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Abstract. Many are now being extracted from scientific publications to increase the effectiveness of content organization 
and information retrieval for knowledge-based services in science. Here, a lightweight framework based on knowledge-
distilled RoBERTa is developed to handle the challenge of concurrently obtaining high extraction accuracy and resource 
efficiency. By employing effective pre-training techniques and unique loss functions, we may transfer semantically and 
contextually rich data from a powerful teacher model to a tiny student network while maintaining language sensitivity and 
minimising model size. Numerous cross-domain datasets containing over 7,600 full-text papers in the fields of science, life, 
and medicine, as well as materials, have been made available for assessment. In comparison to normal RoBERTa, the distilled 
model cut the training time by a factor of 3.7 and attained a mean F1-score of 0.851, outperforming both the traditional 
baseline and other lightweight models, according to the experiment mentioned above. Ablation analysis reveals that optimal 
performance is attained when the encoder and attention mechanism setup are at the appropriate depth. Additionally, 
visualisation demonstrates that the model can identify the same domain words from various document sections without 
sacrificing performance. In general, this approach can be used to achieve high-performance, large-scale keyword extraction 
from vast research libraries and add models for specific adaption. 
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Introduction 
In the field of natural language processing (NLP), the extraction of technical keywords has been used for 
intelligent document management, scientific content mining, and information retrieval [1]. The need for 
automatic identification and extraction of high-value technical terms in domains like semantic search, 
knowledge graph construction, and academic content recommendation has been steadily growing due to the 
ongoing growth in the size and complexity of scientific and engineering literature [2]. Research in this field has 
advanced quickly due to the growing amount of data that must be processed and the demand for greater 
accuracy; as a result, many outdated techniques based on rules and heuristics are now being replaced by 
machine learning and deep neural networks [3].  

Despite the fact that BERT and RoBERTa are powerful transformer-based language models that have achieved 
success in their respective domains, there are still a number of issues with their use in technical keyword 
extraction [4]. Many state-of-the-art techniques are closely related to large-scale models, and while they have 
demonstrated remarkable gains in accuracy and context awareness, they are memory-hungry and 
computationally demanding [5]. As a result, real-time or resource-constrained industrial systems cannot make 
extensive use of them [6]. However, lightweight techniques like TF-IDF and TextRank, while computationally 
convenient, typically fail to understand the precise meaning and multi-level linguistic links in technical corpora 
[7]. There has been significant performance degradation or failure in generalisation across domains as a result 
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of previous attempts to resolve the trade-off between accuracy and efficiency [8]. Furthermore, while 
knowledge distillation and model compression have been successful in lowering model size for other NLP tasks, 
they have not yet been used to solve the issue of high-quality keyword extraction in technical domains [9,10]. 

This research presents a novel lightweight framework for technical keyword extraction based on a distilled 
RoBERTa model in response to the aforementioned shortcomings. We have maintained the extraction capability 
of full-scale transformers while drastically lowering the model size and inference latency by moving contextual 
and semantic knowledge from a powerful teacher model to a small student model. Three particular 
contributions have been made, namely: (i) An optimised loss design and training strategy that achieves high 
precision and recall without compromising deployment feasibility; (ii) A custom knowledge distillation pipeline 
that preserves crucial contextual information during compression and maintains the sensitivity to technical 
language; and (iii) Numerous empirical experiments on a variety of open-domain and domain-specific technical 
datasets demonstrate that the framework performs competitively and, in many cases, achieves state-of-the-art 
results with significant improvements in computational efficiency. The technical support for high-performance 
keyword extraction in extensive scientific archives, engineering literature mining, and practical knowledge-
driven systems has been made possible by the aforementioned developments. 

Background and Related Works 

Technical Keyword Extraction Techniques 

In a technical sense, organising, annotating, and discovering scientific data has always been necessary. Term 
Frequency-Inverse Document Frequency (TF-IDF) is a representative approach that is frequently used and 
reasonably easy to apply among the earliest methods, which were mostly statistics-based or unsupervised [10]. 
While TF-IDF provides a simple filter for individual terms, it is unable to catch multi-word phrases and contextual 
semantic links that are frequently seen in technical writing [11]. Instead, it scores words based on how frequently 
they appear in a document relative to their general frequency in a corpus. Graph-based techniques, such 
TextRank, have been developed to overcome the aforementioned shortcomings by representing words as nodes 
and the relationships between them as edges (co-occurrence or syntax), after which candidate words are ranked 
using centralities [12]. Although TextRank is largely domain-neutral, it has the drawback of assuming word 
independence and usually ignoring higher-order language elements needed to identify certain technical 
statements [13].  

In recent years, deep learning has advanced quickly. By using labelled data for training, supervised models like 
Recurrent Neural Networks (RNNs) and Conditional Random Fields (CRFs) have been used to enhance the 
performance of conventional statistical classifiers for word sequence and synonymous expression recognition 
[14]. Nevertheless, the aforementioned techniques typically necessitate human feature engineering and 
annotated corpora, which restricts their applicability to other fields [15]. BERT, the first pretrained transformer 
architecture, achieved high-precision recognition of polysemous and domain-specific entities by introducing 
context-aware representations [16]. In scientific corpora with rapid terminology changes and a strong demand 
for context awareness, BERT and RoBERTa models that were optimised for keyword extraction also greatly 
increased recall and precision [17]. Nevertheless, the aforementioned transformer-based systems are not 
appropriate for real-world mobile or edge deployment because to their high computational cost, high memory 
needs, and delayed inference [18]. The two issues at hand are low operational costs and high-quality extraction. 

Advances in Pretrained Language Models 

In numerous domains of natural language processing (NLP), pretrained language models have performed well. 
Deep bidirectional pre-training was first proposed by BERT (Bidirectional Encoder Representations from 
Transformers), which has proven successful in identifying minor linguistic patterns in vast amounts of unlabelled 
text [19]. By eliminating the Next Sentence Prediction (NSP) task and employing an enhanced training approach 
with a larger dataset, RoBERTa considerably outperformed the first two [20]. These models outperform models 
based just on frequency or position because they are technically sensitive to context and can take into account 
not only the words in a candidate term but also how they are utilised in the text [21].  
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These effective trials nevertheless have a lot of restrictions. Due to their high memory footprint and various 
parameters, BERT and RoBERTa are both large-scale models that perform poorly in contexts with limited 
resources or latency [22]. These provide rich context information, but it might be challenging to extract granular 
domain-specific keywords because they occasionally combine multiple separate but related technical phrases 
[23]. This difficulty can be lessened by fine-tuning on limited or specialised corpora, but doing so creates new 
problems with overfitting and poor generalisation [24]. Research has been done to create more resource-
efficient models that can maintain the semantic strengths of large language models because of the 
aforementioned reasons. 

Model Distillation in NLP 

The need for more affordable, lighter, and more effective transformer-based NLP models has been satisfied by 
model distillation. By reducing the difference in their output probability distributions, a smaller "student" model 
is trained to mimic the behaviour of a larger "teacher" model, typically in a supervised or semi-supervised way 
[25]. One of the first and most well-known instances is DistilBERT, which has been reduced by halving the 
number of layers from BERT while maintaining the majority of its inference power and representation strength. 
These distilled models exhibit notable gains in model size, performance, and memory usage, making them more 
appropriate for real-time applications and systems with limited resources.  

Large models have historically been the norm, but distillation has demonstrated strong performance in tasks 
including text classification, named object identification, and question answering. Nevertheless, it has been used 
sparingly in the field of technical keyword extraction, and only a small number of research have tackled the 
issues of effective domain adaptation and model complexity reduction for this purpose. The majority of current 
distillation pipelines do not specifically preserve domain-specific linguistic properties necessary for identifying 
technical terms; instead, they are primarily focused on lowering the general language model overhead. This 
study presents a RoBERTa-based architecture that has been compressed by knowledge distillation and features 
an explicit algorithm to preserve the fine-grained feature representations typical of technical papers, in keeping 
with the work on knowledge distillation. 

Distil-RoBERTa Framework 

Model Design and Motivation 

Because scientific articles are so disorganised and unclear, technological keyword extraction is still a challenging 
task. In light of the aforementioned features, our work expands on the RoBERTa-based model's strong 
performance in capturing deep contextual linkages and semantic distinctions of large-scale linguistic data. 
Compared to other approaches, RoBERTa is better suited for identifying certain phrases rather than just 
individual tokens since its pretraining has been improved through dynamic masking and extensive data collecting.  

Nevertheless, the whole-RoBERTa model is not appropriate for quick, lightweight, or edge-based applications 
due to its high resource requirements. Efficiency and scalability for model deployment and utilisation have been 
increasingly important as deep neural network models have been used more widely in recent years. This issue 
has recently been addressed by knowledge distillation, in which a relatively small "student" model is trained to 
mimic the internal features and outputs of a larger "teacher" model, achieving nearly the same level of accuracy 
with less memory and computation. In light of the aforementioned factors, we have opted for distillation in 
order to attain a favourable balance between improved semantic modelling and computational viability. 

The proposed Distil-RoBERTa framework is introduced in Figure 1. Initially, a dense layer uses an embedding 
layer to translate each input word to a dense vector. 

𝐱𝐱𝑖𝑖 = Embed(𝑤𝑤𝑖𝑖), 𝑖𝑖 = 1,2, … ,𝑁𝑁 Eq. (1) 

where 𝑤𝑤𝑖𝑖  represents the 𝑖𝑖-th token in the input sequence of length 𝑁𝑁. 

These embedded representations are subsequently processed by stacked Distil-RoBERTa encoding layers, each 
producing context-aware hidden representation: 

𝐡𝐡𝑖𝑖 = 𝑓𝑓DistilRoBERTa(𝐱𝐱𝑖𝑖;𝚯𝚯) Eq. (2) 
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Here, 𝑓𝑓DistilRoBERTa  denotes the distilled encoder function with parameters 𝚯𝚯. 

This design can achieve good keyword extraction accuracy without being as computationally expensive as full-
scale transformer models because of its tiny size and relative speed. Consequently, the new high-performance 
keyword extraction technique has been modified for real-world applications that require high efficiency, speed, 
and precision all at once by utilising the advantages of distillation. 

 
Figure 1. Overview of the Distil-RoBERTa framework for technical keyword extraction. 

Architecture and Components 

In the pursuit of a compact yet capable language model for technical keyword extraction, the architecture of 
Distil-RoBERTa is designed as a streamlined and unified sequence of functional stages, each serving a core role 
in the transformation of raw scientific text into structured keyword predictions. The principal flow of information 
through the model is illustrated in Figure 2, which encapsulates the data passage from token embedding through 
multi-layer attention to the final output. 

 
Figure 2. Distil-RoBERTa architecture overview. 

The architecture begins by mapping each input token 𝑤𝑤𝑖𝑖  into a dense vector form via an embedding layer. This 
representation, 𝐱𝐱𝑖𝑖 , preserves initial syntactic cues. Since sequence order is essential in capturing scientific 
linguistic nuance, positional information is added to these embeddings: 

𝐞𝐞𝑖𝑖 = 𝐱𝐱𝑖𝑖 + 𝐩𝐩𝑖𝑖 Eq. (3) 
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where 𝐩𝐩𝑖𝑖  denotes the positional encoding for position 𝑖𝑖, ensuring the model encodes both word identity and 
sequential context. 

These position-aware embeddings are then sequentially processed by multiple transformer encoder layers. The 
key computational innovation in each layer is the self-attention mechanism, which dynamically scales token 
relationships across the entire input, thus allowing the model to identify intricate dependencies crucial for 
understanding technical expressions. Each selfattention operation is defined as: 

Attention(𝐐𝐐,𝐊𝐊,𝐕𝐕) = softmax�
𝐐𝐐𝐊𝐊⊤

�𝑑𝑑𝑘𝑘
�𝐕𝐕 Eq. (4) 

where 𝐐𝐐,𝐊𝐊,𝐕𝐕 are linear projections of the embeddings, and 𝑑𝑑𝑘𝑘  is the dimension of keys. Stacking multiple 
attention heads allows the network to jointly attend to information from different representation subspaces. 

Each layer's output then passes through position-wise feed-forward networks and layer normalization steps, 
maintaining model stability and depth of abstraction. At the top encoder layer, the sequence of contextual 
embeddings 𝐡𝐡𝑖𝑖  summarizes each token's learned information in light of full-document context. 

The concluding component is a classification head. It computes, for each token, a probability distribution over 
candidate tags (technical keyword vs. non-keyword), via: 

𝐲𝐲𝑖𝑖 = softmax(𝐖𝐖𝑜𝑜𝐡𝐡𝑖𝑖 + 𝐛𝐛𝑜𝑜) Eq. (4) 

where 𝐖𝐖𝑜𝑜 and 𝐛𝐛𝑜𝑜  are the parameters of the output layer. 

To sharpen focus on truly meaningful technical terms, the model aggregates evidence from the hidden states 
using an adaptive weighting mechanism, defined as: 

𝐬𝐬 = � 
𝑁𝑁

𝑖𝑖=1

𝛼𝛼𝑖𝑖𝐡𝐡𝑖𝑖  Eq. (5) 

where 𝛼𝛼𝑖𝑖  is an attention-derived coefficient that amplifies relevant context and suppresses noise, allowing the 
selection of the most salient keywords. 

Training and Distillation Strategies 

For the lightweight Distil-RoBERTa model to function similarly to a bigger Distil-RoBERTa model while also being 
extremely feasible for deployment, a good distillation and training regime are necessary. The goal of the entire 
procedure is to methodically transfer the full-scale "teacher" RoBERTa model's semantic knowledge and 
extraction capacity to the compact "student" model. The three phases of the primary training and distillation 
workflow are joint optimisation based on multiple loss functions, instructor pre-training, and student 
initialisation, as seen in the image.  

The first is a fully trained instructor model that has been refined using labelled scientific data and a supervised 
keyword extraction goal. For each training sample, the instructor generates distributional outputs, or soft targets. 
These soft goals include extensive information on the teacher's confidence and acquired inter-class relationships, 
as well as information about how accurate the labels are. Both the hard classifications and the soft distributions 
provided by the teacher are replicated using a student model with fewer layers or parameters. 

During training, the student receives dual supervision: the true label (hard target) for each token, and the 
teacher’s output probability distribution (soft target). The total training objective is then a weighted combination 
of standard supervised loss and distillation loss: 

ℒtotal = 𝜆𝜆1ℒCE + 𝜆𝜆2ℒKD Eq. (6) 

where ℒCE is the cross-entropy between student predictions and labels, ℒKD is the distillation loss defined on 
the divergence between student and teacher distributions, and 𝜆𝜆1, 𝜆𝜆2 control the relative importance. 

The cross-entropy loss over explicit keyword tags is defined on the token prediction layer: 
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ℒCE = −
1
𝑁𝑁
�  
𝑁𝑁

𝑖𝑖=1

�  
𝐶𝐶

𝑐𝑐=1

𝑦𝑦𝑖𝑖,𝑐𝑐log �𝑦̂𝑦𝑖𝑖,𝑐𝑐� Eq. (7) 

where 𝑁𝑁  is the number of tokens, 𝐶𝐶  the tag classes, 𝑦𝑦𝑖𝑖,𝑐𝑐  the true label indicator, and 𝑦̂𝑦𝑖𝑖,𝑐𝑐  the predicted 
probability. 

The distillation loss uses Kullback-Leibler divergence with temperature scaling 𝑇𝑇 to align the student and teacher 
output distributions for each token: 

ℒKD = −
𝑇𝑇2

𝑁𝑁
�  
𝑁𝑁

𝑖𝑖=1

�  
𝐶𝐶

𝑐𝑐=1

𝑡𝑡𝑖𝑖,𝑐𝑐log �
𝑠𝑠𝑖𝑖,𝑐𝑐
𝑡𝑡𝑖𝑖,𝑐𝑐
� Eq. (8) 

where 𝑡𝑡𝑖𝑖,𝑐𝑐  and 𝑠𝑠𝑖𝑖,𝑐𝑐  are the teacher and student predicted softmax probabilities, respectively, for token 𝑖𝑖 and 
class 𝑐𝑐, and 𝑇𝑇 > 1 controls the smoothness of the targets. 

A key modeling goal is to maximize the compression benefit while minimizing performance degradation. Model 
compression ratio is quantified as: 

Compression Ratio =
#Teacher Parameters
#Student Parameters

 Eq. (9) 

Meanwhile, training and inference efficiency are assessed via floating-point operations per second (FLOPs) and 
empirical speedup factor: 

Speedup =
Inference TimeTeacher

Inference Time Student
 Eq. (10) 

FLOPssratio =
FLOPsTeacher

FLOPSStudent

 Eq. (11) 

For a holistic performance evaluation in the keyword extraction task, we propose an aggregate metric that 
synthesizes accuracy, recall, F1-score, and computational cost: 

NLP-Score =
F1 + Speedup + Compression Ratio

3
 Eq. (12) 

This combined score aids in objectively comparing the tradeoff between effectiveness and efficiency. 

The overall iterative learning process follows the flow depicted in Figure 3. Data is first processed by the teacher 
network, which produces the requisite soft labels. The student network simultaneously ingests the same inputs, 
updating its parameters according to both supervised and distillation loss, with regular validation to guard 
against overfitting or catastrophic forgetting. 

 
Figure 3. Overview of the training and knowledge distillation workflow for the Distil-RoBERTa model. 
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Experimental Study 

Datasets and Preprocessing 

Distil-RoBERTa's empirical evaluation is based on a high-quality composite corpus that, following standardisation, 
includes 7,612 full-text scientific publications from 2014 to 2023. This corpus incorporates three of the best 
open-access datasets: SciTechTerm, BioTextKey, and MatKG. The final experimental sets are 3,528 computer 
science articles (46.3%), 2,597 biomedical engineering papers (34.1%), and 1,487 materials science publications 
(19.6%) following several rounds of pre-processing and quality filtering. To assess the generalisation and 
particularisation capabilities of keyword extraction models, a fraction of distribution was specified, as seen in 
Figure 4A. To prevent grouping or thematic bias, the labels of the primary and secondary subjects in the selection 
were carefully mapped.  

 
Figure 4. Distribution and annotation characteristics of the experimental dataset.A.Domain distributionB. Document lengthC. Keyword 

count per article 
 

The length of the text in the unified dataset was broken down. With a median of 1,480 words, an average of 
1,693 words, and a standard deviation of 644, the articles' lengths are somewhat uneven. Dynamic batching and 
tactical input windowing were necessary during training because, as Figure 4B illustrates, the bulk of the sample 
documents (57%) are between 1,000 and 2,000 words long, with a significant percentage being substantially 
longer. Additionally, a right-skewed distribution indicates a greater number of technical specifications and 
review articles, which are advantageous for difficult high-frequency keyword extraction. 

There is also a technical keyword corpus with phrase and term level annotations. Each publication has an average 
of 13.7 tagged keywords, with the majority falling between 12 and 15. Only 2.7% of the articles contain fewer 
than five tagged terms, as seen in Figure 4C, while some lengthy studies may have as many as 35. Strong 
contextual and compositional encoding is necessary because the bulk of the annotations (61%) are multi-word 
technical terms, which pose a serious challenge for the extraction model.  
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For the data, a reliable pre-processing pipeline will be used. automatically eliminated non-textual components 
including equations, references, embedded tables, and appendices, normalised to UTF-8 encoding, and 
eliminated duplicate content (about 3.6% of the duplicate papers were omitted, frequently due to overlap 
between preprints and final versions). Tokenisation and sentence segmentation of the scientific language model 
were carried out using the NLTK and ScispaCy toolkits. In order to preserve the correctness of the annotation, 
all of the keyword tags were manually chosen and validated using the algorithm; those that could not be 
reconciled were slated for deletion. For technical synonym unification and abbreviation normalisation, include 
a domain-specific dictionary. 

Experimental Settings and Metrics 

A high-performance computing cluster with four NVIDIA A100 GPUs, two Intel Xeon Platinum 8260 CPUs, and 
512GB of RAM was used for all of the aforementioned tests. The average single-epoch training time for each 
architecture is explicitly displayed in Figure 5A. BERT-base and a lightweight CNN-LSTM baseline recorded 32.2 
and 7.6 minutes per epoch, respectively, while our distilled Distil-RoBERTa lowered this to 9.7 minutes and 
accelerated it by a factor of 3.7. The full-size RoBERTa-base model took approximately 36.1 minutes each epoch. 
The aforementioned findings demonstrate that distillation has significantly increased efficiency without 
sacrificing contextual modelling depth.  

 
Figure 5. Experimental performance and optimization analysis.A. Training time per epoch for major architectures.B. F1 score of model 

variants with different encoder layers/attention heads.C. Distribution of precision, recall, and F1 across random seeds 
 

A number of ablations were methodically performed in order to better investigate the architectural trade-offs; 
the outcomes are displayed in Figure 5B. Here, many Distil-RoBERTa versions were built by changing the number 
of attention heads (6/8/12) and encoder layers (4/6/8). The default configuration of 6 layers and 8 heads is 
chosen to balance the optimisation of accuracy (F1 = 0.851) and computation cost because the F1 score curve 
indicates that reducing the number of encoder layers to less than 6 results in a considerable loss in performance. 
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It is not very effective to add an additional layer or two, or to use 8 heads and 12 heads, as this will significantly 
increase GPU memory and inference time. 

The box-whisker plot in Figure 5C displays the precision, recall, and F1-scores of the tested models along with 
the mean and standard deviation of the five random data splits. Compared to BERT-base (F1=0.818) and the 
lightweight CNN-LSTM model (F1=0.761), Distil-RoBERTa has a median F1 of 0.851 and a substantially smaller 
interquartile variance. The model is comparatively stable in noisy or rare-class test data since precision and recall 
are also near to one another. Because the model groupings and the non-overlapping confidence intervals are 
visually distinct, they are statistically significant. 

Results and Analysis 

The Distil-RoBERTa model suggested here greatly outperforms the current baseline models and alternative 
lightweight architectures, according to the quantitative results mentioned above. The findings of the 
performance comparison remained fair and statistically credible because every experiment was conducted in 
compliance with the aforementioned dataset and assessment workflow.  

 
Figure 6. Comparative model performance and ablation analysis.A. Bar chart: Main metrics (precision/recall/F1) for each model.B. F1 score 

vs. training time for varying data sizes. C. Ablation results for encoder depth and attention heads. 
 

The primary assessment metrics of precision, recall, and F1, as illustrated in Figure 6A, show that Distil-RoBERTa 
consistently performs better than BERT-base, RoBERTa-base, and the lightweight CNN-LSTM model. Over five 
random train-test splits, Distil-RoBERTa's mean F1 score was 0.851. Conversely, CNN-LSTM scored 0.761, BERT-
base scored 0.818, and the entire RoBERTa-base reached 0.846. The precision and recall numbers follow the 
same pattern, and Distil-RoBERTa has the tightest variance intervals and balanced scores of all the models 
studied [26]. 

Figure 6B is a grouped line-bar plot of the F1 score and training time under various sample sizes to illustrate how 
varied operating conditions affect the model's performance. Distil-RoBERTa has demonstrated good scalability 
and efficiency by consistently maintaining a high level of accuracy and outperforming alternative configurations 
after reaching about 3,000 samples, even after expanding the volume of training data from 1,000 to 7,000 
articles [27,28]. In a setting with limited resources, the shortage is more noticeable; nevertheless, Distil-RoBERTa 
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has been released to lower extraction and computational errors [29]. In contrast to earlier transformer-based 
keyword extraction experiments, which typically failed to report such a phenomenon [30], this study has 
established a scaling feature.  

The ablation study's findings are also connected to model stability and architecture design, as seen in Figure 6C. 
Here, change the encoder's depth and attention head count in a methodical manner [31]. All of the 
aforementioned indices have significantly decreased when the number of encoder layers is less than six, which 
is consistent with earlier research that has demonstrated that a deeper model is necessary for contextually rich 
semantic representation [32]. The 6-layer, 8-head form is selected as the optimal trade-off since further 
increases in the number of attention heads beyond eight results in only slight benefits and are accompanied by 
a significant increase in memory consumption and inference speed. 

 
Figure 7. Qualitative and interpretability analysis of keyword extraction. A. Prediction vs. gold keywordsB. Attention heatmapC. Keyword 

performance by density. 
 

These are only a few examples of the data. In addition to model output and human-annotated gold standards, 
Figure 7A displays the distribution and saliency of extracted technical terms in a typical article. Both larger and 
smaller baselines have demonstrated good multi-word term recall ability; Distil-RoBERTa can also catch some 
delicate phrases in many sectors [33].  

A heatmap of the model attention weights over the input phrases is shown in Figure 7B, which illustrates the 
interpretability of keyword selection. To create a comprehensive internal model of domain-specific jargon, 
concentrate on identifying n-grams that are contextually meaningful in scientific abstracts and findings. In 
contrast to earlier keyword extraction networks, the attention visualisation patterns do not feature chaotic or 
dispersed weight distributions [34]. 

A collection of model performance in various scenarios is shown in Figure 7C. In order to maintain article 
specificity, Distil-RoBERTa does not oversample non-essential words with a high keyword density. On the other 
hand, its recall is still high in lexically sparse or low-density scenarios, albeit not all baselines exhibit this trend. 
In the end, the downstream integration for scientific knowledge graph generation is more accurate and 
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dependable [35]. The results endorse the efficacy of the compressed transformer architecture, confirming that 
Distil-RoBERTa delivers near state-of-the-art keyword extraction accuracy at substantially reduced 
computational cost.  

State-of-the-Art Comparison 

The extensive benchmark of the suggested lightweight model also made use of several of the current state-of-
the-art (SOTA) extraction architectures. To establish consistency, evaluation techniques such as Distil-RoBERTa, 
RoBERTa-base, BERT-base, and a CNN-LSTM hybrid were trained and assessed under identical settings. The 
comparison's findings are shown in Figure 8, where the three neatly arranged subpanels (A–C) display various 
aspects of model performance and design. 

 
Figure 8. Comparative benchmarking of scientific keyword extraction models.A. Multi-metric radar chart summarizing performance and 

efficiency.B. Learning curve of F1-score vs. sample size across models.C. Ablation analysis of transformer configuration on F1-score. 
 

For an understandable, high-dimensional analysis of the primary extraction models, Figure 8A displays several 
indicators in a radar chart. The axes—accuracy, precision, recall, F1-score, number of parameters, computing 
efficiency, etc.—are displayed as the primary factors. Distil-RoBERTa is accurate and computationally 
inexpensive because it is comparatively high across all of the aforementioned metrics. Because RoBERTa-base is 
a condensed form of the RoBERTa architecture, it requires less processing power while maintaining comparable 
accuracy. The suggested model is comparatively better and more balanced, as seen in the first illustration.  

A combined line graph of the model's scalability and convergence is displayed in Figure 8B, which also illustrates 
the rise in F1-score as the training set size increases. Here, Distil-RoBERTa has both the best asymptotic 
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performance and fast saturation, meaning that it can be used in data-scarce contexts because it quickly stabilises 
in terms of accuracy after adding more data. Other baselines have a smaller ceiling impact or slower convergence. 
As a result, the model is probably going to have both high efficiency and practical generalisability.  

An ablation investigation for model robustness is shown in Figure 8C. The impact of various encoder layer depths 
and attention head counts on F1-score is displayed in a group line chart. According to the aforementioned 
findings, six transformer layers are plenty to produce decent performance; adding more might not significantly 
enhance it because of the increased computational cost. The following architectural optimisations are suggested 
in light of the aforementioned data, and the rationale behind Distil-RoBERTa's accuracy versus efficiency trade-
off is made clear. 

Conclusion 
A strategically reduced transformer model called Distil-RoBERTa was created to extract scientific keywords with 
high accuracy while adhering to computational constraints. This study has extended the state-of-the-art to 
enable use in high-accuracy and high-efficiency deployment contexts through model compression and domain-
specific optimisation. This model performs well overall, according to several comparisons with popular 
architectures like RoBERTa-base, BERT-base, and a CNN-LSTM hybrid. Distil-RoBERTa reduces the number of 
parameters and training time while concurrently achieving great recall and precision. Additionally, visual and 
ablation tests have demonstrated that this design provides an optimal trade-off, meaning that it is practicable 
in practice and scalable to huge document corpora while maintaining a certain depth of representation 
necessary for comprehending technical language.  

Despite the aforementioned advancements, it is impossible to overlook some of the lightweight model's intrinsic 
flaws. Distil-RoBERTa still performs better than previous baselines on typical scientific papers, but an enhanced 
model with rich context might perform better in extremely low-density or highly ambiguous linguistic settings. 
Due to its modest size, the model may be less able to generalise in some out-of-domain scenarios or less able to 
adapt to new kinds without further training. When working with non-typical data, caution must be given because, 
while architectural simplification reduces resource usage, it is also more sensitive to the choice of hyper-
parameters and training settings. The above problems limit their current application range and thus require 
caution before wider cross-domain use. 

This study will be strengthened and expanded upon in the future in terms of engineering and methodology. To 
increase efficiency and depth of context for greater adaptability, dynamically activate layers, trim tokens, 
compute based on the input context, etc. To expand the flexibility of the model in various fields of technology 
and many languages, continuously learn and add many multilingual pre-training resources. Practical application 
in large-scale information retrieval and decision-support systems is also expected to encourage exploration of 
active learning and human-in-the-loop approaches to maintain high precision in a dynamic knowledge 
environment. In short, the innovations and empirical evidence presented here have provided a good foundation 
for next-generation, domain-adapted language models and have shown how to achieve greater scientific and 
engineering achievements. 
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