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Overview of CofCA

LLMs sometimes generate answers that rely on internal memory rather than retrieving evidence and
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Benchmarks Data Type Data Source Task Reasoning Chain
reasoning in the given context, which brings concerns about the evaluation quality of real reasoning . . , ,
HotpotQA I“actual Wikipedia Mult-hop/final-QA X
abilities. 2WikiMultihopQA Factual Wikipedia Multi-hop/final-QA X
MusiQue FFactual Wikipedia Multi-hop/final-QA X
a) Multi Passage RAG ¢) Factutal MHQA Evaluation d) Counterfactutal Multi-step Reasoning Evaluation l)iscnl() A Counterfactual & Factual Natural Qucsli(ms Singlc-hnp/lin al-QA x
‘ ' | [ . . . . .
Q: Which planet i the fourth closest to the Sun? (] i S — -~ | | () HOQA Counterfactual & Factual Crowdsourcing Open Domain/final-QA X
: . . : Which tion did th h play that Which coach serves as Chinese S : bie e o o .

------------------ e | | S W | B e national basketball team and bomin g . CofCA(Ours) Counterfactual & Factual | Rewriting Wikipedia | Multi-hop/final-QA/sub-qa v
E Earth is the third planet from the Sun . ' o team and born in 19977 b i o
+ and has conditions suitable for life, '
i such as oxygen and water .o ° ° ° °
T wars | B onel essiwas bom n 1987 and has e aces Automatic Data Annotation Framework with Human in the Loop
: Mars is aftey Earth, with many ﬂ been the captain of the Argentine specifics, | might be able to offer more ﬁd ﬁ o
E '.-O.';zr‘i::??t?s and impact craters on is b - & national team for several years. & relevant information. | == a
P Alice Brown, bom on April 12 1967, The automatic annotation framework is 1) replace the noun phrases, synonym and named entities of the

' ' ) , ) : =, and also referred as Brown, is a f= =
. Lionel Andrés Messi (born 24 J'ur-le American professional basketball player . o o o .

b) Single Passage RAG | sasolomasiotesisn Shecpeciities aon polt pavdand | gaien Which positon dd Alice Brown play? _am¥m given passage; 2) translation back (Eng-to-CN and CN-to-Eng); 3) generate new multi-hop questions fo fit
Q: Which planet is the fourth closest to the Sun? .... Argentina national team. i Z%'Zf:,:s a:dc&?‘cfﬁrn:? ?;.ot:;grswn ) g . . egoge .
"""""""""""" Earth the written passages; 4) Check grammar issues and answerabilities of the generated question.
f,;; Zi ‘;:T(:‘,Lf:z,: 3:35207:,&“ | Based on the context provided, ... Alice Brown, ... who specializes as a
: such as oxygen and water Lionel Messi, born in 1987, has been point guard. She serves as a coach for Point Guard
.............................................. the captain of the Argentina national both the Houston Rockets and the ! . . . .
. - & team for several years ... Chinese national team. a A. Data Annotation with Human-in-the-Loop B. Counterfactual MHQA Evaluation

nswer. Lan not answer

Multi-hop Question

Who designed for White House that won Master of
Architecture Award? Answer: Alice

In this paper, CofCA makes several key contributions: (1) the first infroduce counterfactual data in to mulfi- Step 3: High-quality

CofCA data @

step reasoning evaluation; (2) Sub-QA annotation for reasoning chain evaluation; (3) an automated 4

Step 4:LLM Multi-step

Sub-Questions Reasoning

Who won the Master of Architecture Award? Answer: Alice
Who designed for White House? Answer: Alice
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Step 2: LLM act as QA 5
pair Annotator Award and FX International Design. She has participated in
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annotation framework with human in the loop; and (4) extensive experiments on Wikipedia-based

benchmarks and CofCA, demonstrating an obvious performance gap.

Annotated Passage

Alice is an American interior designer and also an interior

designer for fashion brands such as the Master of Architecture Step 5:Reasoning

Chain Evaluation

Final R e e R S e e e 4
> Answer

Final
Answer

I Test data Raw Context

Reasoning Chain
Evaluation

-

ol s SR

Maheen Khan is a Pakistani fashion and costume designer,
also an award winner fashion designer for fashion labels like
"The Embroidery House Maheen" and "Gulabo". She has done
many national and international fashion events and shows. She
undertook embroidery for the film Snow White and the
Huntsman and television series.

Step 6:Performance

Step 1: LLM act as :
Comparion

CofCA Passage Annotator

Previous MHQA <:£>
Evaluation

Benchmark characteristics:

1) No overlap with existence knowledge

2) Human Annotated Sub-Questions and Counterfactual Context

3) Increased Difficulty Levels

4) Reasoning Chain Evaluation by Sub-QA

-

Open-source Availability:

_ wu.j.as@m.tfitech.ac.jp

We are open to discussing about any questions on CofCA, please contact:

Stage

Passages

Different productions

HotpotQA

Elliott Lester is an English film and television director, best known for directing the film "Blitz". He made his
directing debut 1in 2006 with "Love Is the Drug”, and his latest film, "Aftermath”, was released on April 4, 2017.

in different rewriting
stages.

Stage |

"Repercussion’, was unveiled on May 3. 2018.

Marvin Kellaway is a British movie and radio helmsman, foremost noted for helming the movie "Ilashstrike'.
He commenced his helming genesis in 2007 with “Affection Is the Potion’, and his most recent movie,

Stage 2

Marvin Kellaway, a prominent British director in both film and radio, 1s best known for directing the popular

movie "Flashstrike™. He began his directing carcer in 2007 with "Affection Is the Potion’, and his latest film,

"Repercussion’, was released on May 3, 2018.

Evaluation Metrics
Counterfactual Multi-hop QA Evaluation: F1, EM and LLM-as-Judge Partfial Match

Reasoning Chain Evaluation: Calculate the proportion of different reasoning chains.

Experimental Results

CofCA: A Step-Wise Counterfactual Multi-hop QA benchmark

ICLR

Performance of LLMs on Wikipedia-based mulfi-hop QA datasets. The performance is measured by

EM and F1 scores with a zero-shot setting. PMT indicates the parfial match of LLMs' outputs

evaluated with GPT-4-turbo with the same prompt.

Datasets Wikipedia
HotpotQA 2Wiki MuSiQue
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Proprietary LLMs gap between the Wikipedia-
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The performance on reasoning chain tasks. A 2-hop question which requires 2 times reasoning, having

8 different reasoning chains. Red rows: wrong reasoning chain, wrong intermediate steps but correct

final answer:

correct reasoning chain and final answer.

(subl  (sub2 ( Ol-preview | GPT4 GPT-3.5 GEMINI-pro | text Bing Chat | GPT4o

¢ ¢ &l 452 36.3 133 15.0 17.3 28.3 44.5 Inflated performance
c e w |08 12.3 93 9.0 10.7 7.7 10.1 cased on wrong

¢ e 32 2.0 6.7 5.3 77 6.0 2.7 reasoning chain.

c w w | 154 25.3 243 14.7 25.0 16.3 12.7

w e 49 5.7 3.7 5.3 6.7 23 5.8

W c w | 4.1 3.7 3.7 5.3 3.7 3.0 4.7

W wme o8 0.3 7.3 13.3 8.7 5.0 1.4

W W W 16.6 14.3 31.7 32.3 30.3 31.3 18.1

Key Insights

Our findings highlight that, although LLMs performed relatively well on QA tasks, the performance

dropped on multi-hop questions that were based on new, counterfactual knowledge. In addifion, their

high performances are inflated and benefit from a high proportion of incorrect reasoning chains.



