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Abstract
Causal reasoning is crucial to people’s decision-making in probabilistic environments. It may rely
directly on data about covariation between variables (correspondence) or on inferences based on
reasonable constraints if larger causal models are constructed based on local relations
(coherence). For causal chains an often assumed constraint is transitivity. For probabilistic causal
relations, mismatches between such transitive inferences and direct empirical evidence may lead
to distortions of empirical evidence. Previous work has shown that people may use the generative
local causal relations A → B and B → C to infer a positive indirect relation between events A and
C, despite data showing that these events are actually independent (von Sydow et al., 2009, 2010,
2016). Here we used an economic sequential learning scenario to investigate how transitive
reasoning in intransitive situations with negatively related distal events may relate to betting
behavior. In three experiments participants bet as if they were influenced by a transitivity
assumption, even when the data strongly contradicted transitivity.
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Causal Reasoning and Decision Making
Making decisions in probabilistic environments often requires us to bet on the (non-)
occurrence of an event or the change of a variable: When we decide to ride our bike to work we
get the benefit of a light early workout and a clear conscience, but risk getting soaked on the way
back in case the weather changes. Deciding how to invest our money in the stock market we try to
foresee changes affecting the value of companies in order to buy only stocks that will increase in
value. As a proxy for the likelihood of an event we can try and observe other variables that
correlate with it: Looking out the window and seeing a flock of swallows flying high we might
infer that it will not rain and be more likely ride the bike to work.
It has recently increasingly been emphasized that human decision making under risk or
uncertainty often involves causal reasoning (Hagmayer & Meder, 2013, Hagmayer & Sloman,
2009; cf. Osman, 2010). Valid causal models enable us to make predictions that go beyond
correlational approaches in at least two meaningful ways: They enable agents to make predictions
about correlations they have not observed yet (through causal reasoning) and second, they allow
for predictions about the effects of interventions in a causal system. When asked to predict the
(non-)occurrence of an event, people should take their knowledge about the presence or absence
of possible causes into account. Hagmayer and Meder (2013) have recently shown that people
base their decisions, quite reasonably, on their causal beliefs: When asked to intervene in a
probabilistic causal system that is fixing the value of a variable to a particular value, participants
appeared to base their decisions on causal reasoning, as opposed to purely correlational
information.
For a causal model to provide a useful framework for decision making it needs to fulfill
two criteria: First, it needs to accurately represent the absence or presence and strength and
direction of causal relations between events in the real world (correspondence). If the model
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postulates incorrect causal relations then faulty or at least non-optimal predictions and misdirected
interventions can result. Secondly, it needs to provide the agent with unambiguous predictions
based on valid rules of reasoning (coherence).
Correspondence and coherence, more generally, are respectable benchmarks of truth and
they may be seen either as domain general principles in science or as assumptions of domainspecific models (cf. Arkes, Gigerenzer, and Hertwig, 2016, for a view critical of coherence as a
domain-general approach). We are here concerned specifically with causal coherence in decision
making.
Bayesian Probabilistic Causal Networks (Pearl, 2000; Spirtes, Glymour, & Scheines,
2001; cf. Rottman & Hastie, 2014, for a review), further referred to as Causal Bayes Nets, provide
a prominent normative framework for integrating different variables and their levels of
covariation into one consistent network of directed causal relations. They are constrained by prior
knowledge about possible causal relations: For example, an effect cannot precede its cause and a
causal network may not create any circular sets of causal relations. A Causal Bayes Net consists
of nodes representing variables, one-directionally directed edges (“arrows”) between nodes
pointing from causes to effects and parameters for each arrow indicating the strength and direction
of the respective causal relation (positive values for generative causes, increasing the likelihood of
an event, and negative values for inhibiting causes, decreasing the likelihood an event).
Transitive Reasoning in Probabilistic Causal Chains
Causal Bayes Nets (Pearl, 2000; Spirtes, Glymour, & Scheines, 2001) and, in psychology,
the theory of analogous mental models (Sloman, 2005; Lagnado, Waldmann, Hagmayer, &
Sloman, 2007; Waldmann, 1996; Waldmann, Cheng, Hagmayer, & Blaisdell, 2008) build on the
assumption of the Markov condition, stating that any node in a causal model is conditionally
independent of all upstream nodes, given its parents (Hausman & Woodward, 1999; Spohn,
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2001). This entails transitivity in causal chains: If A causes B, and B causes C, without any further
links connecting the three variables, then A causes C (via B). If in a probabilistic causal chain the
Markov condition holds, then the strength of the global relation A → C can be inferred from the
strength of the local relations A → B and B → C: Using the causal strength estimate ΔP (ΔPAB =
P(B|A) – P(B|¬A); Jenkins & Ward, 1965), the global ΔP can be calculated by multiplying all
local ΔPs between nodes forming the causal chain (e.g., ΔPAC = ΔPAB × ΔPBC). It is therefore not
necessary to observe the global relation directly.
Related research on transitive reasoning in the induction of causal chains has shown that
people assume a transitive causal relation based on integrating single causal links (Ahn & Dennis,
2000; Baetu & Baker, 2009). This research corroborated the hypothesis that people reasoned
transitively even if no information on the global relation was shown.
Subsequent research started to investigate intransitive chains (von Sydow, Hagmayer, &
Meder, 2016; von Sydow, Meder, & Hagmayer, 2009; von Sydow, Meder, Hagmayer, &
Waldmann, 2010; see Rottman & Hastie, 2014, for an overview). Using intransitive chains allows
bringing correspondence and coherence into conflict.
To illustrate this, Figure 1 shows a typical intransitive pattern of causal relations as used in
the following studies. Circles A to D represent a temporal succession of events for eight
individuals. Each tile position (numbered 1 to 8) represents an individual (or, here, a company).
Individual 1 displays the properties A, ¬B¬C, and ¬D. Here all local relations (A → B, B → C, C
→ D) are positive. However, A and C are independent of each other, while A and D are even
negatively related, thus violating transitivity.
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Figure 1: Structure of statistical relations between events A, B, C, and D. In this illustration,
individual 1 would be “A, ¬B, ¬C, ¬D”, while individual 6 would be “¬A, ¬B, C, D”.

Von Sydow et al. (2009; 2010; 2016) suggest a causal coherence hypothesis that
coherence-based induction may distort the perceived shown evidence about causal relations if the
data violate the structural assumptions of Causal Bayes Nets. People are taken to assume, at least
by default, a modular integration of single causal relations into larger causal networks, for
instance implying transitivity in causal chains (cf. Waldmann, Cheng, Hagmayer, & Blaisdell,
2009). This is predicted even when evidence to the contrary is available, but people mightabandon
this default belief if the mismatch between coherence-based induction and correspondence-based
induction becomes quite evident.
Intransitive chains are at odds with structural implications of Causal Bayes Nets and
involve a violation of the Markov condition. In the philosophical debate it has been put into
question whether all causal relations necessarily adhere to the Markov condition and whether, as a
consequence, chains need to be transitive (Cartwright 2001, 2006; Sober, 1988; Sober & Steel,
2012). However, even strict advocates of the Markov condition have pointed out that on the level
of our actually used categories causal chains may not adhere to the Markov condition (Hausman
& Woodward, 1999; Spohn, 2001). For instance, this may be the case if a category is the product
of mixing subclasses for which different causal relations hold (Hausman & Woodward, 1999; von
Sydow et al., 2016; cf. Johnson & Ahn, 2015, for other transitivity violations).
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Von Sydow et al. (2009, 2010, 2016) showed that in several formats (overview format,
sequential learning format) participants may infer the strength and direction of the relation A → C
after learning A → B and B → C, even if this is not warranted by the data presented to them: In
the materials used, A → B and B → C were positive, while A and C were statistically independent
from each other (ΔPAB = ΔPBC = .5, ΔPAC = 0, cf. Figure 1). If they were presented with A → B
and B → C first, participants judged A → C in line with transitivity. This effect remained stable
even when participants were able to directly gather information about A → C.
In von Sydow et al. (2016) participants obtained overview panels where they could even
have detected different subclasses of A with different effects on C (“mixing of subclasses”).
Although studies of causal induction have mostly assumed homogeneity of variables, one often
does not know this beforehand. Often the classes of events invovled may be heterogeneous and
thus the observed correlations between such classes only mixtures from various correlations or
causal relations holding for the subclasses. Take, for instance, potential causes and effects of
depression. A particular attribution style seems to be a cause A of depression, and depression B
has in turn been suggested to facilitate dementia C. Nonetheless, it may be inappropriate to reason
transitively from A to C here, since there may be different kinds of depression involved (B1 and
B2). Perhaps only people with a hormonal imbalance have an increased risk of dementia, and not
those with depression caused by a specific attribution style (on the intricate relationship between
categorization and causality, cf. Lien & Cheng, 2000; Hagmayer, Meder, von Sydow, &
Waldmann, 2011; Waldmann, Meder, von Sydow, & Hagmayer, 2010). Analogous to such
examples, von Sydow et al. (2016) in a laboratory task investigated situations in which A → B and
B → C held. But large items A always led to C, whereas small items A never led to C. Thus, using
a similar correlational structure as in Figure 1, the transitive inference A → C was invalid (both
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events were independent). People nonetheless tended to draw transitive conclusions and were not
very successful in distinguishing subclasses.
Von Sydow et al. (2010) has explored whether a focus on individual evens A, B, and C
leads to the predicted causal distortion effects also in sequential learning scenarios.
However, in many regards the boundary conditions of the causal coherence hypothesis
need further exploration. For instance it is not clear whether people continue to infer a positive
distal causal relation from positive local relations if it is actually negative or if they completely
switch to induction based on the observed data due to the obvious mismatch. We investigate nontransitive causal chains were the observed overall relation is even opposed to the local relations to
test the causal coherence hypothesis. Even if correlations are based on mixing, results that
approximate transitivity may occur just by chance. With regard to clear deviations, zero
correlations or only weakly inversed (e.g., weakly negatively related) overall relations may occur
more often from mixing than the investigated strongly inversed (e.g., strongly negatively related)
relations. We investigated strongly inversed relations, since this provided a particularly strict test
of our hypothesis that the induction in a chain of causal events is not only based on directly
observed evidence, but also depends partly on inferences using the (here illegitimate) assumption
of transitivity when the observed evidence is almost always opposed to the transitively predicted
ones.
Furthermore, research on the causal coherence hypothesis mainly focused on people’s
unincentivized judgments about causal relations. Causal reasoning might however focus more on
directly observed information when decisions based on it have an impact on a participant’s
payoff. Hence, we will investigate betting as dependent variable. Betting is often taken as a means
to decrease bias in probability judgment (Andersson & Nilsson, 2015), and betting should direct
participants’ focus on incentives. Nevertheless, betting may reduce coherence-based distortions

BETTING ON TRANSITIVITY

9

of evidence (because betters may pay more attention to the accuracy of their judgments), we
predict that people’s bets on the occurrence of a possible effect are informed by both
correspondence and coherence, two sources of information that contradict each other in this case.
Their betting may either correspond to their probability judgments (probability matching; cf.
Herrnstein, 1970; Vulkan, 2000) or to an optimal exploitation of their given probability judgment:
If optimizers use bottom-up induction and realize the negative distal relation they should put all
stakes on the negative prediction, if they use a coherence-based approach to infer the distal
relation, they should put all stakes on the positive prediction.
Goals and Hypotheses
In the three experiments presented here we investigated the influence of causal beliefs on
people’s decision making in an environment where transitivity is violated. In an economic
sequential learning scenario participants first observed co-occurrences of four events in a nontransitive causal chain and afterwards judged the statistical relations between events.
Going beyond previous research, all three experiments examined whether causal
coherence still affects participants’ judgments if the distal events in the chain are not only
independent of each other, but their relation even runs contrary to the assumption of transitivity (a
negative global relation when transitivity suggests a positive one and vice versa).
Additionally, all three experiments explored whether causal coherence effects can also be
found with betting. In Experiment 1 we hypothesized that the causal coherence should not only
influence participants’ judgments of the global relation but also the amount of money bet in line
with a transitive causal model, thereby performing worse than a control group in which causal
coherence should not have an effect. Here participants only had to bet in a final round. In
Experiment 2 we examined whether this effect remains stable after repeated betting on the global
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relation with feedback about their performance. In Experiment 3 we examined whether the effect
remains stable even if the only source of information on the relations is through betting on them.
Experiment 1: Betting Biases in Learning Relations
Goals and Hypotheses
In Experiment 1 we tried to replicate and expand on previous findings that causal
induction is distorted by assumptions of transitivity in a trial-by-trial learning paradigm. Two
major aspects were added to this line of research: First, the global relation A → D was not
independent but strongly negative (ΔPAD = –.5). This should make the mismatch between
correspondence and coherence even more salient. Second, participants were asked not only to
judge the perceived global relation, but also to bet on the occurrence of D vs. ¬D based on their
information on A vs. ¬A in a final round. This should incentivize participants to judge A → D
accurately and bet accordingly. Constructing A → D not to be independent but negative made A
vs. ¬A a strong negative predictor for D vs. ¬D. A correspondence-based judgment should result
in betting more money on ¬D given A (or on D given non-A). A coherence-based judgment
should result in participants betting more money on D given A and (or on ¬D given A).
The learning trials presented are the same regardless of condition. Our three experimental
conditions should lead participants to focus on the local relations, the global relation, or both the
local + global relations, and we expected this to have an effect (cf. von Sydow et al., 2010). In
contrast, if participants relied on correspondence alone, their judgments and bets on A → D
should be the same. We induced focus by repeatedly asking for particular relations only. This
manipulation is based on the general idea that causal links are learned successively rather than
simultaneously (Waldmann et al., 2009). In the local-only condition, when participants were
repeatedly asked to assess local relations, we expected them to learn these relations and use them
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most strongly to construct the overall relations by illegitimately assuming transitivity. In contrast,
in the global-only focus condition, participants’ judgments are expected to be more in line with
the actually observed A → D relations. Finally, in the local + global conditions participants were
asked to learn both local and the global relations, and here we expected still to observe some
coherence-based distortions of the evidence.
Participants
We tested 84 participants (50 female, age M = 23.6) who were recruited at the University
of Heidelberg as part of a multi-experiment session. Participants received 6€ per hour or coursecredits for taking part. (Psychology students at the University of Heidelberg are required to
participate in a number of experiments during their undergraduate studies and could choose to
have their participation added to their “experiments account” in lieu of receiving payment.) In any
case, participation was voluntary. Additionally, and regardless of the chosen form of
reimbursement, participants obtained the proportion of 1 € they bet on the correct outcome in a
final bet.
Material and Procedure
Participants were to observe individual companies and temporally ordered events related
to each company during learning blocks. Each trial in these blocks represents an individual
company (cf. von Sydow et al., 2010). For each company, participants were shown four sequential
events represented by four pictures (Figure 2): Each company either buys or does not buy stocks
of a second company (A vs. ¬A), then rises or falls on a general performance index (B vs. ¬B), is
positively or negatively evaluated by the Economist (C vs. ¬C), and in the end either increases or
decreases in stock market value (D vs. ¬D). The instruction stressed the temporal order of the
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events, which is a known cue inducing causal structure (Lagnado & Sloman, 2006). However, we
neither suggested that the chain is transitive nor that specific relations were positive or negative.
The local relations between all four events were positive (ΔPAB = ΔPBC = ΔPCD = .5),
while the global relation A → D was negative (ΔPAD = -.5). Figure 1 illustrates the contingencies
shown to the participants. Each of the four events occurred with a probability of P = .5 (dark
shaded segments in Figure 1). Combining four events (and their negations) results in sixteen
possible trial-types, of which eight were used to produce the non-transitive chain. Figure 1 shows
all types of trials used in Experiment 1. Each of the eight types of trials was used twice in each of
the learning blocks, resulting in sixteen trials per block. There were twelve learning blocks,
resulting in 196 learning trials.

Figure 2: Exemplary trial representing one company (A, B, ¬C, ¬D).

The Experiment consisted of learning and testing blocks. Before each learning block
participants were instructed which relation to focus on and were tested on only this relation
afterwards. The instructions to focus for instance on A → B for the forthcoming learning block
read (translated from German): “You will now see the data of several individual companies. After
this block you will be asked to judge whether there is a relation between the companies’ buying

BETTING ON TRANSITIVITY

13

decisions in Week One and their performance on the General Performance Index in Week Two;
and if so, what kind of relation it is. You will always see data of all four weeks.“
Each learning block consisted of the same 16 trials in randomized order, regardless of
condition; therefore participants did not differ in the learning material presented to them. Each
trial was 4 seconds long with each picture being presented for 1 second. Participants started each
trial by clicking a “Next” button on the screen.
In each test phase participants judged the relation they had focused on during the
preceding learning trial on a 21-point scale ranging from -100, indicating a deterministic negative
relation (e.g.: “If a company is positively evaluated, then its stock market value will always
decrease”), to 100, indicating a deterministic positive relation (e.g.: “If a company is positively
evaluated, then its stock market value will always increase”), with a middle point of 0, indicating
statistical independence.
Participants were randomly assigned to one of three conditions which only differed in
learning instructions and testing (Figure 3): Participants in the local-only condition only focused
in the learning phases (and were only tested) on the local relations A → B, B → C and C → D. We
expected the local-only group’s estimates and bets on A → D to be least influenced by
correspondence among the three conditions, as they were not instructed to focus on A → D and
would rely heavily on coherence-based integration of local relations. Note that the local-only
group still saw the same data pattern as the other two and could have learned the negative relation
A → D. We expected the global-only group’s estimates and bets to be most in line with
correspondence among the three groups, as they did not directly focus on the local relations and
were not to rely on their coherence-based integration. Therefore their estimates and bets should
reflect a more accurate assessment of A → D. Participants in the local + global condition were
tested on both the local relations and the global relation A → D. We expected the local + global
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group’s estimates and bets to fall between the two remaining groups: Because participants focused
on the local relations first, we expected them to engage in coherence-based integration; but we
also expected correspondence to affect the final result. This would further strengthen the
assumption that coherence plays an important role in causal learning even if that stands in clear
contrast to correspondence.
After the learning blocks and the test blocks all participants rated the perceived relation A
→ D on the same 21-point scale again. They were then told that they would see one more
company drawn randomly from the ones they had seen so far during the experiment. This time
they only saw the company’s buying decision (A or ¬A). They had 100 Eurocents at their disposal
to bet on the change of the company’s stock market value (D vs. ¬D). Participants could split
their money between the two options and would win the amount of money they bet on the right
outcome. The outcome was shown afterwards and participants were paid the amount of money
they had won on top of their usual reimbursement.
After the betting trial, all participants rated the local relations one last time.

Figure 3: Temporal structure of Experiment 1 (in the learning blocks we here present the foci of
the three different conditions).

BETTING ON TRANSITIVITY

15

Results
Betting on the Global Relation. To compare participants’ betting performances, we first
calculated how much money each participant bet on the most likely outcome given the
information about A vs. ¬A (ideal bet), i.e. if participants saw an instance of A, their ideal bet
would be the amount they bet on ¬D and for ¬A it would be the amount they bet on D. Figure 4
shows participants’ mean ideal bets by condition. A one-way ANOVA with the ideal bet as the
dependent variable showed a significant main effect of condition, F(2, 81) = 9.73, p < .001. The
local-only group bet less money on the ideal bet, M = 32.1, SD = 27.1, than the global-only group,
M = 66.6, SD = 29.2, with the local + global group falling between the two, M = 51.5, SD = 30.4
(Figure 4). A post-hoc comparison of group means revealed a significant difference between the
local-only group and the other two, ps < .05, and a nearly significant difference between the local
+ global and global-only group, p = .05.

Figure 4: Mean ideal bets in ct on D vs. ¬D (± SE).
Estimates of the Global Relation. We expected participants in the local-only group to
judge A → D to be positive, in line with an influence of the transitivity assumption, even though
they could have seen the negative relation during 196 trials. We further predicted the global-only
group to judge A → D to be clearly negative, in line with the data. As the local + global group’s
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estimates should be informed by both correspondence and coherence we expected their estimates
to fall between the other two groups. Figure 5 shows participants’ mean estimates of the relevant
estimates of the global relation A → D. A one-way ANOVA comparing the groups mean
estimates confirms our hypothesis 1: We found a significant main effect of condition, F(2, 81) =
23.99, p < .001. A post-hoc comparison of group means revealed significant differences between
all three groups, ps < .01. Participants in the local-only group judged A → D to be positive, M =
36.2, SD = 29.4, the global-only group judged it to be negative, M = –27.6, SD = 37.8, with the
local + global group falling between the other two, M = 5.2, SD = 34.2.
Note that the local-only group’s estimates are even considerably higher than predicted by a
perfectly transitive inference (which would correspond to an estimate of +12 on our scale). The
global-only group’s mean estimate is closer to the estimate predicted by correspondence alone
(corresponding to –50 on our scale).

Figure 5: Mean estimates for A → D (± SE), ranging from -100, indicating a deterministic
negative relation, to 100, indicating a deterministic positive relation.

1

Although normal distribution was violated within conditions we still report the results of parametric tests as they have

proven to be robust against this deviation. In all cases analyses using non-parametric tests led to comparable results to those
reported.
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Estimates of Local Relations. We expected the local relations to be lower in the globalonly condition than in the other two conditions. This also seems to be a precondition for
predicting a reduction of transitive inferences based on integrating these local links in the globalonly condition. In this and all other experiments this ‘manipulation check’ was successful.
Additionally, there was always no reliable difference between the local + global and the globalonly condition. We here focus on presenting the main results of the study, but Online Resource 1
provides more results on estimates of local relations.
Discussion
In the first experiment we could replicate and expand von Sydow et al.’s (2010) findings.
Participants stick with their assumptions of transitivity even if they are presented with strongly
contradicting evidence during a total of 196 learning trials. However, the results in the local +
global group show that this assumption is not impervious to experience: Participants’ mean
judgments near the point of statistical independence may either reflect some averaging of
correspondence- and coherence-based judgments or participants’ resulting confusion about the
true nature of the relation. In any case, the judgment differed considerably from the value
predicted by correspondence alone and also between conditions. Transitive interpretations must
have had a strong impact on participants’ estimates.
In the local-only group participants’ estimates of A → D were considerably higher than
predicted by an inference purely based on transitivity. Perhaps, people may not use an as finegrained scale to convey that there is a positive relation than is suggested by a fully parameterized
Bayesian model. Alternatively, this deviation may be linked to previously found deviations from
the Markov condition in experimental paradigms not directly assessing transitive reasoning, but
showing too positive relations in functioning chains (Rehder & Burnett, 2005).
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The results of the betting trial provide first evidence that participants’ assumptions of
transitivity not only influence their judgments but also their decision making in a betting task:
Participants in the local-only group were willing to bet most of their money in line with the belief
that A → D is positive. Participants in the global-only group accurately judged A → D to be
negative and bet most of their money accordingly, leading to more money bet on the most likely
outcome.
Experiment 2: Extensive Learning and Repeated Betting
Goals and Hypotheses
In Experiment 2 we sought to replicate and expand on our initial findings in two
important ways: First, we introduced multiple betting-trials with immediate feedback. Betting
with immediate feedback should help correct inaccurate assessments of covariation (Andersson &
Nilsson, 2010), therefore putting the causal-coherence hypothesis to a stronger test: Should a
similar pattern of estimates as in Experiment 1 occur, this would show how persistent the effect of
coherence is in the face of contradicting evidence.
Second, the results of Experiment 1 may not have been driven by assumptions of
transitivity alone, but rather by prior knowledge about the stimulus material. To rule this out, we
counterbalanced the first local relation being positive/negative with the global relation
negative/positive, again violating transitivity.
Despite these two extensions, our hypotheses were analogous to those in Experiment 1:
The local-only group’s estimates and bets should be most influenced by coherence and the global
only group most influenced by correspondence, with the local + global group falling between the
two.
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Participants
We tested 94 participants (67 female, age M = 23.3) who were recruited at the University
of Heidelberg as part of a multi-experiment session. Participants received 6€ per hour or course
credits (cf. Experiment 1). Regardless of the chosen form of show-up fee, participants received up
to 3 € extra, depending on their betting performance.
Material and Procedure
Experiment 2 followed a structure similar to Experiment 1 (Figure 3), with each testing
phase replaced by one betting trial as described in Experiment 1. Repeated betting on A → D
should incentivize accurate learning even more, therefore putting the causal coherence hypothesis
to a stronger test.
Each phase of Experiment 1 in which participants judged the relation A → B was replaced
by a betting trial where participants saw A or ¬A and were asked to bet on B vs. ¬B, etc. The same
holds for other phases where participants had to judge a relation. In each betting trial participants
bet 100 points they could split between the two possible outcomes. Participants won the amount
of points they bet on the right outcome and received immediate feedback about the points they
won. At the end of the experiment participants were paid up to 3 € on top of their usual
reimbursement depending on how many points they had collected.
Participants were again randomly assigned to either the local-only, local + global, or
global-only group, analogously to the design of Experiment 1. At the end of the experiment
participants judged the local relations and the global relation on the same scale as used in
Experiment 1.
Due to the naturalistic material used in Experiment 1 participants might have had prior
beliefs about A → D being positive. Their responses in the local-only group may therefore not
indicate transitive reasoning but rather participants’ resorting to prior beliefs in the absence of

BETTING ON TRANSITIVITY

20

further knowledge. To control for the effect of a general tendency to judge A → D positively we
counterbalanced between participants whether A → B was positive or negative (ΔPAB = .5 vs.
ΔPAB = –.5). With A → B being negative and the other local relations remaining positive, the
actual intransitive relation A → D was positive, ΔPAD = .5, but the coherence-based prediction was
negative for this relation. In both cases we expected participants in the local-only group and the
local + global group to bet in line with transitivity.
Results
Betting on the Global Relation. Again all participants bet on A → D after the last
learning block. To compare participants’ betting performances we first calculated how much
money each participant bet on the most likely outcome given the information about A vs. ¬A. To
find out whether counterbalancing of A → B being positive or negative had an effect on
participants’ betting performance, we included it as a between-subject factor in the analysis. A 3 ×
2 factor ANOVA with condition and counterbalancing as between-subjects factors showed no
significant main effect of counterbalancing, F(1, 92) = 3.4, p = .07, as well as no significant
interaction between condition and counterbalancing, F(2, 91) = 1.7, p = .19. We found a
significant main effect of condition, F(2, 91) = 19.2, p < .001 (Figure 6). The local-only group bet
less money on the ideal bet, M = 43.5, SD = 19.5, than the global-only group, M = 78.5, SD =
24.0, with the local + global group falling between the two, M = 52.7, SD = 25.9. A post-hoc
comparison of group means revealed a significant difference between the global-only group and
the other two, ps < .001, but not between the local-only and the local + global group, p = .12.
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Figure 6: Mean ideal bets on D vs. ¬D (± SE), Experiment 2.

Estimates of the Global Relation. If ΔPAB = –.5 participants’ answers were reverse
coded. We expected participants in the local-only group to judge A → D in line with the
assumption of transitivity, as predicted by the causal coherence hypothesis. The global-only group
should judge A → D in line with the data presented during learning trials (represented by negative
values in Figure 7). We expected the local + global group’s estimates to fall between the two other
conditions as they should be driven by both correspondence and coherence. We also included the
counterbalancing conditions in the analysis as prior beliefs about the strength and direction of
causal relations might have influenced participants’ judgments in Experiment 1. A 2 × 3 betweensubject ANOVA comparing the groups’ mean estimates did show a marginally significant
interaction between condition and counterbalancing, F(2, 91) = 3.0, p = .05, and a significant
main effect of counterbalancing, F(1, 92) = 10.6, p < .01, but not in the direction that the “prior
beliefs” explanation of Experiment 1 would predict: If ΔPAB = –.5, participants’ estimates were
more in line with our hypotheses (Figure 6). Again, we found a significant main effect of
condition, F(2, 91) = 6.0, p < .01. Participants in the local-only group judged A → D to be
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positive, M = 8.4, SD = 38.7, the global-only group judged it to be negative, M = –25.5, SD =
52.4, with the local + global group falling between the other two, M = –8.1, SD = 34.0 (Figure 7).
A post-hoc comparison of group means revealed significant differences between all three groups,
ps < .01.

Figure 7: Mean estimates for A → D (± SE), Experiment 2. Estimates in the negative
counterbalancing conditions were reverse-coded.

Estimates of Local Relations. Results for estimates of local relations can be found in
Online Resource 1 (cf. Experiment 1).
Discussion
Experiment 2 replicates and extends the findings of Experiment 1. Even after betting on A
→ D three times (and receiving feedback about their performance) the local + global group failed
to perform substantially better than the local-only group during betting trials, showing that the
tendency to bet in line with transitivity is hard to overcome, even if it consistently leads to non-
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optimal outcomes. Changing the direction of the first local relation A → B (ΔPAB = –.5) had no
substantial influence on this pattern, making it less likely that the effects in Experiment 1 are due
to participants’ prior beliefs about the stimulus material. Note, however, that including the
counterbalancing conditions in the analysis leaves us with a rather small number of participants
per cell, so these tests should be interpreted with caution. We only included them to rule out that
the effect might be solely driven by participants in the positive counterbalancing condition.
Again the local + global group’s betting behavior might also reflect confusion about the
nature of A → D in the conditions were people may have realized a conflict between
correspondence and coherence. If one is uncertain, betting 50 points on both results in each bet
would be the safest bet that ensures to win at least half of the possible amount of money.
However, it remains remarkable that in these conditions participants still did not seem to tend to
bet on the option that has a probability of .75 of success, even after about 200 observations.
Participants’ estimates of A → D show a surprising pattern in two ways: Firstly, the
differences between conditions seem to be mostly due to differences in the negative
counterbalancing condition, while mean estimates in the positive counterbalancing condition are
all close to zero. This deviates from the results of Experiment 1 and Experiment 3 (see below).
Secondly, in the positive counterbalancing condition, participants’ estimates seem somehow
detached from their betting behavior: While patterns of estimates and bets otherwise look similar
within each Experiment, this is not the case in the positive counterbalancing condition in this
Experiment: The global-only group in the positive counterbalancing condition bet as if they
assumed A → D to be negative (cf. Figure 6), but the mean judgment for A → D was close to
statistical independence. We interpret this curious result as evidence of particular participants’
lack of experience with the scale. That is, participants in Experiment 1 had the chance to
familiarize themselves with the rating scale before the main dependent variable was measured,
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whereas in Experiment 2 this was the first time the scale was presented to participants while
betting was already well established. Again, as we are left with a rather small number of
participants in each cell, these results that distinguish between the two counterbalancing
conditions should be interpreted with caution. In any case the main effect of conditions is in line
with the predictions of an influence of transitive reasoning in the local-only condition not only for
betting but also for the estimates.
Experiment 3: Repeated Betting without intermittent learning phases
Goals and Hypotheses
In Experiment 3 we examined whether coherence-based integration has an influence after
repeated betting on a non-transitive chain, even when participants have more opportunities to bet
on A → D and are more likely to keep track of their outcomes. Again, we used the same material
as in Experiments 1 and 2; however, Experiment 3 consisted only of betting trials with subsequent
feedback. Where Experiment 2 replaced the judgments of Experiment 1 by betting, Experiment 3
now additionally omits the learning phases. We speculated that participants might be better able to
remember past bets without intermittent learning blocks and thus keep better track of their bets.
The fact that participants only learned through betting and subsequent feedback should direct their
focus more toward outcomes, possibly lowering the effect of coherence.
Note that all participants saw only 24 trials over the course of the Experiments. This was
partly due to the fact that a bet took longer than watching a learning trial, and that only
implementing 24 bets kept the each experimental session to a reasonable length. In this regard it
may seem daring to predict coherence-based effects to play a role. But as local relations were
rather strong we expected that participants in the local-only and local + global group might infer
strong local relations after only a few trials. In Experiment 3, participants in the local + global
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condition bet on A → D in a total of six trials. Finding a significant difference between the local +
global group and the global-only group even after six bets would provide evidence for a strong
influence of coherence.
Another addition to the previous two studies was a fourth condition. Participants in the
global-transitive group bet in the same way as the global-only group; however, the underlying
data pattern was a transitive chain, with ΔPAD = .5 (ΔPAD = –.5). We added this condition to test
whether coherence might even have an effect on the global-only group. That is, if the two global
groups differed in their bets and estimates, and the global-transitive group’s results were even
more in line with correspondence, this would indicate that even the global-only group might be
influenced, although less strongly, by local relations.
Participants
117 participants (83, age M = 23.8) who were recruited at the University of Heidelberg as
part of a multi-experiment session. Participants received 6 € per hour or course credit (cf.
Experiment 1) for taking part in the experiment. Regardless of the chosen form of reimbursement,
participants received up to 3 € extra, depending on their betting performance.
Material and Procedure
In each trial, participants first saw (non-)occurrence of the possible cause and then were to
bet on the (non-)occurrence of the effect, parallel to betting trials in Experiments 1 and 2. In each
betting trial, participants bet 100 points that they could split between the two possible outcomes.
After betting, they saw the whole case, followed by a slide showing their points won. At the end
of the Experiment, participants were paid up to 3 € in addition to their contractual reimbursement.
Figure 8 shows the temporal structure of Experiment 3. Participants were randomly
assigned to one of four conditions. In the local-only group, participants bet on local relations A →
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B, B → C, and C → D, eight times each. Afterward they bet on A → D once. In the local + global
group, participants bet on the local relations A → B, B → C, C → D, and A → D, six times each.
The global-only group and the global transitive group bet 24 times, on A → D only. Thus in all
conditions participants saw the A → D relation 24 times. Again, A → B being positive or negative
was counterbalanced within all conditions, resulting in positive or negative correspondence-based
predictions and negative versus positive coherence-based predictions. At the end of the
Experiment, participants judged the local relations and the global relation on the same scale as
that used in Experiments 1 and 2.

Figure 8: Temporal structure of Experiment 3.
Results
Betting on the Global Relation. We compared participants’ last bets on the global
relation A → D. To compare participants’ betting performances we first calculated how much
money each participant bet on the most likely outcome given the information about A vs. ¬A.
Figure 8 shows the results for the four conditions. To be consistent with Experiment 2, we
also show the results for the two counterbalancing conditions, whether A → D was positive or
negative.
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A 4 × 2 ANOVA showed no significant interaction between condition and
counterbalancing, F(3, 113) = 1.2, p = .31, no significant main effect of counterbalancing, F(1,
115) = 2.5, p = .12, and again a significant main effect of condition, F(3, 113) = 6.5, p < .01. The
local-only group (M = 40.4, SD = 25.9) and the local + global group (M = 39.0, SD = 24.6) bet
less on the ideal bet than the global-only group, M = 56.6, SD = 31.0, and the global-transitive
group, M = 67.6, SD = 28.4 (Figure 9), ps < .05.There were no significant differences between the
local-only and the local + global group, p = .85, or between the global-only and the globaltransitive group, p = .13.

Figure 9: Mean ideal bets (points) on D vs. ¬D (± SE), Experiment 3.

Hence, overall the bets in the local-only condition and the local + global condition, in
comparison to the global conditions, seem to have been influenced by transitive inferences, since
one observes lower bets on the value that would be optimal given the observation.
Estimates of the Global Relation. We compared participants’ reported estimates of the
global relation A → D, parallel to Experiments 1 and 2. If ΔPAD =.5 participants’ answers were
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reverse coded. A 4 × 2 ANOVA comparing the groups’ mean estimates shows no significant
interaction between condition and counterbalancing, F(3, 113) = 0.5, p = .72, a significant main
effect of counterbalancing, F(1, 115) = 15.2, p < .01, and a significant main effect of condition,
F(3, 113) = 8.4, p < .01. There were significant differences between all four groups, ps < .05,
except for the global-only and the global-transitive group, p = .44 (Figure 10).

Figure 10: Mean estimates for A → D (± SE), Experiment 3. Estimates in the negative
counterbalancing conditions were reverse-coded.

Estimates of Local Relations. Results for estimates of local relations can be found in
Online Resource 1 (cf. Experiment 1).
Discussion
The results of Experiment 3 suggest that even in a setting where participants rely only on
feedback through betting, transitive causal reasoning interferes with correspondence-based
learning of intransitive causal relations. After betting on A → D six times (and receiving feedback
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about their performance) the local + global group failed to perform substantially better than the
local-only group, showing that the tendency to bet in line with transitivity is hard to overcome,
even if it leads to non-optimal outcomes. This was also reflected in participants’ judgment of A →
D. Again the local + global group’s betting behavior might also reflect confusion about the nature
of A → D, because betting 50 points on both results in each bet would be the safest bet that
ensures to win at least half of the possible amount of money. Again the findings for the estimation
task were less systematic. The sample size in each single counterbalancing condition might be
relevant. In any case, even this dependent variable in the overall comparison of the local-only
condition and global-only condition showed results broadly in line with the predictions.
General Discussion
In three studies we found compelling evidence that the causal coherence hypothesis seems
to generalize to decision making in an economic context, even when using incentivized repeated
betting tasks. Additionally we found that the causal coherence hypothesis does not only play a
role for intransitive chains where the distal events are independent of each other, but also when
the global relation strongly contradicts transitive inferences. In the experiments global relations
were strongly negative (positive) while transitivity suggested a positive (negative) relation. Even
for such strong counterevidence the results suggest that people do not seem to switch to a pure
correspondence-based strategy in conditions where empirical evidence (the observed distal
relation) and coherence-based inferences (independently integrating single causal relations into a
chain) were inconsistent. The three main experimental groups differed considerably in their
estimates of the global relations, showing that both sources of information, correspondence and
coherence, play an important role in judging causal relations.
In Experiment 1 participants of the local-only group performed worse in a one-shot bet on
A → D, even though they had the chance to learn about A → D in a total of 196 trials.
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Experiment 2 demonstrates this tendency’s strength and stability: Even after almost 200
observations and repeated bets that had led to mostly bad results for betting on transitivity,
participants in the local + global condition still performed worse than the global-only group,
showing no improvement over the four betting trials.
In Experiment 3 participants learned about causal relations through only a few betting
trials. The betting nonetheless may have led them to focus even more on the accuracy of their
predictions and on maximizing their payoffs. It should also have led participants to be more
engaged during learning trials and ensured their attending to the task. Nevertheless, participants
seem to have reasoned about the causal chains as if they were transitive in the local-only and the
local + global group. Again, their bets were negatively influenced by transitive judgments. In the
global-only group, participants still performed slightly worse than in the additionally introduced
global-transitive group, possibly suggesting a (minor) influence of coherence even in the globalonly group; however, this difference was not statistically significant.
The results suggest that judgments as well as bets about distal relations in a potential
causal chain can be distorted in the direction implied by transitive inferences even if transitivity is
violated when sequentially inducing several local relations. Depending on the conditions, we
found strong distortions in the judgments and bets largely coherent with coherence-based
inferences, even if direct correspondence-based inferences now went into an opposed direction
while people in almost 200 trials saw evidence for this relation (Experiments 1 and 2). Even if
participants’ decisions lead to consistently suboptimal results and payoffs, they stick with their
convictions not only when judging causal relations, but they remain willing to bet their money on
it.
Participants’ betting behavior showed a more consistent pattern than their estimates of A
→ D (cf. Experiments 2 and 3). Bets might actually be more accessible for participants than mere
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self-reported estimates and may thus lead to clearer results. Alternatively, participants may have
got used to the betting scale by prior use, but they may have problems when suddenly having to
use a bipolar causal judgment scale.
Overall the evidence provides further corroboration for the causal-coherence hypothesis
claiming that people make use of a transitivity assumption (at least as a default assumption), when
integrating single causal relations into larger causal chains, even if the Markov assumption is
violated (cf. Cartwright, 2001, 2006; Hausmann & Woodward, 1999; Mayrhofer & Waldmann,
2015; Sober, 1988; Sober & Steel, 2014; Rehder & Burnett, 2005). We here support this idea for
causal chains even for strong and costly evidence against the transitivity of the single relations.
After early research has shown that people make a transitivity assumption without
counterevidence (Ahn & Dennis, 2000; Baetu & Baker, 2009), it has already been shown that
contradicting evidence with zero contingencies between distal relations can distort the judgments
about distal causal relations in various conditions (von Sydow, et al. 2009, 2010, 2016). The
current results suggest that even with strongly contradicting correlations between distal events,
people are to some extent influenced by a transitivity assumption in an economic decision making
context.
Arkes, Gigerenzer & Hertwig (2016) recently discussed coherence more generally (not
explicity causal coherence) and argued that coherence should not be seen as a universal domaingeneral benchmark of rationality independent of the evolutionary context and the goals of
organisms. They concede, however, that in specific domains transitive reasoning may well be
adaptive and cost-effective. Applied to causal coherence, we agree that it is not enough to
presuppose transitivity theoretically, but that one needs to investigate whether transitivity
assumptions in specific domains do empirically hold. Transitivity assumptions in causal reasoning
should be made accessible to empirical investigation. However, our results show that at least for
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causal chains (for other structures cf. von Sydow, et al. 2010) people seem to assume transitivity
at least as a kind of default assumption, even if one is concerned with clearly intransitive relations
and if assuming transitivity is costly. This supports the view that there is more to causal induction
than mere correspondence. This finding is not inconsistent with the idea that coherence
assumptions of rational norms need to be scrutinized cautiously, since rational norms have often
been applied in too narrow and context-insensitive ways (cf. Gigerenzer, 1992; Fiedler & von
Sydow, 2016, von Sydow, 2016). However, even if one could base all effects of coherence, like
the shown impact of transitivity, on domain-specific adaptations, the present results at least
suggest that this would be an adaptation to a class of cases (e.g., causal reasoning in chains). 2
Although we do share the view that decision making in many applications needs to be
transformed into ‘causal decision making’ (Hagmayer & Meder, 2013, Hagmayer & Sloman,
2009; Osman, 2010), the present experimental paradigm investigates and thereby questions the
correctness of representational assumptions linked to Bayes net as prominent account of causal
reasoning (Pearl, 2000; Spirtes, Glymour, & Scheines, 2001; Sloman, 2005; Lagnado, Waldmann,
Hagmayer, & Sloman, 2007; Waldmann, 1996). Although the present research supports the
assumption of a successive mental integration of single links into causal chains (Waldmann,
Cheng, Hagmayer, & Blaisdell, 2008), the present line of research dissociates correspondenceand and coherence-based predictions and thereby also shows that making coherence-based
inferences based on the Markov assumption can have its downsides. The potential empirical limits
of causal coherence based on the Markov assumption and its pros and cons have been discussed
elsewhere in more detail (von Sydow et al., 2016).

2

One may further discuss whether either such adaptations to classes of situations are properly to be understood to refer

to correspondence only, or whether one should call such phenomena adaptations in the first place (Gould & Lewontin, 1979; von
Sydow, 2014). However, these issues lie beyond the scope of the present article.
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We here focused on a sequence of events A, B, C, and D that may plausibly be interpreted
as a causal chain. We left open whether there are only direct or also indirect relations and whether
the chain is transitive or not. Von Sydow et al. (2010) have investigated not only intransitive
chains but, for instance, also common-effect structures that used the same contingencies between
three events. When the temporal order and story suggested a common-effect structure and not a
chain the distortion effect as predicted disappeared. Nonetheless, future research needs to
corroborate effects of different causal structures in more detail. Further research should also
address whether the transitivity assumption also plays a role for situations in which participants
can actively intervene, e.g. suggesting a company to buy or not buy (A vs. ¬A) in order to achieve
rising or falling stock prices (D vs. ¬D). Active engagement in causal systems may both ensure
participants’ engagement in the task and effective encoding of predictions and outcomes of their
decisions, eventually overcoming the assumption of transitivity in cases where it is invalid.
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