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Abstract

As new research on Large Language Models001
(LLMs) continues, it is difficult to keep up with002
new research and models. To help researchers003
synthesize the new research many have written004
survey papers, but even those have become nu-005
merous. In this paper, we develop a method to006
automatically assign survey papers to a taxon-007
omy. We collect the metadata of 144 LLM sur-008
vey papers and explore three paradigms to clas-009
sify papers within the taxonomy. Our work in-010
dicates that leveraging graph structure informa-011
tion on co-category graphs can significantly out-012
perform the language models in two paradigms;013
pre-trained language models’ fine-tuning and014
zero-shot/few-shot classifications using LLMs.015
We find that our model surpasses an average016
human recognition level and that fine-tuning017
LLMs using weak labels generated by a smaller018
model, such as the GCN in this study, can be019
more effective than using ground-truth labels,020
revealing the potential of weak-to-strong gen-021
eralization in the taxonomy classification task.022

1 Introduction023

Collective attention in the field of Natural Lan-024

guage Processing (NLP)—and the wider public—025

has turned to Large Language Models (LLMs). It026

has become so difficult to keep up with the pro-027

liferation of new models that many researchers028

have written survey papers to help synthesize the029

research progress. Survey papers are often cru-030

cial for newcomers to gain an in-depth understand-031

ing of the evolution of a research field. However,032

the volume of survey papers itself has become un-033

ruly for researchers—especially newcomers—to034

sift through. As illustrated in Figure 1, the number035

of survey papers has been increasing significantly.036

This leads to our research question, aimed at aiding037

the field of NLP: Is it possible to automatically re-038

duce the barriers for newcomers in a way that can039

keep up with the constant influx of new informa-040

tion?041
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Figure 1: Trends of survey papers about large language
models since 2021. Numbers reflect the year and month
(e.g., 2023-3 is March 2023).

In this paper, we address the above question by 042

developing a method that can automatically assign 043

survey papers to a taxonomy. Such a taxonomy 044

will help researchers see new trends in the field and 045

focus on specific survey papers that are relevant to 046

their research. Classifying papers into a taxonomy 047

may seem an ordinary task, but it is actually quite 048

challenging for the following reasons: 049

1. Our dataset contains 144 papers. While this 050

number for the survey papers is uncommonly 051

large, the number of instances in the dataset 052

is still relatively small. 053

2. We propose a new taxonomy for the collected 054

survey papers, where the distribution of each 055

category is not uniform, which leads to a sub- 056

stantial class imbalance issue. 057

3. Authors usually use similar terminologies to 058

describe the LLMs in the title and the abstract 059

of these survey papers. Such textual similarity 060

introduces significant difficulties in taxonomy 061

classifications. 062

To answer our research questions, we investi- 063

gate three types of attributed graphs: text graphs, 064

co-author graphs, and co-category graphs. Exten- 065

sive experiments indicate that leveraging graph 066

structure information of co-category graphs can 067

help better classify the survey papers to the cor- 068

responding categories in the proposed taxonomy. 069
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Moreover, we validate that graph representation070

learning (GRL) can outperform language models071

in two paradigms, fine-tuning pre-trained language072

models and zero-shot/few-shot classifications using073

LLMs. Inspired by a recent study, which indicates074

that leveraging weak labels, which are generated by075

smaller (weaker) models, may help enhance the per-076

formance of larger (stronger) models (Burns et al.,077

2023), we further examine whether using weak la-078

bels, which are generated by GNNs in this study, in079

the fine-tuning paradigm can help the pre-trained080

language models. The experiments demonstrate081

that fine-tuning using weak labels can exceed that082

using ground-truth labels. For the latter paradigm,083

we use the results of human recognition as the base-084

line. The analysis demonstrates that GRL achieves085

higher accuracy and F1 scores, and even surpasses086

the average human recognition level by a substan-087

tial margin. Overall, our primary contributions can088

be summarized as follows:089

• We collected and analyzed 144 survey papers090

about LLMs and their metadata.1091
• We propose a new taxonomy for categorizing092

the survey papers, which will be helpful for093

the research community, particularly newcom-094

ers and multidisciplinary research teams.095
• Extensive experiments demonstrate that graph096

representation learning on co-category graph097

structure can effectively classify the papers098

and substantially outperform the language099

models and average human recognition level100

on a relatively small and class-imbalanced101

dataset with high textual similarity.102
• Our results also reveal the potential of fine-103

tuning pre-trained language models using104

weak labels.105

2 Related Work106

Taxonomy Classification Conventional taxon-107

omy classification is a subset of Automatic Tax-108

onomy Generation (ATG), which aims to generate109

taxonomy for a corpus (Krishnapuram and Kum-110

mamuru, 2003). The main challenge in ATG is111

to cluster the unlabeled topics into different hier-112

archical structures. Thus, most existing methods113

in ATG are clustering-based methods. Zamir and114

Etzioni (1998) design a mechanism, Grouper, that115

dynamically groups and labels the search results.116

Vaithyanathan and Dom (1999) propose a model to117

1We will release all datasets and source code after this
paper is accepted.

generate hierarchical clusters. Lawrie et al. (2001) 118

discover the relationship among words to gener- 119

ate concept hierarchies. Within these methods, a 120

subset, called co-clustering, clusters keywords and 121

documents simultaneously (Frigui and Nasraoui, 122

2002; Kummamuru et al., 2003). Different from 123

ATG, in this study, we classify survey papers into 124

corresponding categories in the proposed taxonomy 125

on relatively small and class-imbalanced datasets, 126

whose text content contains similar terminologies. 127

Graph Representation Learning Graph repre- 128

sentation learning (GRL) is a powerful approach 129

for learning the representation in graph-structure 130

data (Zhou et al., 2020), whereas most recent works 131

achieve this goal using Graph Neural Networks 132

(GNNs) (Veličković et al., 2018; Xu et al., 2018). 133

Bruna et al. (2013) first introduce a significant ad- 134

vancement in convolution operations applied to 135

graph data using both spatial method and spectral 136

methods. To improve the efficiency of the eigen- 137

decomposition of the graph Laplacian matrix, Def- 138

ferrard et al. (2016) approximate spectral filters 139

by using K-order Chebyshev polynomial. Kipf 140

and Welling (2016) simplify graph convolutions 141

to a first-order polynomial while yielding superior 142

performance in semi-supervised learning. Hamil- 143

ton et al. (2017) propose an inductive-learning ap- 144

proach that aggregates node features from corre- 145

sponding fixed-size local neighbors. These GNNs 146

have demonstrated exceptional performance in 147

GRL, underscoring their significance in advancing 148

this field. 149

3 Methodology 150

In this section, we first introduce the procedure of 151

data collection and then explore the metadata. We 152

further explain the process of constructing three 153

types of attributed graphs and how we learn graph 154

representation via graph neural networks. 155

3.1 Data Collection and Exploration 156

We scraped the metadata of survey papers about 157

LLMs from arXiv and further manually supple- 158

mented the metadata from Google Scholar and the 159

ACL anthology. The papers range from July 2021 160

to January 2024. Given these survey papers, we 161

designed a taxonomy and assigned each paper to a 162

corresponding category within the taxonomy. Our 163

motivation is that a reasonable taxonomy can pro- 164

vide a clear hierarchy of concepts for readers to bet- 165

ter understand the relationship among a large num- 166

2



Figure 2: The mind map of survey papers about large
language models. Besides "Comprehensive" and "Oth-
ers" that are not included in the mind map, we highlight
fourteen categories in our proposed taxonomy. The total
number of categories for the 144 papers is sixteen.

ber of survey papers. Though survey papers can be167

taxonomized differently, we noticed two broad cat-168

egories: applications and model techniques. The169

applications category further sub-divides into spe-170

cific domains of focus (e.g., education or science),171

whereas model techniques further sub-divides into172

ways of effecting models (e.g., fine-tuning).173

We visualize our proposed taxonomy and high-174

light fourteen classes, i.e., the leaf nodes, in Fig-175

ure 2. The total classes in the labels are sixteen,176

including comprehensive and others (not shown in177

the figure). To better understand the distribution178

of the classes, we present the class distribution in179

Figure 3. The distribution indicates that the class180

is extremely imbalanced, introducing a challenge181

to the taxonomy classification task.182
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Figure 3: Distribution of classes in the taxonomy.

After visualizing the proposed taxonomy, we fur-183

ther explain the motivation for proposing a new tax-184

onomy instead of using the arXiv categories. In Fig-185

ure 4, we present the distribution of survey papers186

across different arXiv categories. Top-2 frequent187

categories are cs.CL (Computation and Language),188

and cs.AI (Artificial Intelligence), which means189

that most authors choose these two categories for190

their works. However, these choices cannot help191

readers to better distinguish the survey papers. For 192

example, papers related to model techniques are 193

indistinguishable in arXiv categories. Thus, de- 194

signing a new taxonomy is an essential step in this 195

study. 196
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Figure 4: Distribution of survey papers that we found
across different arXiv categories.

We also present the word frequency in Figure 5 197

to show which words have been frequently used in 198

abstracts. These distributions suggest that the ab- 199

stracts of these papers contain many similar terms, 200

which increases the difficulty of text classification. 201

Attributes Descriptions

Taxonomy Proposed taxonomy
Title Paper title

Authors Lists of author’s name
Release Date First released date

Links Links of papers
Paper ID The arXiv paper ID

Categories The arXiv category
Summary Abstract of papers

Table 1: Data attributes and descriptions.

Overall, we present the data description of their 202

attributes in Table 1. After designing the taxonomy 203

and building the dataset, we explain how we clas- 204

sify documents into the taxonomy categories in the 205

following section. 206

3.2 Building Attributed Graphs 207

The goal of building the graphs is to utilize the 208

graph structure information to classify the taxon- 209

omy. Before building the graphs, We first define 210

the attributed graphs as follows: 211

Definition 1 An attributed graph G is a topolog- 212

ical structure that represents the relationships 213

among vertices associated with attributes. G con- 214

sists of a set of vertices V = {v1, v2, ..., vN} and 215

edges E ⊆ V × V , where N is the number of ver- 216

tices in G. 217

Given the Definition 1, we further define the ma- 218

trix representation of an attributed graph as follows: 219

Definition 2 Given an attributed graph G(V, E), 220

the topological relationship among vertices can 221
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Figure 5: Top 30 keywords frequency in the summary of survey papers.

be represented by a symmetric adjacency matrix222

A ∈ RN×N . Each vertex contains an attribute223

vector, a.k.a., a feature vector. All feature vectors224

constitute a feature matrix X ∈ RN×d, where d is225

the number of features for each vertex. Thus, the226

matrix representation of an attributed graph can227

be formulated as G(A,X).228

Based on the above definitions, we build the229

graph by creating the term frequency-inverse docu-230

ment frequency (TF-IDF) feature matrices for both231

title and summary (i.e., abstract) columns, where232

the term frequency denotes the word frequency in233

the document, and inverse document frequency de-234

notes the log-scaled inverse fraction of the number235

of documents containing the word. TF-IDF matrix236

is commonly used for text classification tasks be-237

cause it helps capture the distinctive words that can238

indicate specific classes (Yao et al., 2019). After es-239

tablishing the TF-IDF matrices, we apply one-hot240

encoding on the arXiv’s categories and then com-241

bine three matrices along the feature dimension to242

build the feature matrix X.243

To leverage the topological information among244

vertices, we proceed to construct the graph struc-245

tures to connect the attribute vectors. In this study,246

we are interested in three types of graphs: text247

graph, co-author graph, and co-category graph. We248

explain each type as follows.249

Text Graph We follow the same settings as250

TextGCN (Yao et al., 2019) to build the text graph.251

Specifically, the edges of the text graph are built252

based on word occurrence (paper-word edges) in253

the paper’s text data, including both title and sum-254

mary, and word co-occurrence (word-word edges)255

in the whole text corpus. To obtain the global word256

co-occurrence information, we slide a fixed-size257

window on all papers’ text data. Moreover, we258

calculate the edge weight between a paper vertex259

and a word vertex using the TF-IDF value of the260

word in the paper and calculate the edge weight be-261

tween two-word vertices using point-wise mutual262

information (PMI), a popular metric to measure the 263

associations between two words. Note that in the 264

text graph, we don’t use the above feature matrix 265

because only paper vertices contain attribute vec- 266

tors. To retain consistency, we set all values in the 267

feature matrix as one. For the same reason, only 268

the paper vertices are assigned labels, whereas all 269

word vertices are labeled as a new class, which is 270

not touched during the training or testing phase. 271

Co-author Graph In the co-author graph, we 272

introduce an edge connecting two vertices (papers) 273

if they share at least one common author. 274

Co-category Graph In the co-category graph, an 275

edge is added between two vertices with at least 276

one common arXiv category. In the co-authorship 277

and co-category graphs, each vertex is assigned 278

one class (taxonomy) as the label. Note that in this 279

study all edges are undirected. 280

3.3 Taxonomy Classification via Graph 281

Representation Learning 282

Given the well-built attributed graphs G(A,X), we 283

aim to investigate whether graph representation 284

learning (GRL) using graph neural networks (GNNs) 285

can help classify survey papers into the taxonomy. 286

Before feeding the matrix representation, A and 287

X, of the attributed graphs G into GNNs, we first 288

preprocess the adjacency matrix A as follows: 289

Â = D̃− 1
2 ÃD̃− 1

2 , (1) 290

where Ã = A+ IN , D̃ = D+ IN . IN is an iden- 291

tity matrix. Di,i =
∑

j Ai,j is a diagonal degree 292

matrix. 293

After preprocessing, we utilize GNNs to learn 294

graph representation. The layer-wise message- 295

passing mechanism of GNNs can be generally for- 296

mulated as follows: 297

fW(l)

(
Â,H(l)

)
= σ

(
ÂH(l)W(l)

)
, (2) 298

where H(l) is a node hidden representation in the 299

l-th layer. The dimension of H(l) in the input layer, 300
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middle layer, and output layer is the number of fea-301

tures d, hidden units h, and classes K, respectively.302

H(0) = X. W(l) is the weight matrix in the l-th303

layer. σ denotes a non-linear activation function,304

such as ReLU.305

In general node classification tasks, GNNs are306

trained with ground-truth labels Y ∈ RN×1. In this307

study, we build the ground-truth labels based on our308

proposed taxonomy. To simplify the problem, each309

paper is assigned one primary category as the label,310

even if the paper sometimes may belong to more311

than one category. During training, we optimize312

GNNs with cross-entropy.313

In brief, we address the Taxonomy Classifica-314

tion problem via GRL approaches in this study and315

formally state the problem as follows:316

Problem 1 After building an attributed graph317

G(Â,X) and the ground-truth labels Y based on318

the survey metadata, we train a graph neural net-319

work (GNN) on the train data and evaluate the tax-320

onomy classification performance on the test data.321

Our goal is to design a method to better understand322

(classify) the taxonomy of the survey papers.323

4 Experiment324

In this section, we evaluate the graph representation325

learning (GRL)’s effectiveness compared with two326

paradigms using language models.327

Subsets Graphs |V| |E| |F | |C|

DataNov23

Text 737 94,943 737 16
Co-author 112 204 3,065 15

Co-category 112 4,908 3,065 15

DataJan24

Text 951 137,709 951 17
Co-author 144 332 3,542 16

Co-category 144 8,140 3,542 16

Datasubset

Text 905 128,575 905 12
Co-author 134 302 3,394 11

Co-category 134 6,964 3,394 11

Table 2: Statistics of graph datasets. |V|, |E|, |F |, and
|C| denote the number of nodes, edges, features, and
classes, respectively.

Experimental Settings To examine the gener-328

alization of our method on various graph struc-329

tures, we investigate three types of attributed330

graphs: text graphs, co-author graphs, and co-331

category graphs, and compare the classification332

performance of GRL with that of fine-tuning pre-333

trained language models across three subsets of334

our data. Both DataNov23 and DataJan24 con-335

tain survey papers collected at the end of corre- 336

sponding months (November 2023 and January 337

2024). DataJan24 includes a new category, Hard- 338

ware Architecture. We further construct the third 339

subset Datasubset by removing some proposed cat- 340

egories with fewer instances in DataJan24; these 341

categories are Law, Finance, Education, Hardware 342

Architecture, and Others. The motivation for con- 343

structing three subsets is to validate the generaliza- 344

tion of our method across different subsets since 345

the classification performance may significantly 346

change on small datasets. Also, new categories may 347

emerge at any period because research on LLMs 348

is developing rapidly, and so are related survey 349

papers. For example, a new category, Hardware 350

Architecture, emerges in DataJan24. The change 351

of categories may affect the performance as well. 352

Therefore, we investigate our method on three sub- 353

sets that contain different categories. The statistics 354

of our dataset and corresponding attributed graphs 355

are presented in Table 2. Recall that the text graph 356

consists of paper vertices and word vertices, and 357

thus contains one additional class because all word 358

vertices are labeled as a new class, which is not 359

touched during the training or testing phase. 360

To evaluate our model, we split the train, vali- 361

dation, and test data as 60%, 20%, and 20%. Due 362

to the potential for random splits to result in an 363

easier task for our model, we ran the experiments 364

five times using random seed IDs from 0 to 4 and 365

reported the mean values with corresponding stan- 366

dard deviations, mean (std). We evaluate the classi- 367

fication performance by accuracy and weighted f1 368

score. Accuracy is a common metric on classifica- 369

tion tasks, whereas the weighted f1 score provides a 370

balanced measure of the class-imbalanced dataset. 371

4.1 Leveraging Graph Structure Information 372

for Taxonomy Classification 373

We investigate whether leveraging the graph struc- 374

ture information can help better classify the papers 375

to their corresponding categories in the proposed 376

taxonomy. In this experiment, we construct the 377

attributed graphs based on the text data (includ- 378

ing the title and summary) and the relationship of 379

the co-authorship and co-category. To examine 380

the generalization of GRL, we employ GCN (Kipf 381

and Welling, 2016) as a backbone GNN on various 382

graph structures across three subsets. According to 383

Table 3, GNNs fail to learn graph representation on 384

both the text graph and the co-author graph. For 385
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DataNov23 DataJan24 Datasubset

Accuracy Weighted-F1 Accuracy Weighted-F1 Accuracy Weighted-F1

Text 20.91 (5.45) 14.20 (4.41) 17.86 (7.14) 16.31 (4.49) 23.08 (4.87) 18.82 (1.50)
Co-author 33.04 (8.06) 33.06 (8.69) 20.00 (8.56) 19.24 (8.79) 29.63 (7.03) 29.24 (6.02)

Co-category (All) 63.48 (18.36) 62.82 (16.96) 75.17 (5.52) 74.60 (4.81) 79.26 (6.87) 77.88 (7.52)
Co-category (Rm cs.CL) 70.43 (9.28) 68.46 (9.63) 67.59 (15.36) 65.81 (17.03) 76.30 (12.31) 73.83 (14.53)
Co-category (Rm cs.AI) 73.91 (18.03) 72.41 (18.28) 75.86 (8.99) 75.79 (9.62) 77.04 (3.63) 74.15 (4.11)

Co-category (Rm cs.CL, cs.AI) 26.09 (10.65) 20.19 (10.56) 37.93 (8.45) 35.97 (7.92) 49.63 (7.63) 47.32 (7.59)

Co-category (Rm cs.IR) 63.48 (18.36) 62.82 (16.96) 75.17 (5.52) 74.60 (4.81) 79.26 (6.87) 77.88 (7.52)
Co-category (Rm cs.RO) 63.48 (18.36) 62.82 (16.96) 75.17 (5.52) 74.60 (4.81) 79.26 (6.87) 77.88 (7.52)
Co-category (Rm cs.SE) 65.22 (11.00) 63.21 (10.37) 74.48 (8.33) 75.10 (6.77) 82.96 (6.02) 82.93 (6.22)

Co-category (Rm cs.IR, cs.RO) 63.48 (18.36) 62.82 (16.96) 75.17 (5.52) 74.60 (4.81) 79.26 (6.87) 77.88 (7.52)
Co-category (Rm cs.IR, cs.SE) 65.22 (11.00) 63.21 (10.37) 74.48 (8.33) 75.10 (6.77) 82.96 (6.02) 82.93 (6.22)
Co-category (Rm cs.RO, cs.SE) 65.22 (11.00) 63.21 (10.37) 74.48 (8.33) 75.10 (6.77) 82.96 (6.02) 82.93 (6.22)

Co-category (Rm cs.IR, cs.RO, cs.SE) 65.22 (11.00) 63.21 (10.37) 74.48 (8.33) 75.10 (6.77) 82.96 (6.02) 82.93 (6.22)

Table 3: Evaluation of graph representation learning on three types of attributed graphs across three subsets of our
data. We also conducted ablation studies on the graph structure of co-category graphs by removing (denoted by Rm)
some arXiv categories. We ran the experiments five times and presented the mean (std).
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Figure 6: Visualization of four graph structures on co-category graphs by removing the categories.

the text graph, we argue that the degradation may386

be caused by excessively similar words in the sum-387

mary of survey papers. When constructing the text388

graph, these word vertices connect with many pa-389

per vertices, resulting in the paper vertices being390

less distinguishable. For the co-author graph, we391

conjecture that it is challenging to categorize pa-392

pers solely based on the sparse co-authorship in393

this dataset. Furthermore, we observe that some394

co-authorships come from a common mentor in395

the same lab whereas two first authors work on396

the survey papers in two distinct categories. These397

reasons weaken the effectiveness of using graph398

structure information. GNNs, in contrast, are very399

reliable (evaluated by both accuracy and weighted400

F1 score) in most co-category graphs.401

Ablation Analysis We further examine the graph402

structures of co-category graphs by conducting ab-403

lation studies. First, according to Figure 4, most404

papers are assigned as cs.CL and cs.AI in the405

arXiv categories. Thus, we study how the cate-406

gories, cs.CL and cs.AI, affect the performance407

by muting these two categories in a combinato-408

rial manner. In Table 3, we observe that GNNs can409

maintain a comparable performance after removing410

either cs.CL or cs.AI. However, the performance411

dramatically drops after removing both categories. 412

This is possible since most node connections are 413

significantly sparsified after these two categories 414

are removed. Even though both cs.CL and cs.AI 415

do not directly map to the existing classes, either 416

one can connect the nodes and further strengthen 417

the message-passing in GNNs, allowing GNNs to 418

learn better node representations. 419

We visualize co-category graphs in DataJan24 420

in Figure 6. The visualization indicates that most 421

nodes are clustered well even if we remove the 422

category either cs.CL or cs.AI. However, after 423

removing these two categories simultaneously, we 424

observe that node classifications gradually become 425

disordered and several nodes are then isolated. This 426

visualization illustrates the effectiveness of GRL. 427

We further visualize GCNs’ hidden representa- 428

tion on the above co-category graphs in DataJan24 429

in Figure 7. The figures show that the nodes are 430

well-classified in the hidden space even if either 431

the category cs.CL or cs.AI is removed. However, 432

the distribution of nodes tends to become chaotic 433

when both of these two categories are removed 434

simultaneously, shown in Table 3. 435

For completeness, we conducted another abla- 436

tion study to examine how the categories, cs.IR, 437
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(a) All Categories (b) Removed cs.CL (c) Removed cs.AI (d) Removed cs.CL, cs.AI

Figure 7: Visualization of GCNs’ hidden representation on co-category graphs in DataJan24 via t-SNE. Each dot
represents one node and is labeled with one color.

DataNov23 DataJan24 Datasubset

Accuracy Weighted-F1 Accuracy Weighted-F1 Accuracy Weighted-F1

BERT (Kenton and Toutanova, 2019) 30.43 (18.45) 25.70 (19.91) 43.45 (18.84) 41.50 (22.31) 58.74 (6.87) 57.51 (6.94)
RoBERTa (Liu et al., 2019) 41.74 (20.32) 39.17 (22.84) 35.86 (17.53) 27.23 (23.67) 25.93 (12.17) 17.02 (15.16)

DistilBERT (Sanh et al., 2019) 57.39 (8.87) 55.59 (10.66) 53.10 (2.76) 52.07 (4.47) 59.26 (7.41) 58.15 (8.82)
XLNet (Yang et al., 2019) 25.22 (16.82) 21.59 (20.54) 27.59 (14.30) 21.59 (15.39) 28.52 (9.37) 21.51 (9.65)

Electra (Clark et al., 2019) 23.04 (4.76) 19.06 (4.06) 44.83 (7.23) 42.01 (8.39) 20.01 (6.87) 12.03 (8.45)
Albert (Lan et al., 2019) 11.30 (8.06) 4.85 (7.21) 15.17 (4.68) 5.14 (2.87) 20.74 (9.83) 11.41 (11.15)

BART (Lewis et al., 2020) 51.30 (17.48) 50.30 (17.62) 51.72 (3.08) 50.62 (2.79) 58.25 (8.11) 57.68 (8.90)
DeBERTa (He et al., 2020) 24.78 (8.06) 19.61 (10.36) 26.21 (11.03) 20.92 (14.25) 25.93 (10.73) 24.30 (10.52)

Llama2 (Touvron et al., 2023) 14.48 (8.72) 4.77 (4.35) 19.22 (5.90) 6.03 (4.21) 23.45 (8.72) 12.59 (7.23)

Table 4: Evaluation of fine-tuning pre-trained language models on the text data across three subsets.

cs.RO, and cs.SE, affect the classification perfor-438

mance as their names are similar to that of some439

classes in our proposed taxonomy (recall that our440

proposed taxonomy is not based on the arXiv cate-441

gories). According to Table 3, the classification per-442

formances are well-maintained no matter which cat-443

egory is removed, whereas removing cs.SE does444

slightly change the results (highlighted by gray445

color). We argue that the results are reasonable446

since these removals only drop a small number447

of edges and don’t break the topological relation-448

ships in the graph. Overall, these studies verify449

that leveraging the graph structure information in450

co-category graphs can positively contribute to the451

taxonomy classification.452

4.2 Fine-tuning Pre-trained Language Models453

After verifying the effectiveness of GRL, we con-454

tinue to investigate whether GRL can transcend455

fine-tuning pre-trained language models on the text456

data across three subsets in the taxonomy clas-457

sification task. To preprocess the text data, we458

follow the same setup as the cleaning process for459

text graphs. In this fine-tuning paradigm, we use460

various transformer-based (Vaswani et al., 2017)461

pre-trained language models as competing mod-462

els, such as BERT (Kenton and Toutanova, 2019),463

which learns bidirectional representations and sig-464

nificantly enhances performance across a wide465

range of contextual understanding tasks. The re- 466

sults in Table 3 and Table 4 gave us an affirmative 467

answer to the superiority of GRL. In Table 4, we 468

further observe that medium-size language mod- 469

els, such as DistilBERT (Sanh et al., 2019), work 470

better on smaller text data. However, the perfor- 471

mance may dramatically drop when the model size 472

is too small, such as Albert (Lan et al., 2019) or too 473

large, such as Llama2 (Touvron et al., 2023). We 474

conjecture that a smaller pre-trained model may 475

be more sensitive to the domain shift issue (our 476

dataset has distinct class distributions compared to 477

that of the dataset used to pre-train the language 478

models), whereas a large pre-trained model may 479

suffer overfitting issues when it is fine-tuned on a 480

smaller text data. 481

BERT RoBERTa DistilBERT XLNet Electra Albert BART DeBERTa Llama2
0

10

20

30

40

50

60

70

Ac
cu

ra
cy

Ground-truth labels
Weak labels

Figure 8: Comparison of fine-tuning pre-trained lan-
guage models using ground-truth labels and weak labels.
Whiskers denote standard deviation.

Fine-tuning with Weak Labels The above ex- 482

periments confirmed that smaller ("weaker") GNNs 483

can surpass larger ("stronger") language models in 484

7



the taxonomy classification task. Recently, Burns485

et al. (2023). verified that training stronger models486

with pseudo labels, a.k.a. weak labels, generated487

by weaker models can enable the stronger models488

to achieve comparable performance as closely as489

those trained with ground-truth labels. In this ex-490

periment, we first generate weak labels by GCN on491

co-category graphs and then fine-tune pre-trained492

language models with weak labels. We present493

the results on DataJan24 in Figure 8 as an exam-494

ple. The results indicate that performance achieved495

through training with weak labels can surpass that496

of training with ground-truth labels. One possible497

reason is that training the model using noisy la-498

bels with a low noise ratio can be equivalent to a499

kind of regularization, improving the classification500

results (Zhuang and Al Hasan, 2022).2501

This experiment demonstrates that leveraging502

weak labels generated by smaller models may ef-503

fectively enhance the performance of larger models.504

This is one of the applications related to "weak-to-505

strong generalization" (Burns et al., 2023).506

4.3 LLM Zero-shot/Few-shot Classification507

and Human Evaluation508

Accuracy Weighted-F1

Human 58.73 (19.16) 59.50 (19.13)
Claude w.o. hints 11.61 (1.27) 12.66 (0.14)
Claude w. hints 10.27 (3.15) 12.81 (2.10)

GPT 3.5 w.o. hints 47.32 (3.25) 43.21 (4.33)
GPT 3.5 w. hints 53.57 (2.81) 53.16 (3.13)
GPT 4 w.o. hints 29.76 (7.22) 26.91 (9.66)
GPT 4 w. hints 33.04 (5.57) 27.78 (7.76)

Table 5: Evaluation of zero-shot and few-shot classifica-
tion capabilities of large language models, Claude, GPT
3.5, and GPT 4. We compare these results with those
from human recognition.

Major CS DS Security Math Chemistry

#Students 9 4 2 2 1

Table 6: The number of students in each major. CS,
DS, and Security denote the major in Computer Science,
Data Science, and Cyber-security, respectively.

In this experiment, we evaluate zero-shot/few-509

shot classification capabilities of LLMs Claude (Bai510

et al., 2022), GPT 3.5 (Brown et al., 2020),511

and GPT 4 (Achiam et al., 2023), on the text512

data, which contains both title and summary, on513

2Weak labels can be regarded as a kind of noisy label.

DataNov23 as an example. We also compare the 514

results with human participants. We recruited 18 515

students across five different majors in a graduate- 516

level course. The number of students in each major 517

is shown in Table 6. Each participant was given 518

the titles and abstracts of survey papers and was 519

asked to assign a category to each paper from our 520

taxonomy. We present the mean value with the cor- 521

responding standard deviation in Table 5. For the 522

LLMs, we ran the experiments five times. The stan- 523

dard deviation in human recognition is relatively 524

large as some students do not have a strong techni- 525

cal background so they perform worse in this test. 526

Among the LLMs, GPT 3.5 outperforms the other 527

two models given that all models have not seen the 528

data before (zero-shot). We further provide some 529

hints to the models before classification (few-shot). 530

For example, we release the keywords of the class 531

"Trustworthy" to the models before classification. 532

In this setting, both GPT 3.5 and GPT 4 can achieve 533

higher accuracy and a weighted F1 score after ob- 534

taining some hints. In brief, GRL can outperform 535

all three LLMs and human recognition, whereas 536

these LLMs couldn’t surmount human recognition, 537

which reveals that LLMs still have much room to 538

improve in taxonomy classification. 539

5 Conclusion 540

In this work, we aim to develop a method to au- 541

tomatically assign survey papers about Large Lan- 542

guage Models (LLMs) to a taxonomy. To achieve 543

this goal, we first collected the metadata of 144 544

LLM survey papers and proposed a new taxon- 545

omy for these papers. We further explored three 546

paradigms to classify survey papers into the cat- 547

egories in the proposed taxonomy. After inves- 548

tigating three types of attributed graphs, we ob- 549

served that leveraging graph structure information 550

on co-category graphs can significantly help the 551

taxonomy classification. Furthermore, our anal- 552

ysis validates that graph representation learning 553

outperforms pre-trained language models’ fine- 554

tuning, zero-shot/few-shot classifications using 555

LLMs, and even surpasses an average human recog- 556

nition level. Last but not least, our experiments 557

indicate that fine-tuning pre-trained language mod- 558

els using weak labels, which are generated by a 559

weaker model, such as GCN, can be more effec- 560

tive than using ground-truth labels, revealing the 561

potential for weak-to-strong generalization in the 562

taxonomy classification task. 563
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Limitations & Future Work Constructing a564

graph structure may encounter certain constraints.565

For instance, we build co-category graphs based on566

the arXiv categories. When papers come from dis-567

tinct fields, such as biology, physics, and computer568

science, the graph structure may be very sparse,569

weakening the effectiveness of GRL.570

In the future, our primary motivation extended571

from this study is to tailor GPT-based applications572

to assist readers in understanding survey papers573

more effectively. We also plan on further explor-574

ing the weak-to-strong generalization which could575

potentially have many important applications.576
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Petar Veličković, Guillem Cucurull, Arantxa Casanova,688
Adriana Romero, Pietro Liò, and Yoshua Bengio.689
2018. Graph attention networks. In International690
Conference on Learning Representations.691

Keyulu Xu, Weihua Hu, Jure Leskovec, and Stefanie692
Jegelka. 2018. How powerful are graph neural net-693
works? arXiv preprint arXiv:1810.00826.694

Zhilin Yang, Zihang Dai, Yiming Yang, Jaime Car-695
bonell, Russ R Salakhutdinov, and Quoc V Le. 2019.696
Xlnet: Generalized autoregressive pretraining for lan-697
guage understanding. Advances in Neural Informa-698
tion Processing Systems, 32.699

Liang Yao, Chengsheng Mao, and Yuan Luo. 2019.700
Graph convolutional networks for text classification.701
In Proceedings of the AAAI conference on artificial702
intelligence, volume 33, pages 7370–7377.703

Oren Zamir and Oren Etzioni. 1998. Web document704
clustering: A feasibility demonstration. In Proceed-705
ings of the 21st annual international ACM SIGIR706
conference on Research and development in informa-707
tion retrieval, pages 46–54.708

Jie Zhou, Ganqu Cui, Shengding Hu, Zhengyan709
Zhang, Cheng Yang, Zhiyuan Liu, Lifeng Wang,710
Changcheng Li, and Maosong Sun. 2020. Graph711
neural networks: A review of methods and applica-712
tions. AI open, 1:57–81.713

Jun Zhuang and Mohammad Al Hasan. 2022. Robust714
node classification on graphs: Jointly from bayesian715
label transition and topology-based label propagation.716
In Proceedings of the 31st ACM International Con-717
ference on Information & Knowledge Management,718
pages 2795–2805.719

A APPENDIX 720

In the appendix, we present the GNN and pre- 721

trained language models’ hyper-parameters and 722

the hardware and software. We also include the 723

additional comparison results about fine-tuning us- 724

ing weak labels and additional visualization of co- 725

category graphs. 726

Hyper-parameters and Settings We employ a 727

two-layer GCN (Kipf and Welling, 2016) with 200 728

hidden units and a ReLU activation function as 729

the backbone GNN to examine the effectiveness of 730

GRL. The GNN is trained by the Adam optimizer 731

with a learning rate, 1 × 10−2 for both co-author 732

graphs and co-category graphs and 2×10−2 for text 733

graphs, and converged within 500 training epochs 734

on all subsets. The dropout rate is 0.5. 735

Language Models Model Size

BERT (Kenton and Toutanova, 2019) 109.49M
RoBERTa (Liu et al., 2019) 124.66M

DistilBERT (Sanh et al., 2019) 66.97M
XLNet (Yang et al., 2019) 117.32M

Electra (Clark et al., 2019) 109.49M
Albert (Lan et al., 2019) 11.70M

BART (Lewis et al., 2020) 140.02M
DeBERTa (He et al., 2020) 139.20M

Llama2 (Touvron et al., 2023) 6.61B

Table 7: Model size of the pre-trained language models.
For example, BERT has 109.49 million parameters.

We fine-tune the pre-trained language models 736

using the Adam optimizer with a 1×10−4 learning 737

rate. We chose the batch size of 8 for the Llama2 738

and fixed the batch size of 16 for the rest of the mod- 739

els. We implement the pre-trained language models 740

using HuggingFace packages (we choose the base 741

version for all models) and report the model size in 742

Table 7. All models are tuned with 30 epochs. 743

Hardware and Software The experiment is con- 744

ducted on a server with the following settings: 745

• Operating System: Ubuntu 22.04.3 LTS 746

• CPU: Intel Xeon w5-3433 @ 4.20 GHz 747

• GPU: NVIDIA RTX A6000 48GB 748

• Software: Python 3.11, PyTorch 2.1, Hugging- 749

Face 4.31, dgl 1.1.2+cu118. 750

Computational Budgets Based on the above 751

computing infrastructure and settings, computa- 752

tional budgets in our experiments are described 753

as follows. The experiment presented in Table 3 754
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Figure 9: Additional visualization of co-category graphs (extended from Figure 6).
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Figure 10: Additional comparison in the fine-tuning
paradigm using weak labels (extended from Figure 8).

can be reproduced within one hour. The experi-755

ment displayed in Table 4 may take 93 hours to756

complete. Due to limited GPU memory, we im-757

plemented Llama2 using the CPU. This consumes758

around 90 hours in total. The experiment shown759

in Table 5 (excluding human recognition) can be760

finished in one hour.761

Additional Visualization of Co-category Graphs762

Besides visualizing four graph structures in763

DataJan24 in Figure 6, we additionally present764

the visualization of four corresponding co-category765

graphs in both DataNov23 and Datasubset in Fig-766

ure 9. The visualization verifies the generalization767

of GRL across three subsets.768

Additional Comparison of Fine-tuning Using769

Weak Labels Besides the results in Figure 8, we770

supplement the comparisons on both DataNov23771

and Datasubset in Figure 10. The comparisons772

across nice pre-trained language models further773

validate the effectiveness of fine-tuning using weak774

labels.775
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