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The Problem: Evaluating LLM Reasoning is
Hard

* Large Language Models (LLMs), even with Chain-of-Thought (CoT)
prompting, still struggle with robust, complex reasoning.

* Evaluating their true capabilities is challenging because existing

benchmarks have limitations:
* Formal Solvability: Math reasoning tasks can be offloaded to formal tools.
Datasets like RulelTakers can be solved by rule-based systems.

* Structural Simplicity: Commonsense benchmarks like SociallQA often involve

only 1-2 steps of reasoning.
* Artificiality: Many datasets like bAbl and CLUTRR are synthetically crafted and

don't reflect the nuance of natural text.

* The Gap: There is a need for a benchmark that involves both
sophisticated natural language and sophisticated, multi-step

reasoning.



The Solution: MuSR (Multistep Soft
Reasoning)

* MUuSR is a new dataset for evaluating language models on
multistep soft reasoning tasks specified in a natural language
narrative.

* Novel Neurosymbolic Generation
 Scalable and Renewable

* Realistic & Challenging

* Not Trivial for the Creator



The MuSR Generation

Sample a problem... Build a reasoning tree... Generate a narrative...

Recursively sample from an LLM to

Only use a small set of observed facts
establish reasoning behind conclusions y

Fact Sampling Model

[Sopkfa is the murderer J — 'For‘ eﬂ{:h Se{:t'i_ on:

Create a murder mystery outline. Generate
the name of the victim, two suspecis, ... — Sophia has a motive. Write part of a murder mystery describing
Detective Winston inferacting with the

l izif;;:ving people and learning the following

Gold fact L [ Fact: She has a grua‘gg-‘
- The victim is Emily old racts due to her lost fortune Sophia has a grudge due to her lost fortune

- Emily was murdered in the park Emily stole Sophia s inheritance...

Fact: Emily stole

- Sophia murdered Emily Sophiak inheritance ) )
- Sophia never forgot the fortune Emily stole - iterate until I
Jfrom her S Commonsense: 4 grudge 1 . d
can be a motive. vall ‘g
- Richie felt angry when John fired him... Validation (e.g., that
Sophia has an facts are included)
: opportunity

Emily took her final stroll in the park last night, forever, when her life was snuffed out under the mask ca n I.I.MS solve the myste ry?

of night. The cause of death was a single fatal shot from a pistol. Detective Winston was on the

case and began to look at his first suspect, Sophia.
Sophia had a string of bad luck recently when someone who she thought was a friend, Emily, stole LLM to be tested
her entire inheritance. Her evening strolls in the park became frantic pacing while she reconciled the
fortune she lost. Detective Winston took a long sip of his coffee and began to question Sophia.  |——— | Please identify the killer in this murder
P R L . . mystery. Killers have a motive, means, and
Quite the marksmen | see’ - pointing to a picture of her holding a recently shot buck up. R

‘Yeah, my dad loved taking me shooting’ - Sophia replied sheepishly.

Figure 1: Dataset construction process for MuSR. First, we generate gold facts that are used to
deduce the correct answer (the murderer in this case). Then, using an LLM, we create a reasoning
tree leading to those deductions from facts in a story combined with commonsense. Finally, we
iteratively generate a narrative one chunk at a time using the facts generated in step 2, validating the
generations for fact consistency and recall.



MuSR Domains

Murder Mystery

Who has a means, motive
and opportunity?

[ F: John is the murderer. ]

[ F: John has a motive. ]

| Tree construction I

S (T): John is strapped for cash.

|

I Tree constructlnn |

i

gambling problem.

S(i') John has a huge

J

inheritance.

]

C(T): Being fired when you need

[ S(T): Emily stole John's
[ money can be a motive.

)

— [ F: John has a means. ]

L [ F: John has an opportunity. ]

Items: notebook,
earphones

Object Placements

Where does Emma think the notebook is?

Locations: piano, producer s
desk, recording booth

F: Ricky moves the notebook to
the piano.

F: Emma saw the notebook move
to the piano.
1
| Tree construction |

¥

S(T): Emma oversees the artists
creative processes as a producer.
- -

S(T): Emma was monitoring

Rickys progress. |

C(T): Producers typically observe
the creative process.

- A

F: Danny saw the notebook move
to the piano.

F: Emma moves the earphones to
the producer s desk.

Team Allocation

How should we assign people
to maximize efficiency?

Tasks: singing, baking

[ F: Lewis is good at singing. ]

Tree oonlstructi on
I |
¥

i
S(T): Lewis participates in an

acapella group.
- o

™\

S(T): Lewis has always loved to
perform.

>

[ ¢ (T): Many good singers enjoy ]
performing and acapella.

-

F: Lewis is bad at baking. ]

([ F: Lewis and Clyde work badly
together.

\.

-

F: Clyde is okay at baking. ]

Figure 2: Partial reasoning trees showing gold facts F, story facts S(7°), and commonsense facts
C(T) for each of our three domains. Dotted lines indicate incomplete trees. Each deduction sampled
from an LLLM will yield two scenario facts and one commonsense fact in our setup.



Results

Table 5: Scores for LLMs on each domain Table 7: Evaluations of different popular prompting strategies for GPT-3.5 and GPT-4, our strongest
models. “Regular” supplies only the context and question. “CoT” asks the model to think step-by-

step. “CoT+” includes a textual description of the reasoning strategy, and “1-Shot CoT+” includes
a solved example. “Few-Shot CoT+” extends “1-Shot CoT+” with 3 examples (3 examples hits the

in MuSR as well as the human evaluation
using the COT+ strategy.

MM OP TA

random 50.0 24.6 33.3
GPT-4 804 60.9 68.4
GPT-3.5 61.6 469 404
Llama2 70b Chat | 48.8 422 448
Llama2 7b Chat 50.8 293 36.8
Vicuna 7b v1.5 48.4 29.7 26.4
Vicuna 13b v1.5 508 344 320
Vicuna 33b v1.3 496 312 300
Human Eval 94.1 95.0 100.0

token limit for GPT-4)
| Murder Mystery ~ Object Placements ~ Team Allocation
| GPT-3.5 GPT4 | GPT-3.5 GPT4 | GPT-3.5 GPT4
Regular 59.2 64.8 44.5 43.0 41.2 64.0
CoT 56.0 65.6 434 41.8 46.4 64.4
CoT+ 61.6 80.4 46.9 60.9 40.4 68.4
1-Shot CoT+ 70.0 86.0 56.2 72.3 50.4 88.4
Few-Shot CoT+ 68.4 84.8 58.2 71.5 78.8 89.6




Ablation studies

Table 4: Variations of our dataset creation process. We compare against a simple one-shot prompting
approach and an approach using seed facts G to add diversity, which produce simple and poor-
quality narratives. We then ablate chaptering and tree validators, showing that these lower length,
fact recall in the narrative, and accuracy; the latter usually indicates inconsistent narratives.

Murder Mysteries Object Placements Team Allocation
Ablation Len Div R Acc|Len Div R Acc|Len Div R Acc
Prompt Only 280 030 - 76 200 026 - 64 |172 034 - 80
Diversity Sampling 422 025 - 60 [ 404 024 - 39 | 448 026 - 84
MuSR — chapt — validators | 428 0.24 67 60 | 380 0.27 383 78 - - - -
MuSR — validators 924 024 93 60 | 793 025 82 65 - - - -
MuSR 900 0.25 95 84 | 777 025 87 58 |503 0.25 81 68
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