ba

* NEWTON:

Are Large Language Models Capable of Physical Reasoning?

Yi Ru Wang'  Jiafei Duan'

{yiruwang, duanjl, fox,

Dieter Fox'?
TUniversity of Washington
siddh}@cs.washington.edu

Siddhartha Srinivasa’
INVIDIA

newtonreasoning.github.io

Abstract

Large Language Models (LLMs), through their
contextualized representations, have been em-
pirically proven to encapsulate syntactic, se-
mantic, word sense, and common-sense knowl-
edge. However, there has been limited ex-
ploration of their physical reasoning abilities,
specifically concerning the crucial attributes
for comprehending everyday objects. To ad-

dress this gap, we introduce “ NEWTON,
a repository and benchmark for evaluating
the physics reasoning skills of LLMs. Fur-
ther, to enable domain-specific adaptation of
this benchmark, we present a pipeline to en-
able researchers to generate a variant of this
benchmark that has been customized to the ob-
jects and attributes relevant for their applica-
tion. The NEWTON repository comprises a
collection of 2800 object-attribute pairs, pro-
viding the foundation for generating infinite-
scale assessment templates. The NEWTON
benchmark consists of 160K QA questions, cu-
rated using the NEWTON repository to in-
vestigate the physical reasoning capabilities
of several mainstream language models across
foundational, explicit, and implicit reasoning
tasks. Through extensive empirical analysis,
our results highlight the capabilities of LLMs
for physical reasoning. We find that LLMs
like GPT-4 demonstrate strong reasoning ca-
pabilities in scenario-based tasks but exhibit
less consistency in object-attribute reasoning
compared to humans (50% vs. 84%). Further-
more, the NEWTON platform demonstrates
its potential for evaluating and enhancing lan-
guage models, paving the way for their inte-
gration into physically grounded settings, such
as robotic manipulation. Project site: https:
//newtonreasoning.github.io

1 Introduction

Natural Language Processing (NLP) has made re-
markable progress using contextualized represen-
tations trained on extensive unprocessed text data

I need to prepare a work table as a play area for kids. Which of
SCiSsors, pizza, , banana should I remove?
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Figure 1. As works begin leveraging LLMs in physically
grounded contexts, it is crucial to understand whether such
models possess the ability to reason about everyday scenarios.
NEWTON, a repository, pipeline, and benchmark, facilitates
evaluation of various LLMs in a physical reasoning context.

(Zhao et al., 2023). As we start using LLMs in phys-
ically embodied pipelines (Driess et al., 2023; Ahn
et al., 2022; Wu et al., 2023), it is crucial to com-
prehensively understand the extent that LLLMs can
perform physical reasoning. Some studies have pro-
posed generalized frameworks to assess language
model performance (Ribeiro et al., 2020; Kiela
et al., 2021), while others have designed question
answering and reading comprehension datasets to
probe LLMs (Zellers et al., 2018; Chen et al., 2019;
Rogers et al., 2023). However, few have explored
the physical reasoning ability of LLMs.

Physical reasoning involves the cognitive pro-
cess of comprehending and predicting the dynam-
ics of physical systems based on observable phe-
nomena and fundamental principles (McCloskey
et al., 1983; Carey, 2000). It encompasses the
capacity to make sense of the world by applying
knowledge of attributes, such as brittleness, mal-
leability, etc. By considering brittleness, for in-
stance, we recognize the need to handle an object
with caution, while malleability suggests that an ob-
ject can be easily reshaped under pressure without
fracturing. These abstract concepts enables reason-
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ing about the response of objects to interactions or
changes in the environment, as shown in Figure 1.

Nevertheless, creating an evaluation framework
for physical reasoning is difficult, primarily due to
the lack of paired object-attribute data. Humans
possess a wealth of knowledge regarding the inter-
nal structure of objects and their interactions with
the physical world. However, this knowledge is of-
ten implicitly acquired, making it difficult to explic-
itly represent such information. Previous studies in
the field of physical reasoning, such as Bisk et al.
(2020); Aroca-Ouellette et al. (2021), have focused
on common-sense reasoning or small-scale valida-
tion. As a result, the need for a comprehensive
and systematic assessment of physical reasoning
remains an open problem.

To address this gap, we propose NEWTON, a
repository, , and benchmark designed to
evaluate the physical reasoning capability of LLMs.
The NEWTON repository consists of labeled
object-centric data, crowd-sourced for 700+ ob-
jects across 8 physical attributes. The NEWTON

introduces a method for systematically
generating infinite evaluation questions tailored to
specific use cases. The NEWTON benchmark
consists of 160K pre-generated questions of pro-
gressive difficulty, spanning tasks of foundational
attribute comprehension, explicit application, and
implicit scenario-based analysis. Extensive empiri-
cal findings demonstrate the unique contributions
of NEWTON, revealing its usefulness for evalu-
ating LLMs’ understanding of underlying physics
principles that dictate the behavior and properties
of objects in everyday scenarios. Moreover, NEW-
TON effectively compliments the existing reper-
toire of reasoning benchmarks and datasets, further
enhancing the potential to assess and refine the
physical reasoning capabilities of LLMs.

2 NEWTON Repository

At the core of constructing an evaluation frame-
work for physical reasoning lies the need for a
representation that captures the essential attributes
of objects. In this section, we highlight the NEW-
TON repository, including the identification and
a shortlist of objects and attributes, and obtaining a
set of consistent object-attribute annotations.

2.1 Objects and Attributes

To preserve grounding to physical objects, we lever-
age the mainstream 3D object datasets: Objaverse

(Deitke et al., 2023), YCB (Calli et al., 2015),
Scanned Objects by Google (Downs et al., 2022),
and Amazon Berkeley Objects (Collins et al., 2022).
To establish a common representation of categories
for the combined objects, we match the object ti-
tle of each 3D object and approximate it to the
nearest WordNet Synset (Miller, 1995). Object cat-
egories are then filtered for redundancy (repeated
categories), ambiguity (uncommon, abstract cate-
gories), and irrelevance (non-manipulable objects),
resulting in a curated collection of 700 common
household manipulable objects. Using a subset of
the objects (5%), iterations of pilot studies were
run to fine-tune the format of human-facing ques-
tions, and identify the most comprehensive yet non-
redundant set of physics attributes. Ultimately, we
identified categories of malleability, elasticity, stiff-
ness, softness, sharpness, surface smoothness, sur-
face hardness, and brittleness.

2.2 Crowdsourcing Framework

In order to acquire accurate ground truth annota-
tions for object-attribute pairs, we have devised a
likert-scale annotation setup where annotators are
tasked with selecting the most appropriate option
from a 3-point scale to depict the given pair. The
utilization of a 3-point likert scale serves two pri-
mary purposes: simplicity and representation of
extremes. The objective of the interface is to col-
lect responses that facilitate the categorization of
data into distinctly opposing groups based on at-
tribute conditions. Thus, the 3-point scale offers a
straightforward decision-making process for users,
minimizing complexity, and allowing for the selec-
tion of extreme options when there is a high level
of certainty, while uncertain responses prompt the
selection of the middle option. To gather these
annotations, we have employed Label Studio En-
terprise !, to create tasks where a minimum of four
annotators contribute overlapping annotations for
each object-attribute pair.

2.3 Annotation Process

We provide an example of the annotation interface
in Figure 2. Each annotation task consists of three
main components: a question which specifies the
object category and attribute, a set of 10 randomly-
sampled images illustrating common objects within
the object category, and three answer choices. The
question is designed to incorporate some descrip-

"https://humansignal.com/platform/
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Figure 2. NEWTON Pipeline. In addition to facilitating the curation of the NEWTON repository and benchmark, the
NEWTON pipeline enables convenient extensibility of evaluation measures to suit any scenario. The pipeline consists of four
main components, including annotation, filtering, template generation, and LLM evaluation. The annotation component starts
with retrieving object categories from 3D object datasets, the categories of which will be filtered for irrelevancy, redundancy,
and ambiguity, and matched with the WordNet Synset to remove overlapping categories. We then obtain the object-attribute
templates after combination with the physical attributes, and conduct the crowdsourcing process. Each object-attribute sample
has a minimum of four overlapping annotations, the agreement between which is used to filter the annotations and form the
NEWTON repository of object-attribute pairs. The template generation step begins with a generic template, which will be filled
through condition specification and object sampling. With the generated questions, we form a benchmark of 160K questions.
The pipeline also enables formulation of infinite personalized evaluation prompts to suit any intended scenario.

tion of the attribute of focus, and prompts the an-
notator to select an option which best describes the
object, given a particular attribute topic. The an-
notators are asked to focus on the textual category,
however, a visualization of 10 randomly-sampled
thumbnails are included for reference. We provide
the suite of prompts used for different attributes and
potential options in Table 1. For each task, a mini-
mum of four annotations are collected, resulting in
a total of 20 000+ annotations.

3 NEWTON

Leveraging the object-attribute repository, we in-
troduce a pipeline which enables systematic gen-
eration of diverse questions based on pre-defined
personalized templates, as shown in Figure 2. The
process starts with crowd-sourcing human anno-
tations on object attributes, which is then filtered
based on inter-annotator agreement. The filtered
data is then used to populate template-based ques-
tions in a systematic manner, a process which is
extensible to a diverse range of personalized sce-
narios, beyond those established in the paper.

3.1 Annotation

Detailed analysis of the annotation interface and
workflow is described in Section 2.2 and 2.3. A
minimum of four annotators contributed overlap-
ping annotations for each pair. Over 20 000 anno-
tations were collected, featuring 700+ objects and
8 unique physical reasoning attributes.

3.2 Filtering

The selection of confident object-attribute pairs is
contingent upon the level of agreement between
annotators. To ensure reliability, a minimum of
four annotations that overlap are mandated for each
object-attribute pair, enabling the calculation of
inter-annotator agreement. Inter-annotator agree-
ment is calculated as a percentage of annotators
who agreed on the majority response of each object-
attribute task. A stringent filtering threshold of 0.75
is applied, necessitating at least three out of the four
annotations to exhibit agreement. Additionally, an-
notations with extreme likert scores (either 1 or
3) are preserved, thereby eliminating ambiguous
responses and maintaining clarity in the dataset.

3.3 Template Generation

Leveraging the NEWTON repository of
object-attribute pairs, pre-defined templates
can be filled. Each template is defined with
associated object slots and attribute condi-
tions. The condition statements are defined as
{attribute, polarity, padding}, where attribute
defines the physics attribute used to group,
polarity defines whether to employ the highest
or lowest extremity, and padding specifies how
many objects of the opposite polarity to use.
Each condition statement is designed to obtain a
group of n objects, consisting of one object of the
specified attribute and polarity, and n — 1 objects
of the negative polarity. Using the condition
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Task Category  Template

Elasticity  If you were to deform <MASK> (by squeezing, hitting, etc.) can it recover to its original form?
a) No: Object will not be able to return to its original form
b) Somewhat: Object may recover to its original form but will have signs of previous deformations
©) Yes: Object is capable of recovering near perfectly to the original form.

Surface  Whats the othness of <MASK>?

Smoothness  a) Low: majority of surface is very rough, or has many bumps.

b) Moderate: some parts of surface are smooth, while some parts are not.
<) High: majority of surface is smooth,

Surface  How resistant to scratches or bruises is the surface of <MASK>?.
Hardness ) Low: surface can be easily scratched or bruised.
b) Moderate: surface is resistant to most unintentional damage, but could be scratched if force is applied.
©) High: object does not get scratched or bruised easily
Brittleness  How easy is it for <MASK> to break (shatter, crack) when a sudden impact force is applied?
a) Low: object can withstand most impact forces (drop, smash, etc.),
b) Moderate: object can withstand minor impact forces.
Foundational ¢) High: object shatters easily with impact force.
Understanding ~ Softness  What is the softness (fluffyness, squishiness) of <MASK>?
a) Low: object is hard
b) Moderate: some parts of the object are soft
©) High: the majority of the object is soft.
Sharpness ~ What s sharpness of <MASK>?
a) Low: object does not have sharp comers/edges and is not capable of piercing.
b) Moderate: object may have sharp comers / edges but is not designed to pierce.
©) High: object is designed to pierce.
Stiffness  What is the amount of continued weight that <MASK> can withstand before deforming or cracking?
a) Low: object can support very minimal weight before deforming or cracking,
b) Moderate: object can withstand a small amount of weight, but something heavy can break the object
©) High: object can easily withstand more than a 10 kg weight
Malleability Can <MASK> be reshaped to other forms?
) No: object cannot be reshaped
b) Somewhat: object can be slightly reshaped
©) Yes: the object can be reshaped to most arbitrary forms.

Boolean  True/False: <object> is <attribute>.
True/False: <object> is not <attribute>

Track 2;

Explicit Boolean

Application

True/False: <object 1> is more <attribute> than <object 2>
True/False: <object 1> is less <attribute> than <object 2>.

Multiple  Which object is the most <attribute>? Options: <object]>, <object 2, <object 3>, <abject 4.
Choice  Which object is the least <attribute>? Options: <object >, <abject 2>, <object 3>, <object 4>,

Scenario 1 Attribute: Stiffness (high), Brittleness (low)

Context: 1 am packing a backpack.

Question: Which of <object 1>, <object 2, <object 3>, <object 4> should I put at the bottom?
Scenario 2 Attribute: Malleability (high), Elasticity (high)

Context: I have an irregularly shaped space in my suitcase, and four objects with the same volume,

Question: Which of <object 1>, <object 2, <object 3>, <object 4> could fit in that space?
Scenario 3 Attribute: Surface Hardness (high), Surface Smoothness (low)
Context: I need an object to place sandpaper above.
Question: Which of <object 1>, <object 2>, <object 3>, <object 4> is the most suitable?
Scenario 4 Attribute: Sharpness (high)
Context: I am trying to open some plastic packaging.
Track 3 Question: Which of <object 1>, <object 2>, <object 3>, <object 4> can help me open?
Implicit Scenario 5 Attribute: Softness (high), Elasticity (high)
Scenario- Context: T am wrapping fragile gifts and want to protect them from impact.
based Analysis Question: Which of <object 1>, <object 2>, <object 3>, <object 4> should I choose for cushioning?
Scenario 6 Attribute: Surface hardness (high), brittleness (low), stiffness (high)
Context: I need to hammer a nail into a solid wooden board,
Question: Which of <object 1>, <object 2>, <object 3>, <object 4> should I choose?
Scenario 7 Attribute: Sharpness (high)
Context: I need to prepare a work table as a play arca for kids.
Question: Which of <object 1>, <object 25, <object 3>, <object 4> should I remove?
Scenario 8 Attribute: Brittleness (low), Elasticity (high)
Context: 1 have a robot which sorts objects by tossing them to bins.
Question: Which of <object 1>, <object 2, <object 3>, <object 4> should I remove?
Scenario 9 Attribute: Softess (high), Elasticity (high)
Context: I need an object to provide insulation from a sharp edge on a piece of furniture.
Question: Which of <object 1>, <object 2, <object 3>, <object 4> should I choose?

Table 1. Question Templates. Styles of questions across the
three tracks in the NEWTON benchmark. There are three
tracks: foundational attribute comprehension, explicit applica-
tion, implicit scenario-based analysis. Track 1: Foundational
attribute comprehension consist of identical questions to those
used in the human-annotation process. Track 2: Explicit appli-
cation consist of questions where the object attribute is men-
tioned explicitly in the query, which is formatted in Boolean
or Multiple Choice style. Track 3: Implicit Scenario-based
Analysis consists of implicit questions, where the attribute(s)
of focus is not explicitly mentioned.

statements as a filter, we can obtain groups of
object-attribute pairs which satisfy the given
conditions and fill in the object slots, the process
of which is shown in Figure 2.

4 NEWTON Benchmark

We introduce the NEWTON benchmark, a tool
to assess the cognitive ability of language models
to understand and reason about physical attributes
of everyday objects. The NEWTON benchmark
comprises of three progressively challenging tracks,
and have a combined 160k questions covering 700+
objects and 8 unique attribute categories.

4.1 Tasks

NEWTON benchmark has 160k questions dis-
tributed over three reasoning tracks, namely Foun-

dational Attribute Comprehension, Explicit Ap-
plication, and Implicit Scenario-Based Analysis.
These tracks are selected to align with facets within
Bloom’s cognitive taxonomy, including compre-
hension, application, and analysis (Adams, 2015).
The underlying task involves multiple choice ques-
tion answering, where given a query q and up to
four possible candidate choices, c; . 4 the language
model must select the correct option, Ceoprect Of
which there is exactly one for any given query.
Foundational Attribute Comprehension. The
first step to understanding concepts in an object-
centric manner is to make the connection between
objects and their attributes. This one-dimensional
reasoning is the core assessment strategy within
the Foundational Attribute Comprehension track,
where each question involves understanding a sin-
gle object-attribute pair. This track serves as a
means to gauge the disparities in the distribution
of comprehension between humans and language
models regarding object attributes. Questions in
this track closely mirror those presented to hu-
man annotators, as shown in Table 1, with mini-
mal adjustments made to accommodate the diverse
prompting formats required for different models.
Explicit Application. To be able to apply knowl-
edge of understanding attributes in reasoning-type
tasks is crucial for language-model integration in
downstream tasks. Hence, the explicit application
task aims to evaluate the language model’s capacity
to effectively apply their understanding of object at-
tributes in explicit reasoning tasks. Through a com-
bination of Boolean and multiple choice questions,
language models must reason about the correctness
of statements concerning individual objects or pairs
of objects, as shown in Table 1.

Implicit Scenario-based Analysis. This track as-
sesses the language model’s aptitude for reasoning
in scenario-based tasks where the attribute to be
inferred is not explicitly mentioned. Each prompt
presented within this track has two components:
context and question. The context serves as a de-
scription of the scenario, and implicitly highlights
the attributes(s) of focus. The question presents
candidate objects, one of which is the correct an-
swer. We show example templates in Table 1.

4.2 Statistics

In total, NEWTON benchmark consists of 160K
questions distributed over the three tasks of Foun-
dational Attribute Understanding, Explicit Appli-
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cation, and Implicit Scenario-Based Analysis. We
provide a visualization of the distribution and anal-
ysis of the data in the Appendix. In comparison
to other datasets and benchmarks which have ex-
amined the topic of Physical Reasoning, NEW-
TON differs in its object-centric focus, providing
unmatched diversity and scale as shown in Table 2.

Factors PIQA PROST NEWTON (ours)
Object-Attribute Pairs

Physics Attributes N/A 3 8

Objects N/A 20 600+
Question Style 2 answers 4 answers 2-4 answers
Questions 16k 19k 160k

Multi-level Evaluation

Table 2. Dataset Comparison. Comparison of NEWTON
with two other benchmarks aimed at Physics Understand-
ing and Reasoning. PIQA (Bisk et al., 2020) is a dataset
aimed at physics common-sense reasoning, without a focus
on object-centric attribute understanding. PROST (Aroca-
Ouellette et al., 2021) tackles physical and affordance reason-
ing from an object-centric approach, using a small subset of
objects. Our dataset examines the understanding of language
models from a physical reasoning perspective, with a rich and
diverse set of objects, attributes, and questions.

4.3 Synthesis of Additional Challenge Sets

The NEWTON Repository of Object-Attribute
pairs can be used to synthesize additional chal-
lenge sets, as seen in Figure 3. The process begins
with Context and Attribute Specification, where
users identify a context, and relevant attributes.
Next, object filtering involves using the identified
attribute(s) to automatically filter objects into a
positive set and a negative set. Using the grouped
objects, one can specify query templates, and au-
tomatically populate the templates to synthesize a
diverse and customized challenge set. Using this,
language models can be evaluated for accuracy in
the specific user-identified context to find the op-
timal prompting strategy and model. Examples of
the generated dataset are shown in the Appendix.

5 Results

In this section, we evaluate the performance of
state-of-the-art models on NEWTON. Specifically,
we quantitatively analyze the performance of the
models on the tasks of foundational attribute com-
prehension, explicit application, and implicit anal-
ysis. We also qualitatively examine the patterns in
errors made by the models.

5.1 Experimental Design

Query Templates. We make minimal changes to
the prompts of language models between evalua-

1 2 3
Context and Attribute Object Filtering
Specification

Query Template
Specification
Pasitive Set: Stiff
['amplifier, 'ax', arbell!, ‘baseball_bat, 'basketball, ‘bath_mat',

GONTEXT: When packing purchased “oell, block, oo, DoW, . ]

objects into a box at a department

'GONTEXT + 'Which of <object
1>, <object 2>, <object 3>,
Negative set: Siif <object 4> should be put t the

[bagel', banana!, blackberry’, ‘blueberry’, ‘bouguet, 9

ATTRIBUTES: Stiffness. ‘bowler_hat, 'bread’, brownie’, ‘bubble_gum’, burrito’, ..]

Auto-populate Templates

1. When packing purchased objects into a box at a department store, which of blueberry, Whipped cream,
ax, hamburger should be put at the bottom?

2. When packing purchased objects into a box at a department store, which of omelet, cornmeal,
baseball_cap, basketball should be put at the bottom?

3. when packing purchased objects into a box at a department stere, which of blueberry, block,
bubble gum, Bannez should be put at the bottom?

4. When packing purchased objects into a box at a department store, which of pizza, boot, banana,
BUFFito should be put at the bottom?

5. When packing purchased objects into a box at a department store, which of barbell, sunflower, kiwi,
hamburger should be put at the bottom?

Evaluate!

Figure 3. Synthesis of additional challenge sets. Using
NEWTON’s broad object-attribute combinations, users can
design custom challenge sets for their needs. The process
starts with Context and Attribute Specification. Objects are
then automatically filtered based on chosen attributes into
positive and negative sets. With these, users can quickly create
tailored challenge templates. This helps evaluate language
models in user-defined contexts, optimizing prompt strategies
and model selection.

Model Parameters Foundation Data
Flan-Alpaca-GPT4-XL 3B TS Flan, GPT4-Alpaca
Dolly-v2 6.9B Pythia databricks-dolly-15k
Flan-T5-Small SOM TS Flan Collection
Flan-T5-Base 250 M TS5 Flan Collection
Flan-T5-Large 780 M TS Flan Collection
Flan-T5-XL 3B TS5 Flan Collection
Alpaca 7-30 B LLaMA Alpaca Data
BERT-SWAG 110.1 M -336.2M BERT SWAG Dataset
GPT-Turbo 154 B GPT-3 -

GPT-4 - - -

Table 3. Model Details. We provide the details of models
evaluated using NEWTON, including the name of the model,
number of parameters, the underlying foundation model, and
the instructed or QA datasets used to fine-tune the foundation
model. Note that dashes represent undisclosed details.

tions of different models. Aside from the particular
formatting requirements necessary for inference by
different models, we make no changes to the for-
mat of the prompt. Prompt structures for different
families of models are illustrated in the Appendix.
Models. We provide an outline of the various mod-
els bench-marked with NEWTON in Table 3. We
consider several families of large-scale pre-trained
models, fine-tuned on different instructed or ques-
tion answering datasets.

Metrics. Two metrics are used in the evaluation
of LLMs’ performance across the three benchmark
tracks: Agreement (%) and Accuracy (%). Agree-
ment (%) is used to evaluate Track 1, while accu-
racy is used to evaluate Track 2 and 3.

| Rivi=Ru|
[Rul

Agr ¢ [Rin=Fal

_ |Run=Rum| (
TR Accuracy = 1)

x
[Rim]

Where Rpy denotes the response from the lan-
guage model, Ry denotes the majority human
response, and Ry denotes the human response. The
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agreement metric regards the human agreement per-
centage as an upper limit and adjusts the calculated
accuracy based on this percentage. This adjustment
results in a higher emphasis on questions with sub-
stantial human agreement, while assigning compar-
atively less significance to questions where human
annotator responses exhibit greater diversity. This
metric aids in evaluating the extent to which lan-
guage model responses align with those of humans.
On the other hand, the accuracy metric considers
the human-majority response as the definitive label
and thus has a maximum attainable value of 100%.
This metric gauges the proportion of responses that
align with the majority-voted human response.

5.2 NEWTON Benchmark as a Diagnostic
for Knowledge on Physical Attributes

The three-track setup of NEWTON benchmark
enables analysis of Language Models’ ability to
comprehend, apply, and analyze physics attributes
of everyday objects. Through a quantitative analy-
sis, we draw several insights.

Language models have a non-uniform compre-
hension of physics concepts of objects. The foun-
dational attribute understanding task requires clas-
sification of objects based on physical attributes.
Through the task, as shown in Table 4, we find
that there is an inconsistent performance of dif-
ferent models across the physical attributes en-
compassed by NEWTON. While GPT-4 (OpenAl,
2023) dominates in terms of overall performance,
different models excel at different attributes. For
instance, Flan-T5-Base (Chung et al., 2022) had
strong performance across elasticity, stiffness, sur-
face smoothness, and malleability, while Flan-T5-
XL (Chung et al., 2022) excelled at softness. Qual-
itatively analyzing the common responses of lan-
guage models, we find that typical errors occur
due to one of three reasons: hallucination, con-
servatism, and misunderstanding. We illustrate
examples of model outputs in the Appendix.

Language models are capable of applying their
knowledge of objects to comparison-based tasks.
By utilizing the templates highlighted in Table
1, we observe that language models exhibit pro-
ficiency in boolean and multiple-choice reasoning
tasks for physical reasoning of object attributes,
similar to the observations highlighted in Kada-
vath et al. (2022). Notably, GPT-4 (OpenAl, 2023)
consistently performs well across both boolean
and multiple-choice style questions, showcasing

its dominance in attributes such as surface hard-
ness, softness, malleability, and sharpness. Alpaca-
LoRA-7B (Hu et al., 2021) also excels in boolean
questions, particularly in the areas of stiffness,
surface smoothness, and brittleness. Addition-
ally, other models like Flan-Alpaca-GPT4-XL ,
Flan-T5-XL (Chung et al., 2022), and GPT-3.5-
Turbo demonstrate competitive results in various
attributes.

Some language models are capable of decision-
making in implicit scenario-based tasks. In Table
6, we present a quantitative evaluation of language
models across nine scenario templates. The results
show that GPT-4 (OpenAl, 2023) consistently out-
performs other models by a significant margin in
the majority of scenarios. It achieved an impres-
sive overall average of 87.7% across the defined
scenarios, compared to the average of 44.5% for all
the evaluated models. However, it is important to
note that GPT-4 struggles to provide consistently
accurate responses in certain scenarios, particularly
in Scenario 8. This indicates the need for evalu-
ation schemes that carefully consider the specific
deployment situations in which language models
will be utilized.

5.3 Ablative Studies

In this section, we provide an analysis of NEW-
TON, focusing on potential ways of leveraging
NEWTON to enhance model performance in a
physical reasoning context, and examining the con-
sistency of LLMs with regard to model size, ques-
tion polarity, and answer positioning.

Fine-tuning using NEWTON. Aside from using
NEWTON to create evaluation tools, it serves as a
resource for fine-tuning pre-trained LMs, improv-
ing their grasp of physical concepts. We experi-
ment with fine-tuning on Track 2 questions that
explicitly address object attributes, then evaluate
on Track 3 involving implicit attribute reasoning.
Track 2 and Track 3 questions, detailed in Table
1, are distinct. Fine-tuning focuses on multiple-
choice tasks using the base BERT model (Devlin
et al., 2019), initially trained on SWAG (Zellers
et al., 2018). We fine-tune with subsets of NEW-
TON’s Track 2—>5k, 10k, and 40k samples. Mod-
els are assessed on Track 3’s implicit reasoning
using NEWTON. Figure 4A reveals significant en-
hancement in language models (e.g., BERT) when
NEWTON is part of pre-training, with increas-
ing performance as fine-tuning samples rise. This
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Language Model Agreement (%)
Elasticity ~ Stiffness Surface Smoothness Surface Hardness ~Softness  Brittleness Malleability =~ Sharpness Overall

Dolly-V2-7B 23.7 11.7 4.1 35 1.3 1.3 8.6 2.5 7.6
Flan-Alpaca-GPT4-XL 9.3 1.1 59.7 19.9 25.1 6.1 9.5 7.4 15.2
Flan-T5-small 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Flan-T5-Base 79.8 459 61.9 28.1 25.4 6.1 77.0 4.7 41.7
Flan-T5-Large 0.0 0.4 61.9 30.1 254 6.1 9.8 4.1 13.7
Flan-T5-XL 9.3 44 15.6 42.4 59.9 6.1 9.9 54.6 27.5
UnifiedQA-V2-T5-Large 0.0 0.0 61.9 30.5 10.2 6.1 9.5 235 143
Alpaca-LoRa-7B 9.3 0.0 443 0.6 14.4 39 9.5 1.9 10.0
GPT-Turbo 22.5 0.0 0.7 13.5 6.6 6.2 58.8 1.1 16.4
GPT-4 51.3 8.0 14.1 47.1 59.5 76.5 44.1 58.4 49.7
Average 20.5 72 324 21.6 22.8 11.8 23.7 15.8 19.6
Human 89.1 78.7 79.2 78.9 89.4 82.6 86.8 90.5 84.4

Table 4. Track 1: Foundational attribute comprehension results for various language models. We report the agreement
percentage, computed as a percentage of responses which agree with the majority voted human response, weighted by the
inter-annotator agreement. We also provide the overall averaged agreement across language models, and also across attributes.
In addition, we report the inter-annotator agreement average for the listed attributes for reference.

underscores NEWTON’s potential for improving
LLMs’ physical reasoning through fine-tuning.

Language Model Size and Impact on Perfor-
mance. To assess the influence of model size on
performance, we focus on the Flan-T5 series and
analyze the performance of small, base, large, and
XL model sizes, as shown in Table 7. We observe
that, in general, larger model sizes lead to improved
performance for Track 2 and 3. However, for Track
1, the Flan-T5-Base model demonstrates the best
performance. This inconsistency is likely attributed
to the nature of the questions, as those in Track 1
are more descriptive in nature, while questions in
Tracks 2 and 3 are more concise. The contrasting
question styles likely account for the varying out-
comes observed across different model sizes, as
certain models may excel in handling longer, more
detailed queries while others excel in providing
responses to shorter, more focused questions.

Polarity and Position Bias in Language Mod-
els. We explore the impact of question polarity on
model performance using NEWTON benchmark -
Track 2. Prompting questions are categorized into
Positive and Negative polarity, where Positive po-
larity questions include phrases like "is," "is more,"
and "is the most," while Negative polarity ques-
tions involve phrases like "is not," "is less," and "is
the least" (as outlined in Table 1). Conducting a
t-test reveals that GPT-4 and Dolly-V2-7B have no
significant difference between the means of the dif-
ferent polarity groups, while for other models, there
is a statistically significant difference (p < 0.05)
between the means of the different polarities, in-
dicating the presence of a polarity bias, as shown
in Figure 4B. Additionally, we investigate the pres-
ence of bias based on answer position by grouping

questions according to the position of the ground
truth answer, as shown in Figure 4C. Among the
models, UnifiedQA demonstrates the lowest differ-
ence in the accuracy between highest and lowest
scoring accuracy positions, as quantified by a t-
statistic of 15.0 and p < 0.0001. On the other
hand, Flan-Alpaca-GPT4-XL exhibits the largest
difference between the highest and lowest position
accuracy, quantified by a t-statistic of 170.1 and
p < 0.0001. The observation that models exhibit
inconsistencies in accuracy by position is also high-
lighted in (Aroca-Ouellette et al., 2021).

Effect of Prompt Engineering. We analyze the in-
fluence of prompt engineering on both GPT-Turbo
and GPT-4. Table 8 illustrates our exploration of
five distinct approaches to formulating prompts.
These strategies are denoted as VI, V2, and V3,
representing three different versions of prompts
distinguished by their word choices. The Ensem-
ble method amalgamates the outcomes from V1,
V2, and V3, utilizing a majority voting system to
determine the final answer. Meanwhile, the Instruc-
tion strategy supplements each prompt with a set of
instructions, comprising eight example questions
and corresponding answers that cover diverse at-
tributes. Notably, these examples do not overlap
with any of the tested questions. It’s noteworthy
that the Ensemble and Instruction-based prompt
techniques enhance performance for Boolean-style
questions. However, the performance remains com-
parable or, in some cases, even less favorable for
Multiple Choice-style questions. These findings
underscore the significance of identifying an ap-
propriate prompt and crafting variations that are
attuned to diverse question styles.
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Language Model Elasticity ~ Stiffness Surface Smoothness Surface Hardness ~Softness  Brittleness Malleability =~ Sharpness Overall
Boolean (Accuracy %)
Dolly-V2-7B 3.1 2.6 3.1 4.4 2.8 2.5 3.1 2.4 3.0
Flan-Alpaca-GPT4-XL 54.8 61.5 49.8 59.5 58.1 49.2 48.8 68.1 56.2
Flan-T5-Small 53.5 50.3 48.5 49.3 51.4 483 52.4 55.4 51.2
Flan-T5-Base 36.8 353 34.8 34.6 30.8 40.8 37.1 26.3 34.5
Flan-T5-Large 42.3 40.1 43.8 20.6 50.2 29.8 38.8 52.1 40.1
Flan-T5-XL 61.4 60.4 50.5 65.3 74.0 514 59.2 78.8 62.9
UnifiedQA-V2-T5-Large 46.6 51.7 49.8 57.4 61.1 50.6 49.7 54.5 52.7
Alpaca-LoRa-7B 61.0 68.2 67.9 63.9 62.3 69.5 62.7 66.8 65.2
GPT-Turbo 49.5 58.5 51.6 54.4 67.5 51.7 61.5 81.5 59.8
GPT-4 66.6 61.7 60.8 66.8 78.0 66.8 71.5 82.3 69.6
Average 47.6 49.0 46.1 47.6 53.6 46.1 48.5 56.8 49.5
Multiple Choice (Accuracy %)
Dolly-V2-7B 144 9.8 11.7 13.2 12.6 11.7 11.4 10.6 11.9
Flan-Alpaca-GPT4-XL 76.6 79.6 37.2 80.5 78.3 22.6 60.4 91.8 65.9
Flan-T5-Small 23.6 24.8 25.1 239 23.7 24.0 239 24.4 242
Flan-T5-Base 39.9 36.9 232 42.0 404 14.8 32.1 57.1 35.8
Flan-T5-Large 61.0 56.9 23.0 724 64.6 32.8 38.3 90.4 54.9
Flan-T5-XL 70.5 7179 425 82.5 77.6 30.0 54.7 92.9 66.1
UnifiedQA-V2-T5-Large 61.7 59.8 28.8 71.3 63.7 27.4 50.3 75.1 54.8
Alpaca-LoRa-7B 26.2 27.8 24.1 26.6 26.3 24.3 24.6 31.2 26.4
GPT-Turbo 49.0 69.1 42.8 81.1 73.6 447 433 92.7 62.0
GPT-4 75.4 73.8 64.6 84.8 91.7 67.8 72.8 98.5 78.7
Average 49.8 51.6 323 57.8 55.2 30.0 412 66.5 48.1
Combined (Accuracy %)
Dolly-V2-7B 8.3 6.1 7.3 8.8 7.3 6.9 6.9 6.2 72
Flan-Alpaca-GPT4-XL 64.9 70.4 43.7 69.9 67.4 36.5 54.2 79.1 60.8
Flan-T5-Small 39.6 37.8 37.1 36.7 38.6 36.7 39.2 41.1 38.4
Flan-T5-Base 38.2 36.1 29.1 383 353 28.4 34.8 40.6 35.1
Flan-T5-Large 51.0 48.4 33.6 46.4 56.8 31.2 38.6 69.8 47.1
Flan-T5-XL 65.6 69.0 46.6 73.9 75.7 41.2 57.1 85.3 64.4
UnifiedQA-V2-T5-Large 53.6 55.6 39.6 64.3 62.3 39.5 50.0 64.1 53.7
Alpaca-LoRa-7B 449 48.4 46.5 45.4 45.7 48.0 45.0 50.3 46.8
GPT-Turbo 49.3 63.7 473 67.7 70.3 48.4 53.0 86.7 60.9
GPT-4 70.7 67.6 62.7 75.7 84.3 67.2 72.1 89.8 73.9
Average 48.6 50.3 39.4 52.7 54.4 384 45.1 61.3 48.8

Table 5. Track 2: Explicit application evaluation results on various LLMs. We separate the questions into two streams, Boolean,
which consists of True/False style questions, and Multiple Choice, which consist of QA style questions with four answer choices.
We report the model accuracy across each stream, as well as the combined accuracy. For each stream, we report an averaged
accuracy percentage across all models for each physical reasoning attribute. We also report an averaged accuracy percentage
across all attributes, to gauge the overall understanding of language models across all physical reasoning attributes.

Scenarios

Language Model T2 3 i 5 6 7 8 9 Overall
Dolly-V2-7B 98 70 132 81 143 79 70 91 57 8.8
Flan-Alpaca-GPT4-XL 392 818 715 720 27.0 654 220 6l.1 239 48.9
Flan-T5-Small 279 332 186 338 302 311 268 288 30.1 298
Flan-T5-Base 569 472 300 281 338 367 189 315 202 342
Flan-T5-Large 657 575 769 422 169 79.1 206 441 294 46.2
Flan-T5-XL 57.6 787 969 715 30.0 744 174 729 30. 54.2
UnifiedQA-V2-T5-Large 556 709 834 660 338 635 395 685 45.1 554
Alpaca-LoRa-7B 244 246 262 244 241 264 243 286 245 248
GPT-Turbo 831 669 778 609 384 634 221 641 374 54.7
GPT-4 957 925 1000 779 752 968 918 508 842 87.7
Average 516 560 594 485 324 545 290 460 33.1 445

Table 6. Implicit scenario-based analysis. We present accu-
racies of language models on the nine scenario-based tasks
from the NEWTON benchmark. Scenario 1 to 9 represents a
range of scenario based questions, ranging from arrangement,
to tool-use, to safety. We provide an average across each sce-
nario as a measurement for the overall scenario complexity, as
well as an average encompassing the overall performance of
the model across the nine given scenarios.

6 Related Works

Evaluation of Reasoning Abilities. In the past
year, significant progress has been made in explor-
ing Natural Language Processing (NLP) develop-
ments attributable to the advent of large language
models. Prior studies like Bakhtin et al. (2019)
focused on basic physical reasoning without lan-

Model Parameters Track1 Track2 Track3
Flan-T5-Small 80 M 0.0 384 29.8
Flan-T5-Base 250 M 41.7 35.1 342
Flan-T5-Large 780 M 13.7 47.1 46.2
Flan-T5-XL 3B 27.5 64.4 54.2

Table 7. Model Size’ Impact on Performance. We provide a
comparison of different sizes of the Flan-T5 models evaluated
using the different tracks of the NEWTON benchmark.

guage, works like Hong et al. (2021); Duan et al.
(2021) have investigated physical reasoning in vi-
sual contexts, and datasets like (Clark et al., 2018;
Kembhavi et al., 2017; Zellers et al., 2018) mainly
assessed physical reasoning through physics ques-
tions for benchmarking pretrained models. Some
studies have assessed model proficiency in the con-
text of physical reasoning: PIQA (Bisk et al., 2020)
tests models on physical commonsense, while
PROST (Aroca-Ouellette et al., 2021) offers ques-
tions on physical reasoning concepts. In contrast,
our work (NEWTON) introduces a framework for
evaluating and improving large language models’
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Figure 4. Ablations. From left to right: A) BERT fine-tuning results using NEWTON, note the increase in accuracy on the
unseen implicit questions after finetuning on NEWTON, using of sample of 5000, 10000, and 40000, respectively. B) Accuracy
by question polarity, where positive polarity represents questions phrased with is, is more, and is the most, while negative polarity
represents questions phrased with is not, is less, and is the least. C) Accuracy by position, where the position value indicates the
placement of the correct answer within the sequence of possible options in the question template.

LLM + Prompting Method E St SS SH So B M Sh  Overall
Boolean (Accuracy %)
GPT-Turbo + V1 51.5 605 53.0 56.0 71.0 53.5 57.0 80.5 604
GPT-Turbo + V2 565 715 64.0 520 495 685 56.5 61.0 599
GPT-Turbo + V3 540 535 59.0 60.5 59.0 61.0 56.0 60.0 579
GPT-Turbo + Ensemble 550 685 645 60.5 58.0 62.5 570 69.0 619
GPT-Turbo + Instruction 620 68.0 565 68.0 57.5 55.0 66.0 80.5 64.2
GPT-4+V1 68.5 670 66.5 655 825 63.5 73.0 86.0 716
GPT-4+V2 66.0 80.0 580 720 715 835 715 69.5 715
GPT-4+V3 755 715 610 885 73.0 88.0 720 835 76.6
GPT-4 + Ensemble 68.5 76.5 615 790 77.0 855 750 83.0 75.8
GPT-4 + Instruction 715 855 755 90.5 80.0 68.5 72.0 965 808
Multiple Choice (Accuracy %)
GPT-Turbo + V1 46.5 725 485 825 780 415 41.0 920 62.8
GPT-Turbo + V2 255 56.0 365 525 550 445 385 615 46.2
GPT-Turbo + V3 545 550 315 69.5 535 57.0 360 665 529
GPT-Turbo + Ensemble 365 545 330 67.0 565 45.0 340 650 489
GPT-Turbo + Instruction 30.5 535 340 635 495 320 250 69.5 44.7
GPT-4 + V1 740 765 70.0 875 915 650 71.0 98.0 792
GPT-4+V2 495 665 375 83.5 700 735 69.0 82.0 66.4
GPT-4+V3 75.5 68.0 405 84.0 750 785 70.5 76.0 71.0
GPT-4 + Ensemble 655 685 470 845 815 770 715 875 729
GPT-4 + Instruction 625 575 540 715 650 505 310 740 582
Combined (Accuracy %)
GPT-Turbo + V1 49.0 66.5 50.7 69.2 745 475 49.0 862 61.6
GPT-Turbo + V2 41.0 637 502 522 522 565 475 613 531
GPT-Turbo + V3 542 542 452 650 562 59.0 46.0 632 554
GPT-Turbo + Ensemble 458 61.5 488 637 572 538 455 67.0 55.4
GPT-Turbo + Instruction 46.2 60.8 452 65.8 535 435 455 750 544
GPT-4+V1 712 718 682 76.5 87.0 642 72.0 92.0 75.4
GPT-4 +V2 57.8 732 478 77.8 70.8 785 70.2 758  69.0
GPT-4+V3 755 69.8 50.7 862 740 832 712 798 738
GPT-4 + Ensemble 670 725 542 818 792 812 732 852 743
GPT-4 + Instruction 70.0 715 648 81.0 725 59.5 515 852 69.5

Table 8. Prompt Engineering. We tested five prompting
strategies on GPT-Turbo and GPT-4: three variations (V1,
V2, V3) by word choice, an Ensemble majority vote from
V1-V3, and an Instruction method with eight sample Q&As.
Questions were split into Boolean (True/False) and Multiple
Choice types. We present accuracy for each stream and overall,
as well as average accuracy per physical reasoning attribute.
E, St, SS, SH, So, B, M, Sh, represents Elasticity, Stiffness,
Surface Smoothness, Surface Hardness, Softness, Brittleness,
Malleability, and Sharpness, respectively.

performance in physical reasoning. With 2800
object-attribute pairs and 160K QA prompts, it pro-
vides unmatched scale and extensibility, potentially
setting a new standard for evaluation.

Applications of Language Models in Physically
Grounded Contexts. With the rising popularity
of pre-trained LLMs, it’s natural to consider their
role in physically grounded scenarios like robotics.
Before the LLM surge, efforts were made to link
vision and language (Das et al., 2017; Gordon et al.,
2018; Shridhar et al., 2020; Duan et al., 2020).

Most of these were in embodied contexts, where
agents answered questions by exploring environ-
ments (Das et al., 2017; Gordon et al., 2018), per-
formed tasks with sub-steps (Shridhar et al., 2020),
or rearranged scenes given instructions (Szot et al.,
2022). Unlike these tasks which focus on visual
and semantic attributes, NEWTON challenges lan-
guage models with questions about explicit/implicit
physical object properties, some beyond visual in-
ference. More recently, LLMs are being explored
for grounding robotic manipulation, often gener-
ating code or instructions for actions/skills (Liang
et al., 2022; Ahn et al., 2022). Yet, there’s a gap
in using LLMs for object-centric physical reason-
ing in manipulation, which stems from limited ev-
idence of LLMs’ grounding abilities. Our work
focuses on this by exploring and evaluating such
abilities in physically grounded settings.

7 Conclusion

In this work, we present NEWTON, a repository,
, and benchmark to support the assess-
ment and refinement of LLMs in the context of
physical attribute understanding of everyday ob-
jects. The NEWTON repository offers a large
collection of object-attribute pairs, enabling the
generation of infinite test scenarios for evaluating
language models, using the NEWTON pipeline.
To demonstrate its usefulness and potential, we in-
troduce the NEWTON benchmark, which consists
of 160K questions involving 700+ objects and 8 at-
tributes. These questions cover three distinct tracks:
fundamental object understanding, explicit applica-
tion, and implicit analysis. NEWTON is built to
enable comprehensive and automatic evaluation of
language models across an array of scenarios, and
support the reliable incorporation of LLMs into
physically grounded contexts and applications.
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Limitations

While this paper sheds light on language models’
physics reasoning abilities, it’s crucial to note its
limitations. Firstly, data collection through crowd-
sourcing introduces potential human errors, despite
extensive filtering efforts by the authors. Secondly,
the dataset’s categories don’t encompass the full
range of real-world objects, limiting evaluation
scenarios to those described. Thirdly, the paper
doesn’t explore different language models’ suitabil-
ity for various prompting strategies. Nonetheless,
NEWTON could potentially be adapted for such
evaluations in the realm of physical reasoning. De-
spite these limitations, we hope NEWTON encour-
ages further research in benchmarking physical
reasoning and enriching language models’ under-
standing in a physically grounded context.

Acknowledgements

The authors would like to thank members of
the Personal Robotics Lab (PRL), Robotics and
State Estimation Lab (RSELab), and UW NLP
Group for fruitful discussions and insightful feed-
back on the manuscript. Yi Ru Wang is sup-
ported by the Natural Sciences and Engineer-
ing Research Council of Canada (NSERC). This
work was (partially) funded by the National
Science Foundation NRI (#2132848) and CHS
(#2007011), DARPA RACER (#HRO0011-21-C-
0171), the Office of Naval Research (#N00014-17-
1-2617-P00004, #2022-016-01 UW, and #1140209-
405780), and Amazon.

References

Nancy E Adams. 2015. Bloom’s taxonomy of cognitive
learning objectives. Journal of the Medical Library
Association: JMLA, 103(3):152.

Michael Ahn, Anthony Brohan, Noah Brown, Yevgen
Chebotar, Omar Cortes, Byron David, Chelsea Finn,
Keerthana Gopalakrishnan, Karol Hausman, Alex
Herzog, et al. 2022. Do as i can, not as i say: Ground-
ing language in robotic affordances. arXiv preprint
arXiv:2204.01691.

Stéphane Aroca-Ouellette, Cory Paik, Alessandro Ron-
cone, and Katharina Kann. 2021. Prost: Physical
reasoning of objects through space and time.

Anton Bakhtin, Laurens van der Maaten, Justin Johnson,
Laura Gustafson, and Ross Girshick. 2019. Phyre: A
new benchmark for physical reasoning. Advances in
Neural Information Processing Systems, 32.

Yonatan Bisk, Rowan Zellers, Jianfeng Gao, Yejin Choi,
et al. 2020. Piqga: Reasoning about physical com-
monsense in natural language. In Proceedings of the
AAAI conference on artificial intelligence, volume 34,
pages 7432-7439.

Berk Calli, Arjun Singh, Aaron Walsman, Siddhartha
Srinivasa, Pieter Abbeel, and Aaron M Dollar. 2015.
The ycb object and model set: Towards common
benchmarks for manipulation research. In 2015 in-
ternational conference on advanced robotics (ICAR),

pages 510-517. IEEE.

Susan Carey. 2000. The origin of concepts. Journal of
Cognition and Development, 1(1):37-41.

Michael Chen, Mike D’ Arcy, Alisa Liu, Jared Fernan-
dez, and Doug Downey. 2019. Codah: An adversar-
ially authored question-answer dataset for common
sense. arXiv preprint arXiv:1904.04365.

Hyung Won Chung, Le Hou, Shayne Longpre, Barret
Zoph, Yi Tay, William Fedus, Eric Li, Xuezhi Wang,
Mostafa Dehghani, Siddhartha Brahma, Albert Web-
son, Shixiang Shane Gu, Zhuyun Dai, Mirac Suz-
gun, Xinyun Chen, Aakanksha Chowdhery, Sharan
Narang, Gaurav Mishra, Adams Yu, Vincent Zhao,
Yanping Huang, Andrew Dai, Hongkun Yu, Slav
Petrov, Ed H. Chi, Jeff Dean, Jacob Devlin, Adam
Roberts, Denny Zhou, Quoc V. Le, and Jason Wei.
2022. Scaling instruction-finetuned language mod-
els.

Peter Clark, Isaac Cowhey, Oren Etzioni, Tushar Khot,
Ashish Sabharwal, Carissa Schoenick, and Oyvind
Tafjord. 2018. Think you have solved question an-
swering? try arc, the ai2 reasoning challenge. arXiv
preprint arXiv:1803.05457.

Jasmine Collins, Shubham Goel, Kenan Deng, Achlesh-
war Luthra, Leon Xu, Erhan Gundogdu, Xi Zhang,
Tomas F Yago Vicente, Thomas Dideriksen, Himan-
shu Arora, et al. 2022. Abo: Dataset and benchmarks
for real-world 3d object understanding. In Proceed-
ings of the IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition, pages 21126-21136.

Abhishek Das, Samyak Datta, Georgia Gkioxari, Stefan
Lee, Devi Parikh, and Dhruv Batra. 2017. Embodied
question answering.

Matt Deitke, Dustin Schwenk, Jordi Salvador, Luca
Weihs, Oscar Michel, Eli VanderBilt, Ludwig
Schmidt, Kiana Ehsani, Aniruddha Kembhavi, and
Ali Farhadi. 2023. Objaverse: A universe of anno-
tated 3d objects. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recog-
nition, pages 13142-13153.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and
Kristina Toutanova. 2019. Bert: Pre-training of deep
bidirectional transformers for language understand-
ing.

9752


http://arxiv.org/abs/2106.03634
http://arxiv.org/abs/2106.03634
https://doi.org/10.48550/ARXIV.2210.11416
https://doi.org/10.48550/ARXIV.2210.11416
http://arxiv.org/abs/1711.11543
http://arxiv.org/abs/1711.11543
http://arxiv.org/abs/1810.04805
http://arxiv.org/abs/1810.04805
http://arxiv.org/abs/1810.04805

Laura Downs, Anthony Francis, Nate Koenig, Brandon
Kinman, Ryan Hickman, Krista Reymann, Thomas B
McHugh, and Vincent Vanhoucke. 2022. Google
scanned objects: A high-quality dataset of 3d scanned
household items. In 2022 International Conference
on Robotics and Automation (ICRA), pages 2553—
2560. IEEE.

Danny Driess, Fei Xia, Mehdi SM Sajjadi, Corey Lynch,
Aakanksha Chowdhery, Brian Ichter, Ayzaan Wahid,
Jonathan Tompson, Quan Vuong, Tianhe Yu, et al.
2023. Palm-e: An embodied multimodal language
model. arXiv preprint arXiv:2303.03378.

Jiafei Duan, Samson Yu, Soujanya Poria, Bihan Wen,
and Cheston Tan. 2021. Pip: Physical interaction
prediction via mental imagery with span selection.
arXiv preprint arXiv:2109.04683, 1.

Jiafei Duan, Samson Yu, Hui Li Tan, and Cheston Tan.
2020. Actionet: An interactive end-to-end platform
for task-based data collection and augmentation in
3d environment. In 2020 IEEE International Confer-
ence on Image Processing (ICIP), pages 1566—1570.
IEEE.

Daniel Gordon, Aniruddha Kembhavi, Mohammad
Rastegari, Joseph Redmon, Dieter Fox, and Ali
Farhadi. 2018. Iqa: Visual question answering in
interactive environments. In Proceedings of the IEEE

conference on computer vision and pattern recogni-
tion, pages 4089—-4098.

Yining Hong, Li Yi, Josh Tenenbaum, Antonio Torralba,
and Chuang Gan. 2021. Ptr: A benchmark for part-
based conceptual, relational, and physical reasoning.
Advances in Neural Information Processing Systems,
34:17427-17440.

Edward J. Hu, Yelong Shen, Phillip Wallis, Zeyuan
Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang, and
Weizhu Chen. 2021. Lora: Low-rank adaptation of
large language models.

Saurav Kadavath, Tom Conerly, Amanda Askell, Tom
Henighan, Dawn Drain, Ethan Perez, Nicholas
Schiefer, Zac Hatfield-Dodds, Nova DasSarma, Eli
Tran-Johnson, Scott Johnston, Sheer EIl-Showk,
Andy Jones, Nelson Elhage, Tristan Hume, Anna
Chen, Yuntao Bai, Sam Bowman, Stanislav Fort,
Deep Ganguli, Danny Hernandez, Josh Jacobson,
Jackson Kernion, Shauna Kravec, Liane Lovitt, Ka-
mal Ndousse, Catherine Olsson, Sam Ringer, Dario
Amodei, Tom Brown, Jack Clark, Nicholas Joseph,
Ben Mann, Sam McCandlish, Chris Olah, and Jared
Kaplan. 2022. Language models (mostly) know what
they know.

Aniruddha Kembhavi, Minjoon Seo, Dustin Schwenk,
Jonghyun Choi, Ali Farhadi, and Hannaneh Ha-
jishirzi. 2017. Are you smarter than a sixth grader?
textbook question answering for multimodal machine
comprehension. In Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern recognition,
pages 4999-5007.

Douwe Kiela, Max Bartolo, Yixin Nie, Divyansh
Kaushik, Atticus Geiger, Zhengxuan Wu, Bertie Vid-
gen, Grusha Prasad, Amanpreet Singh, Pratik Ring-
shia, Zhiyi Ma, Tristan Thrush, Sebastian Riedel,
Zeerak Waseem, Pontus Stenetorp, Robin Jia, Mohit
Bansal, Christopher Potts, and Adina Williams. 2021.
Dynabench: Rethinking benchmarking in nlp.

Jacky Liang, Wenlong Huang, Fei Xia, Peng Xu, Karol
Hausman, Brian Ichter, Pete Florence, and Andy
Zeng. 2022. Code as policies: Language model
programs for embodied control. In arXiv preprint
arXiv:2209.07753.

Michael McCloskey, Allyson Washburn, and Linda
Felch. 1983. Intuitive physics: the straight-down be-
lief and its origin. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 9(4):636.

George A Miller. 1995. Wordnet: a lexical database for
english. Communications of the ACM, 38(11):39-41.

OpenAl. 2023. Gpt-4 technical report.

Marco Tulio Ribeiro, Tongshuang Wu, Carlos Guestrin,
and Sameer Singh. 2020. Beyond accuracy: Behav-
ioral testing of nlp models with checklist.

Anna Rogers, Matt Gardner, and Isabelle Augenstein.
2023. Qa dataset explosion: A taxonomy of nlp
resources for question answering and reading com-
prehension. ACM Computing Surveys, 55(10):1-45.

Mohit Shridhar, Jesse Thomason, Daniel Gordon,
Yonatan Bisk, Winson Han, Roozbeh Mottaghi, Luke
Zettlemoyer, and Dieter Fox. 2020. Alfred: A bench-
mark for interpreting grounded instructions for ev-
eryday tasks. In Proceedings of the IEEE/CVF con-
ference on computer vision and pattern recognition,
pages 10740-10749.

Andrew Szot, Karmesh Yadav, Alex Clegg, Vincent-
Pierre Berges, Aaron Gokaslan, Angel Chang, Mano-
lis Savva, Zsolt Kira, and Dhruv Batra. 2022.
Habitat rearrangement challenge 2022. https://
aihabitat.org/challenge/rearrange_2022.

Jimmy Wu, Rika Antonova, Adam Kan, Marion Lep-
ert, Andy Zeng, Shuran Song, Jeannette Bohg, Szy-
mon Rusinkiewicz, and Thomas Funkhouser. 2023.
Tidybot: Personalized robot assistance with large
language models. arXiv preprint arXiv:2305.05658.

Rowan Zellers, Yonatan Bisk, Roy Schwartz, and Yejin
Choi. 2018. Swag: A large-scale adversarial dataset
for grounded commonsense inference. arXiv preprint
arXiv:1808.05326.

Wayne Xin Zhao, Kun Zhou, Junyi Li, Tianyi Tang,
Xiaolei Wang, Yupeng Hou, Yinggian Min, Beichen
Zhang, Junjie Zhang, Zican Dong, Yifan Du, Chen
Yang, Yushuo Chen, Zhipeng Chen, Jinhao Jiang,
Ruiyang Ren, Yifan Li, Xinyu Tang, Zikang Liu,
Peiyu Liu, Jian-Yun Nie, and Ji-Rong Wen. 2023. A
survey of large language models.

9753


http://arxiv.org/abs/2106.09685
http://arxiv.org/abs/2106.09685
http://arxiv.org/abs/2207.05221
http://arxiv.org/abs/2207.05221
http://arxiv.org/abs/2104.14337
http://arxiv.org/abs/2303.08774
http://arxiv.org/abs/2005.04118
http://arxiv.org/abs/2005.04118
https://aihabitat.org/challenge/rearrange_2022
https://aihabitat.org/challenge/rearrange_2022
http://arxiv.org/abs/2303.18223
http://arxiv.org/abs/2303.18223

A Appendix

A.1 NEWTON Benchmark Statistics

NEWTON has three main tracks: fundamental
attribute understanding, explicit application, and
implicit scenario-based analysis. The three tracks
comprise of a total of 160K questions, covering
700+ objects and 8 attributes. Each object is anno-
tated with 1-8 tags of object attributes. We present
visualizations of the data-statistics for Track 1, 2,
and 3 in Figure 5, 6, and 7, respectively. Figure
5 illustrates the data distribution of questions and
attributes, total number of tokens per attribute, and
number of attributes remaining after filtering for
each object category. Figure 6 illustrates the data
distribution for the explicit application track, and
includes an analysis on the distribution of the top
100 highest occurring categories, percentage dis-
tribution of different attribute occurrences within
the track, counts of question polarity and type, and
total tokens for the questions in each attribute. Fig-
ure 7 illustrates the data distribution for the implicit
scenario-based analysis track, and includes a per-
centage fraction of different scenarios, and the total
number of tokens for questions in each scenario.
Taking a closer look, we can see the initial set of
attributes have a bias towards the elasticity, sharp-
ness, softness, and malleability attributes, due to
the process of filtering inconsistencies. To ensure
a balanced dataset, template formation of Track 2
questions involved an additional re-sampling step
to ensure the questions cover the attributes in a uni-
form way, hence why Track 2 questions are more
uniform in nature. Track 3 scenarios are manually
designed for each scenario, and hence data balance
was not a primary focus.

A.2 Detailed Results for NEWTON
Benchmark Track 2

Track 2 involves a mixture of question types
(Boolean, multiple choice), and questions which
differ by polarity (positive, negative). We provide a
detailed breakdown of results by polarity for mod-
els evaluated on the NEWTON Benchmark, Track
2, in Table 9.

A.3 Qualitative Results

We present an example for model outputs for the
Foundational Attribute Understanding (Track 1)
in Figure 8. Note the common mistakes which
language models make include (1) a tendency to
choose the middle option, (2) hallucination, and (3)

inaccurate understanding. In Figure 9, we examine
the common failure modes of language models for
a set of 10 questions from Track 2: Explicit At-
tribute Understanding. We find that for most mod-
els, the failure mode occurs due to the tendency to
hallucinate. For instance, in Figure 9, for question
6, 7, and 8, Dolly fails to provide an answer which
reflects the given options.

A4 Query Templates for Language Models

Different models require different variations of
prompt input, and the unsuitable prompt could lead
to an inaccurate assessment of the capability of
language models. Hence, we adapt the question
template for different families of models to adhere
to the most effective prompting strategy, as shown
in Figure 10.

A.5 Synthesizing Additional Challenge Sets
with NEWTON

We show a snapshot of the generated dataset using
the procedure for synthesizing additional challenge
sets in Figure 11. Note that all objects also have
corresponding 3D models and 2D thumbnails, as
shown in Figure 12 should the user wish to extend
the dataset to a vision-language setting.

A.6 Comparing Agreement and Accuracy
Scores

In Table 10, we show the performance of various
models when evaluated using the accuracy mea-
sure. In comparison to Table 4, which provides the
quantitative results using the agreement measure,
there is an overall increase in the absolute percent-
ages, since the upper-threshold for the maximum
attainable value has increased from human agree-
ment percentage to 100%. However, we note that
the conclusions mentioned in Section 5.2 remain
the same.

A.7 Dataset Examples

In this section, we provide a snapshot of the dataset,
as shown in Figure 12. Each generated question is
tagged with corresponding choices, ground truth
response, question polarity, and relevant 2D RGB
thumbnails and 3D object models. While NEW-
TON is designed for prompting and assessing lan-
guage models, potential extensions could also lever-
age the paired RGB and 3D models to assess visu-
ally grounded models.
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Figure 5. NEWTON Benchmark Track 1 data statistics. We highlight the data distribution of questions and attributes, total
number of tokens per attribute, and number of attributes remaining after filtering for each object category.
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Figure 6. NEWTON Benchmark Track 2 data statistics. We examine the data distribution for the explicit application track,
and illustrate the percentage distribution of different attribute occurrences within the track, counts of question polarity and type,
and total tokens for the questions in each attribute.
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Figure 7. NEWTON Benchmark Track 3 data statistics. Graphs show the percentage fraction of different scenarios, and the
total number of tokens for questions in each scenario.

Language Model Elasticity Stiffness Surface Smoothness Surface Hardness Softness Brittleness Malleability Sharpness Overall
Boolean (overall/positive/negative)
Dolly-V2-7B 3.1/33/28 26/29/22 3.1/3.6/26 4415217136 28/29/26 25/25/24 3.1/32/29 24/2.8/20 3.0/33/26
Flan-Alpaca-GPT-4-XL 54.8/57.7/520 61.5/73.4/49.6  49.8/51.6/48.0 59.5/67.8/51.1 58.1/54.3/62.0 49.2/43.9/544 48.8/459/51.6 68.1/77.0/59.2 56.2/58.8/53.7
Flan-T5-Small 53.5/53.1/539 50.3/522/484  48.5/52.0/45.0 49.3/51.7/469 51.4/484/544 48.3/43.6/53.0 52.4/48.1/56.7 554/52.3/58.6 51.2/50.1/523
Flan-T5-Base 36.8/43.0/30.6 353/37.8/327 348/37.6/31.9 34.6/30.0/393 30.8/322/29.4 40.8/322/49.4 37.1/344/398 263/302/224 345/347/343
Flan-T5-Large 423/423/424 40.1/403/40.0 43.8/43.9/437 20.6/16.3/249 50.2/53.3/47.0 29.8/30.2/29.3 38.8/39.5/382 52.1/57.3/46.9 40.1/40.8/39.3
Flan-T5-XL 61.4/66.0/568 60.4/54.1/668  50.5/50.9/50.1 653/57.4/732 74.0/78.1/69.9 51.4/51.7/51.2 59.2/67.8/50.6 78.8/79.2/78.4 62.9/63.6/62.1
UnifiedQA-V2-T5-Large 46.6/47.2/459 51.7/527/50.6  49.8/51.8/479 57.4/56.8/58.0 61.1/62.2/60.1 50.6/48.7/525 49.7/44.2/552 545/61.8/473 527/53.2/522
Alpaca-LoRa-7B 61.0/71.0/51.0 68.2/66.7/69.8  67.9/78.1/57.7 63.9/659/62.0 623/69.3/553 69.5/66.0/73.1 62.7/73.7/51.6 66.8/84.2/49.5 652/72.0/585
GPT-Turbo 49.5/41.3/57.7 585/62.5/544  51.6/53.2/50.1 54.4/56.5/522 67.5/67.2/678 51.7/459/574 61.5/66.7/56.3 81.5/81.8/81.2 59.8/59.6/60.0
GPT-4 66.6/63.0/70.1 61.7/70.1/534  60.8/61.6/60.0 66.8/74.4/59.1 78.0/74.8/81.1 66.8/64.5/69.0 71.5/70.2/727 82.3/81.4/832 69.6/70.1/69.1
Choice (overall/positi gati
Dolly-V2-7B 144/13.7/152  9.8/10.4/9.1 11.7/12.0/11.4 13.2/10.6/158 12.6/12.7/12.4 11.7/12.5/10.8 11.4/94/13.4 10.6/9.6/11.6  11.9/11.4/125
Flan-Alpaca-GPT4-XL 76.6/83.2/70.0 79.6/77.6/81.6  37.2/27.5/46.9 80.5/80.2/80.7 78.3/849/71.7 22.6/30.8/14.4 60.4/62.8/580 91.8/98.6/85.0 659/68.2/63.5
Flan-T5-Small 23.6/27.3/200 24.8/29.5/200  25.1/24.3/26.0 23.9/263/21.6 23.7/24.8/22.6 24.0/22.6/254 23.9/24.8/23.0 24.4/34.6/142 242/268/21.6
Flan-T5-Base 39.9/66.2/13.6 36.9/50.6/233  23.2/22.6/23.9 42.0/48.6/35.5 40.4/674/134 14.8/12.6/17.1 32.1/39.2/250 57.1/872/27.0 358/49.3/22.3
Flan-T5-Large 61.0/743/477 56.9/49.8/640 23.0/162/29.7 72.4/69.2/755 64.6/69.2/60.0 32.8/48.8/16.7 38.3/32.0/44.6 90.4/94.6/862 54.9/56.8/53.1
Flan-T5-XL 70.5/81.2/59.9 77.9/769/79.0  425/39.2/45.8 82.5/853/79.6 77.6/828/72.4 30.0/372/22.8 547157417519 929/98.2/87.6 66.1/69.8/62.4
UnifiedQA-V2-T5-Large 61.7/79.6/439 59.8/552/643  288/259/31.6 71.3/67.3/753 63.7/70.6/56.8 27.4/29.6/252 50.3/40.6/60.0 75.1/85.1/65.2 54.8/56.7/52.8
Alpaca-LoRa-7B 262/27.0/254 27.8/28.6/27.0 24.1/228/25.4 26.6/26.6/26.5 263/26.8/258 24.3/25.7/229 24.6/21.8/274 31.2/36.5/259 264/27.0/25.8
GPT-Turbo 49.0/50.4/47.6 69.1/73.8/644  42.8/33.3/523 81.1/812/81.1 73.6/749/723 447/52.0/37.4 433/27.7/59.0 92.7/97.5/87.8 62.0/61.3/62.7
GPT-4 754/67.5/834 73.8/763/713  64.6/59.4/69.8 84.8/88.8/80.7 91.7/91.8/91.6 67.8/75.1/60.4 72.8/68.8/76.9 98.5/99.0/98.0 78.7/78.3/79.0
Combined (overall/positive/neg:

Dolly-V2-7B 83/8.1/85 6.1/6.6/5.6 73177169 88/7.9/9.7 73/7.417.1 69/7.3/64 6.9/6.1/7.8 6.2/59/64 721711173
Flan-Alpaca-GPT4-XL 64.9/69.5/60.3 70.4/754/653  43.7/39.8/47.5 69.9/74.0/65.9 67.4/68.4/66.5 36.5/37.7/353 54.2/53.8/546 79.1/87.0/71.1 60.8/63.3/58.3
Flan-T5-Small 39.6/41.1/382 37.8/41.1/345 37.1/385/35.7 36.7/39.1/343 38.6/37.5/39.7 36.7/33.6/39.9 39.2/373/41.0 41.1/44.1/38.1 384/39.0/37.7
Flan-T5-Base 38.2/53.8/227 36.1/44.1/28.1  29.1/30.2/28.0 38.3/39.2/374 353/485/22.0 284/229/34.0 34.8/36.6/329 40.6/56.6/24.5 35.1/41.6/28.6
Flan-T5-Large 51.0/57.1/448 48.4/450/51.8  33.6/30.4/36.9 46.4/42.6/50.1 56.8/60.6/53.0 31.2/39.1/23.3 38.6/36.0/41.1 69.8/74.6/65.1 47.1/484/458
Flan-T5-XL 65.6/73.0/582 69.0/653/72.8  46.6/452/48.0 73.9/71.3/76.4 75.7/803/71.0 41.2/448/37.7 57.1/63.0/51.2 853/88.0/82.6 64.4/66.5/62.2
UnifiedQA-V2-T5-Large 53.6/62.2/450 55.6/540/573  39.6/39.2/39.9 64.3/62.0/66.6 62.3/66.1/58.6 39.5/39.6/39.5 50.0/42.5/575 64.1/72.6/55.6 53.7/54.9/525
Alpaca-LoRa-7B 449/50.6/39.1 484/48.0/48.8 46.5/51.1/42.0 45474647444 457/49.7/41.7 48.0/46.8/49.2 45.0/49.6/404 50.3/62.1/38.6 46.8/50.6/42.9
GPT-Turbo 49.3/455/53.1 63.7/68.0/59.3  47.3/43.5/51.2 67.7/68.8/66.5 70.3/70.7/69.9 48.4/48.8/47.9 53.0/48.6/57.5 86.7/89.1/842 60.9/60.4/61.3
GPT-4 70.7/65.1/762 67.6/73.1/622  62.7/60.5/64.8 75.7/81.6/69.9 84.3/82.6/86.0 67.2/69.6/64.9 72.1/69.5/747 89.8/89.6/90.1 73.9/74.0/73.8

Table 9. Track 2: Explicit application evaluation results on various language models. We separate the questions into two
streams, Boolean, which consists of True/False style questions, and Multiple Choice, which consist of QA style questions
with four answer choices. We report the model accuracy across each stream, as well as the combined accuracy, separated by
the polarity of the question. For each stream, we report an averaged accuracy percentage across all models for each physical
reasoning attribute. We also report an averaged accuracy percentage across all attributes, to gauge the overall understanding of
language models across all physical reasoning attributes.

Language Model Agreement (%)
Elasticity ~ Stiffness Surface Smoothness Surface Hardness ~ Softness  Brittleness Malleability ~ Sharpness  Overall

Dolly-V2-7B 26.0 153 55 4.7 1.4 1.4 10.0 2.6 8.6
Flan-Alpaca-GPT4-XL 11.2 15 75.5 25.8 28.4 7.5 12.0 8.2 183
Flan-T5-small 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Flan-T5-Base 88.8 58.6 78.6 36.7 28.8 75 87.8 52 48.5
Flan-T5-Large 0.0 0.5 78.6 39.1 28.8 7.5 122 4.6 16.6
Flan-T5-XL 11.2 54 19.1 539 66.3 7.5 124 59.6 31.3
UnifiedQA-V2-T5-Large 0.0 0.0 78.6 39.1 11.4 7.5 12.0 26.0 17.2
Alpaca-LoRa-7B 11.2 0.0 56.4 0.8 16.4 4.6 12.0 2.0 12.1
GPT-Turbo 26.0 0.0 0.9 16.4 75 7.0 67.6 12 189
GPT-4 57.8 10.3 17.7 58.6 66.3 92.5 50.6 64.8 57.1

Table 10. Accuracy Performance of Models on Foundational Attribute Comprehension. We report the accuracy percentage,
computed as a percentage of responses which agree with the majority voted human response. The upper threshold is 100%,
which represents perfect overlap with the ground truth (majority voted human response).
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Softness: What is the softness (fluffyness, squishiness) of an alarm clock?
&) Low: object s hard.
b) Moderate: some parts of the object are soft.
©) High: the majority of the abject is soft.

Dolly-v2-78.
x Low: () Moderate: (b) High: (c)

Flan-Alpaca-GPT4-XL

The softness of an alarm_clock is (c). -

Flan-T5-Small N 1))

x (b) Moderate: object can withstand minor impact forces.
~

Flan-T5-Base
(c) High

Flan-
x (©
Flan-T5-XL
(@)

UnifiedQA-V2-T5-Large
x Moderate: some parts of the abject are Soft.

oo~ A2

(c) High: the majority of the object is soft. | .-

GPTTubo

Figure 8. Example of responses from NEWTON Track
1. Note that the query is marked in the yellow text box, and
the correct answer to choose is marked with a green highlight.
Responses from different LLMs are shown in blue text-boxes,
and correct responses are marked with a green check-mark.

1. Grater is more sharp than clothing.
A) True

B) False
Correct answer: True

dolly-v2-7b: Grater is more sharp than clothing,
flan-alpaca-gpta-x!: (a) True

flan-t5-arge: no

flan-5-x1: (b) Faise

flan-t5-small: (o) True:

flan-5-base: True: a grater Is sharper than clothing.
unifiedqa-v2-t5-large-1363200: True

gpté: 2)

gpt_turbo: true

2. Hand towels are less soft than kitchenware.
A) True

B) False

Correct answer: False

dolly-v2-7b: This is false. The kitchenware, such as the plates, bowls,
cups, and mugs, are more Soft than hand_towel.

flan-alpaca-gpi4-x!: (a) True

flan-t5-arge: False

flan-t5-: (b)

flan-{5-small: (2)

flan-t5-base: True

unifiedqa-v2-45-large-1363200: False

gpta: false

gpt_turbo: faise

3. Flannel is more malleable than baseball.

dolly-v2-7b: FALSE. flannel is more rigid than baseball.
flan-alpaca-gpia-x!: (a) True

flan-t5-large: Its impossibe to say

flan-5-xl: (b)

flan-t5-small: (b)

flan-t5-base: False

unifiedqa-v2-t5-large-1363200: True

opta: a)

gpt_turbo: faise

4. Brussel sprouts are less smooth than laxative.
A) True

B) False

Correct answer: True

dolly-v2-7b;: False. Brussels sprouts are more highly muscled than
laxatives, and thus more dense and less smooth.
flan-alpaca-gpta-x!: (a) True

flan-t5-iarge: Faise

flan-t5-xt: (b)

flan-t5-small: (a)

flan-t5-base; True

unifiedga-v2-t5-large-1363200: False

ptd: a) true

gpt_turbo: false

5. Which object is the most sharp?
A) antacid
B) thumbtack

) dress _suit

D) baseball_glove

Correct answer: thumbtack

dolly-v2-7b: A dress_stiitis the most sharp object.
flan-alpaca-gpid-xI: (o) thumbtack

flan-t5-targe: (b)

flan-5-x: (b)

flan-t5-small: (d)

flan-t5-base: b
Unifieclga-v2-45-1arge-1363200: baseball_glove
gpté: b) thumbtack

gpt_turbo: thumbtack

6. A waffle is more.hard on the surface than baseball bat.
A) True
B) False

Correct answers False

dolly-v2-7b: This answer Is tricky. The way waffie Involves ridges and
valleys on top of a smooth surface s very different ffom baseball_bat,
which is ridged and has a smooth surface. On the one hand, wafle's
ridges and valleys can cause mechanical frction, which could make
waffle more: damaging than baseball_bat. On the other hand,
baseball_bat is more destructive since it has ridges and valleys that
‘can cause mechanical friction. This leads to a chicken-and-egg type.
of question where we don't know which factor is the most important.
flan-alpaca-gpté-x: (2) True

flan-t5-large: no

flant5: (b)

flan-t5-small: (a)

flan-t5-base: True

unifiedga-v2-{5-arge-1363200: False

gpt4: faise

gpt_turbo: true

7.Ginger is less soft than a birthday cake.

B) False
Correct answer: True

dolly-v2-7b: In adulthood, you become more aware of the sharp,
‘sudden bursts.of craziness that are part of the human experience, As
‘a counterweight to the craziness, there’s a need for order. And one of
the ways we provide that order is with the definition of soft and hard.

‘The underlying, Soft skeletal structure of an adult human's body
provides a very logical definition of a “soft” human: one thats blended.
‘one that's orderly, and one that doesn't go over the top. A soft human
tends to be more stable, controliable, mature, and grounded.

On the other hand, the overly chewy and crunchy of a "birthday_cake™
human often reminds us of the irrational, impulsive, immature, and
‘emotional that we once as. We fight that impulsiveness, that
recklessness, that part of ourselves that would like to feel like we're
sixteen again and don't have a care in the world.

As an interesting aside, for many, the exact opposite Is true: they're
‘considered "0 Soft” to be. Butas a whole, adults are
defined by their abilty to hold it together when crisis hits
flan-alpaca-gpté-x: (2) True

flan-t5-large: True

flant51: (2)

flan-t5-small: (o)

flan-t5-base: True

unifieciga-v2-{5-large-L363200: False

8. Araincoat Is less sharp than a dril.
A) True

B) False

Correct answer: True

dolly-v2-7b: It a false assumption. Drill and raincoat are two different
objects. Therefore, their hardness cannot be compared.
flan-alpaca-gpté-x: (a) True

flan-t5-large: True

flan-t5:x1: (b) Faise

flan-i5-small: (a)

flan-t5-base: True: diill s a tool used to dril.
Unifieciga-v2-{5-1arge-1363200: False

gpté: 2) true

gpt_turbo: false

Figure 9. Success vs. Failure Examples. Typical failure
modes of various models on a sample of NEWTON questions.
Models typically fail due to hallucination and inaccurate un-

derstanding.

Template 1:
Context: "Select the most correct answer
letter from the provided options, no

Template 2:
"<Question goes here>" \\n
{a) "<Option 13"

(b) "<Option 2>"

{c) "<Option 3>"

{d) "<Option 4>"

explanation. Gne word only."
Question: "<Question goes here>"
a) "<option 1>"
b) "<Option 25"
c) “"<option 33"
d) “<Option 43"
Answer:

Models: UnifiedQA, Flan-T5, Flan-Alpaca-
GPT4-XL, Dolly-v2-XL

Models: GPT-3.5-Turbo, GPT-4

Template 3:
"Below is an instruction that describes a task, paired with an input that

provides further context. Write a response that appropriately complates the
reguest.

#4# Instruction:
<Question goes here> \\n
{2) "<Cption 1>"
(b) "<Cption 2>"
(c) "<Option 3>"
(d) "<Option 4>"

#4# Input:

#4# Response:"

Models: Alpaca-LoRa

Figure 10. Prompting Templates. We show examples of the
queries used for evaluating language models.
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Context

Choice_1 ¥ | Choice_2 ¥ | Choice_3 ¥ | Choice_4
When purcl 0 b e, |W ampl - ro amplifier cro i
banr
en p jects into a box t store, -

oil_lamp
/hen packing purchased objects into a box

" X > bot brea seball_bat
When packing purchased obj oab t 0

candy
cornmeal

whipped_

e bottom
Which of cigarette, nut uld be put at the bot t eec bandanna
Which of [ nd_c
Which of nutcr carnation, bunk_bed, lampshade should be put at the botton

Which of balle

Which of blackberry

uld be put at the

packing purchased objects into a box ring
packing purci jects into a box eatball
packing purt
Whic
Whic ! ntine
Which of co 0 ch : a combination_
- peach
lant should be put at the be
acking purchased obj hould be put at the bottom?

e b

packing pur camnal

blueber

Which of green_bea
Whic

Figure 11. Snapshot of generated challenge-set example. In this example, we demonstrate synthesis of a multiple choice
challenge set. We see that each synthesized sample has context, question, and ground truth annotations.

q_type attribute  category question polarity gt choice_1 choice_2 choice_3 choice_4
™
L.
o= () 00 &
Surface Which object is the
MC Hardness barbell most hard on the pos barbell . o ] A
surface? / & - @
1 & %
crouton tissue barbell cherry
- 8 se Q %
N . Which object is the
MC Brittleness  chinaware most brittle? pos chinaware
< 8 ~ by <&
baseball_cap chinaware scissors shoe
& . .
g \ v -
MC Softness cupcake Which object is the pos cupcake - r —
most soft? & <
— i v ot
/ A,
fork steak_knife thermos cupcake

Figure 12. Dataset Sample. We provide a snapshot of the NEWTON Benchmark. Questions are populated automatically with
meaningful object types. Each question is labelled with the attribute, object category, ground-truth object, question polarity,

question type, and several candidate object options. Each candidate object also has several corresponding 3D object models,
should the user wish to use NEWTON with perception in the loop.
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