliable sources, in proportion to the
prominence of each viewpoint”.

Prior research has shown that norms may, indeed,
decrease bias (Postmes, Spears, & Cihangir, 2001).
Moreover, Wikipedia’s guidelines, its overall goal to pro-
vide access to world knowledge, and the fact that the
information is publicly available may effectively foster
accuracy motivation (Chen, Shechter, & Chaiken, 1996)
rather than motivated reasoning (Kunda, 1990). Could this
effectively prevent biases to enter Wikipedia articles?
Several studies document that Wikipedia’s rules guide
individual contributions effectively (Forte & Bruckman,
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2008; Oeberst et al., 2014a, b; Viégas, Wattenberg, & Dave
2004; Viégas, Wattenberg, Kriss, & van Ham 2007). And
even if Wikipedia may not prevent vandalism (e.g.,
inserting knowingly false information; e.g., Potthast, Stein,
& Gerling, 2008), many authors and computer algorithms
continuously check and implement Wikipedia’s guidelines,
which mostly leads to the fast correction of destructive
edits (Adler, Alfaro, de Mola-Velasco, Rosso, & West,
2011; Potthast et al., 2008; Viégas et al., 2004, 2007).
Similarly, errors often get corrected soon after they get
published (e.g., Fallis, 2009). Even more importantly,
errors do not necessarily occur more frequently than in
traditional encyclopedias (e.g., Britannica, Giles, 2005; see
also Fallis, 2008; Magnus, 2009) and a balanced presen-
tation of highly political and emotionally laden events has
been obtained as well (Oeberst et al., 2014a, b).

Despite these positive demonstrations of Wikipedia’s
quality, the encyclopedia is not free from errors. For
instance, Wikipedia authors often share certain character-
istics (e.g., interest in social media), which may result in an
“imbalanced coverage of subjects on Wikipedia” (http://
en.wikipedia.org/wiki/Wikipedia:Systemic_bias, e.g., Bel-
lomi & Bonato, 2005; Callahan & Herring, 2011; Hecht &
Gergle, 2009, 2010; Royal & Kapila, 2009). While Wiki-
pedia’s guidelines do not tackle topic coverage, this
example perfectly demonstrates that there are biases that
are not covered by Wikipedia’s guidelines: an article may
contain verifiable information from reliable sources and be
presented neutrally, but may, nevertheless, contain bias—
merely due to the selective presentation of information that
results from the authors’ perspective. Another bias that
might not prevented by Wikipedia’s guidelines is hindsight
bias.

Hindsight bias as an individual bias

Hindsight bias is the tendency to overestimate in hindsight
what one has known in foresight. Once an event occurred,
people tend to perceive it as more likely, more inevitable,
or more foreseeable than they had before its occurrence
(see Roese & Vohs, 2012; Pohl & Erdfelder, 2017, for
overviews). In his seminal study, Fischhoff (1975) pre-
sented participants with a historical event (e.g., the British—
Gurkha War) and asked them to estimate the likelihood of
possible outcomes (e.g., British victory, Gurkha victory).
Crucially, some of his participants were informed about the
alleged outcome of the war prior to making their likelihood
judgments, while participants in a control group did not
receive any information about the outcome of the war.
Compared to this control group, participants with outcome
knowledge systematically overestimated the likelihood of
the “actual” event. This biased retrospective evaluation of

events even held when participants were urged to ignore
outcome knowledge (Fischhoff, 1975) or when they were
informed and warned about hindsight bias prior to the
experiment (Fischhoff, 1977). Participants were thus
unable to ignore outcome knowledge and to put themselves
into the foresight perspective.

Since Fischhoff’s experiments, a vast number of studies
have investigated hindsight bias and demonstrated its
robustness (see Christensen-Szalanski & Willham, 1991,
and Guilbault et al., 2004, for meta-analyses) and perva-
siveness (e.g., Pohl, Bender, & Lachmann, 2002). In
addition, a number of explanations have been put forward
(see Roese & Vohs, 2012 for an overview). Concerning
events, several researchers identified causal reasoning as a
crucial underlying process (e.g., Blank & Nestler, 2007;
Louie, 2005; Jennings, Lowe, & Reckers, 1998; Nestler,
Blank, & von Collani 2008; Nestler & Egloff, 2009; Pezzo,
2003; Roese & Olson, 1996; Yopchick & Kim, 2012).
Based on the assumption that individuals are generally
motivated to understand the world, it is proposed that they
search for antecedents that are causally linked to the out-
come and evaluate these antecedents regarding their suit-
ability to explain the outcome’s occurrence. Importantly, as
the search process is biased towards seeking antecedents
that may explain the occurred outcome, individuals place
more weight on event-consistent antecedents than incon-
sistent ones (which would have spoken for a different
outcome; Nestler et al., 2008; see also Carli, 1999; Fis-
chhoff, 1975), suggesting that the event was more likely to
happen.

Hindsight bias in the production of Wikipedia
articles

To date, the vast majority of studies on hindsight bias
examined individuals’ personal perceptions: participants
received background information as well as outcome
information and were asked for their personal perceptions
regarding the likelihood, inevitability, or foreseeability of
the outcome. In other words, hindsight research focused on
the reception of information and how this information is
evaluated. The question of whether Wikipedia articles
contain hindsight bias thus differs substantially from the
previous studies as it involves the production of informa-
tion. Information production, however, comes along with a
number of processes that go beyond the reception of
information and which are affected by additional factors
(Hayes, 1989; see also Nestler et al., 2017). One of these
factors is the context in which information is produced. As
we have outlined above, Wikipedia provides a unique
context: first, Wikipedia employs several guidelines that
explicitly aim at preventing personal opinions and
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subjective evaluations and demand verifiable contents from
reliable sources instead. Second, Wikipedia articles are
socially negotiated by many authors—on the basis of
Wikipedia’s guidelines. Therefore, analyzing Wikipedia
articles also differs substantially from the previous group
studies on hindsight bias. There, individuals or small
groups received information (e.g., statements describing
psychological research, Stahlberg et al., 1995, Study 1),
half of them also learned about the actual outcome (e.g.,
that this finding was actually confirmed/falsified by
research), and all participants were asked to estimate how
likely they would have thought this statement to be true
(disregarding outcome knowledge when provided). Partic-
ipants in the group conditions typically have to discuss the
matter for a limited amount of time (e.g., 30—45 min) and
have to come up with an unanimous judgment (see also
Bukszar & Conolly, 1988; Choi et al., 2007; Yama et al.,
2010). The differences to the context of Wikipedia are
evident: first, Wikipedia articles involve many more people
than lab groups (typically 2—4 people). Second, Wikipedia
authors are much more heterogeneous. Third, social
negotiation in Wikipedia takes place via the production of
text rather than scales. Fourth, social negotiation in Wiki-
pedia is guided by Wikipedia’s guidelines of verifiability,
neutrality, and recognized knowledge. Fifth, Wikipedia
authors are not limited in their amount of time for their
social negotiation. Importantly, this may also mean that
they do not achieve a consensus at a certain point in time
(i.e., in an article version that we analyzed in Study 1).
Taken together, Wikipedia is a prominent example of
knowledge production in the World Wide Web, which
results from collaboration at an unprecedented level. Sev-
eral studies have documented the positive effects of mass
collaboration, and Wikipedia, in particular, has imple-
mented several guidelines to foster the quality of the arti-
cles produced. In consideration of psychological research
about biases in human information processing, however,
the question arises whether the collective representations in
Wikipedia, nevertheless, contain traces of individual bia-
ses—such as hindsight bias. After all, hindsight bias is
likely shared among authors: much research has shown
how difficult it is to overcome hindsight bias and that
individuals do not spontaneously engage in strategies to
reduce the bias (e.g., considering how the same circum-
stances could have led to a different outcome; see Roese &
Vohs, 2012). Hence, it can be presumed that the same
cognitive processes that underlie hindsight bias occur in all
individuals who collaborate. Moreover, studies indicate
that hindsight bias does not vanish in groups. It was rather
obtained to the same (Bukszar & Conolly, 1988; Stahlberg,
Eller, Maass, & Frey 1995, Exp. 1) or even to a greater
extent than in individuals (Choi et al., 2007). This implies
that any correction processes that one may assume
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occurring at the collective or group level are, in fact, not
taking place (or not so strong to significantly reduce the
bias). On the contrary, people become even more extreme
in their view when exchanging with others due to the
exposure to novel arguments that are consistent with one’s
own evaluation (i.e., event-consistent information, Isen-
berg, 1986) and due to the motivation to present oneself in
a socially desirable way (e.g., as highly knowledgeable
person who is able to foresee developments (Mark &
Mellor, 1991). Hence, hindsight bias is likely shared
among all individual authors but unlikely detected and
reduced by their collaboration.

A second major argument for why hindsight bias might
enter Wikipedia articles is that hindsight bias might cir-
cumvent Wikipedia’s guidelines. Specifically, if an article
contains event-consistent antecedents but not event-incon-
sistent ones (see above), this biased selection of informa-
tion may entirely go unnoticed as long as the (outcome-
consistent) information included is verifiable, from reliable
sources and presented neutrally. Moreover, given the per-
vasiveness of hindsight bias (Guilbault et al., 2004; Pohl
et al., 2002), and the fact that people are mostly not aware
of it (Pohl & Hell, 1996) or unable to avoid it (Fischhoff,
1975, 1977), it is unlikely that a non-biased representation
of the event is regarded as a “significant” viewpoint that
should be included into the article. In sum then, when
biased individuals collaboratively construct a representa-
tion of an event, this representation is likely biased as well
(e.g., Cress & Kimmerle, 2008; Schulz-Hardt, Jochims, &
Frey 2002).

Hindsight bias in the perception of biased
Wikipedia articles

If Wikipedia articles contain a hindsight bias, they would
be highly suggestive of the occurrence of an event—after
the fact. Interestingly, reading such highly suggestive
articles may have the consequence that a participant’s
perception of the likelihood of an event is even more
increased. Note that this question extends prior research on
hindsight bias, which was concerned with the elicitation of
the bias. That is, all participants were presented with the
same information and whether they receive outcome
knowledge was varied. This proceeding allowed conclu-
sions about how the same antecedents (i.e., the situation at
foresight) are evaluated differently once the outcome is
known (e.g., Carli, 1999; Fischhoff, 1975). What happens,
however, when the information read already contains a
hindsight bias? In this case, one would expect biased
articles to (1) elicit a hindsight bias in individuals who have
not heard of the event beforehand (i.e., as in the standard
hindsight paradigm) and to (2) increase hindsight bias in
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individuals who already knew the event outcome. We have
obtained some preliminary evidence for the notion that
reading biased articles increases hindsight distortions in
comparison to when unbiased articles are read (Oeberst,
von der Beck, & Nestler, 2014b). In this study, participants
read either a foresight version of the article about the
nuclear power plant in Fukushima (the last one that existed
prior to the nuclear disaster) or a hindsight version of the
article that existed 8 weeks after the catastrophe began.
The hindsight article version had been rated as being highly
suggestive of the disaster (i.e., to contain hindsight bias).
Reading the hindsight article version increased partici-
pants’ perceptions of the likelihood, inevitability, and
foreseeability of the disaster. Since we had not obtained
genuine foresight estimates for the nuclear disaster, how-
ever, it remains unclear, whether reading biased articles
increases individuals’ hindsight bias above and beyond a
previously developed “classic” hindsight bias. There are
reasons for such an additional effect: reading an article that
is biased by hindsight, may, for instance, provide novel
outcome-consistent arguments for the event’s occurrence
(see Isenberg, 1986, for a related effect). However, even if
the information contained in the article was identical to
participants’ own information, reading the article may still
increase their certainty concerning their perception and
evaluation (e.g., Tesser, 1978).

The present research

Taken together, the present paper investigates hindsight
bias in the production and reception of Wikipedia arti-
cles. With regard to production, we examine, whether we
find traces of hindsight bias in Wikipedia articles (Hy-
pothesis 1), or whether Wikipedia’s guidelines prevent
hindsight bias to enter the articles (Alternative Hypoth-
esis 1). A unique feature of Wikipedia allows us to
investigate these hypotheses empirically: as Wikipedia is
based on wiki technology, every article version (i.e.,
every edit) is saved separately, which enables compar-
isons of event representations over time (e.g., foresight
vs. hindsight article versions). Studies 1 and 2 examine
this question in the field and under controlled conditions,
respectively.

Concerning reception, we expect biased articles to
elicit a hindsight bias in readers who were unfamiliar with
the event beforehand—which is consistent with prior
research on hindsight bias (Hypothesis 2). Above and
beyond, we propose that reading has an additional effect
on readers’ hindsight bias beyond their classic individual
hindsight biases (Hypothesis 3). Study 3 tests both,
Hypotheses 2 and 3.

Study 1

This study investigated whether events in Wikipedia
articles are represented as more likely in retrospect. For
a total of 33 events, we retrieved article versions from
the German Wikipedia that existed prior to the event
(foresight) or after the event had happened (hindsight)
and assessed indicators of hindsight bias in those arti-
cles. By comparing foresight and hindsight versions of
articles, we were able to examine whether there is
evidence for hindsight distortions in Wikipedia articles.

Method
Selection of events and article versions

We made use of 33 events from six different event cate-
gories: (1) elections (e.g., President election in Russia,
2008), (2) public/official decisions (e.g., the declaration of
independence of Kosovo), (3) personal decisions (e.g., the
suicide of Robert Enke), (4) disasters and calamities (e.g.,
the nuclear disaster in Fukushima), (5) sports events (e.g.,
winner of the European soccer championship in 2012), and
(6) scientific discoveries (e.g., evidence for the Higgs
Boson; see https://osf.io/vsryp/ for the full list of events as
well as the data for all studies). Every event category
contained five to six events, whereby half of the events in
each category were known by the raters and the other half
was not. We selected popular and unpopular events to
exclude the possibility that the assessments of hindsight
indicators are influenced by coders knowing the event. As
expected, knowledge of the event outcome did not influ-
ence any of the dependent variables. Hence, we omitted
this variable in all further analyses.

For each event, we retrieved three article versions from
the revision history: (1) the last article version that existed
prior to the event (#; version), (2) the first article version
immediately after the event happened, which already
contained outcome information (#, version) as well as (3)
the article version that existed eight weeks after the event
had happened (3 version). Overall, we retrieved
3 x 33 = 99 article versions. The study thus comprised a
6 (event category) x 3 (article version) mixed design with
article version varying within events and event category
varying between events.

Linguistic hindsight indicators
To analyze hindsight bias with a quantitative measure, we
assessed linguistic markers that reflect indicators of hind-

sight bias. To this end, we conducted automatic text anal-
yses with the Linguistic Inquiry and Word Count (LIWC;
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Tausczik & Pennebaker, 2010). LIWC counts words that
belong to different categories (e.g., positive emotions,
cognitive mechanisms) and provides the percentage of
words in the whole text that fall into this category. It has
extensively been validated (see Tausczik & Pennebaker,
2010) and successfully used in various research contexts
(e.g., Kiifner, Nestler, Back, & Egloff, 2010; Robinson,
Cassidy, Boyd, & Fetterman, 2015; Rodriguez, Holleran, &
Mehl, 2010; Schultheiss, 2013). Here, we determined the
number of words of the categories “cause” (containing
words such as ‘“hence”), “certainty” (e.g., “always”),
tentativeness (e.g., “maybe”), “insight” (e.g., “consider”),
and “discrepancy” (e.g., “should”), because the hindsight
perspective is assumed to be the result of successful causal
modeling (cf., Nestler et al., 2008) and thus is characterized
by more certainty and insight and perceptions that those,
who are responsible should have foreseen the event (Pezzo,
2003). For the analysis used the sum of all categories
(Cronbach’s o were 0.664, 0.725, and 0.714, for the ¢, t,,
and 73 article versions, respectively.

Coded hindsight indicators

Furthermore, we had all Wikipedia article versions rated by
ten coders each, who were blind to the specific research
questions. The coding scheme developed for this study
contained the following main variables: First, raters’
evaluation of whether the article version suggested that a
particular event was likely to happen was assessed on a
5-point scale (1 = no particular event is suggested, 5 = a
particular event is highly suggested). Second, the number
of explicit phrases that are typical for a hindsight bias (e.g.,
“It was not surprising that [the event] took place.”) was
scored for each article version. Finally, a number of other
ratings were also assessed, including, for example, the
number of explanations contained in the article or the
valence of the outcome. However, these ratings are not
analyzed here (see https://osf.io/vsryp/ for the entire coding
scheme).

All raters were trained with three extra events for which
they coded each of the three article versions (¢, f,, and #3).
For each event, raters first coded the ¢, version before
receiving article versions #, and #;. In addition, they were
urged not to search for further information before having
coded ¢;. We calculated intra-class correlation coefficients to
determine consistency among coders regarding all metric
ratings. Inter-rater agreement was ICC,; = 0.71 for the
hindsight rating of the first article version, ICC,, = 0.73 for
the hindsight of the second article version, and for the last
version, it was ICC;; = 0.71. For the number of explicit
phrases referring to hindsight bias, we found agreement
values of ICC,; = 0.71 for the first version, ICC,, = 0.54 for
the second, and ICC,; = 0.79 for the final version.
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All coded hindsight indicators concern the event that
actually occurred. In case of the unknown events, we,
therefore, recoded raters’ evaluation when they had eval-
uated the #; article version to be highly suggestive of
another event (which did not occur). That is, if a rater
found an article about an election to be suggestive of a
victory of party X and choosing a rating of “5”, but
actually party Y won the election the rating was recoded to
“1” as this indicated that the ¢, article was not at all sug-
gestive of the actual event—the victory of party Y.

Results
Linguistic hindsight indicators

We first ran a mixed measures analysis of variance with
event category (elections, official decisions, personal
decisions, disasters, sports events, and scientific discover-
ies) as between-event factor and article version (¢, #,, and
;) as within-event factor. It yielded a significant main
effect of article version, F(2, 54) = 3.52, p = .037,
11,2, = 0.12, a significant main effect of event category, F(5,
27) = 4.36, p = .005, 17,2, = 0.45, but no significant inter-
action, F < 1 (see Table 1). There was an increase in the
proportion of hindsight-related words across article ver-
sions. Specifically, version 3 contained a significantly
higher percentage of hindsight-related words (M = 3.49,
SD = 1.61) than article version 1 (M = 3.15, SD = 1.68),
1(32) = 2.07, p = .046, and article version 2 (M = 3.11,
SD = 1.86), #(32) = 2.17, p = .038. The main effect of
event category was due to some categories containing a
generally higher proportion of hindsight-related words
(e.g., disasters: M = 2.87, SD = 1.33, scientific events:
M = 5.65, SD = 1.33).

Coded hindsight indicators

We ran the same mixed measures analysis of variance as
above with the rating whether the article was suggestive of
a particular event (averaged across raters) as dependent
variable. It revealed a significant main effect of article
version, F(2, 54) = 3.74, p = .030, nﬁ = 0.12, a signifi-
cant main effect of event category, F(5, 27) = 3.77,
p = .010, 17;2, = 0.41, as well as a significant interaction of
article version and event category, F(10, 54) = 2.62,
p = .0l11, n,z, = (0.33. As can be seen in Fig. 1, it was the
disaster category that showed a distinct pattern of results
over time. A separate repeated-measures analyses of vari-
ance with article version (¢;, t,, and t;) of the disasters
category as within-event variable yielded a significant main
effect of article version, F(2, 10) =5.92, p = .02,
;712, = 0.54. For none of the other event categories, we
obtained significant differences in this hindsight indicator
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Table 1 Means and standard deviations (in parentheses) of the lin-
guistic hindsight indicator in Study 1 depending on the article version
(t1, 1, and t3) and the event category

Event category LIWC t, LIWC ¢, LIWC 13

Elections 271 (1.76) 272 (1.84)  3.47 (1.25)
Public/official decisions  2.90 (1.37)  2.48 (0.93)  3.17 (0.88)
Personal decisions 3.32 (2.09)  3.30 (2.08) 3.60 (2.40)
Disasters 2.88 (1.56) 2.60 (1.17)  3.12 (1.10)
Sports events 2.18 (0.91) 2.08 (0.79)  2.11 (0.60)
Scientific discoveries 5.25(0.99) 5.89 (1.81) 5.81 (0.66)

between-article versions, Fs < 1. As displayed in Fig. 1,
the main effect of article version in the disasters category
was entirely driven by the #; ratings, which were higher
than the t,, F(1,5) = 6.42, p = .05, 17,2, = 0.56, and the ¢,
ratings, F(1,5) = 7.89, p = .04, 15 = 0.61, which, in
contrast, did not differ from one another, F(1,5) = .05,
p = .83.

The number of explicit phrases expressing hindsight
bias (averaged across raters) was analyzed the same way,
but revealed no significant effects, all Fs < 1.933.
Descriptively, the number of explicit phrases was low for
all three article versions, version 1: M = 0.68, SD = 0.84,
version 2: M = 0.49, SD = 0.54, version 3: M = 0.51,
SD = 0.77.

Relation between linguistic and coded hindsight indicators

Furthermore, we tested whether the linguistic hindsight
indicators (i.e., the proportion variable from the automatic
text analyses) were predictive of the coded hindsight
indicators (i.e., the ratings). We wused a multilevel

Fig. 1 Average coded
hindsight indicators (error bars
are SEs) as a function of article
version and event category

article suggestiveness of a particular event

regression approach for this purpose as the hindsight rat-
ings and the proportions of hindsight words (Level-1) are
nested within a single article (Level-2). Specifically, we
computed a random intercept-random slope model in
which the grand-mean centered linguistic hindsight indi-
cators were used to predict coded hindsight indicators. The
results of this model showed that higher values in the lin-
guistic hindsight indicators go along with higher values in
the coded hindsight indicators, b = 0.20, #(16.55) = 2.322,
p = .033. However, this relationship differed considerably
between articles, as indicated by a significant between-ar-
ticle slope variance: 0.15, sz =6.16, df=1, and
p = .013. Further analysis showed that part of this vari-
ability could be explained by the event category the article
belonged to: The relationship between the linguistic and
the coded hindsight indicators was marginally significantly
different from zero for the disaster category, b = 0.43,
1(6.98) = 2.27, p = .058 but not for any other event cat-
egory, all ts < 1. Therefore, the automatic text analysis
indicators are related to the ratings obtained by the ten
coders and the relation seems to be stronger for the disaster
category.

Discussion

We investigated whether there is evidence for hindsight
distortions in Wikipedia articles or whether Wikipedia’s
guidelines effectively prevent hindsight bias to occur. Our
study provides empirical evidence for both. On the one
hand, we found evidence for a hindsight bias on two
hindsight indicators we made use of. Hindsight articles—
particularly later ones (#3)—contained a greater percentage

Coded Hindsight Indicators

Article version

Ot1 DOt2 mt3

Disasters

elections

scientific
discoveries

official decisions personal decisions  sports events
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of linguistic markers of hindsight bias and were also rated
as more suggestive of the event than foresight articles. In
other words, they implied to a systematically greater extent
that the event was likely to happen. On the other hand, our
coded hindsight indicator, which was a more thorough and
fine-grained content analysis, revealed that this increase
was mainly due to one particular event category: disasters.
In other words, the overwhelming majority of articles did
not show traces of hindsight bias. This is noteworthy in
consideration of the fact that hindsight bias has been doc-
umented as a robust, widespread, and difficult to overcome
bias (Guilbault et al., 2004; Roese & Vohs, 2012). More-
over, in the case of elections, it is of particular interest as
there are numerous demonstrations of hindsight bias in
individuals (e.g., Blank, Fischer, & Erdfelder, 2003; Blank
& Nestler, 2006; Fischer & Budescu, 1995; Leary, 1982;
Powell, 1988). In other words, our findings substantially
deviate from prior research on hindsight bias and despite
the fact that null effects should not be over-interpreted one
may question whether research on individual biases may be
generalized to Wikipedia articles. We have argued above
that Wikipedia differs substantially from usual lab research
in that it conceives itself as an encyclopedia, which may
potentially prime accuracy motivation in its contributors,
and that there are a number of guidelines that aim at pre-
venting bias. In Wikipedia, authors are not asked to freely
express their personal evaluations and the demand to insert
verifiable information from reliable sources obviously rai-
ses the threshold to obtain hindsight bias—given that we
did not find strong evidence for hindsight bias for the
majority of articles. We will return to this issue—and the
question of why articles about disasters contained a hind-
sight bias nevertheless—in the “General Discussion”.

In line with this reasoning, the evidence for hindsight
bias we found was indirect rather than explicit, which
would be typical for hindsight bias (e.g., “It was no sur-
prise that...”). There were hardly any such phrases found
and, more importantly, we did not obtain any increase over
article versions. Instead, hindsight bias was evident more
subtly by the more frequent use of hindsight-related words
as well as by causal elaborations: The fact that a significant
increase was obtained only for #; article versions is con-
sistent with prior research showing that outcome knowl-
edge alone (here in ¢, article version) does not elicit
hindsight bias (Nestler & Egloff, 2009; Yopchick & Kim,
2012). Rather, (one-sided) causal elaborations are a nec-
essary precondition (Nestler et al., 2008; Yopchick & Kim,
2012).

In sum then, our linguistic indicators suggest a hindsight
bias, in general, whereas our coded indicators argue for
hindsight bias only in the case of disasters. This is an
interesting issue and we will get back to it in the “General
discussion”. One might question, however, whether the
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coded indicators truly reflect a hindsight bias in the article.
After all, one could argue that it is the raters’ own indi-
vidual biases that are reflected in the ratings rather than the
article contents themselves. If our coded hindsight indica-
tors were related to the authors’ own hindsight bias, how-
ever, it would provide a validation of our measure and
ensure that the coded hindsight indicators actually reflect
article contents. It is impossible to track this information in
Wikipedia. Therefore, we conducted a lab experiment. In
addition, this experiment allowed us to examine the effect
of collaboration on the magnitude of hindsight bias in the
produced articles. Although the number of authors was not
predictive of hindsight bias in Study 1, there was, in fact,
no article in which collaboration did not take place. In
Study 2, we had participants write articles either individ-
ually or collaboratively to assess whether collaboration
moderates the magnitude of hindsight bias in the resultant
articles.

Study 2

In this lab study, we presented all participants with iden-
tical information about a fictitious dam in Spain. Partici-
pants in the hindsight condition additionally learned that
the dam collapsed. All of them were then asked to produce
a “Wikipedia-like” article about the dam. Prior to this, we
thoroughly informed them about the guidelines operating
in Wikipedia. Article writing took place either individually
or collaboratively. In addition, we assessed participants’
personal hindsight biases and let blind observers code the
resulting articles for hindsight bias.

Participants and design

One hundred and seventy-six participants (141 female,
M. = 22.80, SD = 5.32; range = 18-68) were invited to
participate in a lab experiment by personal e-mail for
monetary reward. Participants were randomly assigned to
one of the four experimental conditions that resulted from
our 2 x 2 between-subjects design. Participants either
received no outcome information (foresight condition) or
learned about the disaster (hindsight condition). In addi-
tion, participants authored the article either in groups of
three (collaborative writing condition) or alone (individual
writing condition).

Materials

To ensure that none of the participants had prior knowledge
of the event in question, we developed fictitious material
about an alleged dam in a touristic region of the Pyrenees,
Spain. Participants received 11 bogus articles from Spanish
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and German newspapers containing information (all in
German) of varying relevance to the subject and arguments
for and against the alleged event outcome. For example,
one article described the state-of-the-art construction of the
dam, whereas another one reported public protests against
the dam due to safety concerns. Participants in the hind-
sight conditions were additionally informed that this dam
collapsed in 1993 and the consecutive flooding caused
severe devastation in neighboring villages.

Pilot study

To test whether the material elicited a hindsight bias, we
conducted a pilot study with N = 56 people (40 female,
Myoe = 27.07, SD = 9.16, range 19-60), who read the
same materials. Some participants of the pilot study were
informed about the collapse (i.e., hindsight condition) and
some were not. All participants then estimated the likeli-
hood of four different, mutually exclusive events (includ-
ing the actual outcome) in percent (hindsight participants
were urged to ignore their outcome knowledge), their
impressions of foreseeability (seven items, e.g., “I would
have foreseen that this accident was going to happen”,
1 = not at all to 5 = very much; Cronbach’s o = 0.764)
and their impressions of inevitability (four items; e.g.
“Sooner or later there had to be an accident”; 1 = not at
all to 5 =very much; Cronbach’s o = 0.815).
A MANOVA with all three dependent variables (likelihood
of the actual event, foreseeability, and inevitability) yielded
a significant effect of condition, Wilk’s 2 = 0.718, F(3,
52) = 6.801, p = .001, 112 = 0.282. There was a signifi-
cant hindsight bias with regard to likelihood ratings
(Mhindsight == 1559%, SD == 1111, Mforesight == 607%,
SD = 6.48), F(1, 54) = 15.012, p < .001, * = 0.218, and
with respect to impressions of inevitability (My;ng.
sight = 2.96, SD = 1.03, Mjoresiont = 2.13, SD = 0.57),
F(1, 54) = 13.788, p < .001, 172 = 0.203. Descriptively,
differences in foreseeability impressions were into the
same direction (Mhingsight = 2.95, SD = 0.73, More.
sight = 2.63, SD = 0.74), but failed to reach significance,
F(1, 54) = 2.626, p = .111. Note, however, that impres-
sions of foreseeability and inevitability do not necessarily
work in parallel (e.g., Blank et al., 2008; Nestler, Blank, &
Egloff, 2010; Nestler & Egloff, 2009). Given the signifi-
cant and large hindsight bias for likelihood and
inevitability ratings, we regarded the materials as suit-
able for our main study.

Procedure
After acknowledging legal information and agreeing to

voluntarily participate, all participants received a booklet
containing 11 alleged newspaper articles about a lake in the

Pyrenees. Information was given in short, stand-alone
articles in non-chronological order, resembling a collection
of cut out newspaper articles from various sources. Par-
ticipants in the hindsight condition received an additional
short article informing them about the outcome. Next,
participants received detailed instructions about charac-
teristics of Wikipedia articles and were asked to write such
an article on the basis of the information from the news-
paper articles. The writing process was realized with the
online collaboration tool (http://www.etherpad.com) on
laptop computers. The tool enabled simultaneous writing
by participants in the group condition and contained basic
text format editing options and a chat function. Writing
time was set to 35-40 min. Afterwards, participants filled
out an online questionnaire and were asked to rate the
likelihood of four mutually exclusive events (same as in
pretest), their impression of foreseeability, and their
impression of inevitability (the same items as in the pretest
with Cronbach’s « = 0.761 and Cronbach’s « = 0.692 for
foreseeability and inevitability, respectively). Analogous to
the pretest procedure, participants in the foresight condition
gave these ratings for two different events, one being the
actual outcome. Finally, there were some questions
regarding prior knowledge of the event, general trust in
Wikipedia, Wikipedia engagement, and basic demographic
information. After debriefing, participants were paid and
thanked.

Article analyses

For analyzing the produced articles, we made use of the
same hindsight indicators as in Study 1. First, we had three
independent raters who were blind to the experimental
conditions of the articles rate each article according to a
shortened version of the coding scheme used in Study 1.
The main dependent variable was—identical to Study 1—
the extent to which the articles suggested that a disaster at
the dam was likely, inevitable, and foreseeable (1 = not at
all, 5 = very much). Coders were trained on a subset of 20
articles (ICC = 0.864) and yielded an acceptable agree-
ment (ICC = 0.712). Second, we conducted an automatic
text analysis of the articles with LIWC and measured the
percentage of hindsight-related words of the LIWC cate-
gories ‘“‘cause”, “insight”, “certainty”, “tentativeness”,
and “discrepancy” as in Study 1.

Results
Individual perceptions
We first analyzed individuals’ perceptions to ensure that

they actually exhibited a hindsight bias—before analyzing
whether their bias translated into articles. To this end, we
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conducted a multivariate  ANOVA with likelihood,
inevitability, and foreseeability ratings as dependent vari-
ables and information condition (foresight and hindsight)
and writing condition (individual and collaborative) as
independent between-subjects factors. It yielded only a
significant main effect of information condition, Wilk’s
/. =0.631, F3, 84)=16.393, p<.001, 5> = 0.369.
Neither writing condition, Wilk’s 4 = 0.975, F(3,
84) = 0.709, p = .549, nz = 0.025, nor the interaction was
significant, Wilk’s 4 = 0.995, F(3, 84) = 0.151, p = .929,
n* = 0.005. The effect of information condition was due to
significant differences in all dependent variables (see
Table 2 for means), Fijelinooa(l, 86) = 28.651, p < .001,
n? = 0.250, 86) = 40.476, p < .001,
n* = 0320,  Froresceavitiiy(l,  86) = 6.501, p = .013,
n* = 0.070. Outcome knowledge thus had large effects on
participants’ individual perceptions. With the benefit of
hindsight, they perceived the collapse of the dam to be
more likely, more inevitable, and more foreseeable than
participants without outcome knowledge (foresight condi-
tion). Did this translate into more biased articles?

Finevitabitity (1,

Article analyses
Coded hindsight indicator

An ANOVA with the averaged hindsight ratings of all three
raters as dependent variable and with information condition
(foresight, hindsight) as well as writing condition (collabo-
rative, individual) as between-article factors yielded only a
significant main effect of information condition, F(1,
86) = 12.298, p = .001, nf, = 0.125. The main effect of
writing condition, F(1, 86) = 0.064,p = .800, as well as the
interaction, F(1, 86) = 0.002, p = .967, were not signifi-
cant. Trained observers thus judged the articles in the hind-
sight condition to be significantly more suggestive of a
disaster (M = 2.49, SD = 0.75) than the articles from par-
ticipants of the foresight condition (M = 1.92, SD = 0.78).

Linguistic hindsight indicator

An analysis of the percentage of words related to the
hindsight perspective  with information condition

Table 2 Mean personal evaluations (SDs) in Study 2 as a function of
outcome knowledge

Foresight Hindsight
Likelihood 7.14 (8.36) 21.71 (16.57)
Inevitability 2.53 (0.45) 3.25 (0.61)
Foreseeability 2.56 (0.44) 2.84 (0.59)

Since the 11-point likelihood scale reflected percentages (0-100%),
we present likelihood estimates as percentages
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(foresight, hindsight) and writing condition (individual,
collaborative) as between-article factors yielded no sig-
nificant effects at all, F's < 1.12, ps > .290.

Article ratings and individuals’ evaluations

In a further step, we examined directly, whether partici-
pants’ individual biases translated into the article by
examining whether individuals’ evaluations regarding the
likelihood, inevitability, and foreseeability of the disaster
were related to the article ratings. To this end, we estimated
a multilevel model accounting for the partial nesting of
individuals in groups in the group condition (see Bauer,
Sterba, & Hallfors, 2008, or Sterba, 2017, for a description
of the adapted multilevel model for partially nested
designs).

In the model, we used article ratings to predict each
individual measure (likelihood, inevitability, and foresee-
ability). Results of the multilevel model showed that article
ratings were significantly associated with individual like-
lihood ratings, b = 6.41, #96.09) =4.69, p < .001,
inevitability ratings, b = 0.17, #(110.08) = 2.80, p = .006,
but not foreseeability ratings, b = 0.06, #(111.13) = 0.99,
p = .32. Finally, the LIWC measure of the article was also
significantly predicted by the article ratings, b = 0.22,
1(154.89) = 2.42, p = .017.

Discussion

In this study, we sought to replicate the effect of Study 1
under controlled conditions and to validate our coded
hindsight indicators. Having provided participants with the
exact same information, we found the classic hindsight
bias: participants with outcome knowledge perceived the
event—the collapse of the dam in this case—as more
likely, inevitable, and foreseeable than participants in the
foresight condition. More importantly, however, individu-
als’ hindsight bias entered their articles. Articles about the
dam, which had been authored by participants with out-
come knowledge, were significantly more suggestive of a
disaster than were articles that had been written by par-
ticipants without outcome knowledge. Furthermore, the
hindsight bias present in the articles was clearly linked to
the authors’ individual biases, which does not only validate
our coded hindsight indicators, but also provides direct
evidence for the translation of individual biases into article
biases. This is remarkable in consideration of the fact that
we had urged participants to follow Wikipedia’s guidelines
and several indices, indeed, show their compliance: For
instance, participants frequently inserted references to the
sources of the information they contributed. In addition,
they mostly used a very neutral language for their pre-
sentation. Interestingly, writing condition had no
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substantial impact on this process—collaboration neither
reduced nor increased the resultant hindsight bias in the
articles. This is consistent with Study 1, as well. Recall,
that Study 2 made use of a disaster—the only category of
events, for which we had obtained evidence for a hindsight
bias in Study 1.

In sum then, the findings of this study validate the
hindsight effects we found in Study 1. The fact that we did
not obtain any effects with our objective hindsight measure
needs to be discussed, though. Due to the fact that partic-
ipants in our lab study had much less time for their article
construction than actual Wikipedia authors do, the articles
produced in this study differ from actual Wikipedia articles
in several dimensions: they are shorter, less elaborated, and
of lower quality. Therefore, the chance to detect differ-
ences is lower than for actual Wikipedia articles. In addi-
tion, one might conclude from our findings that the coded
hindsight indicators are actually the more sensitive ones.
Having provided evidence for their validity in Study 2, the
event-specific pattern of the coded hindsight indicators
obtained in Study 1 argues for this notion. We will return to
the event-specific hindsight bias in Wikipedia articles in
the “General Discussion”. There is one aspect in which
Study 1 and Study 2 differ from one another, which might
argue for the notion that our lab results even underestimate
the effects that might be obtained in Wikipedia—at least in
the special case of disasters. As outlined above, disasters
and calamities are characterized by their unexpectedness.
At the same time, this sort of event often attracts a large
number of authors—many of whom have not already pre-
viously contributed to the article or not even contributed to
Wikipedia at all beforehand (Keegan et al., 2011; Oeberst
et al., 2014a, b). In other words, these are—also—people
who are attracted to the topic only after the fact and who,
therefore, have retrieved and searched for information
exclusively with the benefit of hindsight. In our lab
experiment, we first presented all participants with the
same information and then informed some of the collapse.
The real-world equivalent, however, would be that they
first hear of the disaster and then read the information that
is available. It is reasonable to assume that hindsight bias
would be much greater in this case, because all information
is already perceived and evaluated in the light of the
outcome.

Study 3

Having provided evidence that Wikipedia articles about
disasters contain a hindsight bias, we now turn to an arti-
cle’s effects on readers’ personal perceptions regarding the
event in question. It suggests itself that reading Wikipedia
articles that contain a hindsight bias might increase

readers’ subjective perceptions of likelihood, inevitability,
and/or foreseeability of past events, whereas the reception
of unbiased Wikipedia articles should not. Specifically, we
propose biased articles to (1) elicit a hindsight bias in
people who have not heard of the event beforehand and to
(2) increase hindsight bias in people who already knew of
the event—and may even have already developed a hind-
sight bias prior to reading the biased article.

Method
Participants and design

Altogether, 135 participants (106 female, M,,. = 24.99,
SD = 6.90) completed our online experiment in return for
the chance to win vouchers for online stores. None of them
had heard of the unknown event prior to the study. They
were randomly assigned to one of three experimental
conditions—the foresight condition (N = 53), the hind-
sight condition (N = 44), and the hindsight plus article
condition (N = 38).

Materials and procedure

Participants were invited via mailing lists to an online
study on the perception of events. After agreeing to par-
ticipate in the study and acknowledging legal and ethical
information participants were randomly assigned to one of
the three conditions (see above). On the next page, par-
ticipants read that we were interested in their perception
and evaluation of an event, and were asked to carefully
read the presented material.

Participants in the foresight and hindsight condition
received general information about the Shushennskaya
hydroelectric power station in Siberia. Participants in the
hindsight condition additionally received outcome infor-
mation. Specifically, they were informed of the accident
that took place on August 17, 2009, in which 75 people
died (“On August 17, 2009, there was an accident with 75
deaths at the Sayano-Shushennskaya hydroelectric power
station. It was caused by the flooding of the engine house
after several pipes broke due to high water pressure.”).
Participants in the hindsight plus article condition read the
t3 article version about the hydroelectric power station,
which we had used in Study 1. This article version con-
tained detailed information about the accident on August
17, 2009 and potential causal antecedents. In Study 1, our
indicators of hindsight bias had revealed that the article
was highly suggestive of the event—in hindsight, but not in
foresight.

Next, participants in all experimental conditions were
asked for their personal likelihood estimates of four alter-
native events including the original accident (in percent,
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summing up to 100% for all four events). Participants in
the hindsight conditions were urged to ignore their out-
come knowledge when answering this question. The
alternative events were phrased to be mutually exclusive.
Afterwards, participants answered six items rating their
personal impressions of inevitability (see Blank et al., 2008
for item wordings; 1 = disagree, 5 = agree) and another
three items tapping their personal impression of foresee-
ability on a 5-point scale (1 = disagree, 5 = agree). For
the foreseeability scale, Cronbach’s a was 0.67. The six
items of the inevitability scale, in contrast, proved to be
inconsistent (Cronbach’s o = 0.40). We, therefore, ran a
factor analysis and aggregated the three items with the
highest loadings on the first factor (explaining 25% of the
variance; Cronbach’s o = 0.63).

Subsequently, participants were asked whether they had
heard of the event before, whether they knew about its
causes and whether they had been familiar with the original
Wikipedia article before participating in our study. After
providing information about their general trust in Wikipe-
dia, Wikipedia engagement, and basic demographic infor-
mation, participants were debriefed and informed about the
fact that the article they had read was old.

Results and discussion
Hindsight bias

Given that we expected a linear increase in participants’
perceptions of likelihood, inevitability, and foreseeability
(foresight < hindsight < hindsight plus article), we com-
puted linear contrasts for all three dependent variables with
foresight condition coded as ¢ = —1, hindsight condition
coded as ¢ =0, and hindsight plus Wikipedia article
condition coded as ¢ = 1 (see Table 3 for descriptives). All
three contrasts yielded significant linear increases for each
of the three dependent variables, Fiielinooda(1, 132) = 5.08,
p = .03, nﬁ = 0.03, Froresecanitiy(1, 132) = 4.53, p = .04,
np = 0.03, Fineviwpitiy(1,  132) = 35.83, p <.001,
11,2, = 0.21. In addition, we compared the hindsight condi-
tion and the hindsight plus Wikipedia article condition
directly to inspect the additional effect of reading more
closely. There was a significant difference with regard to
perceived inevitability, #80) = 2.85, p < .01, d = 0.62,
and a marginally significant difference into the predicted
direction with regard to perceived likelihood, #80) = 1.73,
p = .09, d = 0.38. The difference with regard to perceived
foreseeability was likewise into the predicted direction,
however, fell short of significance, #(80) = 1.44, p = .15.
Taken together, we found the perceived likelihood,
inevitability, and foreseeability for the Shushennskaya
disaster to increase with outcome knowledge—the classic
hindsight bias—but also and in addition to the classic
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Table 3 Mean hindsight evaluations (SDs) of Study 3 as a function
of outcome knowledge and article reading

Foresight Hindsight Hindsight + article
Likelihood® 17.47 (14.23) 18.47 (18.85) 25.82 (19.60)
Inevitability 2.36 (0.70) 2.82 (0.63) 3.27 (0.83)
Foreseeability 1.96 (0.83) 2.08 (0.71) 2.32 (0.85)

 Since the 11-point likelihood scale reflected percentages (0-100%),
we present likelihood estimates as percentages

hindsight bias, we found perceptions of likelihood and
inevitability to increase with the perception of the f3
Wikipedia article version.

General discussion

Web 2.0 enables laypersons to collaborate with others at an
unprecedented scale. Such mass collaboration has numer-
ous benefits as documented in a number of studies (see
Cress et al., 2016). Moreover, mass collaboration comes
along with a certain context such as rules and norms that
guide collaboration. In case of Wikipedia, several norms
aim at the prevention of personal evaluations to ensure the
construction of recognized knowledge, which is the ulti-
mate goal of any encyclopedia. It is for this reason that we
chose to examine Wikipedia articles with regard to hind-
sight bias: although prior research has documented the
robustness and pervasiveness of hindsight bias, it has solely
been investigated in terms of individuals’ subjective per-
ceptions and evaluations—that is, in reception—but never
in production in a context like Wikipedia. Another reason
was Wikipedia’s popularity. If Wikipedia articles were
biased, this would likely shape the views of millions.

Hindsight bias in the production of Wikipedia
articles

With regard to Wikipedia articles, we found evidence for
hindsight bias only in one particular category of events,
namely disasters, but not in other event categories. We will
first discuss the absence of hindsight bias in the majority of
articles and then turn to the disasters category.

The absence of hindsight bias in the majority of articles
is of great interest and importance as it stands in stark
contrast to prior research with individuals. Although great
caution is warranted when interpreting null effects, it is
noteworthy that research with individuals has documented
hindsight bias as a robust and pervasive error (e.g., Guil-
bault et al., 2004; Pohl et al., 2002). Therefore, it seems
unlikely that we simply might have accidentally selected
events for which no hindsight bias had occurred. For
instance, with regard to elections, our finding lacking
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evidence of hindsight bias in Wikipedia articles contrasts a
substantial body of research documenting hindsight bias in
individuals (e.g., Blank, Fischer, & Erdfelder, 2003; Blank
& Nestler, 2006; Fischer & Budescu, 1995; Leary, 1982;
Powell, 1988).

A potential explanation for our results is that Wikipe-
dia’s authors may have—personally—succumbed to hind-
sight bias, but that their hindsight bias did not enter the
article. One reason for this could be Wikipedia’s request for
verifiable and reliable information. Consequently, if indi-
viduals’ hindsight bias was based on information that is not
verifiable and from a reliable source, it should not be
inserted into a Wikipedia article or be deleted by others if
someone included it nevertheless (e.g., Oeberst et al.,
2014a, b). Hence, if individual’s biases are based on per-
sonal opinions or speculations about why the event has
happened one would expect a contrast in the results of
research with individuals and research with Wikipedia
articles. In the case of the marriage of Prince William and
Kate Middleton, for instance, people might be personally
convinced that they foresaw the marriage all along, but as
long as they do not have verifiable information from reliable
sources that support this conviction, it will not be included
into the article. Wikipedia’s rules might thus possibly
heighten the threshold for biases to enter and effectively
lead to fewer instances of hindsight bias—even if they may
not entirely preclude it as we saw for the disasters category.

Only with regard to disasters we found that later articles
suggested to a greater extent that the disaster was more
likely, more inevitable, and more foreseeable compared to
earlier (foresight) articles. Interestingly, disasters have
hardly ever been used in hindsight bias research (see
Verplanken & Pieters, 1988, for an exception), presumably,
because they pose methodological challenges for hindsight
researchers (e.g., Hawkins & Hastie, 1990). With the
benefit of hindsight, it is plausible why it was particularly
the category of disasters that exhibited a hindsight bias:
usually, disasters are not initially expected and thus sur-
prising. They are also negative and mostly consequential
by causing death, injuries, or damage, thereby eliciting a
particular need to explain how it could happen which, in
turn, fosters hindsight distortions—at least if one can come
up with an explanation (Ash, 2009; Guilbault et al., 2004;
Musch, 2003; Pezzo, 2003; Schkade & Kilbourne, 1991).
From this perspective, it becomes clear how an article may
be highly suggestive of the event (in hindsight), even
though it does not contain any explicit phrases expressing
hindsight bias (e.g. “It was clear that...”). If the article
contains an explanation which suggests that all antecedents
spoke for the occurrence of this event (as post hoc expla-
nations lack an appreciation of event-inconsistent ante-
cedents), the article itself becomes highly suggestive of the
event. Thus, one might expect a pronounced hindsight bias

in the case of disasters, which might, in turn, transfer to a
“collective” hindsight bias in Wikipedia articles, as
Wikipedia’s norms may heighten the threshold for hind-
sight bias but not prevent it all along. Recall, that we have
argued that hindsight bias is not per se in conflict with
Wikipedia’s guidelines and the results of our lab study
(Study 2) corroborate this notion. As long as verifiable
information from reliable sources is available and pre-
sented neutrally, it may go unnoticed that it is biased by the
fact that it focuses on event-consistent information and
underweights or ignores event-inconsistent information,
which is characteristic for hindsight bias (Carli, 1999;
Nestler et al., 2008). In sum then, we suggest that Wiki-
pedia’s norms contribute to an unbiased presentation of
events (see also Postmes et al., 2001), but may not prevent
any bias to occur. Although this interpretation has to be
tested in future research, it raises an exciting novel possi-
bility to reduce or prevent hindsight bias.

Despite the fact that we found evidence for hindsight
bias in only one out of many different event categories, the
relevance of our results should not be underestimated for at
least two reasons: First, disasters and calamities usually
attract a particularly broad audience (e.g., Keegan et al.,
2011). The Fukushima article, for instance, was retrieved
more than 100,000 times in May 2011 alone (the time
frame into which our #; article version falls: http://www.
stats.grok.se; this number includes the traffic to the article
regarding the nuclear power plant as well as the newly
created article “Nuclear disaster of Fukushima-Daiichi” to
which the elaborations regarding the disaster were migra-
ted). In other words, even if only certain Wikipedia articles
might be biased by hindsight, our results indicate that these
could likely reach a great number of people.

A second aspect that speaks to the same argument is that
highly negative events such as disasters are closely linked
to questions of responsibility and guilt (e.g., Harley, 2007;
Rachlinski, 1998). Particularly if a damage or harm seems
to be foreseeable in hindsight and thus as preventable ac-
cusations of negligence come to mind and are frequently
voiced. This may not only result in broadly shared—but
biased—attributions of guilt but even in juridical affirma-
tions of negligence that are biased by hindsight (e.g.,
Hastie, Schkade, & Payne, 1999; LaBine & LaBine, 1996;
Smith & Greene, 2005).

Elicitation and increases of hindsight bias through
reading Wikipedia articles

In consideration of the fact that we did find some articles to
contain traces of hindsight bias, we further examined their
impact on readers. The present findings show that reading
biased Wikipedia articles elicits a hindsight bias in readers
who are unfamiliar with the event. In addition, and beyond
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prior research, we also found that hindsight bias further
increased readers’ already existent hindsight bias when
they knew already about the event. The latter result is
interesting as we provided a cause for the event outcome in
all hindsight conditions. Informing vs. not informing about
a cause for the accident (Yopchick & Kim, 2012) hence
cannot explain these findings. However, we believe that
causal modeling could be otherwise involved: Wikipedia
articles could (1) add new knowledge (i.e., causes) to
participants’ existing causal model, (2) reactivate partici-
pants’ existing causal model, or (3) provide a coherent
presentation of the causal information, which participants
had previously lacked. The first aspect might explain the
results of our Study 3 as the Wikipedia article had con-
tained more information than what had been presented to
participants in the classic hindsight condition. The second
and third explanations may be particularly relevant in real-
world settings: When time between learning the outcome
and reading about it has passed, it is possible that reading
the article reactivates the causal model which, in turn,
contributes to participants’ evaluations of the event.
Moreover, we usually learn of real-world events by
receiving information that is distributed over time (e.g.,
news-ticker) and/or sources (e.g., news reports). If an
article then provides readers with a single coherent pre-
sentation of the entire event, it may foster comprehension
and a coherent causal model (Pennington & Hastie, 1988;
see also McNamara & Kintsch, 1996; McNamara, Kintsch,
Songer, & Kintsch, 1996).

Limitations and future prospects

To examine the occurrence of hindsight bias in Wikipedia
articles, a foresight article version of that article was nec-
essary. Hence, the present results are limited to events for
which articles existed before the event took place (e.g., the
power plant article before the Fukushima disaster).
Therefore, we cannot exclude selection effects. Presum-
ably, the existence of an article about a topic in Wikipedia
likely depends on the relevance of the topic. Thus, it
remains unclear whether our results are generalizable to
rather irrelevant topics. Recall, however, that we had also
included unfamiliar events, but popularity of the event did
not affect the results. In addition, we have included events
from various different event categories, which clearly
extends prior research, which typically focused on one
event or a particular category of events (e.g., elections).
Concerning future prospects, we believe that it might be
interesting to investigate whether hindsight bias is present
in other collaborative products, as well. We have argued
that biases will enter collaborative products if they are
widely shared and when there are no guidelines effectively
preventing their occurrence. This reasoning implies that
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our findings should not be limited to Wikipedia articles, but
the bias is likely to be present in other media as well, as
long as the production rules will not prevent it. Especially
for disasters, one often finds post hoc articles claiming that
a disaster was inevitable and foreseeable (e.g. The Tele-
graph, 2011; The Express Tribune, 2011), whereas fore-
sight articles warning about the upcoming disaster (which
should be possible if it was, indeed, foreseeable) are
missing. Second, our reasoning could well extent to other
biases (e.g., descriptions favoring the own group in inter-
group conflicts, see Oeberst, Cress, Back, & Nestler, 2016).
Again, we believe that this is an interesting endeavor for
future research.

Implications for the production of collective
knowledge

With regard to the accuracy of Wikipedia, it has
repeatedly been documented that Wikipedia articles are
comparatively accurate (e.g., Giles, 2005). In addition,
research showed that there is a positive relationship
between the number of authors and the quality of an
article (Kittur & Kraut, 2008). Interestingly, however,
we obtained evidence for bias particularly in the cate-
gory of articles that usually attracts an extraordinary
high number of authors (e.g., Keegan et al.,, 2011;
Oeberst et al., 2014a, b). More authors, hence, do not
automatically lead to less biased articles. Probably, it is
not the number of authors that is decisive, but rather the
heterogeneity of the authors involved (Schulz-Hardt,
Frey, Liithgens, & Moscovici, 2000; Schulz-Hardt,
Jochims, & Frey, 2002). In addition, while a larger
number of authors increases the likelihood of a hetero-
geneous perspective (e.g., in a controversy), it may be of
no effect in cases of widely shared and potentially large
biases such as the hindsight bias in the context of
disasters.

Conclusion

To conclude, the present studies extend prior research on
hindsight bias in individuals to a collective level and point
to interesting differences between varying types of events
as well as the potential power of guidelines, such as present
in Wikipedia, on the prevention of hindsight bias. More-
over, our findings indicate that biased Wikipedia articles
may, again, nourish hindsight bias in individuals who read
those articles. As this paper has hopefully shown, the use of
a highly ecological setting led to empirical and theoretical
advances and identified several questions for future
research, which, in the long run, may foster a more elab-
orated understanding of biases in the real world.
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