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Abstract

Abstraction ability is crucial in human intelli-
gence, which can also benefit various tasks in
NLP study. Existing work shows that LLMs are
deficient in abstract ability, and how to improve
it remains unexplored. In this work, we de-
sign the framework ABSINSTRUCT to enhance
LLMs’ abstraction ability through instruction
tuning. The framework builds instructions with
in-depth explanations to assist LLMs in cap-
turing the underlying rationale of abstraction.
Meanwhile, we introduce a plausibility estima-
tor to select instructions that are more consis-
tent with the abstraction knowledge of LLMs
to be aligned. Then, our framework combines
abstraction instructions with general-purpose
ones to build a hybrid dataset. Extensive ex-
periments and analyses' demonstrate that our
framework can considerably enhance LLMs’
abstraction ability with strong generalization
performance while maintaining their general
instruction-following abilities.

1 Introduction

Abstraction ability is central to human cogni-
tion (Minsky, 1980), which is identifying shared
traits among items to build a broader concept, like
deriving the concept of “beverage” from “coffee”
and “tea.” With this ability, we can derive general
rules and principles from past experiences, which
enables us to adeptly navigate new situations in
our daily life (Russell and Norvig, 2010; Saitta
and Zucker, 2013). In NLP, building abstraction
resources has long been a vital challenge to which
the community has devoted many efforts (Hosseini
et al., 2018; He et al., 2022).

Among them, Wang et al. (2023d) built the first
comprehensive benchmark, ABSPYRAMID, of ab-
stract concepts for nouns, verbs, and events. In this
benchmark, models are asked to detect the validity
of an abstract concept, as shown in Figure 1. Their

'The code and data are available at https: //github.com/
HKUST-KnowComp/AbsInstruct
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Figure 1: An illustration of our ABSINSTRUCT frame-
work. We collect explanation traces for each example
and design a plausibility estimator to select data that
match the knowledge of an LLM to be aligned.

evaluations on the benchmark reveal that abstrac-
tion remains challenging even for state-of-the-art
LLMs. For example, ChatGPT (OpenAl, 2022)
only modestly exceeds majority voting and sub-
stantially trails behind fine-tuned smaller models.
While prior works have explored ways for general-
domain LLM alignment (Sanh et al., 2022; Ouyang
et al., 2022), how to elicit the abstraction knowl-
edge of LLMs remains unexplored.

Nonetheless, enhancing LLMs’ abstraction abil-
ity is a non-trivial task. We only observe slight
improvements when gathering vanilla instructions
from randomly sampled data for detecting abstract
concepts. First, the responses of vanilla instruc-
tions only express the validity of abstract concepts
as “Yes/No.” As a result, LLMs might only grasp
the surface-level styles but miss underlying ra-
tionales in deciding the validity of abstract con-
cepts (Kung and Peng, 2023). Moreover, existing
studies show that LLMs acquire most of the knowl-
edge and abilities during pre-training (Zhou et al.,
2023; Jha et al., 2023). Thus, instructions from ran-
domly sampled data might not be consistent with
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the abstraction knowledge of pre-trained models
for better elicitation.

To tackle those issues, we propose the frame-
work ABSINSTRUCT to build instructions with
detailed explanation traces and well-crafted data
selection, as shown in Figure 1. The framework
forms explanation traces by collecting meanings of
each given instance and abstract concept. These
traces can help LLMs better comprehend the un-
derlying reasoning process of detecting abstract
concepts. Moreover, we introduce a plausibility
estimator to select instruction data consistent with
the abstraction knowledge of a pre-trained model
to be aligned. The estimator assesses the plausi-
bility score of each example based on the proba-
bility computed by the pre-trained model. Then,
we only retain examples with higher plausibility
scores, which align better with the model’s knowl-
edge. We also introduce a collection of filters based
on lexical overlap, keywords, and predicted labels
to ensure diversity and quality further. Ultimately,
a hybrid dataset is constructed by combining in-
structions for abstraction detection with those in
the general domain.

For evaluation, the framework first builds instruc-
tions for abstraction detection based on ABSPYRA-
MID (Wang et al., 2023d) and combines them with
instructions from Alpaca (Taori et al., 2023). Next,
we conduct extensive experiments and analyses of
several popular LLMs instruction-tuned with our
framework. The evaluation results show that apply-
ing ABSINSTRUCT can effectively unlock LLMs’
abstraction ability, with the performance surpassing
existing alignment methods by a large margin of 6-
10%. Also, thorough ablation studies corroborate
the efficacy of explanation traces, the plausibility
estimator, and various filters. Meanwhile, we con-
duct detailed analyses to show the robustness of our
framework and the generalization ability of LLMs
trained with our framework. Last but not least, the
automatic and human evaluations on two general-
domain instruction datasets, SuperNI (Wang et al.,
2022b) and SELF-INSTRUCT (Wang et al., 2023b),
manifest that our framework can enhance abstrac-
tion ability without compromising LLMs’ perfor-
mance of following general instructions.

2 Related Work

Abstraction has long been widely applied across
various tasks, including question answering (Zheng
et al., 2023a), machine translation (Padé et al.,

2009), and many others (Yoshikawa et al., 2019;
Khot et al., 2018; McKenna et al., 2021). While
some works have studied entity abstraction (Clark
et al., 2000; Wu et al., 2012; Song et al., 2015)
without considering contexts, our work explores
event abstraction with a few relevant fields:

Event Abstraction: This field focuses on study-
ing abstraction within an event as context. One line
of works studied extracting entailment graphs for
verbs with two arguments from large corpora (Be-
rant et al., 2011; Hosseini et al., 2018, 2019, 2021;
Guillou et al., 2020; Chen et al., 2022; McKenna
et al., 2021, 2023). Meanwhile, He et al. (2022) cu-
rated abstract concepts for nouns and events based
on ATOMIC (Sap et al., 2019). Recently, Wang
et al. (2023d) compiled a large benchmark that
unifies the scopes of the abovementioned works.
They collected abstraction descriptions of events
and hypernyms of nouns and verbs using Chat-
GPT (OpenAl, 2022) and WordNet (Miller, 1995),
which are then manually annotated. Their studies
suggest that LLMs still struggle with abstraction
knowledge with various mistakes. Thus, we present
the first attempt to unlock the stronger abstraction
abilities of LLMs.

Linguistic Entailment: In linguistics, the stud-
ies of event abstraction are guided by the concept of
linguistic entailment (Beth, 1955; Murphy, 2010;
Indarti, 2015), which is enforced by lexical seman-
tics combined with the laws of logic. For example,
Bella is a friendly kitten entails Bella is a cat, as
one cannot be a friendly kitten without being a cat.
Importantly, linguistic entailment contrasts with
textual entailment (Dagan et al., 2005), also called
NLI (Bowman et al., 2015; Conneau et al., 2018),
which emphasizes what typicially can be inferred
from a premise and can be fallible.

Instruction Tuning: Aligned LLMs are strongly
preferred by humans over original ones (Zheng
et al., 2023b; Chiang et al., 2023), and diverse meth-
ods are studied to curate instructions, such as NLP
tasks (Mishra et al., 2022; Chung et al., 2022), real
user requests (Conover et al., 2023), and synthetic
instructions (Wang et al., 2023b). Recent stud-
ies (Mukherjee et al., 2023; Mitra et al., 2023) sug-
gest that instructions with detailed responses can
provide underlying rationales and enhance align-
ment efficacy. Meanwhile, several works (Zhou
et al., 2023; Jha et al., 2023; Song et al., 2023)
demonstrate that an LLM captures almost all the
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Figure 2: The overview of our ABSINSTRUCT framework. We sample examples from ABSPYRAMID and collect
explanation traces by prompting an LLM. Then, we design a plausibility estimator to choose examples that are more
consistent with the knowledge of a model to be aligned. The framework combines abstraction instructions with
general-domain ones (e.g., Alpaca) and instruction-tunes the model.

knowledge during pre-training, which can be un-
locked even with a small number of instructions
during alignment. Motivated by these discoveries,
we collect abstraction instructions with explanation
traces and try to select instructions more consistent
with LLMs’ knowledge for better elicitation.

3 Method

Eliciting abstraction knowledge from pre-trained
LLMs can be challenging since it requires (1) un-
derlying rationales in determining the validity of
abstract concepts and (2) carefully curated instruc-
tions to better elicit the knowledge. Here, we de-
scribe the process of ABSINSTRUCT, which builds
instructions with explanation traces and employs
a plausibility estimator and several filters for data
selection. This pipeline is depicted in Figure 2.

3.1 Data Format Definition

Our work concentrates on detecting valid abstract
concepts (Wang et al., 2023d), defined as a binary
classification task. The task input is a five-element
tuple in the format of (head event, entailment re-
lation, tail event, instance, concept). In detail, the
instance is a component of the head event, which
can be a noun, verb, or entire event. Then, we
replace the instance with its concept to build the
tail event. Models are asked to decide whether the
concept is a valid abstraction of the instance, where
the head event linguistically entails the tail event.
Here, we study three entailment relations defined
on instance types: Noun-Entail, Verb-Entail, and
Event-Entail. We provide concrete examples in
Appendices D.9 and E.

The format of instruction data consists of three
elements: instruction, input, and response. An
instruction outlines the task using natural language

while an input and response serve as a task exam-
ple. Note that the input is optional because of the
blurred boundary between it and the instruction.
For example, while “Give me a report about the
following topic” and “global economics” can serve
as separate instruction and input, we also can com-
bine them as a sole instruction: “Give me a report
about global economics.”

3.2 Instruction and Input Compilation

We manually build instructions for all entailment
relations: Noun-Entail, Verb-Entail, and Event-
Entail. Since our framework introduces detailed
responses with explanation traces, the instructions
for each relation comprise two steps, asking LLMs
to (1) consider the meanings of the given instances
and concepts and (2) predict the label based on the
explanation in the first step.

Next, we collect the input of abstraction detec-
tion for each relation. Our framework samples
five-element tuples with balanced labels from the
training set of ABSPYRAMID (Wang et al., 2023d).
To build the input, we verbalize each tuple using
prompts that ask whether the concept is a valid ab-
straction of the instance, given the head event as
context. We provide concrete prompts for building
the instructions and input in Appendix A.1.

3.3 Response Collection with Explanation

In conformity with instructions, our framework col-
lects responses consisting of two steps: (1) the
explanation step, which contains the meanings of
given words, and (2) the conclusion step, which
confirms the concept validity by comparing word
meanings. The easy-to-build component is the con-
clusion step. For each example, we verbalize the
binary label as “Yes” or “No” and append a short
comparison, such as “Yes, the meaning of [cpt]
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encompasses [ins],” where [ins] and [cpt] are two
placeholders for the given instance and concept.

For the rationale step, we first conduct a pilot
study about using taxonomies to build explanation
traces, such as WordNet (Miller, 1995), which can
provide meanings of nouns and verbs. Our find-
ings disclose two problems with using a taxonomy.
First, the coverage of nouns in WordNet is inad-
equate. Only 6.32% of nominal phrases can be
found in WordNet. For example, while “cat” is
incorporated in WordNet, many specific types are
absent, such as fluffy cat and ginger cat. Moreover,
we need word sense disambiguation (Pradhan et al.,
2007) to choose correct word meanings, which may
accumulate errors in our framework. For example,
the expert annotation shows that only 61.0% of
WSD results from GlossBERT (Huang et al., 2019)
are correct (Details in Appendix B).

To overcome those challenges, we build expla-
nation traces with the help of an LLM. In detail,
we prompt GPT4 under the zero-shot setting with
the instruction asking the meaning of a given word.
We collect the meanings of the instance and con-
cept separately and then concatenate them to build
the whole explanation trace. After collecting both
steps, the framework constructs the whole response
with the format:

<ins mean> Meanwhile, <cpt mean>
Yes/No, the meaning of ...

where <ins mean> and <cpt mean> stand for the
meanings of the instance and concept. The whole
response interprets and compares the given instance
and concept, assisting LLMs in seizing the under-
lying reasoning processes. We provide concrete
prompts for using GPT4 in Appendix A.2.

3.4 Example Postprocessing

After gathering many examples, we employ several
filters and a plausibility estimator to select instruc-
tions. First, two quality filters are introduced to
remove basic errors: the prediction filter and the
keyword filter. Then, we introduce a diversity filter
based on ROUGE-L (Lin, 2004) to remove similar
examples. Lastly, we design a plausibility estima-
tor to select abstraction examples consistent with
pre-trained LLMs’ knowledge.

Prediction Filter: A faithful explanation trace
should assist LLMs in reaching the correct predic-
tion. Therefore, given the explanation trace we
built, we prompt GPT4 to predict a label for each
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Figure 3: The 15 most common verbs (inner circle) and
their top 3 direct nominal objects (outer circle) in head
events of collected examples.

example. Then, we discard all examples that GPT4

cannot give the right answer:
9 =0rLm(i,2,€) 0
fprea(9,y) = 1{§ =y},

where 071 s signifies the parameters of GPT4 that
outputs a predicted label g given the instruction ¢,
input z, and explanation trace e. Then, the filter
fprea compares §j with ground truth y.

Keyword Filter: We observe that GPT4 may ex-
plain the meaning of another word in the head event
rather than the given one due to hallucination (See
cases in Appendix E). Thus, we design the keyword
filter to discard examples whose explanation trace
omits its instance or concept. Take Figure 1 as an
example. The explanation must contain both the
keywords “Labrador Retriever” and “dog.”

Diversity Filter Our framework collects a large
pool of examples from ABSPYRAMID, which could
result in multiple examples with similar instances
or concepts. To promote diversity, a new exam-
ple is added only if its ROUGE-L similarity with
any existing example is below 0.7, following prior
works (Wang et al., 2023b; Taori et al., 2023).

Plausibility Estimator Existing studies (Zhou
et al., 2023; Jha et al., 2023) show that a model
obtains its knowledge almost entirely during pre-
training, which can be elicited with a modest set
of examples during alignment. For better elicita-
tion, we select examples that are more consistent
with the knowledge of the pre-trained LLM to be
aligned. Here, we measure the LLM-intrinsic plau-
sibilities of each example, which is determined by
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Figure 4: Distribution of the ROUGE-L scores between
collected examples. For each example, we compute the
highest similarity with other examples we gathered.

the model’s knowledge. Concretely, the plausibility
is computed as the normalized conditional proba-
bility of the response r given the instruction ¢ and
input z:

2|~

Plausibility (i, z,r) = Py(r|i,z)~, (2)

where 6 are the parameters of the pre-trained model,
and N is the number of tokens in . The above
equation is equivalent to the reciprocal of the per-
plexity of r conditional on ¢ and z. Then, the frame-
work only retains examples with top-K plausibili-
ties. Note that we compute plausibilities based on
a model’s intrinsic knowledge, in contrast to those
definitions on real-world knowledge (Wu et al.,
2012; Chalier et al., 2020). In practice, we take the
logarithm of the above equation to ensure numeri-
cal stability.

3.5 Mixed Alignment Data

Our framework combines the abstraction instruc-
tions we collected and general-domain instructions
to build the final dataset. The dataset is then used
to finetune the same model that we use to com-
pute plausibility scores. We concatenate an instruc-
tion and the input as a prompt (See details in Ap-
pendix C.1) and train the model to generate the
response in a standard supervised way.

4 Abstraction Instruction Overview

In this section, we apply ABSINSTRUCT for induc-
ing instruction data as a case study, with Llama2
(7B) (Touvron et al., 2023) used to estimate plausi-
bilities. Our framework constructs 200 examples
for each relation, derived from ABSPYRAMID.

4.1 Diversity

We identify the verb-noun structure in the head
events of examples to examine the diversity of
collected examples. We use the Berkeley Neural
Parser (Kitaev and Klein, 2018; Kitaev et al., 2019)
to parse each event and then extract the verb that is

Quality Review Question Yes %

Is the explanation of the instance correct?  94.7%
Is the explanation of the concept correct?  96.0%
All fields are valid 92.0%

Table 1: Data quality annotation for explanation traces
generated by GPT4.

closest to the root as well as its first nominal object.
391 out of 600 head events contain such structure
as other events usually are more complex, such as
“PersonX began renting the space to businesses.
We plot the 15 most common verbs and their top
3 direct nominal objects in Figure 3, which makes
up 9.67% of the entire set. Overall, we see diverse
topics and textual formats in these examples.

We further study the diversity of collected exam-
ples. For each example we collect, we compute its
highest ROUGE-L similarity with other ones. We
plot the distribution of these ROUGE-L scores in
Figure 4. The results indicate a decent number of
unique examples, which do not overlap much with
the remaining.

>

4.2 Quality

To investigate the quality, we sample 150 examples
and ask three experts to label the correctness of the
meanings of instances and concepts (See details
in Appendix B). Results in Table 1 demonstrate
that most of the collected explanation traces are
meaningful. While some traces may contain noise,
we found that explanation traces can provide useful
guidance for tuning LL.Ms for abstraction ability.

S Experiment

We conduct extensive experiments and compare
our framework with various baselines.

5.1 Dataset and Evaluation Metric

We study LLMSs’ abstraction ability on ABSPYRA-
MID, a large-scale dataset of abstraction knowledge
with statistics in Appendix D.1. Our framework
and baselines build examples based on five-element
tuples from its training set. Meanwhile, the general-
purpose instruction dataset we use is Alpaca (Taori
et al., 2023), which contains 52K instructions gen-
erated with the SELF-INSTRUCT framework (Wang
et al., 2023b). We mix instructions for abstraction
with those general-purpose ones to fine-tune LLMs
in the following experiments.
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Noun Verb Event All
Methods Backbone Acc Ma-F1 Acc Ma-F1 Acc Ma-F1 Acc Ma-F1
Random | - | 50.00 4956 | 50.00 49.95 | 50.00 4898 | 50.00 49.50
GPT 4 7970 7734 | 5750 5424 | 6970 6332 | 6897  64.97
GPT 3.5 67.00 6245 | 5630 5590 | 65.60 5823 | 6297  58.86
LLM API (Zero) ChatGPT 7400 7227 | 5630 5571 | 6820 6322 | 66.17  63.73
ChatGPT (SC) || 7440 7275 | 5550 5470 | 68.90 63.49 | 6627  63.65
GPT 4 7050 7049 | 5730 5688 | 6720 6291 | 65.00  63.43
GPT 3.5 73.10 7174 | 5720 57.07 | 6690 6379 | 6573  64.20
LLM APL(10-shot) | cpr 7610 7460 | 58.60 5851 | 68.90 6051 | 67.87 64.54
ChatGPT (SC) || 76.60  75.07 | 59.10 59.04 | 68.80 59.56 | 68.17 64.55
MPT (7B) 4342 3471 | 4872 3794 | 6533 4372 | 5249  38.79
Falcon (7B) 60.68 5507 | 5635 56.15 | 63.92 4517 | 6032 5213
Alpaca (10-shot) Mistral (7B) 76.08  74.10 | 5920 5866 | 67.66 60.69 | 67.65  64.49
Llama2 (7B) 6196 6194 | 5553 53.19 | 69.71 6024 | 62.40 58.46
Llama2 (13B) || 7528 7231 | 5897 5892 | 66.93 61.73 | 67.06 64.32
MPT (7B) 63.87 6323 | 5371 5237 | 51.85 5170 | 5647 5577
Falcon (7B) 6348 5854 | 5527 5516 | 5121 5114 | 56.66  54.95
Direct Injection Mistral (7B) 7490 7462 | 5939 59.11 | 59.95 5927 | 6474 6433
Llama2 (7B) 6724 6634 | 56.66 5572 | 55.11 5511 | 59.67  59.05
Llama2 (13B) || 75.04 74.09 | 60.04 5991 | 5926 5844 | 6478  64.15
MPT (7B) 7134 7089 | 58.63 58.63 | 6752 65.16 | 6583  64.89
Falcon (7B) 66.92 6645 | 57.06 56.11 | 69.03 6415 | 6433  62.24
AbsInstruct Mistral (7B) 80.59  79.85 | 60.80  60.74 | 70.96 6654 | 70.78  69.04
Llama2 (7B) 7707 7581 | 59.44 5907 | 7272 68.00 | 69.74  67.63
Llama2 (13B) || 81.13  80.35 | 60.58 60.58 | 71.92 6724 | 71.21  69.39

Table 2: Performance of ABSINSTRUCT and baselines on the test set of ABSPYRAMID. We abbreviate Accuracy
and Macro F1-score to Acc and Ma-F1, respectively. We bold the best score and underline the second-best score.
See Appendix D.3 for the performance on the validation set.

We calculate Accuracy and Macro F1-score for
metrics between predicted and ground truth labels
to evaluate all models’ abstraction ability.

5.2 Baseline Methods

We compare our framework to three baselines and
provide implementation details in Appendix C,
including learning rates, example numbers, API
specifics, prompts for baselines, etc.

API-based LLM: We evaluate a series of closed-
source LLMs under the zero-shot and few-shot
(10-shot) settings, covering GPT3.5 (Ouyang
et al., 2022), ChatGPT (OpenAl, 2022), and
GPT4 (Achiam et al., 2023). In addition, we test
ChatGPT with the self-consistency decoding strat-
egy (Wang et al., 2022a).

Alpaca LLM: An intuitive method is to align
open-source LLMs and test their abstraction abil-
ity with in-context learning. Here, we choose to
tune LLLMs with Alpaca (Taori et al., 2023), in-
cluding models of MPT (7B) (Team, 2023), Falcon
(7B) (Penedo et al., 2023), Mistral (7B) (Jiang et al.,
2023), Llama2 (7B, 13B) (Touvron et al., 2023).

Models | Noun Verb Event All Ay
Llama2 (7B) | 7581 59.07 68.00 67.63 | -

¢ w P-Random 69.56 58.48 66.04 64.69 | [2.94
o w P-Input 69.92 58.43 66.34 6490 | |2.73
o w/o Q Filter 65.06 56.90 62.70 61.55 | 16.08
o w/o P&Q Filter | 65.79 57.27 54.52 59.19 | |8.44
¢ w/o E Trace 69.98 58.25 66.27 64.84 | 2.79
o w/o All Parts 66.34 5572 55.11 59.05 | 18.58

Table 3: Ablation study for ABSINSTRUCT. Macro F1-
scores are exhibited, and A,y indicates score changes.
See Appendix D.4 for results of all models.

For inference, we test models with ten exemplars
randomly sampled from ABSPYRAMID.

Direct Injection: This baseline randomly sam-
ples tuples from ABSPYRAMID and builds exam-
ples with the vanilla prompts (in Appendix C.2),
where responses are solely “Yes” or “No.” Then,
we mix abstraction examples with Alpaca for align-
ment. Similarly, the LLMs we tested are MPT (7B),
Falcon (7B), Mistral (7B), and Llama2 (7B, 13B).
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Figure 5: The out-of-domain performance on the ab-
stract ATOMIC dataset. We provide results across all
metrics in Appendix D.6.

6 Main Evaluation

We present the results of each entailment relation
and the average on the test set of ABSPYRAMID in
Table 2. In general, our framework ABSINSTRUCT
can unlock stronger abstraction ability from LLMs,
exceeding the performance of all baselines by a
large margin. For example, Mistral (7B) tuned with
our framework correctly classifies 70.78% of test
examples, increasing by 6.04% compared to the
“Direct Injection” baseline. Meanwhile, Llama2
(13B), tuned with our framework, outperforms all
the API-based LLMs, even GPT4.

Our results unequivocally demonstrate that the
“Direct Injection” baseline possesses limited effi-
cacy in eliciting abstraction knowledge. For exam-
ple, Falcon (7B) only achieves performance slightly
higher than a random guess. Similarly, we observe
that LLMs tuned with Alpaca only capture limited
generalization ability in abstraction detection, even
with ten exemplars. For instance, Falcon (7B) only
achieves a Macro F1-score of 52.13%, lagging be-
hind our framework by about 10 points.

6.1 Ablation Study

To better understand how to unlock abstraction abil-
ity, we conduct several ablation experiments to
show the effectiveness of explanation traces, qual-
ity filters, and plausibility estimators. The results
of ablation studies are presented in Table 3.

Plausibility Estimator: We conduct two exper-
iments to verify the efficacy of the plausibility es-
timator. First, we remove the estimator and ran-
domly select examples (¢ w P-Random). From the
results in Table 3, we can find noticeable perfor-
mance declines, verifying the plausibility estima-
tor’s efficacy. Moreover, we consider another way
to measure plausibilities instead of normalized con-
ditional probabilities of explanation traces. Here,

Models | Acc Ma-F1  Agee Amarm
Fine-tuned on AbsPyramid

Mistral (7B) 79.32  72.66 - -
Llama2 (7B) 78.69  71.07 - -
Llama?2 (13B) 82.11 71.25 - -
Direct Injection

Mistral (7B) 85.34 7455 16.02 11.89
Llama2 (7B) 8429 74.00 15.60 12.93
Llama?2 (13B) 85.51 7627 13.40 15.02
ABSINSTRUCT

Mistral (7B) 86.61 77.80 17.29 15.14
Llama?2 (7B) 8431 7876 15.62 17.69
Llama2 (13B) 87.11 79.89 15.00 18.64

Table 4: The performance on the Levy/Holt dataset.
Apce and Appapp mean improvements compared to
LLMs fine-tuned on ABSPYRAMID. We show results
of all LLMs in Appendix D.6

we compute the normalized probabilities of exam-
ple input (¢ w P-Input). As the performance con-
sistently drops, we can see that explanation traces
play a pivotal role in selecting plausible examples.

Quality Filters: We also conduct ablation stud-
ies for quality filters, including the prediction and
keyword filters. Results (¢ w/o Q Filter) show that
LLMs’ performance deteriorates drastically after
we remove these filters. Then, we further remove
the plausibility estimator besides quality filters (¢
w/o P&Q Filter). The results, like the decline of
8.44% on average, again show the efficacy of our
filters and the plausibility estimator. Meanwhile,
we analyze the role of the diversity filter in Ap-
pendix D.5, where we find that our framework can
collect highly diverse examples and explanation
traces, even without the diversity filter.

Explanation Traces: First, we remove explana-
tion traces and employ the vanilla prompt, also
used by the “Direct Injection” baseline. The results
(¢ w/o E Trace) show that LLLMs cannot perform
well. Further, we remove all the filters, estimator,
and explanation traces (¢ w/o All Parts), where we
observe greater decreases in performance. Here,
Llama?2 (7B) significantly drops by 8.58% in the
Macro Fl-score. These findings demonstrate the
utility of the explanation traces we collect.

6.2 Out-of-Domain Evaluation

This section studies if our framework can general-
ize to other tasks requiring abstraction knowledge.
We conduct experiments on two out-of-domain
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datasets: AbstractATOMIC (He et al., 2022) and
Levy/Holt dataset (Levy and Dagan, 2016; Holt,
2018), with statistics in Appendix D.2.

AbstractATOMIC: First, we test our framework
on the Abstract ATOMIC dataset and treat “Direct
Injection” as a baseline. We also fine-tune LLMs
on ABSPYRAMID to test their transferring ability
on AbstractATOMIC. As depicted in Figure 5, our
framework can equip LLMs with broader general-
ization abilities. Particularly, Mistral (7B) attains
a Macro F1-score of 76.7%, which is substantially
higher than “Direct Injection.” Also, Llama2 (7B)
exhibits improvements of over 10 points compared
to its fine-tuned counterpart, which demonstrates
our work’s essence of eliciting abstraction ability
instead of fitting a specific dataset.

Levy/Holt Dataset: This dataset is primarily
used to evaluate verb entailment graphs. We
test the performance of models tuned with our
framework and take the same baselines as Ab-
stractATOMIC. As shown in Table 4, our frame-
work performs better on the Levy/Holt dataset than
the “Direct Injection” baseline. More generally,
instruction-tuning methods can obtain better gener-
alization than fine-tuning on ABSPYRAMID, given
that instruction-tuning only needs a tiny fraction
of training data. With our framework, the Macro
F1-score of Llama2 (13B) improves considerably
by 8.64% compared to the fine-tuned one.

6.3 Discussion of Explanation Trace

In previous sections, we collect explanation traces
by prompting GPT4. Here, we evaluate our frame-
work with explanation traces from a less advanced
model, ChatGPT, to gain a deeper insight into the
robustness. We plot and compare the Macro F1-
scores in Figure 6. The outcomes suggest that our
framework maintains its strong performance with
some fluctuations below 1 point. In particular, the
score of Falcon (7B) improves by only 0.2% while
Llama2 (13B) declines by only 0.6%.

6.4 Task Instruction Following

Prior experiments demonstrate the effectiveness
of our framework in abstraction ability. Addition-
ally, we also evaluate the ability of LLMs to follow
general-purpose instructions for NLP tasks. Here,
we choose the test set of SuperNI (Wang et al.,
2022b), consisting of 119 tasks with 100 exam-
ples in each task. Following previous works (Wang
etal., 2023b; Xu et al., 2023), we evaluate LLMs by

+0.1

ARSI .0 650
= - +0.2
= 625
S
2 60.0-
=
57.5-
55.0 -

MPT (7B) Falcon (7B) Mistral (7B) Llama2 (7B)Llama2 (13B)
I GPT4 Rationale B ChatGPT Rationale J

Figure 6: Macro F1-scores of our framework with Chat-
GPT as the source of explanation traces. We also pro-
vide performance changes. See full results across all
metrics in Appendix D.7.

Models | RRL B-1 B-2 Meteor Agy
ALPACA

MPT (7B) 41.20 26.44 14.37 26.20 -
Falcon (7B) 39.38 24.21 12.88 25.19 -
Mistral (7B) |50.47 44.66 26.83 31.06 -
Llama2 (7B) [43.70 28.21 15.19 27.37 -
Llama2 (13B) [ 48.30 30.70 17.32 30.39 -
ABSINSTRUCT

MPT (7B) 4343 2640 1440 27.71 11.51
Falcon (7B) 39.76 26.52 14.38 25.66 10.47
Mistral (7B) | 51.22 42.58 2499 31.88 10.82
Llama2 (7B) |43.35 26.80 14.29 27.28 10.09
Llama2 (13B) [ 49.19 31.71 17.66 31.25 10.86

Table 5: Performance on the test set of SuperNI. R-
L and B-1/2 denote ROUGE-L and BLEU-1/2. Ag..
means the performance changes compared to Alpaca.

calculating ROUGE-L (Lin, 2004), BLEU-1/2 (Pa-
pineni et al., 2002), and Meteor (Banerjee and
Lavie, 2005). For baselines, we train LLMs on
the instruction dataset Alpaca (Taori et al., 2023),
as it is also used in our framework. The results in
Table 5 show that LLMs tuned with our framework
can attain comparable scores to those fine-tuned on
Alpaca. For instance, MPT (7B) obtains a slightly
higher Rouge-L while Llama2 (7B) drops by only
0.09%. These findings manifest that injecting a few
instructions for abstraction knowledge does not sac-
rifice the general ability of instruction following.

Meanwhile, previous works (Ouyang et al.,
2022; Zhao et al., 2023) suggest a disparity be-
tween NLP tasks and human requests. Thus, we
also conduct a human evaluation on expert-curated
instructions (Wang et al., 2023b) to better under-
stand the alignment with human values. The evalu-
ation setups and results are shown in Appendix D.8,
which again manifests that our framework can pre-
serve LLMs’ general capabilities.
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7 Conclusion

Abstraction knowledge is a critical kind of knowl-
edge in human intelligence, as shown in previous
cognitive studies (Minsky, 1980). Meanwhile, re-
cent research (Zheng et al., 2023a; Gao et al., 2024)
shows that using LLMs’ abstraction ability can bet-
ter solve general NLP tasks, including STEM ques-
tions (Hendrycks et al., 2020; Miao et al., 2020),
Knowledge QA (Yang et al., 2018; Kwiatkowski
et al., 2019; Joshi et al., 2017), and Multi-Hop
Reasoning (Trivedi et al., 2022; Geva et al., 2021).
Given this evidence, we can see that abstraction
is also essential for a broad range of complex lan-
guage understanding and reasoning tasks.

In this paper, we propose ABSINSTRUCT, which
is the first attempt to elicit stronger abstraction abil-
ities from pre-trained LLMs. Our framework builds
instructions for abstraction detection with explana-
tion traces and a plausibility estimator. Then, these
abstraction instructions are combined with general-
domain ones from Alpaca. In the experiments, we
compare our framework with a lot of strong base-
lines to demonstrate the framework’s effectiveness.
We also provide comprehensive ablation studies of
our framework and show its effectiveness on two
out-of-domain datasets. What’s more, evaluations
on instruction datasets also show that our frame-
work can improve the abstraction ability of LLMs
without sacrificing LLMs’ general instruction fol-
lowing ability.

For future work, we can study how to equip
LLMs with more abstraction knowledge during
pre-training. More importantly, we also leave the
study of using this enhanced abstraction knowledge
in downstream tasks as future work.

Limitations

Prior research (Zhou et al., 2023) indicates that
LLMs primarily acquire their knowledge during
the pre-training phase, while the alignment phase
only teaches LLMs about the specific subdistri-
bution of interactions with users. In this work,
we mainly focus on the alignment phase, while
it remains unclear what abstraction knowledge is
captured by LLMs during pre-training. Following
previous works of knowledge probing (Hou et al.,
2023; Sun et al., 2023), future research can probe
recent LLMs, like Llama2, to better understand
this question and explore how to equip LLMs with
more abstraction knowledge during pre-training.
Meanwhile, instruction tuning only elicits the

existing knowledge of pre-trained LLMs. We leave
for future works about equipping LLMs with new
abstraction knowledge through other techniques,
like knowledge editing (Wang et al., 2023a; Zhang
et al., 2024; Hase et al., 2023), retrieval augmented
generation (Lewis et al., 2020; Gao et al., 2023b;
Wu et al., 2024), event-centric knowledge (Wang
et al., 2023c, 2022c; Gao et al., 2023a; Do et al.,
2024), intention detection (Wu et al., 2023), and
knowledge population (Shen et al., 2023). Mean-
while, we can extend our abstraction knowledge to
multimodal, like exploring knowledge from given
images (Shen et al., 2024; Cui et al., 2024).

Ethics Statement

We evaluate the abstraction ability on ABSPYRA-
MID (Wang et al., 2023d), which is a free and open-
source dataset. The out-of-domain (OOD) datasets,
namely AbstractATOMIC (He et al., 2022) and
Levy/Holt (Levy and Dagan, 2016; Holt, 2018),
are also freely available and open-source. The in-
struction datasets SuperNI (Wang et al., 2022b) and
SELF-INSTRUCT (Wang et al., 2023b) are released
under the Apache-2.0 License. Meanwhile, the Al-
paca (Taori et al., 2023) dataset is released under
the CC BY NC 4.0 License.

Human evaluations are performed by three ex-
pert annotators with at least one year of expertise
in NLP to ensure quality. The annotation works are
compensated at the hourly rate of 7.6 USD, higher
than the local minimum wage.

Acknowledgements

The authors of this paper were supported by the
NSFC Fund (U20B2053) from the NSFC of China,
the RIF (R6020-19 and R6021-20), and the GRF
(16211520 and 16205322) from RGC of Hong
Kong. This paper was also supported by the Ten-
cent Al Lab Rhino-bird Focused Research Pro-
gram. We also thank the support from NVIDIA
Al Technology Center (NVAITC) and the UGC
Research Matching Grants (RMGS20EGO01-D,
RMGS20CR11, RMGS20CR12, RMGS20EG19,
RMGS20EG21, RMGS23CR05, RMGS23EGO0S).

981



References

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama
Ahmad, Ilge Akkaya, Florencia Leoni Aleman,
Diogo Almeida, Janko Altenschmidt, Sam Altman,
Shyamal Anadkat, et al. 2023. Gpt-4 technical report.
arXiv preprint arXiv:2303.08774.

Satanjeev Banerjee and Alon Lavie. 2005. Meteor: An
automatic metric for mt evaluation with improved cor-
relation with human judgments. In Proceedings of
the acl workshop on intrinsic and extrinsic evaluation
measures for machine translation and/or summariza-
tion, pages 65-72.

Jonathan Berant, Ido Dagan, and Jacob Goldberger.
2011. Global learning of typed entailment rules.
In Proceedings of the 49th Annual Meeting of the
Association for Computational Linguistics: Human
Language Technologies, pages 610-619.

Evert Willem Beth. 1955. Semantic entailment and
formal derivability.

Samuel Bowman, Gabor Angeli, Christopher Potts, and
Christopher D Manning. 2015. A large annotated
corpus for learning natural language inference. In
Proceedings of the 2015 Conference on Empirical
Methods in Natural Language Processing, pages 632—
642.

Yohan Chalier, Simon Razniewski, and Gerhard
Weikum. 2020. Joint reasoning for multi-faceted
commonsense knowledge. In Automated Knowledge
Base Construction.

Zhibin Chen, Yansong Feng, and Dongyan Zhao. 2022.
Entailment graph learning with textual entailment
and soft transitivity. In Proceedings of the 60th An-
nual Meeting of the Association for Computational
Linguistics (Volume 1: Long Papers), pages 5899—
5910.

Wei-Lin Chiang, Zhuohan Li, Zi Lin, Ying Sheng,
Zhanghao Wu, Hao Zhang, Lianmin Zheng, Siyuan
Zhuang, Yonghao Zhuang, Joseph E. Gonzalez,
Ion Stoica, and Fric P. Xing. 2023.  Vicuna:
An open-source chatbot impressing gpt-4 with
90%* chatgpt quality. https://1lmsys.org/blog/
2023-03-30-vicuna/.

Hyung Won Chung, Le Hou, Shayne Longpre, Barret
Zoph, Yi Tay, William Fedus, Yunxuan Li, Xuezhi
Wang, Mostafa Dehghani, Siddhartha Brahma, et al.
2022. Scaling instruction-finetuned language models.
arXiv preprint arXiv:2210.11416.

Peter Clark, John A. Thompson, Heather Holmback,
and Lisbeth Duncan. 2000. Exploiting a thesaurus-
based semantic net for knowledge-based search. In
Proceedings of the Seventeenth National Conference
on Artificial Intelligence and Twelfth Conference on
on Innovative Applications of Artificial Intelligence,
July 30 - August 3, 2000, Austin, Texas, USA, pages
988-995. AAAI Press / The MIT Press.

Alexis Conneau, Ruty Rinott, Guillaume Lample, Ad-
ina Williams, Samuel Bowman, Holger Schwenk,
and Veselin Stoyanov. 2018. Xnli: Evaluating cross-
lingual sentence representations. In Proceedings of
the 2018 Conference on Empirical Methods in Natu-
ral Language Processing, pages 2475-2485.

Mike Conover, Matt Hayes, Ankit Mathur, Xiangrui
Meng, Jianwei Xie, Jun Wan, Sam Shah, Ali Gh-
odsi, Patrick Wendell, Matei Zaharia, et al. 2023.
Free dolly: Introducing the world’s first truly open
instruction-tuned 1lm.

Hejie Cui, Xinyu Fang, Zihan Zhang, Ran Xu, Xuan
Kan, Xin Liu, Yue Yu, Manling Li, Yangqiu Song,
and Carl Yang. 2024. Open visual knowledge ex-
traction via relation-oriented multimodality model
prompting. Advances in Neural Information Process-
ing Systems, 36.

Ido Dagan, Oren Glickman, and Bernardo Magnini.
2005. The pascal recognising textual entailment chal-
lenge. In Machine learning challenges workshop,
pages 177-190. Springer.

Quyet V Do, Tianqing Fang, Shizhe Diao, Zhaowei
Wang, and Yangqiu Song. 2024. Constraintchecker:
A plugin for large language models to reason on
commonsense knowledge bases. arXiv preprint
arXiv:2401.14003.

Joseph L Fleiss. 1971. Measuring nominal scale agree-

ment among many raters. Psychological bulletin,
76(5):378.

Jinglong Gao, Xiao Ding, Bing Qin, and Ting
Liu. 2023a. Is chatgpt a good causal rea-
soner? a comprehensive evaluation. arXiv preprint
arXiv:2305.07375.

Silin Gao, Jane Dwivedi-Yu, Ping Yu, Xiaoqing Ellen
Tan, Ramakanth Pasunuru, Olga Golovneva, Kous-
tuv Sinha, Asli Celikyilmaz, Antoine Bosselut,
and Tianlu Wang. 2024. Efficient tool use with
chain-of-abstraction reasoning.  arXiv preprint
arXiv:2401.17464.

Yunfan Gao, Yun Xiong, Xinyu Gao, Kangxiang Jia,
Jinliu Pan, Yuxi Bi, Yi Dai, Jiawei Sun, and Haofen
Wang. 2023b. Retrieval-augmented generation for
large language models: A survey. arXiv preprint
arXiv:2312.10997.

Mor Geva, Daniel Khashabi, Elad Segal, Tushar Khot,
Dan Roth, and Jonathan Berant. 2021. Did aristotle
use a laptop? a question answering benchmark with
implicit reasoning strategies. Transactions of the
Association for Computational Linguistics, 9:346—

361.

Liane Guillou, Sander Bijl de Vroe, Mohammad Javad
Hosseini, Mark Johnson, and Mark Steedman. 2020.
Incorporating temporal information in entailment
graph mining. In Proceedings of the Graph-
based Methods for Natural Language Processing
(TextGraphs), pages 60-71.

982


https://lmsys.org/blog/2023-03-30-vicuna/
https://lmsys.org/blog/2023-03-30-vicuna/

Peter Hase, Mohit Bansal, Been Kim, and Asma Ghan-
deharioun. 2023. Does localization inform editing?
surprising differences in causality-based localization
vs. knowledge editing in language models. arXiv
preprint arXiv:2301.04213.

Mutian He, Tianqing Fang, Weiqi Wang, and Yangqiu
Song. 2022. Acquiring and modelling abstract com-
monsense knowledge via conceptualization. arXiv
preprint arXiv:2206.01532.

Dan Hendrycks, Collin Burns, Steven Basart, Andy Zou,
Mantas Mazeika, Dawn Song, and Jacob Steinhardt.
2020. Measuring massive multitask language under-
standing. In International Conference on Learning
Representations.

Xavier Ricketts Holt. 2018. Probabilistic Models of
Relational Implication. Ph.D. thesis, Macquarie Uni-
versity.

Mohammad Javad Hosseini, Nathanael Chambers, Siva
Reddy, Xavier R Holt, Shay B Cohen, Mark Johnson,
and Mark Steedman. 2018. Learning typed entail-
ment graphs with global soft constraints. Transac-
tions of the Association for Computational Linguis-
tics, 6:703-717.

Mohammad Javad Hosseini, Shay B Cohen, Mark John-
son, and Mark Steedman. 2019. Duality of link pre-
diction and entailment graph induction. In Proceed-
ings of the 57th Annual Meeting of the Association
for Computational Linguistics, pages 4736-4746.

Mohammad Javad Hosseini, Shay B Cohen, Mark John-
son, and Mark Steedman. 2021. Open-domain con-
textual link prediction and its complementarity with
entailment graphs. In Findings of the Association
for Computational Linguistics: EMNLP 2021, pages
2790-2802.

Yifan Hou, Jiaoda Li, Yu Fei, Alessandro Stolfo,
Wangchunshu Zhou, Guangtao Zeng, Antoine Bosse-
lut, and Mrinmaya Sachan. 2023. Towards a mech-
anistic interpretation of multi-step reasoning capa-
bilities of language models. In Proceedings of the
2023 Conference on Empirical Methods in Natural
Language Processing, pages 4902—-4919.

Edward J Hu, Phillip Wallis, Zeyuan Allen-Zhu,
Yuanzhi Li, Shean Wang, Lu Wang, Weizhu Chen,
et al. 2021. Lora: Low-rank adaptation of large lan-
guage models. In International Conference on Learn-
ing Representations.

Luyao Huang, Chi Sun, Xipeng Qiu, and Xuan-Jing
Huang. 2019. Glossbert: Bert for word sense disam-
biguation with gloss knowledge. In Proceedings of
the 2019 Conference on Empirical Methods in Natu-
ral Language Processing and the 9th International
Joint Conference on Natural Language Processing

(EMNLP-1JCNLP), pages 3509-3514.

Gatri Asti Putri Indarti. 2015. Distinguishing entailment
and presupposition under negation test. LLT Jour-
nal: A Journal on Language and Language Teaching,

18(1):27-38.

Aditi Jha, Sam Havens, Jeremey Dohmann, Alex Trott,
and Jacob Portes. 2023. Limit: Less is more for in-
struction tuning across evaluation paradigms. arXiv
preprint arXiv:2311.13133.

Albert Q Jiang, Alexandre Sablayrolles, Arthur Men-
sch, Chris Bamford, Devendra Singh Chaplot, Diego
de las Casas, Florian Bressand, Gianna Lengyel, Guil-
laume Lample, Lucile Saulnier, et al. 2023. Mistral
7b. arXiv preprint arXiv:2310.06825.

Mandar Joshi, Eunsol Choi, Daniel S Weld, and Luke
Zettlemoyer. 2017. Triviaqa: A large scale distantly
supervised challenge dataset for reading comprehen-
sion. In Proceedings of the 55th Annual Meeting of
the Association for Computational Linguistics (Vol-
ume 1: Long Papers), pages 1601-1611.

Tushar Khot, Ashish Sabharwal, and Peter Clark. 2018.
Scitail: A textual entailment dataset from science
question answering. In Proceedings of the AAAI
Conference on Artificial Intelligence, volume 32.

Nikita Kitaev, Steven Cao, and Dan Klein. 2019. Multi-
lingual constituency parsing with self-attention and
pre-training. In Proceedings of the 57th Annual Meet-

ing of the Association for Computational Linguistics,
pages 3499-3505.

Nikita Kitaev and Dan Klein. 2018. Constituency pars-
ing with a self-attentive encoder. In Proceedings
of the 56th Annual Meeting of the Association for
Computational Linguistics (Volume 1: Long Papers),
pages 2676-2686.

Po-Nien Kung and Nanyun Peng. 2023. Do mod-
els really learn to follow instructions? an empir-
ical study of instruction tuning. arXiv preprint
arXiv:2305.11383.

Tom Kwiatkowski, Jennimaria Palomaki, Olivia Red-
field, Michael Collins, Ankur Parikh, Chris Alberti,
Danielle Epstein, Illia Polosukhin, Jacob Devlin, Ken-
ton Lee, et al. 2019. Natural questions: A benchmark
for question answering research. Transactions of the
Association for Computational Linguistics, 7:452—
466.

Omer Levy and Ido Dagan. 2016. Annotating rela-
tion inference in context via question answering. In
Proceedings of the 54th Annual Meeting of the As-
sociation for Computational Linguistics (Volume 2:
Short Papers), pages 249-255.

Patrick Lewis, Ethan Perez, Aleksandra Piktus, Fabio
Petroni, Vladimir Karpukhin, Naman Goyal, Hein-
rich Kiittler, Mike Lewis, Wen-tau Yih, Tim Rock-
taschel, et al. 2020. Retrieval-augmented generation
for knowledge-intensive nlp tasks. Advances in Neu-
ral Information Processing Systems, 33:9459-9474.

Chin-Yew Lin. 2004. Rouge: A package for automatic
evaluation of summaries. In Text summarization
branches out, pages 74-81.

983



Nick McKenna, Liane Guillou, Mohammad Javad Hos-
seini, Sander Bijl de Vroe, Mark Johnson, and Mark
Steedman. 2021. Multivalent entailment graphs for
question answering. In Proceedings of the 2021 Con-
ference on Empirical Methods in Natural Language
Processing, pages 10758-10768.

Nick McKenna, Tianyi Li, Mark Johnson, and Mark
Steedman. 2023. Smoothing entailment graphs with
language models. In IJCNLP-AACL.

Shen-Yun Miao, Chao-Chun Liang, and Keh-Yih Su.
2020. A diverse corpus for evaluating and developing
english math word problem solvers. In Proceedings
of the 58th Annual Meeting of the Association for
Computational Linguistics, pages 975-984.

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

Marvin Minsky. 1980. K-lines: A theory of memory.
Cognitive science, 4(2):117-133.

Swaroop Mishra, Daniel Khashabi, Chitta Baral, and
Hannaneh Hajishirzi. 2022. Cross-task generaliza-
tion via natural language crowdsourcing instructions.
In Proceedings of the 60th Annual Meeting of the
Association for Computational Linguistics (Volume
1: Long Papers), pages 3470-3487.

Arindam Mitra, Luciano Del Corro, Shweti Mahajan,
Andres Codas, Clarisse Simoes, Sahaj Agarwal, Xuxi
Chen, Anastasia Razdaibiedina, Erik Jones, Kriti
Aggarwal, et al. 2023. Orca 2: Teaching small
language models how to reason. arXiv preprint
arXiv:2311.11045.

Subhabrata Mukherjee, Arindam Mitra, Ganesh Jawa-
har, Sahaj Agarwal, Hamid Palangi, and Ahmed
Awadallah. 2023. Orca: Progressive learning from
complex explanation traces of gpt-4. arXiv preprint
arXiv:2306.02707.

M Lynne Murphy. 2010. Lexical meaning. Cambridge
University Press.

OpenAl. 2022. Chatgpt: Optimizing language mod-
els for dialogue. https://openai.com/blog/
chatgpt.

Long Ouyang, Jeffrey Wu, Xu Jiang, Diogo Almeida,
Carroll Wainwright, Pamela Mishkin, Chong Zhang,
Sandhini Agarwal, Katarina Slama, Alex Ray, et al.
2022. Training language models to follow instruc-
tions with human feedback. Advances in Neural
Information Processing Systems, 35:27730-27744.

Sebastian Padé, Daniel Cer, Michel Galley, Dan Juraf-
sky, and Christopher D Manning. 2009. Measuring
machine translation quality as semantic equivalence:
A metric based on entailment features. Machine
Translation, 23:181-193.

Kishore Papineni, Salim Roukos, Todd Ward, and Wei-
Jing Zhu. 2002. Bleu: a method for automatic evalu-
ation of machine translation. In Proceedings of the

40th annual meeting of the Association for Computa-
tional Linguistics, pages 311-318.

Guilherme Penedo, Quentin Malartic, Daniel Hesslow,
Ruxandra Cojocaru, Alessandro Cappelli, Hamza
Alobeidli, Baptiste Pannier, Ebtesam Almazrouei,
and Julien Launay. 2023. The refinedweb dataset
for falcon llm: outperforming curated corpora with
web data, and web data only. arXiv preprint
arXiv:2306.01116.

Sameer Pradhan, Edward Loper, Dmitriy Dligach, and
Martha Palmer. 2007. Semeval-2007 task-17: En-
glish lexical sample, srl and all words. In Proceed-
ings of the fourth international workshop on semantic
evaluations (SemEval-2007), pages 87-92.

Stuart J Russell and Peter Norvig. 2010. Artificial intel-
ligence a modern approach.

Lorenza Saitta and Jean-daniel Zucker. 2013. Abstrac-
tion in Artificial Intelligence and Complex Systems.
Springer New York, NY.

Victor Sanh, Albert Webson, Colin Raffel, Stephen
Bach, Lintang Sutawika, Zaid Alyafeai, Antoine
Chaffin, Arnaud Stiegler, Arun Raja, Manan Dey,
et al. 2022. Multitask prompted training enables
zero-shot task generalization. In International Con-
ference on Learning Representations.

Maarten Sap, Ronan Le Bras, Emily Allaway, Chan-
dra Bhagavatula, Nicholas Lourie, Hannah Rashkin,
Brendan Roof, Noah A Smith, and Yejin Choi. 2019.
Atomic: An atlas of machine commonsense for if-
then reasoning. In Proceedings of the AAAI con-
ference on artificial intelligence, volume 33, pages
3027-3035.

Xiangqing Shen, Yurun Song, Siwei Wu, and Rui
Xia. 2024. Vcd: Knowledge base guided visual
commonsense discovery in images. arXiv preprint
arXiv:2402.17213.

Xiangqing Shen, Siwei Wu, and Rui Xia. 2023. Dense-
atomic: Towards densely-connected atomic with high
knowledge coverage and massive multi-hop paths.
In Proceedings of the 61st Annual Meeting of the
Association for Computational Linguistics (Volume
1: Long Papers), pages 13292—-13305.

Chiyu Song, Zhanchao Zhou, Jianhao Yan, Yuejiao Fei,
Zhenzhong Lan, and Yue Zhang. 2023. Dynamics of
instruction tuning: Each ability of large language
models has its own growth pace. arXiv preprint
arXiv:2310.19651.

Yangqiu Song, Shusen Wang, and Haixun Wang. 2015.
Open domain short text conceptualization: a genera-
tive+ descriptive modeling approach. In Proceedings
of the 24th International Conference on Artificial
Intelligence, pages 3820-3826.

Kai Sun, Yifan Ethan Xu, Hanwen Zha, Yue Liu, and
Xin Luna Dong. 2023. Head-to-tail: How knowl-
edgeable are large language models (1lm)? aka will

984


https://openai.com/blog/chatgpt
https://openai.com/blog/chatgpt

Ilms replace knowledge graphs?
arXiv:2308.10168.

arXiv preprint

Rohan Taori, Ishaan Gulrajani, Tianyi Zhang, Yann
Dubois, Xuechen Li, Carlos Guestrin, Percy Liang,
and Tatsunori B. Hashimoto. 2023. Stanford alpaca:
An instruction-following llama model. https://
github.com/tatsu-lab/stanford_alpaca.

MosaicML NLP Team. 2023. Introducing mpt-7b:
A new standard for open-source, commercially us-
able llms. https://www.databricks.com/blog/
mpt-7b.

Hugo Touvron, Louis Martin, Kevin Stone, Peter Al-
bert, Amjad Almahairi, Yasmine Babaei, Nikolay
Bashlykov, Soumya Batra, Prajjwal Bhargava, Shruti
Bhosale, et al. 2023. Llama 2: Open founda-
tion and fine-tuned chat models. arXiv preprint
arXiv:2307.09288.

Harsh Trivedi, Niranjan Balasubramanian, Tushar Khot,
and Ashish Sabharwal. 2022. Musique: Multi-
hop questions via single-hop question composition.
Transactions of the Association for Computational
Linguistics, 10:539-554.

Peng Wang, Ningyu Zhang, Xin Xie, Yunzhi Yao,
Bozhong Tian, and Mengru Wang. 2023a. Zekun
xi, siyuan cheng, kangwei liu, guozhou zheng, et al.
easyedit: An easy-to-use knowledge editing frame-
work for large language models. arXiv preprint
arXiv:2308.07269.

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc V Le,
Ed H Chi, Sharan Narang, Aakanksha Chowdhery,
and Denny Zhou. 2022a. Self-consistency improves
chain of thought reasoning in language models. In
The Eleventh International Conference on Learning
Representations.

Yizhong Wang, Yeganeh Kordi, Swaroop Mishra, Alisa
Liu, Noah A. Smith, Daniel Khashabi, and Hannaneh
Hajishirzi. 2023b. Self-instruct: Aligning language
models with self-generated instructions. In Proceed-
ings of the 61st Annual Meeting of the Association
for Computational Linguistics (Volume 1: Long Pa-
pers), ACL 2023, Toronto, Canada, July 9-14, 2023.
Association for Computational Linguistics.

Yizhong Wang, Swaroop Mishra, Pegah Alipoormo-
labashi, Yeganeh Kordi, Amirreza Mirzaei, Atharva
Naik, Arjun Ashok, Arut Selvan Dhanasekaran, An-
jana Arunkumar, David Stap, et al. 2022b. Super-
naturalinstructions: Generalization via declarative
instructions on 1600+ nlp tasks. In Proceedings of
the 2022 Conference on Empirical Methods in Natu-
ral Language Processing, pages 5085-5109.

Zhaowei Wang, Quyet V. Do, Hongming Zhang, Jiayao
Zhang, Weiqi Wang, Tianqing Fang, Yangqiu Song,
Ginny Wong, and Simon See. 2023c. COLA: Con-
textualized commonsense causal reasoning from the
causal inference perspective. In Proceedings of the

61st Annual Meeting of the Association for Compu-
tational Linguistics (Volume 1: Long Papers), pages
5253-5271.

Zhaowei Wang, Haochen Shi, Weiqi Wang, Tianqing
Fang, Hongming Zhang, Sehyun Choi, Xin Liu,
and Yangqiu Song. 2023d. Abspyramid: Bench-
marking the abstraction ability of language mod-
els with a unified entailment graph. arXiv preprint
arXiv:2311.09174.

Zhaowei Wang, Hongming Zhang, Tianqing Fang,
Yangqiu Song, Ginny Wong, and Simon See. 2022c.
Subeventwriter: Iterative sub-event sequence genera-
tion with coherence controller. In Proceedings of the
2022 Conference on Empirical Methods in Natural
Language Processing, pages 1590-1604.

Thomas Wolf, Lysandre Debut, Victor Sanh, Julien
Chaumond, Clement Delangue, Anthony Moi, Pier-
ric Cistac, Tim Rault, Rémi Louf, Morgan Funtowicz,
et al. 2020. Transformers: State-of-the-art natural
language processing. In Proceedings of the 2020 con-
ference on empirical methods in natural language
processing: system demonstrations, pages 38—45.

Siwei Wu, Yizhi Li, Kang Zhu, Ge Zhang, Yiming
Liang, Kaijing Ma, Chenghao Xiao, Haoran Zhang,
Bohao Yang, Wenhu Chen, et al. 2024. Scimmir:
Benchmarking scientific multi-modal information re-
trieval. arXiv preprint arXiv:2401.13478.

Siwei Wu, Xiangqing Shen, and Rui Xia. 2023. A
new dialogue response generation agent for large
language models by asking questions to detect user’s
intentions. arXiv preprint arXiv:2310.03293.

Wentao Wu, Hongsong Li, Haixun Wang, and Kenny Q
Zhu. 2012. Probase: A probabilistic taxonomy for
text understanding. In Proceedings of the 2012 ACM
SIGMOD international conference on management
of data, pages 481-492.

Can Xu, Qingfeng Sun, Kai Zheng, Xiubo Geng,
Pu Zhao, Jiazhan Feng, Chongyang Tao, and Daxin
Jiang. 2023. Wizardlm: Empowering large lan-
guage models to follow complex instructions. arXiv
preprint arXiv:2304.12244.

Zhilin Yang, Peng Qi, Saizheng Zhang, Yoshua Bengio,
William Cohen, Ruslan Salakhutdinov, and Christo-
pher D Manning. 2018. Hotpotqa: A dataset for
diverse, explainable multi-hop question answering.
In Proceedings of the 2018 Conference on Empiri-
cal Methods in Natural Language Processing, pages
2369-2380.

Masashi Yoshikawa, Koji Mineshima, Hiroshi Noji, and
Daisuke Bekki. 2019. Combining axiom injection
and knowledge base completion for efficient natural
language inference. In Proceedings of the AAAI Con-
ference on Artificial Intelligence, volume 33, pages
7410-7417.

985


https://github.com/tatsu-lab/stanford_alpaca
https://github.com/tatsu-lab/stanford_alpaca
https://www.databricks.com/blog/mpt-7b
https://www.databricks.com/blog/mpt-7b

Hongming Zhang, Xin Liu, Haojie Pan, Haowen Ke,
Jiefu Ou, Tianging Fang, and Yangqiu Song. 2022.
Aser: Towards large-scale commonsense knowl-
edge acquisition via higher-order selectional pref-
erence over eventualities. Artificial Intelligence,
309:103740.

Hongming Zhang, Xin Liu, Haojie Pan, Yangqiu Song,
and Cane Wing-Ki Leung. 2020. Aser: A large-scale
eventuality knowledge graph. In Proceedings of the
web conference 2020, pages 201-211.

Ningyu Zhang, Yunzhi Yao, Bozhong Tian, Peng Wang,
Shumin Deng, Mengru Wang, Zekun Xi, Shengyu
Mao, Jintian Zhang, Yuansheng Ni, et al. 2024. A
comprehensive study of knowledge editing for large
language models. arXiv preprint arXiv:2401.01286.

Wayne Xin Zhao, Kun Zhou, Junyi Li, Tianyi Tang,
Xiaolei Wang, Yupeng Hou, Yingqian Min, Beichen
Zhang, Junjie Zhang, Zican Dong, et al. 2023. A
survey of large language models. arXiv preprint
arXiv:2303.18223.

Huaixiu Steven Zheng, Swaroop Mishra, Xinyun Chen,
Heng-Tze Cheng, Ed H Chi, Quoc V Le, and Denny
Zhou. 2023a. Take a step back: evoking reason-
ing via abstraction in large language models. arXiv
preprint arXiv:2310.06117.

Lianmin Zheng, Wei-Lin Chiang, Ying Sheng, Siyuan
Zhuang, Zhanghao Wu, Yonghao Zhuang, Zi Lin,
Zhuohan Li, Dacheng Li, Eric Xing, et al. 2023b.
Judging llm-as-a-judge with mt-bench and chatbot
arena. arXiv preprint arXiv:2306.05685.

Chunting Zhou, Pengfei Liu, Puxin Xu, Srini Iyer, Jiao
Sun, Yuning Mao, Xuezhe Ma, Avia Efrat, Ping Yu,
Lili Yu, et al. 2023. Lima: Less is more for alignment.
arXiv preprint arXiv:2305.11206.

A ABSINSTRUCT Prompts

This appendix lists the concrete prompts we use in
our framework. First, we provide the prompts of
building instructions, input, and responses. Then,
we show the concrete prompts we use to collect
word meanings from GPT4.

A.1 Prompts for Instructions and Examples

We manually collect the prompt templates of in-
structions, input, and responses used in our frame-
work, shown in Table 6. Models are given five-
element tuples on the ABSPYRAMID dataset: (head
event, entailment relation, tail event, instance,
concept).

In our prompt templates in Table 6, there are
three placeholders [head], [cpt], and [ins] for head
events, concepts, and instances. Specifically, [ins]
is the same as [head] for Event-Entail. Meanwhile,
we indicate the entailment relations implicitly by
using different instructions for different relations.
For example, for Noun-Entail, the instruction con-
tains “Identify the hypernym of a specific noun.”
Note that the tail event can be built by replacing the
instance with the concept in the head event. In con-
clusion, our prompt does not lose any information
provided by five-element tuples.

A.2 Prompts for Word Meanings

To build explanation traces, we also prompt GPT4
to collect the meanings of instances and concepts in
a zero-shot manner. Here, we ask GPT4 to provide
meanings of given words and then detect whether
the given concept is valid. The prompt is shown in
Table 7. We collect the meanings of instances and
concepts in the first and second steps separately.
Then, we concatenate them to build explanation
traces.

B Human Annotation

We conduct a few human evaluations in our study,
including the Accuracy of GlossBERT (Huang
et al., 2019), the quality of examples collected by
our framework, and the ability of our framework
to follow human instructions. In this appendix,
we discuss the details of annotation and agreement
between annotators.

All annotation tasks are performed by three post-
graduate NLP researchers with at least one year
of expertise in NLP. They understand our annota-
tion tasks clearly and can serve as experts. Two
annotators are authors of the paper, and the third
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Noun-Entail Instruction: Hypernyms are words with
a broad meaning, which more specific words fall under.
Identify the hypernym of a specific noun through the
following two steps: Step 1: Let’s think about meanings
of those words. Step 2: Provide a “Yes” or “No” response.

Verb-Entail Instruction: Hypernyms are words with a
broad meaning, which more specific words fall under.
Identify the hypernym of a specific verb through the fol-
lowing two steps: Step 1: Let’s think about meanings of
those words. Step 2: Provide a “Yes” or “No” response.

Event-Entail Instruction: Identify abstract descriptions
of specific sentences through the following two steps:
Step 1: Let’s think about meanings of the sentence and
the abstract description. Step 2: Provide a “Yes” or “No”
response.

(a) Instructions used by our framework.

Noun-Entail Input: In the sentence [head], does the
meaning of [cpt] encompass [ins]?

Verb-Entail Input: In the sentence [head], does the
meaning of [cpt] encompass [ins]?

Event-Entail Input: Can we consider [cpt] as an abstract
description of the sentence [head]?

(b) Input templates used by our framework.

Noun-Entail: 1dentify the hypernym of a specific noun.
Hypernyms are words with a broad meaning, which more
specific words fall under. In the sentence [head], does the
meaning of the new word [cpt] encompass the original word
[ins]?

Step 1: Let’s think about the meaning of the original word.
Step 2: Let’s think about the meaning of the new word.
Step 3: Provide a “Yes” or “No” response without other
words.

Verb-Entail: 1dentify the hypernym of a specific verb. Hy-
pernyms are words with a broad meaning, which more
specific words fall under. In the sentence [head], does the
meaning of the new word [cpt] encompass the original word
[ins]?

Step 1: Let’s think about the meaning of the original word.
Step 2: Let’s think about the meaning of the new word.
Step 3: Provide a “Yes” or “No” response without other
words.

Event-Entail: 1dentify abstract descriptions of specific sen-
tences. Can we consider [cpt] as an abstract description of
the sentence [head]?

Step 1: Let’s think about the meaning of the sentence.
Step 2: Let’s think about the meaning of the abstract de-
scription.

Step 3: Provide a “Yes” or “No” response without other
words.

Noun-Entail, Verb-Entail, and Event-Entail Response
Positive Label: Stepl: <ins mean>. Meanwhile, <cpt
mean>. Step2: Yes, the meaning of [cpt] encompasses
[ins].

Negative Label: Stepl: <ins mean>. Meanwhile, <cpt
mean>. Step2: No, the meaning of [cpt] does not encom-
pass [ins].

(c) Response templates used by our framework.

Table 6: The concrete prompts we used in our ABSIN-
STRUCT framework. We show the instruction, input, and
response templates in each table segment. Placeholders
[head], [cpt], and [ins] will be replaced with real head
events, concepts, and instances. Also, <ins mean> and
<cpt mean> will be replaced with the meanings of real
instances and concepts.

is another NLP researcher within the same institu-
tion for a more objective perspective. The authors’
involvement in the annotation process is part of
their academic responsibilities, and no additional
compensation is provided. The third annotator is
compensated at the hourly rate of 7.6 USD, higher
than the local minimum wage.

GlossBERT Accuracy: We sample 500 exam-
ples from ABSPYRAMID and run GlossBERT to
disambiguate the given noun or verb. Three ex-
perts are asked to evaluate whether the disambigua-
tion results are right, yielding 1500 ratings in total.
The IAA score is 78.8% calculated using pairwise
agreement proportion, and the Fleiss’s x (Fleiss,
1971) is 0.57.

Table 7: The zero-shot prompts we used for collect-
ing meanings of instances and concepts. Placeholders
[head], [cpt], and [ins] will be replaced with real head
events, concepts, and instances. We collect the mean-
ings of instances and concepts in the first and second
steps separately. Then, we concatenate them to build
explanation traces.

Quality of Collected Examples: We sampled
150 explanation traces collected by our framework
ABSINSTRUCT. Similarly, three experts are asked
to label two aspects: the correctness of explana-
tions for given instances and concepts. This leads
to 900 total ratings (150 examples x 2 aspects x 3
annotators). The Fleiss’s x (Fleiss, 1971) is 0.62.

Human Instruction Following: There are
252 instructions in the test set of SELF-
INSTRUCT (Wang et al., 2023b), which are curated
manually by experts. Here, the expert annotators
are asked to annotate which response is preferred
between our framework and the Alapca baseline.
This leads to 756 ratings for each model. The IAA
score is 80.95% calculated using pairwise agree-
ment proportion, and the Fleiss’s « (Fleiss, 1971)
is 0.71.

C Implementation Details

We access open-source language models using
Transformers (Wolf et al., 2020) and fine-tune them
on 8 NVIDIA A100 (80G) GPUs. We fine-tune 7B
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Below is an instruction that describes a task, paired with
an input that provides further context. Write a response
that appropriately completes the request.

### Instruction:
{instruction}

### Input:
{input}

### Response:

(a) Template for examples with a non-empty input field.

Below is an instruction that describes a task. Write a
response that appropriately completes the request.

### Instruction:
{instruction}

### Response:

(b) Template for examples with an empty input field.

Table 8: The prompt templates we used to concatenate
instructions and example input. We show two templates
since the input is optional. Placeholders {instruction}
and {input} will be replaced with real instructions and
example input.

and 13B LLMs with LoRA (Hu et al., 2021) and
load them with BF16. For LoRA, we only add new
parameters to attention layers with the rank and
a equal to 512 and 1024. The best checkpoint is
selected according to the sum of all metrics on the
validation set. The batch size and training epoch
are 128 and 3, respectively. We grid search learning
rates of 5e-6, 1e-5, 2e-5, 3e-5 and 5Se-5.

We collect rationales for about 2,000 exam-
ples for each entailment relation and keep 200
examples with the highest LLM-intrinsic plau-
sibility after filtering. For a fair comparison,
the “Direct Injection” baseline also incorporates
200 examples for each entailment relation. We
discuss choices of example numbers and show
that 200 is proper in Appendix C.4. For API-
based LLMs, We access ChatGPT, GPT4, and
GPT3.5 via OpenAl API°. The specific versions
are gpt-3.5-turbo-0613, gpt-4-1106-preview,
and gpt-3.5-turbo-instruct-0914. They are
evaluated on one thousand examples that we ran-
domly sampled from the test set of each entailment
relation due to the trade-off between API expenses
and our evaluation’s precision. For self-consistency,
we sample 5 responses independently for each ex-
ample and take the majority vote.

Zhttps://platform.openai.com/docs/api-reference

Noun-Entail Instruction: Identify the hypernym of a
specific noun and provide a “Yes” or “No” response. Hy-
pernyms are words with a broad meaning, which more
specific words fall under.

Verb-Entail Instruction: Identify the hypernym of a
specific verb and provide a “Yes” or “No” response. Hy-
pernyms are words with a broad meaning, which more
specific words fall under.

Event-Entail Instruction: Identify abstract descriptions
of specific sentences, and provide a “Yes” or “No” re-
sponse.

(a) Instructions of the vanilla prompt.

Noun-Entail Input: In the sentence [head], does the
meaning of [cpt] encompass [ins]?

Verb-Entail Input: In the sentence [head], does the
meaning of [cpt] encompass [ins]?

Event-Entail Input: Can we consider [cpt] as an abstract
description of the sentence [head]?

(b) Input templates of the vanilla prompt.

Noun-Entail, Verb-Entail, and Event-Entail Response
Positive Label: Yes.
Negative Label: No.

(c) Responses of the vanilla prompt.

Table 9: The vanilla prompt we used in the “Direct
Injection” baseline. We show the instruction, input, and
response templates in each table segment. Placeholders
[head], [cpt], and [ins] will be replaced with real head
events, concepts, and instances.

Noun-Entail: Identify the hypernym of a specific noun
and provide a “Yes” or “No” response. Hypernyms are
words with a broad meaning, which more specific words
fall under. In the sentence [head], does the meaning of
[cpt] encompass [ins]?

Verb-Entail: Identify the hypernym of a specific verb
and provide a “Yes” or “No” response. Hypernyms are
words with a broad meaning, which more specific words
fall under. In the sentence [head], does the meaning of
[cpt] encompass [ins]?

Event-Entail: Identify abstract descriptions of specific
sentences, and provide a “Yes” or “No” response. Can we
consider [cpt] as an abstract description of the sentence
[head]?

Table 10: The zero-shot prompt we used in the “API-
based LLM” baseline. Placeholders [head], [ins], and
[cpt] will be replaced with real head events, instances,
and concepts.

C.1 Prompts for Concatenation

We should concatenate the instructions and input
as a prompt for our framework and the instruction-
tuned baselines: “Alpaca LLM” and “Direct Injec-
tion.” In our experiments, we employ the same
prompt template as used by Alpaca (Taori et al.,
2023), which is shown in Table 8.
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Noun-Entail:

Instruction: You need to decide whether a hypernym of a
specific noun is valid or not. Hypernyms are words with a
broad meaning, which more specific words fall under.

Exemplars and test example:

1. In the sentence [head]?, is [cpt](l) a hypernym of
[ins]®? Yes. (No.)

2. 1In the sentence [head]®, is [cpt](z) a hypernym of
[ins]®? Yes. (No.)

an an

11. In the sentence [head]

a hypernym of
[ins]""?

, is [ept]

Verb-Entail

Instruction: You need to decide whether a hypernym of a
specific verb is valid or not. Hypernyms are words with a
broad meaning, which more specific words fall under.

1. In the sentence [head]‘”, is [cpt](” a hypernym of
[ins]V? Yes. (No.)

2. In the sentence [head]m, is [cpt](z) a hypernym of
[ins]?? Yes. (No.)
11. In the sentence [head]?, is [cpt](u) a hypernym of

[ins]'V?

Event-Entail

Instructions: You need to decide whether an abstract de-
scription of a specific sentence is valid or not.

1. Can we consider [cpt]® as an abstract description of the
sentence [head]V? Yes. (No.)
2. Can we consider [cpt](z) as an abstract description of the
sentence [head]®? Yes. (No.)
11. Can we consider [cpt]m)

as an abstract description of
the sentence [head](“)?

Table 11: The in-context learning prompt (10-shot) we
used in the “API-based LLM” baseline. Placeholders
[head], [ins], and [cpt] will be replaced with real head
events, instances, and concepts.

C.2 The Vanilla Prompt of the “Alpaca LLM”
and “Direct Injection” Baselines

This appendix provides the vanilla prompt used by
the “Alpaca LLM” and “Direct Injection” baseline
to build instructions and examples for abstraction
detection, as demonstrated in Table 9. In contrast to
our framework, the responses of this vanilla prompt
are simply “Yes” or "No,” verbalized directly from
the binary labels.

C.3 The Prompt of the “API-based LLM”
Baseline

We employ the same prompt as those utilized in
ABSPYRAMID (Wang et al., 2023d), which exhibit
considerable robustness when benchmarked against
other prompts featured in the study of ABSPYRA-
MID. We provide zero-shot prompts used by the
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Figure 7: Macro F1-scores of different example num-
bers. We instruction-tune Llama?2 (7B) with our ABSIN-
STRUCT framework and the “Direct Injection” baseline.

“API-based LLM” baseline in Table 10. The in-
context learning prompts used by the “API-based
LLM?” baseline are shown in Table 11.

C.4 Discussion of Example Number K

In our experiments, we collect X' = 200 examples
of abstraction detection for each relation in our
framework and the “Direct Injection” baseline. In
this appendix, we study the proper values of this
hyperparameter and grid search different example
numbers K of 50, 100, 150, 200, and 250. Here, we
combine different numbers of abstraction instruc-
tions with Alpaca and instruction-tune Llama2 (7B)
with our ABSINSTRUCT framework and the “Di-
rect Injection” baseline. We plot the performance
in Figure 7. For the “Direct Injection” baseline,
the Macro F1-score shows rapid improvements as
the number of examples increases from 50 to 200.
Then, the improvement stagnates (i.e., lower than
0.5 points) at the number of 250. Similarly, for
our framework, we observe the first decrease when
the example number is 250. For both methods, we
can find that the improvements are small when the
example numbers are higher than 200. Thus, we
recommend choosing 200 examples for each rela-
tion in our framework and the “Direct Injection”
baseline when considering the tradeoff between
abstraction ability and general-domain ability.

D Supplementary Experiments

This appendix provides more supplementary exper-
iments and analysis of the ABSINSTRUCT frame-
work.
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SPLIT | Noun Verb  Event All Pos % Models | Noun Verb Event All Aan
TRAIN | 79,034 47,669 49,988 176,691 58.86 MPT (7B) ‘ 70.89 58.63 65.16 64.89 ‘ -
}'gg;’) 3’23‘5‘ g’ggz 2%431; gg’ggg ggéi owP-Random | 69.57 57.89 5526 60.90 | |3.99
i ’ ’ ’ : o w P-Input 70.06 58.32 59.52 62.63 | [2.26
Ours \ 200 200 200 600 50.00 o w/o Q Filter 60.24 53.02 54.40 55.89 | ]9.00
o w/o P&Q Filter | 58.61 48.06 32.42 46.37 | |18.52
Table 12: Statistics of ABSPYRAMID and abstraction & w/o E Trace 6546 5477 63.10 61.11] |3.78
examples collected by ABSINSTRUCT. Pos % denotes © w/o All Parts 63.23 5237 51.70 55.77 | {9.12
positive rates of each sp'ht. Ogr framework samples 200 Falcon (7B) 6645 56.11 6415 62.24| -
examples for each relation with balanced labels.
o w P-Random 61.85 55.53 6230 59.89 | |2.35
- - o w P-Input 61.25 5392 58.95 58.04 | []4.20
Datasets | # Total #Train # Valid # Test & wio Q Filter 52.81 39.83 5825 5030 | [11.94
AbsAtomic | 92235 75814 8027 8394 o w/o P&Q Filter | 59.50 50.41 59.36 56.42 \L582
Levy/Holt | 18407 ~ N/A 5486 12921 o w/o E Trace 62.89 5275 61.18 58.94 | |3.30
o w/o All Parts 58.54 55.16 51.14 5495 ]7.29
Table 13: Statistics of AbstractATOMIC and Levy/Holt .
datasets. # Total is the number of all examples. Mistral (7B) [ 7985 6074 6654 69.04| -
¢ w P-Random 7790 60.63 64.27 67.60 | [1.44
& w P-Input 7879 60.47 62.80 67.35 | 11.69
. . g o w/o Q Filter 78.28 60.64 58.85 6592 | ]3.12
D.1  Abstraction Data Statistics o wlo P&Q Filter | 76.60 6042 60.14 65.72 | 13.32
We study LLMs’ abstraction ability on ABSPYRA-  w/oETrace | 78.69 60.18 64.38 67.75 | 11.29
MID (Wang et al., 2023d), a large-scale benchmark o w/o All Parts | 74.62  59.11 59.27 64.33 | |4.71

of abstraction knowledge comprising more than
221K examples. The dataset samples head events
from ASER (Zhang et al., 2020, 2022) and col-
lects abstract concepts of three components of head
events: nouns, verbs, and entire events. ABSPYRA-
MID collects candidates of abstract concepts using
WordNet (Miller, 1995) and ChatGPT (OpenAl,
2022), which is then manually verified. Our frame-
work only builds 200 examples for each entailment
relation based on five-element tuples from the train-
ing split. We present comprehensive statistics of
ABSPYRAMID and our examples in 12.

D.2 Out-of-Domain Datasets Statistics

As we conduct experiments on two out-of-domain
datasets: AbstractATOMIC (He et al., 2022) and
Levy/Holt dataset (Levy and Dagan, 2016; Holt,
2018), we provide comprehensive statistics of these
two datasets in Table 13. AbstractATOMIC sam-
ples base events from ATOMIC (Sap et al., 2019)
in the commonsense domain and collects thou-
sands of abstract concepts for nouns and entire
events. Meanwhile, the Levy/Holt dataset is pri-
marily used in the study of verb entailment graphs,
where events are simplified as a verb with two en-
tity types as arguments (i.e., subject and object).

D.3 Validation Results on Abstraction
Detection

We collect the performance of our framework AB-
SINSTRUCT and baselines on the validation set of

Table 14: Ablation study for MPT (7B), Falcon
(7B), and Mistral (7B) trained with ABSINSTRUCT.
Macro F1-scores are exhibited, and A,y indicates score
changes.

the ABSPYRAMID in Table 23.

D.4 Full Results of Ablation Study

Here, we present the full ablation study results
of all LLMs trained with our framework ABSIN-
STRUCT in Tables 14 and 15.

D.5 Study of Diversity Filter

In this appendix, we study the role of diversity fil-
ters in our framework ABSINSTRUCT. Here, we
remove the diversity filter and analyze the perfor-
mance of the ablated framework.

First, we inspect the diversity of examples col-
lected by the ablated framework. We compute the
average ROUGE-L similarity between the head
events and between explanation traces. From the
Table 18, we can see that the average ROUGE-L
similarities are no more than 0.2 for head events
and 0.3 for explanation traces. Meanwhile, we also
compute the proportion of unique head events and
explanation traces based on ROUGE-L, following
previous work (Wang et al., 2023b). A head event =
is unique if Rouger,(C,x) < 0.7, where C'is other
head events collected by our framework. We apply
the same criterion to identify unique data for expla-
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Models | Noun Verb Event All Ay Models | Acc Ma-F1 Ape Amarm

Llama?2 (7B) | 75.81 59.07 68.00 67.63| - Fine-tuned on AbsPyramid

o w P-Random 69.56 58.48 66.04 64.69 | [2.94 MPT (7B) 60.42  60.27 - -

<o w P-Input 69.92 5843 6634 6490 | /2.73 Falcon (7B) 64.22  64.22 - -

o w/o Q Filter 65.06 56.90 62.70 61.55 | /6.08 Mistral (7B) 64.81 64.78 - -

o w/o P&Q Filter | 65.79 57.27 5452 59.19 | |[8.44 Llama2 (7B) 6240 62.13 - -

owloETrace | 69.98 5825 6627 64.84 | (2.79 Llama2 (138) | 64.28 64.25 - -

o w/o All Parts 66.34 55.72 55.11 59.05 | |8.58 Direct Injection

Llama2 (13B) | 80.35 60.58 67.24 69.39 | - MPT (7B) 6397 5435 1355  I592
Falcon (7B) 6146 5560 276  |8.62

owP-Random | 69.73 60.19 59.40 63.11 | [6.28 Mistral (7B) 70.81 6526  16.00  10.48

© w P-Input 7846 59.18 65.61 67.75| |1.64 Llama2 (7B) 69.87 6592 1747  13.79

o w/o Q Filter 72.64 60.17 52.10 61.64 | |7.75 Llama2 (13B) 7235 6852 18.07 1427

o w/o P&Q Filter | 74.83 59.88 52.54 62.42 | |6.97
AbslInstruct

o w/o E Trace 79.88 60.46 65.46 68.60 | |]0.79

owlo All Parts | 76.05 60.36 59.59 65.33 | 14.06 MPT (7B) 7132 67.55 11090  17.28
Falcon (7B) 67.82 6594 13.60 11.72
Mistral (7B 78.21 76.65 13.40 111.87

(13B) trained with ABSINSTRUCT. Macro F1-scores Llama2 (13B) 7707 7544 11279 111.19

are exhibited, and A,y indicates score changes.

nation traces. From Table 18, we can see that more
than 96% of head events and explanation traces
are unique. These findings of average ROUGE-L
and uniqueness percentages demonstrate that our
dataset can collect quite diverse examples even
without the diversity filter.

Then, we test the performance of the ABSIN-
STRUCT framework without the diversity filter,
shown in Table 19. We can observe that the perfor-
mance of all LLMs varies slightly. While we add
a filter in our framework to guarantee the diversity
of collected examples, our study verifies that the
data collected by the ablated framework is already
highly diverse.

D.6 Full Results of Out-of-Domain Evaluation

As we only plot the Macro F1-scores in Figure 5,
we provide the full results on the Abstract ATOMIC
dataset across all metrics in Table 16. Meanwhile,
we provide the results of all LLMs on the Levy/Holt
dataset in Table 17.

D.7 Full Results of ChatGPT Rationales

As we only plot the Macro F1-score on the whole
test set of ABSPYRAMID in Figure 6, we provide
the full results on each entailment relation of AB-
SPYRAMID in Table 20.

D.8 Human Instruction Following

As previous works (Ouyang et al., 2022; Zhao
et al., 2023) suggest a disparity between NLP tasks
and human requests, we manually evaluate our
framework on the 252 expert-curated instructions
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Table 16: The out-of-domain performance on the Ab-
stractATOMIC dataset. Apce and Apa.pr mean im-
provements compared to LLMs fine-tuned on AB-
SPYRAMID.

BN Ourswins BB Tie Ours Loses‘

MPT 7B 36.91% 36.11%

Falcon 7B 32.14%

Mistral 7B 34.13%

38.49%

Llama2 7B 31.75%

Llama2 13B 30.16%

0% 20% 40% 60% 80% 100%

Figure 8: Human preference evaluation, comparing our
framework to LLMs trained on Alpaca across 252 test
prompts from SELF-INSTRUCT.

of SELF-INSTRUCT (Wang et al., 2023b) to bet-
ter understand the alignment with human values.
Similar to our evaluation on SuperNI, we consider
LLMs trained on Alpaca as baselines. Three expert
annotators are asked to compare responses from
our framework to the baseline and label which one
they prefer. We provide annotation details in Ap-
pendix B. Our human preference annotation results
are plotted in Figure 8. We observe that a signifi-
cant portion of prompts are labeled as “Tie.” Also,
the winning rates appear to be comparable to, or
even exceed, those of baselines preferred. These
findings again manifest that our framework pre-
serves LLMs’ general capabilities while enhancing
their abstraction ability.



Models \ Acc Ma-F1 A Amart Models \ Noun Verb Event All \ Aan

Fine-tuned on AbsPyramid MPT (7B) 70.27 5840 64.04 64.24 | 10.65
Falcon (7B) | 66.78 55.88 64.10 62.25 | 10.01

11}’”1” (7]?7‘;3 zggg Z;g - - Mistral (7B) | 80.05 60.78 67.08 69.31 | 10.27

l\jisct‘r’;‘]((m)) o e ) J Llama2 (7B) | 7435 59.44 6727 67.02 | 10.61

L lama2 (7B) 2520 7107 ] ] Llama2 (13B) | 8049 60.51 66.92 69.31 | ]0.08

Llama2 (13B) 82.11 71.25 - - . o

Direct Iniecti Table 19: The performance of ablating the diversity

trect Thjection filter. We only see fluctuations due to the high diversity

MPT (7B) 7879  56.69 |1.59  |14.78 of examples, even without the diversity filter.

Falcon (7B) 4754 4712 12001 116.70

Mistral (7B) 85.34 7455 16.02  11.89

Llama2 (7B) 8429 7400 15.60 12.93 Models | Noun Verb Event All | Ag

Llama2 (13B) | 85.51  76.27 1340  15.02 MPT (7B) 7073 58.64 6574 65.04 | 10.15

AbsInstruct Falcon (7B) | 67.89 57.49 61.80 62.39 | 10.15
Mistral (7B) | 76.52 60.93 67.90 68.45 | 10.59

MPT (7B) 79.57 70.70  |0.81  ]0.77 Llama2 (7B) | 74.22 5936 66.84 66.81 | ]0.82

Falcon (7B) 76.19 6997 18.64  16.15 Llama2 (13B) | 78.48 59.79 68.14 68.80 | J0.59

Mistral (7B) 86.61 77.80 1729 15.14

Llama2 (7B) 8431 7876 15.62  17.69 , .

Llama2 (13B) 87.11 7989 1500 18.64 Table 20: Macro F1-scores with ChatGPT as the source

Table 17: The out-of-domain performance on the
Levy/Holt dataset. Ap¢e and Appapg mean improve-
ments compared to LLMs fine-tuned on ABSPYRAMID.

| Head Event Exp. Trace
Models

| Avg. Uni. Avg. Uni
MPT (7B) 0.164 96.00 0.272 96.17
Falcon (7B) 0.164 96.17 0.276 96.33
Mistral (7B) 0.157 96.33 0.258 96.83
Llama2 (7B) 0.161 96.17 0.261 96.83
Llama2 (13B) | 0.161 96.00 0.256 97.00

Table 18: Analysis of diversity of examples collected
by our framework when the diversity filter is removed.
We list the average ROUGE-L similarity between every
pair of samples and the percentage of unique examples.

D.9 Case Study and Error Analysis

In this section, we provide two examples with re-
sponses from our framework and the “Direct Injec-
tion” baseline. Here, the LLM we use is Llama2
(7B). As shown in Table 21, we can see that the
baseline model cannot generate the correct answers.
In contrast, our framework can explain and com-
pare meanings of the instances and concepts in
these examples and then give correct labels.

Then, we also provide an example in Table 22,
where our framework (Llama?2 7B) gives wrong pre-
dictions. We can see that the model makes wrong
conclusions while it explains the instance and con-
cept correctly.

E Study of Filtered Examples

In this appendix, we provide a few examples dis-
carded by each quality filter to show their effec-

of explanation traces. Ay means score changes com-
pared to that with GPT4 as the source.

tiveness. First, we provide two examples that are
discarded by the prediction filter in Table 24. In
these cases, GPT4 generates wrong explanations
and predicts wrong labels for these examples. For
example, GPT4 considers “marriage” as “a social
and legal institution,” while it refers to “the legal
relationship between a husband and wife” in the
current context. Meanwhile, GPT4 considers “con-
cession” as a “‘grant or a contract,” while it refers
to “a right or an advantage that is given to a group
of people, an organization, etc.” We can find that
GPT4 can generate wrong explanations and in turn,
get wrong answers.

Then, we also list two examples discarded by the
keyword filter in Table 25. While GPT4 predicts
the correct labels for these examples, it fails to ex-
plain the correct instance or concepts. For example,
GPT4 explains “dad-mouthing” in the first example
instead of the correct instance “quoted.” In the sec-
ond example, GPT4 changes the original sentence
to “the things that happen to PersonY,” which is
indeed a fragment and lacks a complete sentence
structure.
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Example #1

Entailment Relation: Noun-Entail, Label: 1
Instance: walls, Concept: architectural element

Head Event: The walls are white
Tail Event: The architectural elements are white

Our Framework Response:

Step 1: The original word “walls” refers to the structural
elements that divide or enclose an area, typically made of
a solid material such as brick, stone, or wood. Meanwhile,
the new word “architectural element” refers to any part of a
building that is designed and constructed by an architect or
engineer, such as walls, windows, doors, stairs, and roofs.
Step 2: Yes, the meaning of “architectural element” encom-
passes “walls.”

Predicted Label: 1

Baseline Response: No. Predicted Label: 0

Example #2

Entailment Relation: Noun-Entail, Label: 1
Instance: routine investigation controllers, Concept: con-
trollers

Head Event: A routine investigation controllers are usu-
ally given any needed training.

Tail Event: A controllers are usually given any needed
training.

Our Framework Response:

Step 1: The original word “routine investigation controllers”
refers to individuals or entities that are responsible for con-
ducting routine investigations. Meanwhile, the new word
“controllers” refers to individuals or entities that have con-
trol over something.

Step 2: Yes, the meaning of “controllers” encompasses
“routine investigation controllers.”

Predicted Label: 1

Baseline Response: No. Predicted Label: O

Table 21: Two examples demonstrating that our frame-
work can deliver right answers with explanations,
whereas the baseline “Direct Injection” falls short in
providing correct answers. The LLM we use here is
Llama2 (7B).

Example #1

Entailment Relation: Verb-Entail, Label: 0
Instance: remove, Concept: withdraw

Head Event: The asphalt shingles should be removed first.
Tail Event: The asphalt shingles should be withdrawed
first.

Our Framework Response:

Step 1: The original word “removed” means to take some-
thing away or out of a place. Meanwhile, The new word
“withdraw” means to take something back or away from a
place.

Step 2: Yes, the meaning of “withdraw” encompasses “re-
moved.”

Predicted Label: 1

Table 22: An example showing some errors made by
our framework. The LLM we use here is Llama2 (7B).
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Noun Verb Event All
Methods Backbone Acc Ma-F1 Acc Ma-F1 Acc Ma-F1 Acc Ma-F1
Random | - H 50.00  49.67 \ 50.00  49.97 \ 50.00 49.01 \ 50.00 49.55
MPT (7B) 4470  35.68 49.23 3794 | 65.53 44.75 53.16 3945
Falcon (7B) 59.98 54.61 55.60 5545 63.75 45.02 | 59.77 51.69
Alpaca (10-shot) | Mistral (7B) 74.81 73.19 5876 5820 | 65.69 58.78 66.42  63.39
Llama2 (7B) 63.62  63.55 5486  52.23 69.44  60.60 | 62.64 58.79
Llama2 (13B) || 75.13  72.41 58.68  58.66 66.97 61.99 66.93  64.35
MPT (7B) 6472  64.14 54.25 52.65 52.14  52.03 57.04  56.27
Falcon (7B) 63.16  58.47 5447 5431 51.72  51.67 56.45  54.82
Direct Injection | Mistral (7B) 7430  74.18 59.56  59.24 | 59.63 59.05 6449  64.16
Llama2 (7B) 6730  66.57 5524  54.26 57.51 57.49 60.02 59.44
Llama2 (13B) || 74.55  73.87 59.89 59.74 | 61.36  60.58 6527 64.73
MPT (7B) 7227  71.94 59.13 59.11 69.18 66.76 | 66.86  65.94
Falcon (7B) 67.53 67.14 5642  55.56 68.54  63.49 64.17  62.06
AbsInstruct Mistral (7B) 7998  79.45 59.98  59.92 7196 6754 | 70.64 68.97
Llama2 (7B) 77.68  76.69 60.06  59.72 72.86  68.28 | 70.20  68.23
Llama2 (13B) || 80.33  79.73 60.25 60.24 | 72.68 68.00 | 71.09  69.32

Table 23: Performance of ABSINSTRUCT and baselines on the validation set of ABSPYRAMID. Acc and Ma-F1
represent Accuracy and Macro F1-score, respectively. We bold the best score and underline the second-best score.

Example #1

Entailment Relation: Noun-Entail
Instance: marriage, Concept: marriage bond

Head Event: Their marriage declared invalid.
Tail Event: Their marriage bond declared invalid.

GPT4 Rationale:

Step 1: The original word “marriage” broadly refers to
a social and legal institution, which encompasses a wide
range of practices, ceremonies, rights, and significances
depending on the culture and context.

Step 2: The new word “marriage bond” typically refers
to the specific connection, commitment, or tie that exists
between the married individuals.

Step 3: No.

Ground Truth: Positive, Prediction: Negative.

Example #2

Entailment Relation: Event-Entail
Instance: It gives PeopleX the right to fish, Concept: fish-
ing concession

Head Event: It gives PeopleX the right to fish
Tail Event: fishing concession

GPT4 Rationale:

Step 1: The meaning of the sentence “It gives PeopleX the
right to fish” is that a certain group, PeopleX, is granted the
permission or legal authority to engage in fishing activities.
Step 2: The meaning of the abstract description “fishing
concession” generally refers to a grant or contract giving an
individual or group the right to operate a fishing activity in
a specified area or under certain conditions.

Step 3: Yes.

Ground Truth: Negative, Prediction: Positive.

Table 24: Two examples filtered by the Prediction Filter.
GPT4 might generate wrong explanations with wrong
predicted labels.

Example #1

Entailment Relation: Verb-Entail, Label: Negative
Instance: quoted, Concept: intercommunicated

Head Event: PersonX is quoted bad-mouthing teammates
Tail Event: PersonX is intercommunicated bad-mouthing
teammates

GPT4 Rationale:

Step 1: “Bad-mouthing” means to speak negatively or dis-
paragingly about someone.

Step 2: “Intercommunicate” means to communicate with
each other, implying a mutual exchange of information.
Step 3: No.

Example #2

Entailment Relation: Event-Entail, Label: Positive
Instance: The things happen to PersonY, Concept: life
circumstances

Head Event: The things happen to PersonY
Tail Event: life circumstances

GPT4 Rationale:

Step 1: The sentence “the things that happen to PersonY”
refers to any events, situations, or experiences that occur in
the life of an individual named PersonY.

Step 2: The term “life circumstances” broadly refers to the
conditions or events that collectively define an individual’s
situation in life at any given time, encompassing a range of
personal, social, economic, and environmental factors that
affect the individual.

Step 3: Yes.

Table 25: Two examples filtered by the Keyword Filter.
GPT4 might generate explanations of wrong words and
rewrite the instance or concept.
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