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Abstract
Forecasting is a task that is difficult to evaluate:
the ground truth can only be known in the future.
Recent work showing LLM forecasters rapidly
approaching human-level performance begs the
question: how to benchmark and evaluate those
instantaneously? Following the consistency check
framework, we measure forecasting performance
on certain topics according to how consistent the
predictions on different logically related questions
are. The main consistency metric we use is one
of arbitrage: for example, if a forecasting AI pre-
dicts 60% probability for both the Democratic and
Republican parties to win the 2024 US presiden-
tial election, an arbitrageur could trade against
the forecaster’s predictions and make a profit. We
build an automated evaluation system: starting
from the instruction "query the forecaster’s pre-
dictions on the topic of X", our evaluation system
generates a set of base questions, instantiates the
consistency checks from these questions, elicits
the predictions of the forecaster, and measures the
consistency of the predictions. We conclude with
the possible applications of our work in steering
and evaluating superhuman AI oracle systems.

1. Introduction
Prediction markets are markets that pay out contingent on an
event. For a market such as “$1 if Jeb Bush is elected Presi-
dent in 2028”, the price of it reflects the “market estimate”
for the probability of that event. Prediction markets remain
one of the most promising tools for aggregating information
from disparate sources to arrive at “the most correct possible
belief on a question after taking into account all relevant
information” (Arrow et al., 2008; Hanson, 2002).

One way that AI could be used to great effect in the world is
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by making accurate forecasts on prediction markets, thereby
providing human decision-makers with valuable informa-
tion (or, alternatively by making bets on decision markets,
see (Othman & Sandholm, 2010; Hanson, 2013; 1999)). An
AI oracle that provides accurate predictions on which people
then act upon is proposed as a safe way to use superhuman
AI (Bengio, 2023). as opposed to agentic AI.

Until 2024, LLM forecasters generally performed poorly
relative to human forecasters (Zou et al., 2022; Schoenegger
& Park, 2023). However, two recent works have developed
LLM-based forecasters that rival, and in some domains
surpass crowds of human forecasters on forecasting web-
sites such as Metaculus and Manifold Markets. Halawi
et al. (2024) achieve this via retrieval- augmented gener-
ation (RAG), optimized prompting and fine-tuning, while
(Schoenegger et al., 2024) achieve this via obtaining con-
sensus from a crowd of LLM forecasters. There is also
an ongoing “Humans vs Bots” competition underway on
Manifold Markets (Manifold, 2024) 1

A key question then becomes: once LLM forecasters are
better than human ones, how can we evaluate their predic-
tions? In particular, long-term forecasting questions are
very important for decision-making, and finding ground
truth for evaluation of superhuman models in such contexts
is infeasible (Tetlock et al., 2024; Luke Muehlhauser, 2019).

One approach, spearheaded by Fluri et al. (2023), is that
even when we cannot evaluate the correctness of LLM deci-
sions, we can often evaluate their logical consistency. For
example, if an LLM forecaster gives probabilities 0.5 and 0.7
to “Will Jeb be elected US president?” and “Will someone
other than Jeb be elected US president?”, this is necessar-
ily inconsistent. That paper demonstrated that GPT-4 and
GPT-3.5-turbo on their own were inconsistent quite often
on simple consistency checks.

Our contributions in this work are:
1Even current LLM forecasters may turn out to be valuable

(Durland, 2024): one of the limitations of prediction markets is
that they require subsidies from a market-maker, otherwise they
are subject to no-trade theorems (Pennock & Sami, 2007). LLM-
based forecasts are cheaper than human forecasters (under $1 per
forecast for (Halawi et al., 2024), thus even a small market subsidy
can elicit a very good estimate.
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• We produce a new consistency evaluation for LLM
forecasters, consisting of tuples of binary forecasting
questions which must satisfy some logical consistency
rule. We autogenerate tuples of forecasting questions
based either on a set of scraped forecasting questions,
or just starting from a few keywords.

• We provide a principled metric, based on market arbi-
trage and logarithmic scoring, for measuring consis-
tency violations of binary forecasts. This metric could
also be used for training consistent forecasters.

• We generate LLM forecasts on a subset of our bench-
mark dataset, using both straightforward methods and
the advanced setup from (Halawi et al., 2024), and
evaluate them using our consistency violation metric.

Notation. Let Prop denote the set of forecasting questions
we are interested in, Θ denote the set of possible out-
comes/resolutions for an individual question, and Forecast
denote the set of probability distributions on Θ. A Fore-
caster is then a map F : Prop → Forecast. One special
forecaster is the ground truth resolutions θ : Prop→ Θ.

In this paper, we focus on Prop as a set of binary fore-
casting questions, so Θ = {⊤,⊥} and Forecast = [0, 1].
The type of optional resolutions Θ′ := Θ ∪ {None} =
{⊤,⊥, None} will also be useful when considering condi-
tional questions that may resolve to None. Our methods
could in principle be extended to study consistency between
any types of probability distributions. We focus on binary
questions following (Halawi et al., 2024), and because elic-
iting other probability distributions from LLMs is difficult.

2. Consistency checks
In line with (Fluri et al., 2023), a consistency check
is conceptualized as a pair of n-ary relations R :
Propn → {⊤,⊥} and S : Forecastn → {⊤,⊥} and
the predicate for forecasters F that R(x1, . . . xn) =⇒
S(F(x1), . . . F(xn)). In particular, this assertion must
be satisfied by all feasible θ, and also any “correct” fore-
casts generated by a world model that accurately accounts
for aleatoric uncertainty. Violation of consistency is mea-
sured by some violation metric V : Forecastn → R

which must satisfy V(F(x1), . . . F(xn)) = 0 ⇐⇒
S(F(x1), . . . F(xn)). For example, the “negation” check
NEGATION is given by the relations R(x1, x2) := x1 =
¬x2 and S(x1) + S(x2) = 1. The full table of the consis-
tency checks we use is given in Appendix A.

Improving upon (Fluri et al., 2023), we derive V (and there-
fore S) from R in a principled way. We introduce two
new inconsistency metrics: the arbitrage metric and the
frequentist metric for measuring logical inconsistency in
probabilistic forecasts.

The arbitrage metric is the minimum profit that an arbi-
trageur can be guaranteed making bets against the fore-
caster’s predictions, under a proper scoring rule giv-
ing log(F(x)) profit for any true question outcome x.
More precisely, suppose that the forecaster’s probabilities
F(x1), . . . F(xn) were prices offered by a market maker
with market subsidy parameter $1. If these probabilities
are inconsistent, then there are prices p1, . . . pn that an arbi-
trageur could bring the market prices to such that it is guaran-
teed to make a profit against the market maker no matter the
outcome of each question. We set V(F(x1), . . . F(xn)) to
be the maximum such “minimum profit” that the arbitrageur
can guarantee by choosing appropriate p1, . . . pn.

A more precise definition, including the description of the
market maker and the proper scoring rule, is given in Ap-
pendix B. As an example, the arbitrage metric for the Nega-
tion Check can be derived exactly (Appendix B.2):

V(F(P ), F(¬P )) = −2 log
(√

F(P )(1−F(¬P ))

+
√
(1−F(P ))F(¬P )

)

To illustrate: V(0.5, 0.6) ≈ 0.01, V(0.5, 0.51) ≈ 10−4.
The metric gets stricter for probabilities very close to 0 or 1.
In our evals, for all types of checks, we say that a sampled
check does not pass if V ≥ 0.01. We pick this threshold to
corresponds to a clearly inconsistent world model: giving
110% probability in total to the events of Republican and
Democratic parties winning the US presidential election.

We also compute a different, frequentist consistency metric.
Consider a Monte Carlo forecaster that samples a world
model n times, and for any event, returns the fraction of
samples in which the event occurs. The frequentist metric is
the number of standard deviations a given tuple forecast is
off from the mean Monte Carlo forecast, scaled to be inde-
pendent of n. The full description is given in Appendix C.

3. Pipeline overview
A brief description of our overall pipeline for generating
and evaluating consistency checks on forecasters:

• (· · · −→ P ) A dataset of base questions is prepared
from a combination of (a) scraping from online plat-
forms such as Manifold and Metaculus and (b) syn-
thetic generation.

• (P −→ (P , Q)) The base questions are synthetically
instantiated into tuples that must satisfy certain con-
sistency checks. E.g. every single base question P
is instantiated into a tuple (P ,¬P ); pairs of separate
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base questions P , Q are instantiated into tuples like
(P , Q, P ∧Q, P ∨Q).

• ((P , Q)
F−→ (p, q)) The forecaster is separately queried

to elicit forecasts on each base question, resulting in
forecast tuples that should, if the forecaster is consis-
tent, satisfy consistency properties. For example, in
the case of Q = ¬P , it should satisfy p + q = 1.

• ((p, q)
V−→ V(p, q)) We score each tuple of forecasts

for consistency with our violation metric.

. . .
synthetic−−−−−→
+scraping

P
synthetic−−−−−−−→

instantiation
(P , Q)

F−→ (p, q)
V−→ V(p, q)

Some details for each step are given below. Examples of
data at each step of the pipeline are given in Appendix E.1;
prompts for LLM calls used in each step before forecasting
are given in Appendix E.2; the models used for each step in
Appendix E.3.

3.1. Generating and scraping forecasting questions

Real prediction market questions We extract an initial
dataset of real-world questions from several prediction mar-
ket platforms: PredictIt, Manifold Markets, and Metaculus.
This yielded approximately 10,000 entries that encompassed
various types of questions, including binary questions, mul-
tiple choice questions, opinion questions, and continuous
value questions. These questions are useful both for testing
and for generating new synthetic questions. For testing,
we limit our sample to approximately 500 binary questions
sourced from Metaculus. In particular, Metaculus has an
advantage of providing clear ancillary details such as pre-
cise resolution criteria and background information. We
conduct further processing to standardize the data and fill in
any additionally needed information. An example of a pro-
cessed question, including its relevant details, is provided
in Appendix E.1. Although not used for this project, future
work may consider using a broader source and other types
of real prediction market questions.

Synthetic question generation We generate questions by
few-shot prompting, starting from a handpicked set of a
few question titles for several topics. Once a question is
verified to be valid, we add it to our question database, and
reuse it in few-shot prompting for new questions. To get
a more diverse set of questions, we additionally dedupli-
cate the question database based on a similarity threshold
on the text-embedding-3-small embeddings from
OpenAI.

Once titles are generated, we generate question bodies and

resolution dates using a few-shot prompt to gpt-4o. More
details are in Appendix E.2.

Verification and improvement from human feedback
To improve the quality of synthetically generated questions,
we developed a feedback form for human reviewers to evalu-
ate and recommend modifications to the generated questions.
Within this form, a human reviewer assesses a synthetically
generated question and provides feedback on ambiguities,
any explicit errors, and the overall quality of the question.
For instance, the reviewer may provide insights on ambi-
guity in resolution, suggest clarifications or deletions of
specific details provided, identify incorrect resolution dates,
or correct background information, among other aspects.
We then use this feedback is to guide the LLM generation
of a new set of questions. An example of the feedback form
input can be found in Appendix F.

3.2. Instantiating consistency checks

The scraped base questions were subsequently used to syn-
thetically generate tuples of logically related questions. For
example, a pair of base questions (P , Q) can be used to gen-
erate a 4-tuple (P , Q, P ∧Q, P ∨Q) for AndOrChecker,
or a 3-tuple (P , Q∧¬P , P ∨Q) for ButChecker (see Ap-
pendix A for details). The main question content (titles
and bodies) were generated synthetically (using gpt-4o),
while the resolution dates and other properties were calcu-
lated systematically (e.g. the max of the resolution dates of
the base questions).

We then conduct two measures to ensure the instantiated
tuples are correct and sensical: relevance scoring, and verifi-
cation that the tuples of questions indeed describe logically
related events.

Relevance scoring. When combining base questions into
tuples, we have to take care to avoid off-distribution ques-
tions like “Is SpaceX going to be worth $200B by 2030,
given that Sri Lanka’s rice production grows 40% by 2040?”.
For tuples instantiated from more than one base question,
we sort 1000 potential base question combinations by their
“relevance score” (obtained by querying an LLM and asking
it to score how relevant the questions are to one another)
and choose the top 50 for each consistency check (30 for
synthetic base questions).

Verification. The instantiated tuples of questions are then
passed to another LLM call to reject if they do not fit their
intended structure; for example, we detect if the resolution
criteria of the second question are not truly a negation of
the resolution criteria of the first question). We additionally
inspect and filter a sample of instantiated tuples manually.
For all checks except CONSEQUENCE, manual filtering did
not remove any ambiguous or wrongly instantiated tuples;
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we conclude the failure rate of our instantiation is less than
5% on our base question distribution. For CONSEQUENCE,
even after verification, our instantiation still produces am-
biguous or invalid tuples over 30% of the time. For this
check only, we generate 100 tuples from each of the scraped
synthetic base question, and manually filter to 50/30 valid
tuples.

3.3. Eliciting forecasts

In (Halawi et al., 2024), the authors created a system that
can make forecasts on prediction market questions that are
near or even exceed human levels. To achieve this, they
developed a pipeline through which language models gen-
erate search queries from the forecast questions, retrieve
news articles, and rate the relevance of said articles through
a process of self fine-tuning to generate predictions.

We modify their setup to use gpt-4o instead of gpt-4,
and use a slightly inferior RAG system (Google News in-
stead of Newscatcher). Running this forecaster costs about
$0.2 per question depending on the retrieved articles, or on
the order of $0.5 per consistency check tuple.

4. Results
We evaluated the following forecasters:

• The state-of-the-art Advanced Forecaster set-up from
(Halawi et al., 2024), except with gpt-4o for all
model calls, and GNews instead of NewsCatcher.

• gpt-4o in a Basic setup (i.e. prompted directly,
with no retrieval-augmented generation nor chain-of-
thought).

• gpt-3.5-turbo in a Basic setup.

Our results for the Advanced Forecaster are reported in
Table 1; results for the remaining forecasters are relegated to
Appendix D. The #violations column counts the number of
tuples for which the violation exceeded a certain threshold.
For the arbitrage metric, this threshold is 10−2; for the
frequentist metric, this is determined by rejecting the null
hypothesis of a Monte Carlo forecaster, at significance level
p < 0.01. The full exposition of the frequentist metric is
in Appendix C. The arbitrage and frequentist metrics are
not directly comparable, but the respective violation counts
are: the hyperparameters for the violation threshold for the
frequentist metric are tuned to have the same threshold as
the arbitrage metric for NEGATION.

In any case, our sampling of consistency checks can discover
inconsistencies in both pure and RAG-augmented LLM fore-
casters around half of the time, for most of the consistency
checks in Table 2. Notably, the impact of introducing RAG

and reasoning as in the Advanced Forecaster seems to be
marginal at best, and even negative on some checks such as
NEGATION. This is despite the overall higher Brier score
of the Advanced Forecaster (Halawi et al., 2024), which
suggests that there remains room to squeeze out further
accuracy gains by improving inconsistency.

5. Related work
Metamorphic and consistency checks. Checking logical
properties of outputs of programs under semantic-preserving
transforms has a long history (Chen et al., 1998). Before
(Fluri et al., 2023), variants of the consistency check frame-
work were used for simple ML models (Christakis et al.,
2022; Sharma & Wehrheim, 2020), vision (Hendrycks & Di-
etterich, 2019) and chat LLMs (Jang & Lukasiewicz, 2023),
among other areas.

Market-based approaches to AI reasoning and safety
Our focus on consistency may be viewed in the light of
market-based AIs, i.e. AI frameworks that use an internal
market to form beliefs and make decisions.

Most work on such frameworks is quite dated and has fo-
cused on agentic AIs in a reinforcement learning setting2.
One recent work in which AIs only give probabilities to
propositions is the logical induction framework (Garrabrant
et al., 2020), which implements a prediction market for
mathematical sentences to determine their probabilities. The
market-based logical inductor can in fact be shown to be
unique in satisfying a certain “generalized No Dutch Book
Criterion” (Wentworth, 2019).

We have three main takeaways from this.

1. If our position here that consistency is a desirable fea-
ture for AI safety – or that it is an indicator of truth – is
right, then this should be taken as a point in favour of
market-based AI frameworks. Indeed, our arbitrage
metric may be taken as a measure of how far a fore-
caster is from being a market, or a metric of bounded
rationality.

2. (Garrabrant et al., 2020) does not use a static list of
consistency checks, but instead it is designed to satisfy
the “Generalized No Dutch Book Criterion” which
says that no polynomial-time trader can indefinitely
make a profit off the market-maker. Similarly, we may
try to dynamically generate consistency checks, by
having agents competitively try and come up with bets
to profit off each other.

2e.g. the learning classifier systems framework pioneered by
(Holland, 1986), with important later improvements from (Baum,
1999; Kwee et al., 2001; Chang et al., 2020)
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Table 1. Consistency metrics for Advanced Forecaster from (Halawi et al., 2024).

Arbitrage metric Frequentist metric

Checker n # violations Violation
(mean)

Violation
(median)

# violations Violation
(mean)

Violation
(median)

NEGATION 80 42 0.0811 0.0120 43 0.2684 0.1550
ANDOR 80 47 0.0572 0.0139 52 0.2496 0.1741
BUT 80 61 0.0823 0.0441 64 0.3404 0.2939
AND 80 10 0.0130 0.0000 12 0.0582 0.0000
OR 80 26 0.0428 0.0012 28 0.1563 0.0708
COND 80 35 0.0288 0.0063 31 0.1252 0.0809
CONDCOND 80 25 0.0150 0.0000 32 0.1251 0.0836
CONSEQUENCE 80 4 0.0479 0.0000 4 0.0873 0.0000
PARAPHRASE 80 30 0.0100 0.0044 32 0.1032 0.0931

3. More generally, a virtual market of AI forecasters3,
can itself be regarded as an AI oracle. We may also
study if such a market comprised of relatively primitive
LLMs may outperform more advanced forecasters on
consistency or ground-truth accuracy.

Scalable oversight and failures of superhuman AI The
difficulty of evaluating models with superhuman perfor-
mance in domains without a source of ground truth has
long been acknowledged, and falls under the umbrella of
scalable oversight (Amodei et al., 2016). Forecasting using
AI oracles is one such domain. In addition to (Fluri et al.,
2023), the use of consistency checks for scalable oversight
has been studied in the context of AlphaZero (Lan et al.,
2022) and in general question-answering tasks via debate
(Irving et al., 2018).

Consistency evaluations for LLMs. Even on tasks where
the ground truth is in principle knowable, consistency evalu-
ations have long helped in cases where checking consistency
is easier than getting the ground truth labels (Elazar et al.,
2021). Li et al. (2023) check consistency of LLMs are gen-
erators (“Write a sentence funnier than sentence X”) and
validators (“Is sentence X or Y funnier?”). This paradigm is
applicable for a general AI system forecasting: we can use
“Give me an event which is more likely to happen than event
X” as a generator, and check the probabilities afterward.

6. Future work
We believe that our consistency evaluation can be used
to verify LLM truthfulness and reliability, particularly in
light of the success of methods such as Contrast-Consistent
Search (Burns et al., 2022; Kaarel et al., 2023), which de-
tects a model’s internal conception of truth based on its

3This might follow, for instance, the “Information Bazaar”
framework implemented in (Rahaman et al., 2024)

consistency properties. We foresee several promising direc-
tions:

Consistency in decision-making. AI systems may be used
not only to make predictions/forecasts that inform decisions,
but also to take decisions directly. Here too, we can have
a notion of inconsistency: for example, intransitive prefer-
ences 4 – and analogously, an inconsistent decision-maker
may be money-pumped by an arbitrageur.

We can think of an AI decision-maker as giving utility esti-
mates to different options (and choosing the highest one),
much like an AI forecaster gives probability estimates to
different outcomes. However, the analogy is not completely
straightforward, as AI decision makers may also differ on
which options they list in their analysis.

Training for consistency. Modulo consideration of the cost-
benefit to safety, our methods could be used train LLMs for
consistency, with our violation metrics as a loss function.
Future work could then look at how this impacts overall
forecasting performance and other AI capabilities, as well
as measure if this improves truthfulness overall, e.g. by
comparing answers to the model’s internal beliefs.

References
Amodei, D., Olah, C., Steinhardt, J., Christiano, P., Schul-

man, J., and Mané, D. Concrete problems in AI safety.
arXiv preprint arXiv:1606.06565, 2016.

Arrow, K. J., Forsythe, R., Gorham, M., Hahn, R., Hanson,
R., Ledyard, J. O., Levmore, S., Litan, R., Milgrom, P.,
Nelson, F. D., Neumann, G. R., Ottaviani, M., Schelling,
T. C., Shiller, R. J., Smith, V. L., Snowberg, E., Sunstein,
C. R., Tetlock, P. C., Tetlock, P. E., Varian, H. R., Wolfers,
J., and Zitzewitz, E. The Promise of Prediction Markets.

4See e.g. (Fishburn, 1970) and the Von Neumann–Morgenstern
utility theorem for an introduction to decision rationality.

5



Science, 320(5878):877–878, May 2008. doi: 10.1126/
science.1157679.

Baum, E. B. Toward a Model of Intelligence as an Economy
of Agents. Machine Learning, 35(2):155–185, May 1999.
ISSN 1573-0565. doi: 10.1023/A:1007593124513.

Bengio, Y. AI scientists: Safe and useful AI?, 2023.
URL https://yoshuabengio.org/2023/05/
07/ai-scientists-safe-and-useful-ai/.
Online; accessed 10-May-2023.

Burns, C., Ye, H., Klein, D., and Steinhardt, J. Discov-
ering Latent Knowledge in Language Models Without
Supervision. In The Eleventh International Conference
on Learning Representations, September 2022.

Chang, M., Kaushik, S., Weinberg, S. M., Griffiths, T.,
and Levine, S. Decentralized Reinforcement Learning:
Global Decision-Making via Local Economic Transac-
tions. In Proceedings of the 37th International Con-
ference on Machine Learning, pp. 1437–1447. PMLR,
November 2020.

Chen, T. Y., Cheung, S. C., and Yiu, S. M. Metamorphic
testing: a new approach for generating next test cases.
Technical report, The Hong Kong University of Science
and Technology, 1998.

Christakis, M., Eniser, H. F., Hoffmann, J., Singla, A.,
and Wüstholz, V. Specifying and testing k-safety prop-
erties for machine-learning models. arXiv preprint
arXiv:2206.06054, 2022.

Durland, H. Forecasting With LLMs - An Open and Promis-
ing Research Direction, March 2024.

Elazar, Y., Kassner, N., Ravfogel, S., Ravichander, A., Hovy,
E., Schütze, H., and Goldberg, Y. Measuring and improv-
ing consistency in pretrained language models. Transac-
tions of the Association for Computational Linguistics, 9:
1012–1031, 2021.

Endres, S. C., Sandrock, C., and Focke, W. W. A simplicial
homology algorithm for Lipschitz optimisation. Journal
of Global Optimization, 72(2):181–217, October 2018.
ISSN 0925-5001, 1573-2916. doi: 10.1007/s10898-018-
0645-y.

Fishburn, P. C. Utility Theory for Decision Making. Wiley,
January 1970. ISBN 978-0-471-26060-8.

Fluri, L., Paleka, D., and Tramèr, F. Evaluating Superhuman
Models with Consistency Checks, October 2023.

Garrabrant, S., Benson-Tilsen, T., Critch, A., Soares, N.,
and Taylor, J. Logical Induction, December 2020.

Halawi, D., Zhang, F., Yueh-Han, C., and Steinhardt, J.
Approaching Human-Level Forecasting with Language
Models, February 2024.

Hanson, R. Logarithmic Market Scoring Rules for Modular
Combinatorial Information Aggregation. The Journal
of Prediction Markets, 1(1):3–15, January 2002. doi:
10.5750/jpm.v1i1.417.

Hanson, R. Shall We Vote on Values, but Bet on Beliefs?
Journal of Political Philosophy, 21(2):151–178, 2013.
doi: 10.1111/jopp.12008.

Hanson, R. D. Decision Markets. IEEE Intelligent Systems,
14(3):16–19, 1999.

Hendrycks, D. and Dietterich, T. Benchmarking neural
network robustness to common corruptions and perturba-
tions. arXiv preprint arXiv:1903.12261, 2019.

Holland, J. Escaping brittleness: The possibilities of general
purpose learning algorithms applied to parallel rule-based
systems. In Michalski, R., Carbonell, J., and Mitchell,
T. (eds.), Machine Learning: An Artificial Intelligence
Approach, volume 2, chapter 20, pp. 593–623. Morgan
Kaufmann, Los Altos, CA, 1986.

Irving, G., Christiano, P., and Amodei, D. AI safety via
debate. arXiv preprint arXiv:1805.00899, 2018.

Jang, M. and Lukasiewicz, T. Consistency analysis of Chat-
GPT. arXiv preprint arXiv:2303.06273, 2023.

Kaarel, gekaklam, Laurito, W., Kozaronek, K., AlexMen-
nen, and Ku, J. Searching for a model’s concepts by their
shape – a theoretical framework, February 2023.

Kwee, I., Hutter, M., and Schmidhuber, J. Market-Based
Reinforcement Learning in Partially Observable Worlds.
In Proceedings of the International Conference on Arti-
ficial Neural Networks, pp. 865–873. arXiv, 2001. doi:
10.48550/arXiv.cs/0105025.

Lan, L.-C., Zhang, H., Wu, T.-R., Tsai, M.-Y., Wu, I., Hsieh,
C.-J., et al. Are AlphaZero-like agents robust to adver-
sarial perturbations? arXiv preprint arXiv:2211.03769,
2022.

Li, X. L., Shrivastava, V., Li, S., Hashimoto, T., and
Liang, P. Benchmarking and improving generator-
validator consistency of language models. arXiv preprint
arXiv:2310.01846, 2023.

Liu, J. et al. Instructor: Structured LLM outputs, 2024.
https://jxnl.github.io/instructor/. Ac-
cessed 31 May 2024.

Luke Muehlhauser. How Feasible Is Long-range Forecast-
ing?, October 2019.

6

https://yoshuabengio.org/2023/05/07/ai-scientists-safe-and-useful-ai/
https://yoshuabengio.org/2023/05/07/ai-scientists-safe-and-useful-ai/
https://jxnl.github.io/instructor/


Manifold. Human v Bots Forecasting Tournament
2024. https://news.manifold.markets/p/human-v-bots-
forecasting-tournament, March 2024.

Othman, A. and Sandholm, T. Decision rules and decision
markets. In Adaptive Agents and Multi-Agent Systems,
volume 1 of AAMAS ’10, pp. 625–632, Toronto, Canada,
May 2010. ISBN 978-0-9826571-1-9.

Pennock, D. M. and Sami, R. Computational Aspects of
Prediction Markets. In Tardos, E., Nisan, N., Rough-
garden, T., and Vazirani, V. V. (eds.), Algorithmic Game
Theory, pp. 651–676. Cambridge University Press, Cam-
bridge, 2007. ISBN 978-0-521-87282-9. doi: 10.1017/
CBO9780511800481.028.

Rahaman, N., Weiss, M., Wüthrich, M., Bengio, Y., Li,
L. E., Pal, C., and Schölkopf, B. Language Models Can
Reduce Asymmetry in Information Markets, March 2024.

Savage, L. J. Elicitation of Personal Probabilities and Ex-
pectations. Journal of the American Statistical Associ-
ation, 66(336):783–801, 1971. ISSN 0162-1459. doi:
10.2307/2284229.

Schoenegger, P. and Park, P. S. Large Language Model
Prediction Capabilities: Evidence from a Real-World
Forecasting Tournament, October 2023.

Schoenegger, P., Tuminauskaite, I., Park, P. S., and Tetlock,
P. E. Wisdom of the Silicon Crowd: LLM Ensemble
Prediction Capabilities Rival Human Crowd Accuracy,
May 2024.

Sharma, A. and Wehrheim, H. Testing monotonicity of
machine learning models, 2020.

Storn, R. and Price, K. Differential Evolution – A Sim-
ple and Efficient Heuristic for global Optimization over
Continuous Spaces. Journal of Global Optimization, 11
(4):341–359, December 1997. ISSN 1573-2916. doi:
10.1023/A:1008202821328.

Tetlock, P. E., Karvetski, C., Satopää, V. A., and Chen,
K. Long-range subjective-probability forecasts of slow-
motion variables in world politics: Exploring limits on
expert judgment. Futures & Foresight Science, 6(1):e157,
2024.

Wentworth, J. Markets are universal for logical induction,
August 2019.

Xiang, Y., Gubian, S., Suomela, B., and Hoeng, J. Gener-
alized simulated annealing for global optimization: The
GenSA package. The R Journal, 5(1):13–28, 2013. doi:
10.32614/RJ-2013-002.

Zou, A., Xiao, T., Jia, R., Kwon, J., Mazeika, M., Li, R.,
Song, D., Steinhardt, J., Evans, O., and Hendrycks, D.
Forecasting Future World Events With Neural Networks.
Advances in Neural Information Processing Systems, 35:
27293–27305, December 2022.

7



A. Table of consistency checks
Table 2 gives a table consisting of all the consistency checks tested for in our benchmark. In most of them, we will leave the
relations between forecasting questionsR implicit by constructing the sentences directly. E,g,R(x1, x2) := x1 = ¬x2 is
implied by simply writing x1, x2 as P ,¬P .

Table 2. Consistency checks and the logical consistency conditions.

Name Tuple Condition (S)

NEGATION (P ,¬P ) F(P ) + F(¬P ) = 1
ANDOR (P , Q, P ∧Q, P ∨Q) F(P ) + F(Q) = F(P ∨Q) + F(P ∧Q)

AND (P , Q, P ∧Q) max(F(P ) + F(Q) − 1, 0) ≤ F(P ∧ Q) ≤
min(F(P ), F(Q))

OR (P , Q, P ∨Q) max(F(P ), F(Q)) ≤ F(P ∨ Q) ≤
min(1, F(P ) + F(Q))

BUT (P ,¬P ∧Q, P ∨Q) F(P ∨Q) = F(P ) + F(¬P ∧Q)

COND (P , Q|P , P ∧Q) F(P )F(Q|P ) = F(P ∧Q)

CONDCOND (P , Q|P , R|P ∧Q) F(P )F(Q|P )F(R|P ∧Q) = F(P ∧Q∧R)

CONSEQUENCE
R(P , Q) := P =⇒ Q

(P , Q) F(P ) ≤ F(Q)

PARAPHRASE
R(P , Q) := P ⇐⇒ Q

(P , Q) F(P ) = F(Q)

We do not include a specific consistency check for Bayesian updates, as we regard this as subsumed by COND.
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B. Arbitrage as a violation metric
If an arbitrageur could trade inconsistent probabilities offered on the market for arbitrary amounts of money, the profit would
be infinite. This is neither realistic nor useful. In real-world markets (both prediction and financial), the mechanism that
resolves this is a market maker: an entity that accepts trades at market probabilities, but updates them slightly on every trade.

A proper scoring rule, introduced in (Savage, 1971), is one that incentivizes honest reporting of probabilities. Hanson (2002)
shows that the logarithmic scoring rule has useful properties for modeling the market maker.

We regard the forecaster’s probabilities F(x1), F(x2), . . . as the spot prices offered on a prediction market with a proper
scoring rule (taken to be s(p) = log(p) by default) for x1, x2, etc. If these forecasts are inconsistent, then an arbitrageur
can profit from bringing the market prices to consistency. In particular, there is a minimum guaranteed risk-free profit, called
arbitrage, that the forecaster can be guaranteed to obtain regardless of the outcome of x1, x2 etc., i.e. without taking a
position on the base outcomes. This minimum guaranteed arbitrage can be taken to be a consistency violation metric.

Definition B.1 (Arbitrage-based Violation Metric). Let R : Propn → {⊤,⊥} be an n-ary relation such that
R(θ(x1), . . . θ(xn)) is satisfied by the ground-truth resolutions θ : Prop → Θ for all tuples (x1, . . . xn). 5 Let
s : Prop×Θ × [0, 1] → R be a proper scoring rule that gives the score earned based on the probability assigned
to the true resolution, e.g. s(P , θ, p(θ)) = log p(θ). Let (x1, . . . xn) ∈ Propn be a question tuple, and denote
Ω := {ω ∈ Θ′n | R(ω)} the set of possible consistent resolutions (including None resolutions) of this tuple. Then
for forecasts (F(x1), . . . F(xn)) the arbitraged forecasts (p1 . . . pn) and the minimum guaranteed profit of the arbitrageur
V(F(x1), . . . F(xn)) are given by:

(arg max, max)
p∈Forecastn

min
ω∈Ω

n∑
i=1

s (xi, ωi, pi(ωi))− s (xi, ωi, F(xi)(ωi)) (1)

Where by convention, any score on a resolution ωi = None is taken to be 0.

Definition B.1 is presented in full generality: p and F(xi) here are probability distributions on Θ. Breaking it down: each
s (xi, ωi, pi(ωi))− s (xi, ωi, F(xi)(ωi)) gives the arbitrageur’s profit on the market for question xi, given that it resolves
ωi. The profit is summed across all markets in the tuple then minimized over all consistent worlds; this minimum is
maximized across all possible arbitrageur bets.

It is helpful to explicitly state Eq 1 in the case of binary forecasting questions, as follows.

(arg max, max)
p∈[0,1]n

min
ω∈Ω

n∑
i=1

(s (pi)− s (F(xi))) δω(i)=⊤ + (s (1− pi)− s (1−F(xi))) δω(i)=⊥ (2)

We will illustrate our violation metric with two specific examples, for NEGATION and PARAPHRASE. For other consistency
checks, the math becomes too convoluted and we use a numerical method in our project code.

B.1. ParaphraseChecker

Let P and Q be equivalent sentences, and suppose that the forecaster produces forecasts F(P ) and F(Q). A trader who
instead brings prices to F′(P ) = F′(Q) = p for both questions earns a combined profit on both questions:

{
s (p)− s (F(P )) + s (p)− s (F(Q)) if P

s (1− p)− s (1−F(P )) + s (1− p)− s (1−F(Q)) if ¬P
(3)

For this first example, we can graph this profit as a function of p for illustration, shown in Fig. 1 – demonstrating that any
p ∈ (0.529, 0.576) is profitable for the arbitrageur, and further that the arbitrageur can guarantee a minimum profit of 0.095
regardless of the outcome of P by choosing the consistent probability p = 0.555.

5This is well-defined because resolutions can be taken as a subset Θ ⊆ Prop, by treating them as forecasting questions that always
resolve to themselves by definition. For example, the forecasting question ⊤ is always worth $1 and the forecasting question ⊥ is always
worth $0.
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F(Q) F(P ) 1

−1

1
profit if P

profit if ¬P

(0.555,0.095) p

Figure 1. Profit earned by the arbitrageur in case of inconsistency over ParaphraseChecker, taking s(p) = log(p) and F(P ), F(Q) =
0.7, 0.4 in (3).

.

We may compute this intersection analytically:

s (p)− s (F(P )) + s (p)− s (F(Q)) = s (1− p)− s (1−F(P )) + s (1− p)− s (1−F(Q))

2 log p

1− p
= log F(P )F(Q)

(1−F(P ))(1−F(Q))

p =

√
F(P )F(Q)√

F(P )F(Q) +
√
(1−F(P ))(1−F(Q))

Substituting this back into either expression in (3) we get the expression for the arbitrage:

V(F(P ), F(Q)) = −2 log
(√

F(P )F(Q) +
√
(1−F(P ))(1−F(Q))

)
(4)

B.2. NegChecker

Suppose the forecaster produces forecasts F(P ) and F(¬P ). A trader who instead brings prices to F′(P ) = p, F′(¬P ) =
1− p earns a combined profit on both questions:

{
s (p)− s (F(P )) + s (p)− s (1−F(¬P )) if P

s (1− p)− s (1−F(P )) + s (1− p)− s (F(¬P )) if ¬P
(5)

Equating them and solving as before,

2 log p

1− p
= log F(P )(1−F(¬P ))

(1−F(P ))F(¬P )

p =

√
F(P )(1−F(¬P ))√

F(P )(1−F(¬P )) +
√
(1−F(P ))F(¬P )
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Substituting into (5), we get:

V(F(P ), F(¬P )) = −2 log
(√

F(P )(1−F(¬P )) +
√
(1−F(P ))F(¬P )

)
(6)

B.3. CondChecker

Suppose the forcaster produces forecasts F(P ), F(Q | P ), F(P ∧Q). The possible outcomes Ω are (P , Q | P , P ∧Q) 7→
(⊤,⊤,⊤), (⊤,⊥,⊥), (⊥, None,⊥). Consider an arbitrageur who makes bets F′(P ) = p, F′(Q | P ) = q, F′(P ∧Q) =
pq.

In each outcome:


s (p)− s (F(P )) + s (q)− s (F(Q | P )) + s (pq)− s (F(P ∧Q)) ifP , Q

s (p)− s (F(P )) + s (1− q)− s (1−F(Q | P )) + s (1− pq)− s (1−F(P ∧Q)) ifP ,¬Q

s (1− p)− s (1−F(P )) + s (1− pq)− s (1−F(P ∧Q)) if¬P

(7)

Equating these and rearranging:


1−p

p(1−q)
= 1−F(P )

F(P )(1−F(Q|P ))
=: A

1−q
q

1−pq
pq = (1−F(Q|P ))(1−F(P ∧Q))

F(Q|P )F(P ∧Q)
=: B

Solving, where we indicate the right-hand-sides of each equation above by A and B respectively:

p =
1 +

√
B/(A + 1)

1 +
√

B · (A + 1)

q =
1

1 +
√

B/(A + 1)

pq =
1

1 +
√

B · (A + 1)

Substituting back into Eq 7 and simplifying:

V(F(P ), F(Q | P ), F(P ∧Q)) = −2 log
(√

F(P )F(Q | P )F(P ∧Q) +
√
(1−F(P )F(Q | P ))(1−F(P ∧Q))

)
B.4. Numerical estimation

Explicitly deriving the violation metrics for other checkers from Eq 1 is infeasible by hand, and the expressions yielded by
SymPy are very convoluted. We compute the violation numerically for all Checkers, i.e. use a global optimizer to compute
the max. The global maximization algorithm we use is shgo (Simplicial Homology Global Optimization, introduced in
(Endres et al., 2018)) as provided by SciPy; other methods we found to be equally effective were differential_evolution (Storn
& Price, 1997) and dual_annealing (Xiang et al., 2013). The pseudocode for computing arbitrage, is given in Algorithm 1.
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Algorithm 1 Numerical computation of Eq 1

procedure ARBITRAGE(θ, f , p)
▷ Computes the profit earned by an arbitrageur who bets p ∈ [0, 1]n against forecasts f ∈ [0, 1]n upon an n-tuple of

questions resolving as θ ∈ Θ′n

Initialize s← 0
for i ∈ {1 . . . n} do

if θ(i) = None then
continue

end if
if θ(i) = ⊤ then

s← s + s(p(i))− s(f(i))
end if
if θ(i) = ⊥ then

s← s + s(1− p(i))− s(1− f(i))
end if

end for
return s

end procedure
procedure MINARBITRAGE(f , p)

▷ Minimizes ARBITRAGE(θ, f , p) over all θs that satisfyR
Ω := {ω ∈ Θ′n | R(ω)} ▷ All Θ that satisfy the consistency checkR
return minθ∈Ω ARBITRAGE(θ, f , p) ▷ Minimization over a finite set

end procedure
procedure MAXMINARBITRAGE(f )

▷ Maximizes MINARBITRAGE(f , p) over all possible arbitrageur bets p, i.e. calculates the arbitrageur’s optimal bet
and its profit thereof

Initialize p← f ▷ Initial guess
D ← [ϵ, 1− ϵ]n ▷ Avoid log(0)
p, v ← GLOBALMAXIMIZATION(MINARBITRAGE(f , p)) ▷ maximize over p
return p, v

end procedure

12



C. Frequentist consistency metric
In a deterministic world, we cannot let any inconsistency pass; every time we prove any rule of probability does not hold
exacly, we must discard the forecaster as flawed. This is too strict for the consistency check framework to be useful. Instead,
we propose a violation metric and the corresponding inconsistency threshold based on statistical hypothesis testing.

Assume that each event P has a true probability value T(P ), say under some world model that accounts for aleatoric
uncertainty.

Definition C.1 (Frequentist consistency). A frequentist-consistent forecaster F samples a Gaussian estimate T(P ) + ε of
each event P , with variance σ2T(P )(1−T(P )) for a hyperparameter σ2:

F(P )−T(P ) ∼ N
(
0, σ2T(P )(1−T(P ))

)
independently for all events P . (8)

This is principled from the frequentist perspective. Consider a forecaster that just samples the (relevant subset of) the world
n times using the best available world simulator, and estimates the probability of each event P as the proportion of times
that P occurs in the n samples. If we estimate the probability as the average chance of an event P with true probability p
occurring out of n times, then this estimate has a scaled binomial distribution with mean p and variance p(1− p)/n. To
reach Equation (8), replace the averaged binomial with the Gaussian of the same variance, and denote σ2 := 1/n.

This simple model enables us to derive hypothesis tests for each of the consistency checks described in 2. The null hypothesis
is always that the forecaster is frequentist-consistent. Note that σ2 is not our estimate of the variance of any forecaster; it
is just a hyperparameter that controls how strict our null hypothesis is. We leave estimating the variance of a particular
forecaster and testing frequentist consistency based on that alone to future work.

Notation The expression aN(0, c2) denotes a Gaussian random variable with mean 0 and variance a2c2. The expression
aN(0, c2) + bN(0, c2) denotes a Gaussian random variable with mean 0 and variance a2c2 + b2c2. All sums range over the
cyclic permutations of the variables under the sum. All N(0, c2) terms appearing with the same power of σ are independent.
Two N(0, c2) terms appearing with a different power of σ may be correlated; this is not important for our purposes, since
we discard high-order powers of σ.

Bootstrapping the true probability The final expressions for hypothesis test statistics might involve the true probability
T(P ). It is not available, so we just plug in F(P ) for T(P ) in the end. If we had a prior on T(P ), we could combine it
with F(P ) to get a more robust estimate.

NEGATION We take the violation metric and the corresponding threshold as to produce a hypothesis test against this:

F(P ) + F(¬P )− 1 = T(P ) + ε1 + T(¬P ) + ε2 − 1 = ε1 + ε2 ∼ N
(
0, σ2(T(P )(1−T(P )) + T(¬P )(1−T(¬P )))

)
We estimate the unknown T values with the corresponding F estimates. Note that, although T(P ) = 1−T(¬P ), it is of
course not necessarily the case that F(P ) = 1−F(¬P ).

The error distribution is σN (F(P )(1−F(P )) + F(¬P )(1−F(¬P ))), and the two-sided test is

|F(P ) + F(¬P )− 1| < γσ
√
(1−F(P ))F(P ) + (1−F(¬P ))F(¬P )

for some scale factor γ (number of standard deviations) that scales the power of the test. For example, γ = 3 gives a
99.7%-confidence interval.

We now want to compute some consistency violation metric that makes inconsistency comparable across different checks.
The natural idea is to aggregate all terms dependent on F to one side; and make the hypothesis test just a threshold on the
computed violation metric.

It is possible that the denominator of the resulting expression is 0 when the forecaster is certain and F is 0 or 1; to avoid
division with zero, we add a small regularization term βMIN = 10−3. For the discussion of hyperparameters, see the last
paragraph of this section.
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Our consistency violation metric is then:

vNEGATION =
|F(P ) + F(¬P )− 1|√

(1−F(P ))F(P ) + (1−F(¬P ))F(¬P ) + βMIN

.

The hyperparameter σ2 determines how strict we are with rejecting inconsistencies which could be attributed to “noisy”
predictions. Note that the violation metric itself does not depend on σ2.

A violation (inconsistency), therefore, occurs when:

vNEGATION > γσ.

CONDCOND This is a more complex consistency check; we derive the hypothesis test and violation metric in detail below.
For the other checks, we just report the short derivation.

(a, b, c, d) = (T(P ), T(Q | P ), T(R | P ∧Q), T(P ∧Q∧R))

(a′, b′, c′, d′) = (F(P ), F(Q | P ), F(R | P ∧Q), F(P ∧Q∧R))

We can write:

F(P ) = N
(
0, σ2a(1− a)

)
+ a,

F(Q | P ) = N
(
0, σ2b(1− b)

)
+ b,

F(R | P ∧Q) = N
(
0, σ2c(1− c)

)
+ c,

F(P ∧Q∧R) = N
(
0, σ2d(1− d)

)
+ d

We now compute the difference of the two expressions that should be equal. All sums and products are cyclic over a, b, c.

F(P )F(Q | P )F(R | P ∧Q)−F(P ∧Q∧R) = abc− d

+ σ

(∑
a

bcN(0, a(1− a))−N(0, d(1− d))

)
+ σ2

∑
a

N(0, b(1− b))N(0, c(1− c))

+ σ3
∏
a

N(0, a(1− a)).

In the above, all Gaussians with the same variance are identical, and all other combinations are independent. As abc− d = 0
by the law of total probability, the leading error term is next to σ. This is a Gaussian with mean 0 and standard deviation:

σ

√∑
a

b2c2a(1− a) + d(1− d) = σ

√
abc
∑

a

bc(1− a) + d(1− d)

We now discard the terms of σ2, σ3, and in general any higher order power of σ. This is principled because the coefficients
can always be (in some confidence interval) upper bounded by a constant independent of σ. Hence, if σ is small enough, the
resulting test will be very close to the true hypothesis test. Note with properties of Gaussian distributions, even though we
subtract errors, we add variances.
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We do not have the true probabilities a, b, c, d, so we just plug in (a′, b′, c′, d′) = (F(P ), F(Q | P ), F(R | P ∧Q), F(P ∧
Q∧R)). 6 Thus the hypothesis test is (where the sum is cyclic over a′, b′, c′):

|a′b′c′ − d′| > γσ

√
a′b′c′

∑
a′

b′c′(1− a′) + d′(1− d′)

Our violation metric is then:

vCONDCOND =
|a′b′c′ − d′|√

a′b′c′∑
a′ b′c′(1− a′) + d′(1− d′) + βMIN

.

where again (a′, b′, c′, d′) = (F(P ), F(Q | P ), F(R | P ∧Q), F(P ∧Q∧R)) are the forecasts.

COND Similarly as for CONDCOND: we denote (a, b, c) = (T(P ), T(P | Q), T(P ∧Q)) and the associated (a′, b′, c′)
for the forecasts. Then we can compute

F(P )F(Q | P )−F(P ∧Q)

= ab− c + σ (bN(0, a(1− a) + aN(0, b(1− b))−N(0, c(1− c))) + σ2N(0, a(1− a))N(0, b(1− b)).

The term next to σ is a Gaussian with mean 0 and standard deviation:

σ
√

a2b(1− b) + b2a(1− a) + c(1− c) = σ
√

ab (a(1− b) + b(1− a)) + c(1− c).

Again, we have to plug in (a′, b′, c′) = (F(P ), F(Q | P ), F(P ∧Q)) instead of (a, b, c).

Our violation metric is then:

vCOND =
|a′b′ − c′|√

a′b′ (a′(1− b′) + b′(1− a′)) + c′(1− c′) + βMIN

And the test is again, for a suitable γ corresponding to the desired power of the test:

vCOND > γσ.

PARAPHRASE Here we can simply check whether P and Q are the same.

F(P )−F(Q) = T(P ) + ε1 −T(Q)− ε2 = ε1 − ε2 ∼ N
(
0, σ2((T(P )(1−T(P )) + (T(Q)(1−T(Q))

)
This yields the following violation metric:

vPARAPHRASE =
|F(P )−F(Q)|√

(F(P )(1−F(P )) + (F(Q)(1−F(Q)) + βMIN

6Depending on our usage of the relation abc = d, we can end up with different expressions in the end. We choose the one that, after
plugging in, (i) yields an expression for variance that is always nonnegative, and (ii) is not divisible by any single value of F.
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ANDOR

F(P ) + F(Q)−F(P ∨Q)−F(P ∧Q) = T(P ) + T(Q)−T(P ∨Q)−T(P ∧Q) + ε1 + ε2 − ε3 − ε4

= ε1 + ε2 − ε3 − ε4

∼ N
(
0, σ2((T(P )(1−T(P )) + (T(Q)(1−T(Q) + (T(P ∨Q)(1−T(P ∨Q)) + (T(P ∧Q)(1−T(P ∧Q))

)
.

We again plug in F instead of T to compute the error term allowed:

γσ
√

F(P )(1−F(P )) + F(Q)(1−F(Q) + F(P ∨Q)(1−F(P ∨Q)) + F(P ∧Q)(1−F(P ∧Q))

and violation metric:

vANDOR =
|F(P ) + F(Q)−F(P ∨Q)−F(P ∧Q)|√

F(P )(1−F(P )) + F(Q)(1−F(Q) + F(P ∨Q)(1−F(P ∨Q) + F(P ∧Q)(1−F(P ∧Q) + βMIN

.

BUT

F(P ∨Q)−F(P )−F(¬P ∧Q) = T(P ∨Q)−T(P )−T(¬P ∧Q) + ε1 − ε2 − ε3 =

ε1 − ε2 − ε3 ∼
N
(
0, σ2((T(P ∨Q)(1−T(P ∨Q)) + (T(P )(1−T(P )) + (T(¬P ∧Q)(1−T(¬P ∧Q))

)
with error term:

γσ
√

F(P ∨Q)(1−F(P ∨Q) + F(P )(1−F(P ) + F(¬P ∧Q)(1−F(¬P ∧Q)

and violation metric:

vBUT =
|F(P ∨Q)−F(P )−F(¬P ∧Q)|√

F(P ∨Q)(1−F(P ∨Q)) + F(P )(1−F(P )) + F(¬P ∧Q)(1−F(¬P ∧Q) + βMIN

CONSEQUENCE In the case of inequalities involving ≤, there are two ways in which the consistency check can be passed.
If F(P ) ≤ F(Q), the consistency check is automatically passed. Otherwise, we check for pseudo-equality using the same
violation metric as in PARAPHRASE.

vCONSEQUENCE = [F(P ) > F(Q)]
|F(P )−F(Q)|√

F(P )(1−F(P )) + F(Q)(1−F(Q)) + βMIN

where [F(P ) > F(Q)] is the Iverson Bracket (1 if true, 0 otherwise).

AND Similarly to CONSEQUENCE, if the chain of strict inequalities

max(F(P ) + F(Q)− 1, 0) < F(P ∧Q) < min(F(P ), F(Q))

holds, then the check automatically passes. We set vAND_LHS = 0 and vAND_RHS = 0 if it passes the first and second strict
inequality respectively.
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If not, then we test for pseudo-equality for the violating pair:

LHS : max(F(P ) + F(Q)− 1, 0) = F(P ∧Q)

RHS : F(P ∧Q) = min(F(P ), F(Q))

Equality check if it fails the first inequality:

εLHS =

γσ
√

F(P )(1−F(P )) + F(Q)(1−F(Q)) + F(P ∧Q)(1−F(P ∧Q)), if F(P ) + F(Q)− 1 > 0,

N/A, otherwise pass as F(P ∧Q) ≥ 0.

vAND_LHS = [F(P ) + F(Q)− 1 > F(P ∧Q)]
F(P ) + F(Q)− 1−F(P ∧Q)√

F(P )(1−F(P )) + F(Q)(1−F(Q)) + F(P ∧Q)(1−F(P ∧Q)) + βMIN

Equality check if it fails the second inequality:

Define F(R) = min(F(P ), F(Q)).

εRHS = γσ
√

F(P ∧Q)(1−F(P ∧Q)) + F(R)(1 + F(R))

vAND_RHS = [F(R) < F(P ∧Q)]
F(P ∧Q)−F(R)√

F(P ∧Q)(1−F(P ∧Q)) + F(R)(1−F(R)) + βMIN

Consistency is violated if either inequality is violated, and the respective hypothesis test for pseudo-equality fails. We use
vAND_LHS for the first and vAND_RHS for the second inequality. We define vAND = max{vAND_LHS, vAND_RHS}.

OR We proceed similarly as for AND.

If the strict inequality max(F(P ), F(Q)) < F(P ∨Q) < min(1, F(P ) + F(Q)) holds, then it automatically passes. We
set vOR_LHS = 0 and vOR_RHS = 0 if it passes the first and second strict inequality respectively.

If not, we test for pseudo-equality:

LHS : max(F(P ), F(Q)) = F(P ∨Q)

RHS : F(P ∨Q) = min(1, F(P ) + F(Q)).

Equality check LHS: Define F(S) = max(F(P ), F(Q)).

εLHS = γσ
√

F(S)(1−F(S)) + F(P ∨Q)(1−F(P ∨Q))

vOR_LHS = [F(S) > F(P ∨Q)]
F(S)−F(P ∨Q)√

F(S)(1−F(S)) + F(P ∨Q)(1−F(P ∨Q)) + βMIN

Equality check RHS:

εRHS =

γσ
√

F(P ∨Q)(1−F(P ∨Q)) + F(P )(1−F(P )) + F(Q)(1−F(Q)), if F(P ) + F(Q) < 1,

N/A, otherwise pass as F(P ∨Q) ≤ 1.

vOR_RHS = [F(P ) + F(Q) < F(P ∨Q)]
F(P ∨Q)−F(P )−F(Q)√

F(P ∨Q)(1−F(P ∨Q)) + F(P )(1−F(P )) + F(Q)(1−F(Q)) + βMIN

Consistency is violated if either inequality is violated, and the subsequent hypothesis test for pseudo-equality fails. We use
vOR_LHS for the first and vOR_RHS for the second inequality. Analogously to AND, define vOR = max{vOR_LHS, vOR_RHS}.
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Hyperparameters for hypothesis testing Our goal is for the rejection criteria to be similar to the arbitrage violation
metric in Appendix B on simple examples. We choose γ = 2.58 for all checks, to ensure 99%-confidence intervals for
two-sided tests; future work may consider using a different γ for checks that require one-sided tests. We pick σ = 0.05
(corresponding to n = 400 in Definition C.1). The allowed violation threshold for all checks is then γσ = 0.129. For
reference, a NEGATION pair (F(P ), F(¬P )) = (0.5, 0.59) has a violation metric of 0.128, and would thus not be rejected
as inconsistent. This exactly corresponds to the tolerance threshold of 10−2 of profit for the arbitrage metric, described in
Section 2.

We pick βMIN = 10−3 because LLM forecasters from Halawi et al. (2024) answer with at most 3 digits of precision for
events close to 0 and 1 in probability.
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D. Results tables
This section contains our results for all forecasters we tested, besides the advanced set-up in (Halawi et al., 2024), i.e.
without retrieval-augmented generation nor chain-of-thought. The forecaster simply gets a forecasting question (title, body,
resolution date), and needs to output a single number between 0 and 1. We use the Instructor library (Liu et al., 2024) and
JSON API calls to enforce correctly formatted outputs.

Table 3. Advanced Forecaster set-up from (Halawi et al., 2024)

Arbitrage metric Frequentist metric

Checker n # violations Violation
(mean)

Violation
(median)

# violations Violation
(mean)

Violation
(median)

NEGATION 80 42 0.0811 0.0120 43 0.2684 0.1550
ANDOR 80 47 0.0572 0.0139 52 0.2496 0.1741
BUT 80 61 0.0823 0.0441 64 0.3404 0.2939
AND 80 10 0.0130 0.0000 12 0.0582 0.0000
OR 80 26 0.0428 0.0012 28 0.1563 0.0708
COND 80 35 0.0288 0.0063 31 0.1252 0.0809
CONDCOND 80 25 0.0150 0.0000 32 0.1251 0.0836
CONSEQUENCE 80 4 0.0479 0.0000 4 0.0873 0.0000
PARAPHRASE 80 30 0.0100 0.0044 32 0.1032 0.0931

Table 4. Basic Forecaster (GPT-4o)

Arbitrage metric Frequentist metric

Checker n # violations Violation
(mean)

Violation
(median)

# violations Violation
(mean)

Violation
(median)

NEGATION 80 48 0.0371 0.0120 48 0.1968 0.1550
ANDOR 80 48 0.0472 0.0162 55 0.2450 0.1954
BUT 80 44 0.0445 0.0188 55 0.2467 0.2071
AND 80 2 0.0075 0.0000 2 0.0203 0.0000
OR 80 39 0.0364 0.0078 39 0.1760 0.1070
COND 80 28 0.0186 0.0057 13 0.0856 0.0671
CONDCOND 80 28 0.0132 0.0022 34 0.1314 0.1138
CONSEQUENCE 80 6 0.0234 0.0000 6 0.0556 0.0000
PARAPHRASE 80 27 0.0157 0.0000 28 0.1009 0.0000
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Table 5. Basic Forecaster (GPT-3.5)

Arbitrage metric Frequentist metric

Checker n # violations Violation
(mean)

Violation
(median)

# violations Violation
(mean)

Violation
(median)

NEGATION 80 34 0.1940 0.0093 42 0.4476 0.1344
ANDOR 80 39 0.1271 0.0076 50 0.3923 0.2068
BUT 80 63 0.3092 0.0892 67 0.6501 0.4651
AND 80 8 0.0221 0.0000 13 0.0661 0.0000
OR 80 45 0.2013 0.0298 48 0.4938 0.2384
COND 80 26 0.0478 0.0037 21 0.1321 0.0762
CONDCOND 80 29 0.0224 0.0000 36 0.1649 0.0958
CONSEQUENCE 80 9 0.0211 0.0000 11 0.0660 0.0000
PARAPHRASE 80 28 0.0709 0.0000 32 0.1996 0.0000
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E. Data and prompt examples
E.1. Data types

Figure 2 shows the data stored on forecasting questions. Of these, only title and body are shown to the forecaster.

Forecasting question data type.

• id: Universally Unique Question Identifier (UUID)

• title: Title of forecasting question.

• body: Generally resolution criterion, background information etc.

• resolution_date: Resolution date.

• question_type: Question type, indicating the type of forecasts. Exclusively binary or conditional-binary in this
paper; other potential options: multiple-choice, integer, continuous-value, opinion.

• data_source: Source of question: either website from which it was scraped or synthetic.

• url: URL if question was scraped, else null

• metadata: Any additional flags, e.g. topics for Metaculus questions; tags and category for synthetic questions.

• resolution: Boolean (if question is already resolved), else null.

Figure 2. Description of the forecasting question data type.
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Example forecasting question (scraped)

• id: 07b11b15-6872-4280-a94f-17b6d15a1b8a

• title: Will SpaceX land people on Mars before 2030?

• body: This question will resolve as Yes if SpaceX successfully lands at least one human on the surface of Mars on
or before December 31, 2030. The landing must be confirmed by SpaceX through an official announcement or
live broadcast. The human(s) must be alive upon landing and must perform at least one extravehicular activity
(EVA) on the Martian surface, which must be documented and released to the public. In the event of a dispute
regarding the success of the mission, the resolution will defer to the judgment of an international space agency
such as NASA or ESA. If no landing attempt is made by the specified date, or if all attempts fail to meet the above
criteria, the question will resolve as No.

• resolution_date: 2030-12-31 23:59:59+00:00

• question_type: binary

• data_source: metaculus

• url: https://www.metaculus.com/questions/349

• metadata:

– topics:

* id: 184, slug: elon-musk, name: Elon Musk, link_id: 27681, num_questions: 159

* id: 485, slug: spacex-reusable-launch-system-development-program, name: SpaceX reusable launch
system, link_id: 27682, num_questions: 130

* id: 1365, slug: spacex, name: SpaceX, link_id: 75197, num_questions: 112

* id: 564, slug: colonization-of-mars, name: Colonization of Mars, link_id: 27683, num_questions: 70

* id: 1768, slug: spacex-mars-transportation-infrastructure, name: SpaceX Mars transportation infrastruc-
ture, link_id: 40982, num_questions: 5

• resolution: null

Figure 3. Example of a scraped forecasting question data type.
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Example forecasting question (synthetic)

• id: 4b98368c-6287-47e0-8f9e-5917e2a24a3d

• title: Will Russia launch a manned mission to the Moon before 2030?

• body: This question will resolve as Yes if, before January 1, 2030, the Russian Federation successfully launches
and completes a manned mission to the Moon, where ’successful’ is defined as a mission where astronauts land on
the lunar surface and return safely to Earth. The mission must be officially recognized by Roscosmos or another
authoritative space agency. In the event of a joint mission involving Russia and other countries, the mission
will still resolve as Yes if Russian astronauts are part of the crew that lands on the Moon. If no such mission is
launched, or if a mission is launched but does not meet the above criteria, the question will resolve as No. In the
case of ambiguity or lack of clear public information by the resolution date, the question will resolve as No unless
official statements or evidence are provided by Roscosmos or an equivalent authoritative body that confirm the
mission’s success as per the defined criteria.

• resolution_date: 2030-12-31 23:59:59+00:00

• question_type: binary

• data_source: synthetic

• url: null

• metadata:

– tags:

* Russia
– categories:

* Space

• resolution: null

Figure 4. Example of a synthetic forecasting question. All question generations are seeded with the metadata field.

Figure 5. Example of a question from Metaculus.
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Example tuple (COND)

• P:

– id: 9b40ebcd-71a8-4cfe-802c-578b946fcc66
– title: Will North Korea engage in a significant diplomatic negotiation with a Western country by 2025?
– ...

• Q_given_P:

– id: 6da2b933-9183-46d4-a8da-5e10d6820b9e
– title: Given North Korea engages in significant diplomatic negotiations with a Western country by 2025, will

it significantly reform its legal system by 2030?
– ...

• P_and_Q:

– id: fafbaa5f-4ece-4526-a94d-fecb1b56f315
– title: Will North Korea engage in significant diplomatic negotiations with a Western country by 2025 and

significantly reform its legal system by 2030?
– ...

Figure 6. Example of an instantiated CONDCOND forecasting question tuple.

E.2. Prompts

In this section, we present the prompts used for the different parts of our pipeline. For each LLM call, we use the Instructor
library (Liu et al., 2024) and JSON API calls to enforce correctly formatted Pydantic output objects. The whitespace in the
figures is not representative of the whitespace in actual queries.

Synthetic question generation prompt
I want you to help me generate some forecasting questions for a forecasting market site like Metaculus or PredictIt. I will provide
you with a category and some tags. Your task is to generate questions that can be answered with a probability between 0 and 1. For
each tag, generate a relevant question if the tag is pertinent to the category. If the tag is not relevant, generate a general question
about the category.
Examples:
{example_1}
{example_2}
{example_3}
{example_4}
{example_5}
{example_6}
Category: {category} Tags: {tags}

Figure 7. The prompt used for generating the title field of forecasting questions, given the category and tags metadata.

A list of initial quality-filtered questions is supplied to seed the list of examples.
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Tuple instantiation prompt – OR

You are a helpful assistant. I will give you two forecasting questions with Yes/No answers. You should then give me the logical OR of
these two questions, i.e. the question that would be answered YES if EITHER question is answered YES, and NO otherwise. Notes:

• Your response should be as clear as possible, since the words ‘and’ and ‘or’ are used ambiguously in natural language. For
example, ’Will P happen or will Q happen? is usually confusing, as it sounds like you are asking which of the two will happen
(whereas you’re actually seeking a YES/NO answer on whether either of the two will happen). Instead, if there is any chance of
confusion, you should give me something like: Will either of the following occur: (a) P (b) Q?

• When the questions allow for a simple rephrasing or factorization (e.g. using words like ‘respectively’, ‘both’ or ‘either’), go for
it.

• If one or both of the given questions is already a logical combination of questions, join them in the most natural way possible.
E.g.

– combine ((P1 OR P2) OR Q) how you would combine (P1 OR P2 OR Q)
– ((P1 AND P2) OR Q) might have to be combined as something like: Will EITHER of the following occur: (1) BOTH of

the following occur: (a) P1 AND (b) P2 (2) Q. Unless a more natural formulation exists.

• Be careful when combining conditional expressions (which often have words like ‘given’ and ‘if’). ‘(Given A then P) OR
(Given B then Q) should be combined as is, rather than messing up the conditions. E.g. a phrasing like ’Will either of the
following occur given their respective conditions: (a) Given A then P? (b) Given B then Q?’ is good.

• This also applies when only one of the questions is conditional. Like ‘P OR (Given A then Q)’should be phrased as something
like: ’Will either of the following occur given their respective conditions are met? (a) P (b) Given A, then Q?’.

• Most importantly: make sure you retain ALL the information in the question bodies from BOTH base questions! You cannot
discard a single relevant detail. All this is for an experiment to test the logical consistency of forecasters: The combined
question you give will be handed to the forecasters without having seen the base questions, so it is critical that all the
information in the base questions be included in your logical combination; the resolution criterion for each component should
be neatly and clearly provided.

• Also, make sure that the title is self-sufficient independent of the body, i.e. is a question that can be meaningfully answered
without looking at the body. So you CANNOT give me a question title like ‘Is the following true?’ or ‘What will happen if the
following happens?’

• One type of question you may be given is a single choice from a multiple choice question. For example, you may be given
‘Which of these countries will legalize human cloning by 2030? (Japan)’. This is asking if Japan will recognize and legalize
human cloning by 2030. Such a question may also itself be a logical combination – e.g. ’Which of these countries will legalize
human cloning by 2030? (UK, France, or Germany) is asking if any either of the UK, France, or Germany will legalize human
cloning by 2030. Make sure to correctly combine such combinations as previously described.

Figure 8. The prompt used for instantiating OR tuples. We use similar prompts for other checks.
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Relevance scoring prompt
I’m doing a project that involve eliciting probabilities from LLMs to measure the calibration, consistency and such properties of
LLM forecasters. As part of this project we will be taking logical combinations of forecasting questions and eliciting probabilities on
them. I need your help in deciding, for two given forecasting questions, whether it makes sense to think about their logical
combinations/whether it’s worth doing so.
For example, we might want to elicit the probability of
‘Will Donald Trump win the 2024 US presidential election? AND Will US economic growth exceed 3.5% in 2025?’
because Trump winning the election might potentially (positively or negatively) affect economic growth in the following year.
But we probably wouldn’t care about the probability of
‘Will Donald Trump win the 2024 US presidential election? AND Will the men’s deadlift record be broken in 2025?’
because those seem wholly unrelated.
Can you help me with this? I will just give you two forecasting questions, and you must give me

1. One or more examples of reasons someone might be interested in the logical combination of those questions; based on how
realistic these reason(s) are, provide–

2. a score between 0 and 10 to advise me on whether it makes sense to consider their logical combination (with 0 being ‘the
logical combination is nonsensical, nobody would ever ask something like that’, 10 being ‘yeah that’s a perfectly legitimate
question I could imagine seeing that on Manifold or Metaculus’)

Figure 9. The prompt used to decide whether two questions are related enough to be combined in an instantiated tuple.

E.3. Models and settings used

All settings (incl. temperature) for (Halawi et al., 2024) forecasters are as set by their released code. The temperature in basic
forecaster experiments is 0. The versions of the models used are gpt-4o-2024-05-13 and gpt-3.5-turbo-0125.

26



Verification prompt – CONSEQUENCE

I will provide you with two propositions, P and Q. Your task is to assess whether Q is a proposition that will always be true if P is
true. In other words, validate whether Q is a logical implication of P, ensuring that Q will always occur if P is true. Reject if P and Q
are completely equivalent. Q should be a logical consequence of P, but not necessarily the other way around. Reject if you need any
additional assumptions to derive Q from P. Reject if Q is just formed by making some resolution criteria more vague / not
operationalizing them (but accept if it is made by actually loosening some resolution criteria while still precisely defining everything).
Reject if Q is ‘ERROR: NO CONSEQUENCE FOUND’ or something like that.
Example 1:
P: A computer can receive emails.
Q: A computer is connected to the internet.
reasoning: If a computer can receive emails (P), then it must be connected to the internet (Q), as an internet connection is necessary
for receiving emails. Therefore, Q is a logical consequence of P.
valid: True
Example 2:
P: The ground is wet.
Q: It is raining.
reasoning: I can easily imagine the ground being wet (P true) without it raining (Q false). So P does not imply Q.
valid: False
Example 3:
P: It is daytime.
Q: The sun has risen and not set yet.
reasoning: The two statements are logically equivalent, as daytime (P) is defined by the sun being above the horizon and not having
set yet (Q). So Q is a logical consequence of P, but also completely equivalent to it, therefore not useful to us.
valid: False
Example 4:
P: Will at least 50 percent of the world’s population live in Asia by 2050?
Q: Will Asia have at least 3 billion residents by 2050?
reasoning: They probably thought Q was a logical consequence of P because the world population is 8 billion, half of that is 4 billion,
so if Asia has more than 4 billion people it must have more than 3 billion people. However, this assumes that the world population in
2050 is 8 billion, which we do not know for certain. Without knowing the world population in 2050, we cannot judge if 50 percent of
that is more or less than 3 billion.
valid: False
Example 5:
P: Will ANY of the following happen in 2025? (a) A manned mission to Mars (b) A new Starship launch by SpaceX?
Q: Will a manned mission to Mars happen in 2025?
reasoning: Suppose only a new starship launch happens, but no manned mission to Mars. Then P is true, but Q is false. So Q is not a
logical consequence of P.
valid: False
Example 6:
P: Will there be an epidemic of meningococcal diseases in 2025? (An epidemic is defined as a disease with an infection rate of over
15 per 100,000 people over a span of two consecutive weeks.)
Q: Will there be an epidemic of meningococcal diseases in 2025? (An epidemic is defined as a disease that infects a large number of
people over a short span of time.)
reasoning: Q just makes the definition of an epidemic more vague, so we do not count it.
valid: False
Example 7:
P: Will there be an epidemic of meningococcal diseases in 2025? (An epidemic is defined as a disease with an infection rate of over
15 per 100,000 people over a span of two consecutive weeks.)
Q: Will there be an epidemic of meningococcal diseases in 2025? (An epidemic is defined as a disease with an infection rate of over
10 per 100,000 people over a span of two consecutive weeks.)
reasoning: Q is a logical consequence of P, as the definition of an epidemic in Q is a subset of the definition of an epidemic in P. If an
epidemic is defined as infecting more than 15 per 100,000 people, it must also be true that it infects more than 10 per 100,000 people,
as 15 is more than 10.
valid: True

Figure 10. The prompt used to verify whether the generated CONSEQUENCE tuple is logically valid.
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F. Feedback Form Examples

Example Entry

• title: Will the United Kingdom deploy an AI-powered public surveillance system with real-time facial recognition capabilities
by 2025?

• body: Resolution criteria: This question will resolve as Yes if, by December 31, 2025, the United Kingdom has officially
deployed a public surveillance system that utilizes artificial intelligence for real-time facial recognition across any part of its
public spaces. The system must be capable of identifying individuals and matching them to a database with at least an 85%
accuracy rate. The deployment of such a system must be confirmed by an official government announcement or documentation.
In the absence of a public announcement, credible reports from at least three major news organizations (e.g., BBC, The
Guardian, Reuters) will be considered sufficient evidence. The system must be operational and not in a trial phase. If multiple
systems are deployed, the resolution will consider the first system that meets these criteria. In the event of a partial deployment
(e.g., limited to specific cities or areas), the question will resolve as Yes if the system is intended to be expanded nationwide.
Edge cases, such as temporary deployments for specific events or the use of similar technology in private spaces, will not count
towards this question’s resolution.

• resolution_date: 2025-12-31 00:00:00+00:00

• metadata:

– tags: [United Kingdom]
– category: [Artificial Intelligence]

• id: 8da89b38-81d2-43fa-b3ed-4f73a2052c2f

• Has Previous Feedback: True

Example Feedback

• feedback_id: 652f3dbd-4935-43d8-8e22-e84d17a1414d

• question_id: 8da89b38-81d2-43fa-b3ed-4f73a2052c2f

• bad_or_irrelevant_included_information:

• unintuitive_or_wrong_resolution_criteria:

• too_specific_criteria_or_edge_cases:

• ambiguities: Should specify which public news agencies would count as resolution.

• edge_cases_not_covered:

• general_feedback :

• formatting_issues:

• rewritten_title::

• rewritten_body: Resolution criteria: This question will resolve as Yes if, by December 31, 2025, the United Kingdom has
officially deployed a public surveillance system that utilizes artificial intelligence for real-time facial recognition across any
part of its public spaces. The system must be capable of identifying individuals and matching them to a database with at
least an 85% accuracy rate. The deployment of such a system must be confirmed by an official government announcement or
documentation. In the absence of a public announcement, credible reports from at least three major news organizations (BBC,
The Guardian, Reuters, Bloomberg, New York Times, Washington Post) will be considered sufficient evidence. The system
must be operational and not in a trial phase. If multiple systems are deployed, the resolution will consider the first system that
meets these criteria. In the event of a partial deployment (e.g., limited to specific cities or areas), the question will resolve as
Yes if the system is intended to be expanded nationwide. Edge cases, such as temporary deployments for specific events or the
use of similar technology in private spaces, will not count towards this question’s resolution.

• rewritten_resolution_date:

• discard_reason:
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