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This experimental study examines how response format and elicitation order affect probability
judgments in conjunction reasoning tasks derived from the Linda problem, while validating a refined
Conjunction Fallacy Event Framework (CFEF). To address ambiguities in the classic formulation, the
study introduced forced-choice and explicit probability items designed to align participants’
responses with normative probability constraints. Across three controlled conditions, response
format (comparative forced-choice vs. numeric estimation) and event order (event A followed by
event B, and event B followed by event A) were systematically manipulated, with stimulus content
held constant. Conjunction fallacy rates were similar across groups (=27%), and no significant effects
of format, order, or their interaction were observed. Event order showed a slight, non-conclusive
influence on numeric probability estimates, indicating that contextual priming may bias probability
judgments without increasing logical errors. These results support the proposed framework as a
valid methodological tool for isolating conjunction errors, provide a preliminary benchmark for
German-speaking samples, and highlight the importance of distinguishing between numerical
judgment and logical consistency in probabilistic reasoning. The study offers both theoretical and
methodological contributions to judgment and decision-making research.
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Human judgment and decision making are influenced by a wide range of cognitive biases, which are
systematic patterns of deviation from normative standards of logic and probability (Haselton et al.,
2015; Tversky & Kahneman, 1974). Cognitive biases arise when individuals rely on intuitive heuristics
that simplify complex judgments but can lead to predictable and replicable errors. These biases
affect how people estimate probabilities, evaluate risks, and interpret evidence. One particular bias
is the conjunction fallacy, which occurs when individuals judge the probability of a conjunction of
two events, A and B, to be more likely than the probability of one of the events alone, despite the
axiomatic rule that the probability of a conjunction cannot exceed the probability of its constituent
events (Bar-Hillel & Neter, 1993).

The conjunction fallacy was prominently demonstrated in the Linda problem developed by Tversky
and Kahneman (1983). In this task, participants read a description of a fictional woman named Linda
that portrays her as socially conscious and politically engaged. They are then asked to judge which
statement is more probable: that Linda is a bank teller or that Linda is a bank teller and active in the
feminist movement. Although the second option is logically a subset of the first and therefore
necessarily less probable according to probability theory, a substantial proportion of participants
select the conjunctive option. This pattern has traditionally been explained by the
representativeness heuristic, whereby individuals evaluate probability based on similarity between a
description and a stereotype rather than on formal probabilistic principles (Mayiwar et al., 2025;
Stall & Petrocelli, 2023).

Subsequent research has critically examined the interpretation of the Linda problem. Linguistic and
pragmatic critiques suggest that participants may interpret the task conversationally rather than
mathematically, inferring that the more detailed option is intended to be more informative or
relevant (Dulany & Hilton, 1991; Fiedler, 1988). Proponents of ecological rationality argue that
performance improves when problems are reformulated using natural frequencies rather than
abstract probabilities, suggesting that apparent fallacies may partly reflect representational
mismatch rather than irrational reasoning (Hertwig & Gigerenzer, 1999). Alternative theoretical
models, including equate-to-differentiate frameworks and other process-based accounts, further
suggest that conjunction errors may reflect comparative evaluation strategies rather than direct
violations of probability rules (Brachinger & Monney, 2003; Crupi et al., 2008; Lu, 2016; Tentori et
al.,, 2013;).

Recent research has continued to investigate the mechanisms underlying conjunction errors. Snell et
al. (2025) demonstrated that narrative coherence between events significantly increases conjunction
fallacy rates across multiple modalities, suggesting that structured coherence strengthens intuitive
plausibility judgments. Marshall and Meins (2025) examined developmental and adult samples and
found that encouraging deliberative reasoning reduces conjunction errors in social judgment tasks,
indicating that cognitive control moderates susceptibility to the bias. Chung et al. (2025) showed
that conversational relevance independently predicts conjunction fallacy responses, supporting
pragmatic explanations of the effect. Together, these recent findings indicate that conjunction
fallacies are influenced by cognitive processing mechanisms, task framing, and pragmatic
interpretation.

The following framework is proposed to guide the design of clear, relevant, and easy-to-understand
guestions for eliciting conjunction judgments. It is intended to address key critiques of the original
Linda questions developed by Kahneman and Tversky with findings from subsequent research. By
applying this framework, the task can be clearly defined while allowing flexibility in how participants
provide their responses. The following constraints are proposed and together constitute the
Conjunction Fallacy Event Framework (CFEF): (1) Events shall be chosen where an inherent natural
inclusion is apparent and well understood; (2) Events shall be known concepts to the participants,
without the need for prior explanation which could bias the answer; (3) Events shall be likely, but
not certain; (4) The individual likelihood of all events shall be in a consistent moderate range; (5) The
description of events shall minimize irrelevant cues that could bias judgments toward
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representativeness heuristics rather than genuine probability assessments; (6) Events shall be
probabilistically related, but not mutually exclusive; and (7) The description of all events shall be
concise, clear, and simple with minimal linguistic ambiguity.

The proposed Conjunction Fallacy Event Framework (CFEF) improves the diagnostic validity of
conjunction judgment tasks by systematically reducing extraneous influences on participants’
responses. As a result, observed outcomes are more likely to reflect probabilistic reasoning rather
than artifacts of task design. Selecting events with clearly defined inclusion relations reduces
confusion about set structure, while using familiar concepts that require no prior explanation helps
avoid biases introduced by instructional framing (Tversky & Kahneman, 1983). Limiting events to
those that are likely but not certain, and ensuring that their individual probabilities remain
moderate, reduces ceiling and floor effects and discourages reliance on heuristic guessing, allowing
for meaningful variation in judgments (Tversky & Kahneman, 1974). In addition, minimising
irrelevant cues that may trigger representativeness heuristics increases the likelihood that observed
errors stem from probabilistic reasoning rather than stereotype-based associations. Restricting
event pairs to probabilistically related but nonexclusive combinations maintains logical coherence,
and concise, clear, and unambiguous descriptions further reduce semantic confusion that could
otherwise distort responses.

While many of these individual design principles have been noted in prior work (Gigerenzer &
Hoffrage, 1995; Tversky & Kahneman, 1983;), they have rarely been integrated into a cohesive,
operational framework for task construction and evaluation. The CFEF consolidates these constraints
into a systematic approach that enables researchers to design conjunction judgment tasks that
minimise confounding influences, compare elicitation formats, and generate reliable effect size and
reliability estimates. Beyond serving as a procedural checklist, the framework provides a
methodological foundation for interpreting observed conjunction errors, by clarifying which
variations in fallacy rates may arise from task design rather than participants’ probabilistic
reasoning. By making these principles explicit and operationalizable, the CFEF offers both practical
guidance for experimental design and theoretical leverage for understanding the cognitive
mechanisms underlying conjunction judgments.

The framework is evaluated in an experimental study. If revised elicitation formats capture the same
underlying probability judgment construct, the prevalence of conjunction fallacy responses should
be comparable across conditions that differ only in response format or elicitation order. Previous
research that controlled for key measurement confounds, such as reference class transparency and
nested set structure, has shown that when core task features are held constant, numeric probability
and frequency formats yield similar rates of conjunction errors (Neace et al., 2008; Sloman et al.,
2003). Accordingly, comparable conjunction error rates across test groups that differ only in
elicitation format are taken as evidence of the framework’s validity.

The study contributes to the judgment and decision-making literature by providing a controlled
experimental assessment of how alternative elicitation frameworks, like the proposed CFEF,
influence the measurement of conjunction reasoning in Linda-type tasks. By systematically
manipulating response format and elicitation order while holding stimulus content constant, the
design isolates measurement-related variation in marginal probability judgments. This approach
clarifies how apparent violations of probabilistic coherence can arise from task design rather than
from limitations in underlying probabilistic competence (Mellers et al., 2001).

The introduction and empirical validation of clearer forced-choice and explicit probability items
extend prior critiques of ambiguity in the original Linda formulation by demonstrating viable and
theoretically grounded alternatives for diagnosing the conjunction fallacy (Gigerenzer, 1996). In
addition to estimating format- and order-related effects, the study provides reliability evidence and
effect size estimates that establish these revised items as calibrated measurement tools. The
findings therefore have methodological value for researchers developing instruments to study
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probabilistic reasoning and theoretical value for interpreting conjunction effects as the joint
outcome of cognitive processes and the elicitation frameworks used to measure them (Gigerenzer &
Hoffrage, 1995).

METHODS

The present study used a quantitative experimental design to examine how response format and
elicitation order influence probability judgments in conjunction reasoning tasks derived from the
Linda problem. In addition to assessing established format- and order-related effects, the study
aimed to validate a revised framework for eliciting judgments used to diagnose the conjunction
fallacy, with particular attention to reducing the ambiguity present in the original task formulation.
Response format (comparative forced-choice and numeric probability estimation) and elicitation
order (event A followed by event B, and event B followed by event A) were systematically
manipulated across three controlled experimental conditions. Stimulus content and event
descriptions were held constant, enabling the isolation of measurement effects attributable to
elicitation procedures rather than differences in semantic content or underlying probabilistic
structure.

Participants

Participants were recruited using purposive sampling from the researcher's personal network and
members of the general public at various train stations in Berlin, Germany. Fluency in German was
required to ensure consistency across test groups. Potential participants were approached in
German and asked whether they were willing to take part in a scientific study; no additional
information about the purpose or context was provided in order to avoid priming effects.
Participants were assigned to three groups of 20 individuals, yielding a total sample of 60
participants. Ages ranged from 20 to 83 years (M = 33.00; variability not fully recorded), and the
mean age should be interpreted as an estimate. The sample included 38 women (63%) and 22 men
(37%). In terms of educational attainment, 29 participants (48%) held at least a bachelor's degree.
Relative to the general population in Germany, the sample appears younger, more highly educated,
and somewhat skewed toward female participants, which is typical of urban convenience samples
but limits the generalisability of the findings (Henrich et al., 2010).

The sample size was determined a priori based on the study's primary aims of instrument validation
and effect size estimation rather than confirmatory hypothesis testing. In line with
recommendations for pilot studies in cognitive psychology and behavioural research (Snell et al.,
2025; Winger et al., 2022), a target of 20 participants per condition was chosen. This provides
sufficient data to generate stable preliminary estimates of central tendency, variability, and format-
and order-related effects while maintaining balanced group sizes and is consistent with sample sizes
used in prior conjunction reasoning research (Ludwin-Peery et al., 2020). Although the sample is too
small to support precise population-level parameter estimates or definitive tests of the conjunction
inequality, it is adequate for detecting large effects commonly observed in conjunction reasoning
tasks and for producing the effect size and reliability estimates needed to inform power calculations
for a preregistered, fully powered replication. The study is therefore framed as a pilot validation of
the Conjunction Fallacy Event Framework rather than a confirmatory test of conjunction fallacy
occurrence.

Design
Participants completed one of three controlled experimental conditions: a comparative forced-
choice judgment of marginal probabilities (Group 1), numeric probability estimates for event A

followed by event B (Group 2), or numeric probability estimates for event B followed by event A
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(Group 3). Because no forced-choice group with reversed order was included, format and order are
partially confounded, and the design does not constitute a full factorial crossing of these factors. By
manipulating response format and elicitation order while holding stimulus content constant, the
study examined coherence across elicitation methods, order effects in marginal probability
judgments, and the internal reliability and construct validity of the revised item designs as measures
of conjunction reasoning errors. The conjunction probability P(A A B) was not directly elicited; this
was a deliberate decision that allowed the study to isolate marginal probability judgments and
generate the effect size estimates and stimulus validation needed to support a preregistered, fully
powered replication that will directly test the conjunction inequality.

Materials and task items

Following the proposed framework, the events "forest fires in the United States" (Event A) and
“forest fires in California” (Event B) were selected. California is geographically part of the United
States, making Event B a natural subset of Event A. Severe forest fires in California in early 2025
received extensive international news coverage, ensuring familiarity without the need for prior
explanation. Both events are likely but not certain, their individual probabilities fall within a similar
moderate range, no extraneous information was included that could bias responses, and both can
be described concisely and unambiguously. The events are related but not mutually exclusive, as a
forest fire in the United States does not preclude a fire in California.

The use of these events does, however, introduce a potential confound related to availability and
emotional salience. Extensive media coverage may have heightened the subjective prominence of
these events independently of the structural properties targeted by the framework, potentially
amplifying availability-based reasoning (Tversky & Kahneman, 1973) and providing an alternative
explanation for observed responses. The present study does not disentangle these effects, and the
findings should be interpreted with this in mind. Future work could address this by systematically
varying event salience to isolate the contribution of availability relative to representativeness.

Because the study was conducted in Germany, all items were presented in German; English
translations are provided here for reporting purposes. The first item (comparative forced-choice)
asked: “Which probability do you estimate as being higher: there will be forest fires in California next
year, or there will be forest fires in the United States next year?” The second item (Event A) asked:
“How high do you estimate the probability in percentage points that next year there will be forest
fires in the United States?” The third item (Event B) asked: “How high do you estimate the
probability in percentage points that next year there will be forest fires in California?”
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Procedure

Upon receiving approval, participants were randomly assigned to one of three experimental
conditions. In Group 1, participants completed a comparative forced-choice judgment task in which
they indicated which of two events they judged more probable. In Group 2, participants provided
numeric probability estimates for event A followed by event B. In Group 3, the order was reversed,
with event B presented before event A; each response was recorded immediately before the second
guestion was posed. All participants completed the tasks using the same stimulus content, ensuring
that differences in responses could be attributed to elicitation format or order rather than variations
in the stimuli. Forced-choice selections were treated as categorical data and numeric probability
judgments as continuous variables. Assignment to condition was randomised to minimise selection
bias.

Measures and data preparation

The primary dependent variables were participants' marginal probability judgments for events A and
B, together with an individual-level assessment of whether a conjunction error occurred. For Group
1, a conjunction error was recorded if a participant chose California; for Groups 2 and 3, an error
was recorded when event B was assigned a higher probability than event A. Numeric probability
estimates were recorded on a 0 to 100% scale and used directly in the analysis. Forced-choice
responses were coded categorically to indicate which event was judged more probable, and the
individual error assessment was recorded as a binary variable.

Data analysis strategy

Bayesian mixed-effects models were used to examine the effects of response format, event order,
and their interaction on probability judgments. Participant-level random intercepts were included to
account for individual differences in baseline probability estimates. Models were implemented in
Python using the Pyro probabilistic programming library, with weakly informative priors chosen to
stabilise estimates: participant intercepts were modelled with a half-Cauchy hyperprior (scale = 1.0),
and fixed effects for format, order, and their interaction were assigned Normal (0, 1.0) priors. Effects
were summarised using posterior means, 95% credible intervals, and posterior probabilities for
directional hypotheses. Convergence was assessed visually via trace plots of the posterior samples;
although only a single MCMC chain was run, visual inspection indicated stable sampling without
systematic trends, providing preliminary confidence in the estimates.

A Bayesian framework was chosen for several methodological reasons. Bayesian inference yields full
posterior distributions for each parameter, enabling direct probabilistic statements about the
magnitude and direction of effects rather than reliance on null hypothesis significance tests (Kelter,
2020). Bayesian methods also naturally quantify uncertainty and incorporate prior information,
which stabilises estimates and improves inference in hierarchical models with individual differences
or complex predictors (Helleckes et al.,, 2022). These features make Bayesian mixed-effects
modelling particularly suitable for smaller or structured datasets where frequentist assumptions
such as asymptotic normality may be less appropriate.

RESULTS
The fallacy rates were highly similar across Group 1, Group 2, and Group 3. Both Group 1 and Group
2 showed a fallacy rate of 0.25, with 5 out of 20 participants judging the probability of forest fires in

California to be higher than that in the United States. Group 3 showed a slightly higher fallacy rate of
0.30, with 6 out of 20 participants committing the fallacy. The response format, the order of events,
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and their interaction did not significantly influence the likelihood of committing a fallacy. For all
three variables, the mean values of their posterior distributions were close to zero, with response
format having x = -0.144, order of events X = —0.140, and their interaction X = 0.107. The posterior
distributions were centered around zero and showed wide credible intervals, as illustrated in Figure
1. Overall, these results provide no strong evidence for an effect of any of the examined variables.

Figure 1
Posterior distributions of response format, order of events, and interaction
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As an additional analysis, the influence of event order on numeric probability estimates was
examined. Although the credible interval was too wide to provide strong evidence for an effect, the
mean value of x = -0.699 and the distribution not being centered around zero, as shown in Figure 2,
suggest a slight reduction in probability estimates when event A was presented first compared to
when event B was presented first.

Figure 2
Posterior distribution of order of events effect on probability estimates
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DISCUSSION

The present study examined whether response format and event order influence conjunction fallacy
rates when task items are constructed according to the Conjunction Fallacy Event Framework (CFEF).
The results provide no strong evidence for effects of response format, event order, or their
interaction on the likelihood of committing the conjunction fallacy. Fallacy rates were statistically
comparable across groups despite systematic manipulation of elicitation structure. This convergence
supports the internal validity of the CFEF and suggests that, when core design constraints are
satisfied, conjunction errors can be measured in a stable and format-independent manner.

These findings align with prior research showing that when nested-set relations are transparent and
reference classes are clearly specified, probability and frequency formats yield similar rates of
conjunction errors (Neace et al.,, 2008; Sloman et al., 2003). Historically, debates about the
conjunction fallacy have focused on whether observed violations reflect genuine probabilistic
incoherence or artefacts of linguistic ambiguity and pragmatic inference. By enforcing explicit
inclusion relations, minimising stereotype cues, and restricting event likelihoods to moderate ranges,
the CFEF addresses several critiques raised by Fiedler (1988) and Gigerenzer (1996). The absence of
format effects in the present study suggests that previously reported discrepancies may partly
reflect measurement variability introduced by task construction rather than differences in
underlying probabilistic competence. This is a methodologically significant finding: it implies that
when the elicitation instrument is carefully designed, the surface form of the response format
becomes less consequential, which has practical implications for researchers selecting between
forced-choice and numeric estimation paradigms.

The results also speak to process-oriented and pragmatic accounts of conjunction reasoning. Chung
et al. (2025) showed that conversational relevance predicts conjunction fallacy responses,
highlighting the influence of pragmatic interpretation. The present framework was explicitly
designed to reduce such cues, and the stability of fallacy rates across formats supports the view that,
when pragmatic enrichment is minimised, judgements are less sensitive to superficial task
variations. Similarly, Snell et al. (2025) demonstrated that narrative coherence strengthens intuitive
plausibility judgements and increases conjunction error rates. In contrast, the events in the present
study were stripped of narrative elaboration and stereotype activation, producing a fallacy rate of
approximately 0.27 that may reflect a baseline level of probabilistic misjudgement. Marshall and
Meins (2025) found that encouraging deliberative reasoning reduces conjunction errors, suggesting
that the errors observed here are not simply a product of inattention or low engagement, but persist
even when participants are reasoning about clear, familiar events with transparent set relations.
Taken together, these findings indicate that some degree of conjunction error is robust to both
format variation and reduced pragmatic enrichment, pointing toward a residual susceptibility that
may be more deeply rooted in comparative evaluation processes than in task design.

It is noteworthy that many participants in Group 1 explicitly stated that California is part of the
United States after responding, indicating comprehension of the nested-set relation central to the
conjunction rule. From an ecological rationality perspective, classical conjunction errors have been
attributed in part to representational mismatch between natural reasoning formats and abstract
probability statements (Hertwig & Gigerenzer, 1999). The transparency of inclusion relations in the
present design reduces the plausibility of structural misunderstanding as the primary explanation for
errors. Instead, the persistence of fallacies despite clear set relations suggests that intuitive
plausibility assessments or comparative evaluation strategies continue to influence judgement,
consistent with representativeness-based accounts (Tversky & Kahneman, 1983) and equate-to-
differentiate models (Lu, 2016; Tentori et al., 2013).
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The overall fallacy rate of 0.27 provides an initial empirical benchmark for a German-speaking
sample. Although not nationally representative, this estimate contributes preliminary cross-cultural
data to a literature historically reliant on North American samples. Most foundational work on the
conjunction fallacy, including the original Linda problem studies, was conducted with English-
speaking participants in Western academic settings, raising questions about the generalisability of
reported fallacy rates across linguistic and cultural contexts. The present rate of 0.27 is somewhat
lower than rates typically reported in classic demonstrations, which often exceed 0.80 under
representativeness heuristic conditions (Tversky & Kahneman, 1983), though this difference is
expected given that the CFEF was specifically designed to remove the stereotype-laden framing that
drives high fallacy rates in those paradigms.

While event order did not significantly affect fallacy rates, exploratory analyses indicated that
participants who first evaluated forest fires in the United States subsequently assigned higher
probabilities to California. This pattern may reflect priming or anchoring effects, where judgements
about a larger geographic region influence estimates for a nested subset. These observations are
tentatively consistent with conceptual size priming effects (Gabay et al., 2013), though the design
does not allow strong causal claims. More generally, this aligns with process-based accounts
suggesting that probability judgements are often constructed through comparative evaluation rather
than derived from stable internal representations (Tentori et al., 2013). Although this order effect
did not alter categorical fallacy outcomes, it highlights that quantitative judgements remain sensitive
to contextual sequencing, and preregistered designs should specify and justify presentation order as
part of the elicitation protocol.

CONCLUSION

This study provides preliminary empirical support for the Conjunction Fallacy Event Framework as a
methodologically rigorous approach to eliciting conjunction judgements. When inclusion relations
are transparent and extraneous cues are minimised, conjunction fallacy rates were relatively stable
across response formats and, in exploratory analyses, presentation orders. The persistence of errors
under these controlled conditions suggests that some conjunction effects are not solely attributable
to linguistic ambiguity or pragmatic misunderstanding, pointing instead toward residual cognitive
processes that operate independently of task surface features.

The findings make both methodological and theoretical contributions. Methodologically, the CFEF
provides a structured and replicable approach for constructing conjunction tasks with enhanced
construct clarity and reduced extraneous variance. Theoretically, the results support perspectives
that interpret conjunction fallacies as the joint product of cognitive heuristics, comparative
evaluation processes, and elicitation structure rather than as simple violations of logical competence
(Gigerenzer & Hoffrage, 1995; Mellers et al., 2001). By demonstrating that fallacy rates remain
stable across controlled elicitation formats, the study strengthens the argument that measurement
design plays a central role in diagnosing probabilistic reasoning.

Several limitations bear on the interpretation of these findings. The focus on geographically nested
events may limit generalisability to domains where coherence and stereotype activation are more
salient, such as social descriptions or causal narratives. The sample was younger, more educated,
and more female than the general German-speaking population, which is typical of urban
convenience samples but constrains population-level claims (Henrich et al., 2010). The events
selected were highly salient in the media at the time of data collection, potentially amplifying
availability-based reasoning independently of the framework's structural properties (Tversky &
Kahneman, 1973). Because the conjunction probability P (A A B) was not elicited directly, the
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conjunction inequality cannot be formally tested, and the presence of the fallacy cannot be
definitively established. The three-group design is also not a full factorial, as format and order are
partially confounded by the absence of a forced-choice condition with reversed order. Finally, while
the CFEF reduces several known confounds, it does not eliminate heuristic influences arising from
intuitive plausibility assessments independent of linguistic ambiguity.

These limitations define the boundary conditions of the present findings and point clearly toward
the requirements for subsequent work. Future large-scale, preregistered, and fully powered
replications should incorporate a full factorial design, directly elicit the conjunction probability, and
systematically vary event salience and domain to establish the generalisability of both the fallacy
rates reported here and the framework's validity across a broader range of stimulus types and
populations.
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