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Abstract: Nowadays, people use online resources such as educational videos and courses. However, such videos and courses are mostly long and thus, summarizing them will be valuable. The video contents (visual, audio, and subtitles) could be analyzed to generate textual summaries, i.e., notes. Videos’ subtitles contain significant information. Therefore, summarizing subtitles is effective to concentrate on the necessary details. Most of the existing studies used Term Frequency–Inverse Document Frequency (TF-IDF) and Latent Semantic Analysis (LSA) models to create lectures’ summaries. This study takes another approach and applies Latent Dirichlet Allocation (LDA), which proved its effectiveness in document summarization. Specifically, the proposed LDA summarization model follows three phases. The first phase aims to prepare the subtitle file for modelling by performing some preprocessing steps, such as removing stop words. In the second phase, the LDA model is trained on subtitles to generate the keywords list used to extract important sentences. Whereas in the third phase, a summary is generated based on the keywords list. The generated summaries by LDA were lengthy; thus, a length enhancement method has been proposed. For the evaluation, the authors developed manual summaries of the existing “EDUVSUM” educational videos dataset. The authors compared the generated summaries with the manual-generated outlines using two methods, (i) Recall-Oriented Understudy for Gisting Evaluation (ROUGE) and (ii) human evaluation. The performance of LDA-based generated summaries outperforms the summaries generated by TF-IDF and LSA. Besides reducing the summaries’ length, the proposed length enhancement method did improve the summaries’ precision rates. Other domains, such as news videos, can apply the proposed method for video summarization.
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Abbreviations:


	AI	Artificial Intelligence

	ASR	Automatic Speech Recognition

	BERT	Bidrirectional Encoder Representations from Transformers

	CV	Computer Vision

	EDUVSUM	The name of an Educational Videos Summaries dataset

	IDF	Inverse Document Frequency

	LDA	Latent Dirichlet Allocation

	LSA	Latent Semantic Analysis

	ML	Machine Learning

	MMLDA	MultiModal LDA

	NLP	Natural Language Processing

	NTM	Neural Topic Model

	ROUGE	Recall-Oriented Understudy for Gisting Evaluation

	ROUGE-1	ROUGE measurement that measures the overlap of unigrams

	ROUGE-2	ROUGE measurement that measures the overlap of bigrams

	ROUGE-L	ROUGE measurement that measures the longest matching sentences

	TF-IDF	Term Frequency–Inverse Document Frequency



1  Introduction

With the availability of online learning, i.e., learning through the internet [1], educational videos’ generation increased. Educational videos vary in duration, content, and presentation styles. For instance, lectures’ videos usually present the subject's PowerPoint slides and have long durations (more than 30 mins). In contrast, kids’ educational videos are often short (1 to 5 mins) with attractive animations. Even though long educational videos contain great information, people usually avoid watching them [2]. Searching for a piece of knowledge in a long video is challenging, as it requires lots of time. Thus, there is a need for techniques to summarize such videos.

Summarizing educational videos benefits learners by saving their time and storage space and making the searching and indexing process quick and easy [3–5]. A video can be summarized based on its audio [3,5–7], visual [3,5,7,8], and textual [3,5–14] data, i.e., subtitles. The video's audio is summarized by converting the spoken words to text using speech-to-text techniques and applying text-based summarization methods [6]. Besides, summarizing a video based on its visual content to a textual form using different techniques, such as video and image tagging and captioning [15,16]. Whereas in subtitles summarization, the textual data is summarized using text-based summarization algorithms [9]. On the other hand, the generated summaries could be either a short video [17] or a text [3–14,16,18].

In textual summarization, the input (need to be summarized) and output (generated summary) are in textual form. The textual outlines can be classified based on the number of input documents to a single document and multi-documents [19]. Moreover, textual summarization is classified based on the used algorithm for abstractive and extractive summarization [9]. The abstractive summarization summarizes a document like human summarization using external vocabulary and paraphrasing [4]. In contrast, extractive summarization summarizes a document by extracting the exact sentences that are considered significant by calculating each sentence's frequency and importance score [3,5–14]. Tab. 1 compares the two summarization techniques.

This paper aims to summarize educational videos to save learners’ time and resources and provide quick and straightforward searching and indexing processes. The main focus is on summarizing subtitles because in most of the lectures, the visual content, e.g., slides, are pre-given to students and most educational websites provide videos’ transcripts. Therefore, in lectures’ videos, the significant concentration is on the spoken sentences present in the video's subtitles and transcripts. This study uses subtitle files available in the “EDUVSUM” educational videos’ dataset [17]. Extractive text summarization helps extract valuable sentences. Therefore, single document extractive summarizations are applied to videos’ subtitles. Regarding the scientific content of courses and lectures, people need exact sentences without paraphrasing. Additionally, the current work focuses on generating text summaries as most students prefer referring to the lecture's textual notes [20]. Fig. 1 illustrates the scope of this work highlighted in blue.
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Figure 1: The scope of the study

Based on the literature, we can derive the following observations:

1.    Educational videos’ datasets are limited and not sufficient for summarization purposes. The available datasets mostly include short clips and miss subtitles or transcripts and require major manual preprocessing. Moreover, to the best of our knowledge, educational videos’ datasets lack the human-generated summaries necessary for the model evaluation process.

2.    Although Latent Dirichlet Allocation (LDA) recorded the highest performance in summarizing documents, it was not applied in videos’ subtitles summarization. However, different algorithms were applied. These include Latent Semantic Analysis (LSA) [3,7], Term Frequency–Inverse Document Frequency (TF-IDF) [9,10], and Bidirectional Encoder Representations from Transformers (BERT) [11,13,17].

3.    LDA-based document summaries always tend to be lengthy [5].

Thus, this work proposes the use of LDA to summarize educational videos based on their subtitles. The main contributions of this study are:

1.    Extending the “EDUVSUM” educational videos’ dataset [17] by generating human summaries from subtitle files, as the original dataset only includes videos and subtitles; without human summaries.

2.    A proposed summarization method based on LDA.

3.    A proposed method for enhancing summaries in terms of length and quality.

The two proposed methods mentioned above were validated using experiments.

This paper is structured as follows: Section 2 illustrates some of the related works. Section 3 presents the materials and methodology. Section 4 shows the results, Section 5 discusses the study's outcomes and Section 6 concludes the study.

2  Related Work

Many researchers have applied data mining techniques to enhance the education field, such as analyzing students’ performance [21] and studying the discoursal identity in postgraduates’ academic writings [22]. On the other hand, the scope of this study focuses on the extractive summarization of educational videos. Extractive summarization extracts valuable information without modification [23]. For instance, extractive text summarization summarizes a document by selecting the important sentences. Extractive text summarization starts with accepting an input document and preprocess the document, such as removing punctuations and stop-words [19]. Then feature extraction, e.g., a bag of words, is applied to the preprocessed text. After that, sentences are represented using vector representation as an example. Finally, based on some algorithms and criteria, sentence selection is applied to generate the summary. Fig. 2 summarizes the extractive text summarization process.
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Figure 2: Extractive text summarization process

This section discusses the previous work done to summarize educational videos, which can be divided into three categories (i) video summarization based on audio, visual scenes, and subtitles [3,5,7,8,16–18], (ii) audio-only outlines [6], and (iii) subtitles-only summarization [3,5–14]. Speech recognition faces some challenges when generating text summaries [6], e.g., lack of punctuations [9]. This study focuses only on the videos’ and subtitles’ summarization due to audio-related issues and the availability of online subtitles’ generation tools. Moreover, subtitles are considered as documents. Therefore, this section discusses some of the document extractive summarization efforts. The works discussed here were selected based on their relevancy to the study's scope.

2.1 Summarization Based on Audio, Visual, and Subtitles

Aggregating the Natural Language Processing (NLP), Automatic Speech Recognition (ASR), and Computer Vision (CV) techniques assisted researchers in generating video summaries [5]. This section discusses some of the applied video summarization methods.

In [17], the authors analyzed audio, visual, and textual contents of 98 educational videos to assign scores to important video segments. The authors used a python-based method to extract audio features. Moreover, researchers used Xception, ResNet-50, VGG-16 and Inception-v3 to extract the visual features and BERT for textual features. An annotation tool and EDUVSUM dataset, i.e., a dataset of annotated educational videos, were generated. Researchers concluded that visual features are not well suited for the academic domain.

Additionally, multimedia news was summarized using Multimodal LDA (MMLDA) [5]. Furthermore, video summarization has been applied to movies [8]. Researchers in [8] summarized 156 scenes of the Forrest Gump movie based on scenes’ description and subtitles analysis. The authors found that subtitles have a positive effect on generating summaries.

Other studies focused on summarizing long videos to short visual scenes and textual summaries [7]. Researchers applied Luhn, LSA, LexRank, and TextRank algorithms to evaluate the best algorithm by summarizing one-hour long videos. After assessing the generated summaries with Recall-Oriented Understudy for Gisting Evaluation (ROUGE) and human comparison, the authors recorded that LSA and LexRank provided the best results compared with other methods.

Authors in [3] created textual video summaries by first generating subtitles using speech recognition techniques, then applying text summarization algorithms based on NLP. Like [7], researchers in [3] used Luhn, LSA, LexRank, and TextRank to generate textual summaries. Their results agreed with [7] that LSA performed well and had the best contribution.

Learning how to directly map a sequence of video frames, i.e., scenes, to a series of words to generate video captions was studied in [16]. As a result, developing video descriptions is challenging as it is difficult to determine the salient content and describe it appropriately.

On the other hand, authors in [18] generated fixed-length textual summaries from asynchronous videos, i.e., videos without descriptions and subtitles. Researchers used LexRank and Neural Topic Model (NTM) to produce textual summaries of five to ten minutes’ news videos. Researchers reported that videos transcripts are essential to generate summaries, whereas audio and visual contents have a limited effect on summarization performance.

2.2 Summarization Based on Subtitles Only

Furthermore, some studies focused on subtitles summarization to generate textual summaries of educational videos. This section presents some of the applied subtitles summarization methods.

Researchers in [9] applied lectures’ subtitles summarization of fixed-length sentences to avoid the miss-identified punctuation marks in the speech-to-text summaries. TF-IDF was used to find meaningful sentences. The authors concluded that outline is effective when punctuations are part of subtitles.

Another research that produced lectures videos summarization by analyzing subtitles using TF-IDF [10]. Authors in [10] treated each sentence as a document and generated a summary of sentences with a threshold equal to the average TF-IDF value of all sentences. Thus, based on the IDF relevancy term, the lesser the term's occurrence, the higher its importance. In conclusion, researchers found that extractive text summarization reduced the original content by 60%. Further, removing stop-words does not affect the produced summary.

Moreover, a cloud-based lecture summarization service was generated [11]. Researchers used BERT to generate lectures subtitles summaries. Besides the summarization service, the system also provided storage and management services. K-mean cluster was used to assist in the summary selection by identifying the closest sentence to the centroid. An extended work of [11] is presented in [13], where authors added a dynamic method to select the appropriate number of clusters besides using BERT to produce summaries. Depending on the size of the cluster, the generated summary overcame the drawback of generating short summaries. However, most of the human-generated outlines contained three to four sentences which cannot be taken as a standard for dynamically predicting the number of sentences in summary.

As subtitles consider as documents when analyzing them, the following paragraphs illustrate the extractive document summarization works. Document summarization is classified based on the number of input documents to a single document and multi-documents.

Authors in [12] generated the MUSEEC tool to summarize documents. MUSEEC is an extractive text summarization tool that consists of MUSE, POLY, and WECOM methods. MUSE provided supervised learning extractive summarization, while POLY produced unsupervised learning summaries. WECOM was used to shorten sentences. Furthermore, MUSEEC is a language-independent summarization tool. Thus, MUSEEC has been used and improved in other studies, such as movie summarization [8].

Additionally, others combined the power of topic modelling with the simplicity of extractive summarization to produce document summaries [14]. LDA proved its effectiveness in generating summaries as it improved the TF-IDF results. Nevertheless, using topic modelling induce the need for pre-determined topic specifications. Furthermore, authors in [24] combined topic modelling using LDA with classification techniques to generate documents summaries. Topic modelling-based document summarization deals with some challenges, such as out of control output and the possibility of missing some expected topics [5]. However, summarizing documents with topic modelling algorithms generated good summaries.

From the literature, we can see that LSA recorded high results when applied to videos summarization. In comparison, studies that focused on subtitles-based outlines used TF-IDF and BERT only. Moreover, although LDA proved its effectiveness in summarizing documents, it has not been applied to subtitles summarization. Regardless of structural differences, both a document file and a subtitle file contain a collection of sentences. Therefore, this work aims to apply topic modelling using LDA on educational videos subtitles to generate lectures’ summaries.

3  Materials and Methods

This section discusses the materials and methods used to obtain the study's results. The proposed LDA-based subtitles summarization model and dataset details are presented, as well as the proposed summaries’ length enhancement method and the evaluation methods. Fig. 3 illustrates the followed methodology phases.
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Figure 3: The study's methodology phases

3.1 Dataset Expansion

This work used the educational videos’ subtitle files from EDUVSUM [17] dataset. EDUVSUM is an English educational videos dataset containing 98 MP4 videos with 98 subtitles files of each video [17]. All videos presented in the dataset are in English. The videos describe topics in various fields, such as computer science, chemistry, and biology. Additionally, all videos have a duration of fewer than 16 min; see Tab. 2 for more information about videos durations.
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Considering ten minutes length videos as short educational videos, authors excluded less than ten minutes long videos. Moreover, the authors developed manual summaries for the selected 26 videos, as the used dataset, i.e., EDUVSUM, did not provide subtitles’ summaries. Authors created summaries’ files by selecting the valuable sentences in the original subtitles’ files. The manual-generated outlines were about 50-55% of the original subtitles’ files, i.e., the original subtitles’ contents were reduced to half in the manual summaries. On the other hand, the dataset's subtitle files’ structure needed some manual preprocessing and modification due to using an online tool in generating the existing subtitles in [17]. Therefore, the authors removed time ranges and merged the sentences manually. During the experiments, the authors used a sample of five videos out of the selected 26 videos.

3.2 LDA-Based Subtitles Summarization Model

Summarizing subtitles is similar to documents summarization, where the focus is on valuable information, i.e., sentence, to add it in the summary. In this paper, the use of subtitles and documents is interchangeable. An input document (d) is a set of (n) number of sentences (s), d={s1,s2,…,sn}. Moreover, a sentence is a collection of words (w), s={w1,w2,…,wn}. To summarize a subtitle file, the authors extracted the informative sentences from the original document using a topic modelling technique. Topic modelling is an unsupervised learning approach that aims to organize and classify textual data by discovering words’ patterns [25].

Additionally, identifying keywords, i.e., topics, help in determining valuable sentences. For instance, in an Artificial Intelligence (AI) lecture, the essential information could contain keywords, such as AI, Machine Learning (ML), supervised, unsupervised, modelling, etc. To extract the crucial words, the authors used LDA. LDA is a topic modelling method that uses a statistical approach to discover important topics by analyzing the document's words [26].

LDA is a Bayesian-based model that decomposes a document into a set of topics [26]. LDA uses a vector of random multinomial parameters (θ) in (n) documents. The distribution of θ is affected by hyperparameters, α and B matrix. B matrix illustrates the relationship between the document's discrete topic variables zij and words wij. Eq. (1) shows the LDA probability of a list of words (W) [26].

P(W|α,B)=∏i=1n⁡∫P⁡(θi|α)[∏j=1mn⁡P(wij|θi,B)]dθi(1)

The probability of a set of recognized words (W) depends on α and B matrix values. Moreover, d is an index of a document with (m) words. Fig. 4 presents a graphical LDA model [26].
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Figure 4: Graphical representation of the proposed LDA model

Fig. 5 presents the proposed LDA summarization model framework. The subtitles’ summarization process starts with acquiring a single subtitle file. Then preprocess the subtitle file, i.e., removing punctuations, converting letters to lowercase, splitting the document into sentences, removing stop words, and creating an id2word dictionary and corpus. The corpus, id2word dictionary, and the number of topics (in our case, one topic) are passed to the LDA model to generate the topic's keywords list. The keywords list contains ten words considered the most important words when extracting and selecting the summary's sentences. Any sentence that includes one of the ten words is added to the output summary. Then, the generated summary is compared with the human outlines using some evaluation methods.
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Figure 5: LDA-based subtitle summarization model framework

This work developed a single document summarization model. Each subtitle file is treated as a single document. Additionally, to identify the best number of topics, the authors used Grid Search, an optimization algorithm besides the Scikit-learn LDA model [27]. The grid search results with the best estimator of one topic, which is reasonable as a lecture usually describe a specific topic. Therefore, the summarization model accepts a single subtitle file and generates a single topic that describes the lecture's contents.

The Scikit-learn's based LDA model does not link words with the generated output; only topic statistics [27]. Thus, the authors implemented a Gensim-based LDA model. Gensim is a topic modelling Python library that is human-readable as it outputs the generated topics [28]. One topic in Gensim contains ten words. Those words are used as keywords to extract sentences to appear in the generated summary.

3.3 Summaries’ Length Enhancement

As LDA dynamically generates topics that differ from one run to another, the output summary's length varies and cannot be controlled. Moreover, LDA tends to generate lengthy summaries. Thus, the authors implemented a method to reduce the number of selected sentences by reducing the keywords list. The keywords list contains the ten words that the Gensim LDA model generated. To minimize the keywords list, non-noun words, e.g., verbs, number words, etc., were removed.

3.4 Model Evaluation

The LDA-based generated summaries are compared with manual-generated outlines. Moreover, TF-IDF and LSA models were implemented to compare their performance with the proposed LDA model on the same subtitles’ files. TF-IDF determines the relative words in a document by calculating the term frequency and inverse document frequency score for each word [29]. The sentence importance score is calculated based on the terms’ scores of that sentence. Contrarily, LSA is a method that extracts the meanings and semantics of words in a document [30]. A Sumy-based LSA model was used. Sumy is a Python package for extractive text summarization with a flexible feature of specifying the number of generated sentences [31].

ROUGE and human evaluation were used to evaluate the LDA-based generated summaries. ROUGE assesses the generated summaries by comparing them with the human-generated summaries. ROUGE contains some measurements, such as ROUGE-1, ROUGE-2, and ROUGE-L. For instance, ROUGE-1 measures the overlap of unigrams, while ROUGE-2 measures bigrams overlap. Additionally, ROUGE-L measures the longest matching sentences. However, ROUGE mainly focuses on comparing word sequences; therefore, human assessment is needed to evaluate sentences that existed in both the generated summary and the human summary. Human evaluation is done by calculating the number of sentences in summaries that matched the human outline, dividing it by the total number of sentences in the generated summary.

4  Results

This section presents the experimental results of the subtitles summarization. The summarization process consisted of three phases, (i) dataset expansion phase, (ii) LDA-based subtitles summarization phase, and (iii) summaries’ length enhancement phase. The following sections illustrate the results regarding each phase.

4.1 Dataset Expansion Phase

As mentioned in Section 3.1, the subtitles files needed manual preprocessing before being summarized. Therefore, the subtitles files were manually preprocessed by removing time ranges and merging sentences, as shown in Fig. 6. On the other hand, the authors generated manual summaries for evaluation purposes. As a result, the current expanded version of the EDUVSUM dataset includes 26 processed subtitle files and 26 manual summaries along with the original videos and subtitle files.
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Figure 6: Sample of a subtitle file portion in the EDUVSUM dataset and the preprocessed version

4.2 LDA-Based Subtitles Summarization Phase

After obtaining processed subtitle files in the dataset expansion phase, the subtitle files are ready to be summarized. To summarize subtitles using the proposed LDA approach, the authors implemented a Python-based script. The summarization phase started with obtaining a subtitle file as an input. Then preprocess the subtitle file for summarization by lowercase all letters and removing punctuations. Additionally, to prepare the data for LDA, authors split the subtitle file into sentences and each sentence is divided into its word creating a list of sentences’ words. After that, an id2word dictionary is created that contained identification numbers for each word. Then, a corpus of sentences is generated. The corpus represented the term frequency for each word in a sentence using the word's id. The Gensim LDA model is then generated by passing the corpus, id2word dictionary, and the number of topics, i.e., based on Section 3.2, the num_topics = 1. The Gensim-based LDA represent the topic by outputting a list of 10 keywords, see Fig. 7 (note that word cloud was used for visualization purposes only). The authors extracted the ten keywords and used them to select the sentences included in the summary, as shown in Fig. 8.

After developing subtitles’ summaries with the LDA model and comparing LDA performance with TF-IDF and LSA (see Fig. 9), Tab. 3 describes the ROUGE and manual evaluation results. Tab. 3 shows that LDA-based summaries recorded the highest ROUGE scores and human evaluation as well. Moreover, the number of sentences in the generated summaries is critical in the evaluating process. Therefore, Tab. 4 shows the average number of sentences in the TF-IDF, LSA, and LDA summaries compared with human-generated summaries and the mean sentences in the original subtitles’ files. LSA-based summaries produced the exact number of sentences in the human-generated summaries due to the LSA model's flexibility in controlling the number of sentences in the output summaries. In comparison, TF-IDF developed the shortest outlines. However, LDA-based summaries included the highest number of sentences.
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Figure 7: Sample of the LDA-based subtitles summarization steps

4.3 Summaries’ Length Enhancement Phase

To enhance LDA-based lengthy summaries, the authors excluded non-noun words from the keywords list, as explained in Section 3.3 and Figs. 10 and 11. Tab. 5 compares the ROUGE scores and human evaluation of LDA summaries before and after applying the length enhancement method. The precision rate increased in the enhanced LDA summaries as the sentences’ length decreased, as shown in Tab. 6.

[image: images]

Figure 8: Sample of the LDA-based subtitles summarization output

5  Discussion

Based on our results, the performance of LDA-based subtitles summarization surpassed the existing TF-IDF and LSA models. As LDA generated a keywords list of the lecture's topic, the LDA-based summarization model focused on sentences that contain the lecture's important words. However, LDA summaries were the longest in terms of sentences. A large number of sentences in the generated summaries could affect ROUGE scores. Thus, the authors tried to enhance summaries’ length by eliminating non-noun words from the LDA generated keywords list. The length enhancement method improved the precision performance; as the number of non-relevant sentences reduces, the precision rate increases. However, the length enhancement approach based on nouns may not be suitable for topics that majorly consider numbers, Booleans, and verbs.

On the other hand, controlling the length of generated summaries in TF-IDF and LDA is challenging. In contrast, the flexibility of the LSA model resulted in summaries with a number of sentences equal to the number of sentences in the human-generated summaries. Moreover, using TF-IDF to summarize educational content is insufficient because TF-IDF focuses on the less appearing words and sentences. Where in lectures, the most repeated words are considered necessary. Furthermore, the enhanced LDA summaries overpass LSA-based summaries in terms of ROUGE scores and human evaluation. To sum up, LDA proved its effectiveness in summarizing educational subtitles’ files.

[image: images]

Figure 9: Sample of the subtitles summaries evaluation
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Figure 10: Sample of LDA keywords list reduction
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Figure 11: Sample of the length enhancement process
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6  Concluding Remarks

Learners spent a lot of their time watching long educational and lecture videos. Summarizing long videos in textual form can be effective. Thus, to increase learning effectiveness and reduce the learning time, the authors implemented an LDA-based subtitles summarization model. The subtitles of educational videos were summarized using an LDA-generated keywords list. Regarding the results, LDA recorded the highest performance compared with LSA and TF-IDF summarization models. Furthermore, reducing LDA summaries’ length by extracting non-noun words from the keywords list did improve the LDA precision rate and human evaluation.

Students in any field can use the proposed work to generate lectures’ summaries. Moreover, the authors encourage interested researchers to consider applying document-based analysis in videos’ textual contents. The proposed model could be applied in other domains, such as news videos. Further, in the educational context, the type and contents of a lecture could affect the generated summaries, e.g., a quiz or test-related details are essential even though they are out of the lecture's topic scope. On the other side, based on personal perspectives, the human-generated summaries in this work could differ from one to another. Therefore, the model-based summarization performance could be affected.

Nevertheless, controlling the length of LDA-based generated summaries could be considered in the future. Moreover, working on punctuations and nouns’ properties, e.g., singular and plural, could be a future improvement aspect. Additionally, in the educational domain, repeated words could be important.
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gates, ALUs and other stuff we’ve talked
about over the past few episodes.
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Hi, I'm Carrie Anne and welcome to CrashCourse
Computer Science!

As we’ve discussed throughout the series,

computers have come a long way from mechanical devices
capable of maybe one calculation per second, to CPUs
running at kilohertz and megahertz speeds.

The device you're watching this video on right now is almost
certainly running at Gigahertz speeds - that’s billions of
instructions executed every second.

Which, trust me, is a lot of computation!

In the carly days of electronic computing, processors were
typically made faster by improving the switching time of the
transistors inside the chip - the ones that make up all the
logic gates, ALUs and other stuff we’ve talked about over
the past few episodes.
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Table 1: A comparison between abstractive and extractive summarization
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Table 3: ROUGE scores and human evaluation of subtitles” summarization
ROUGE-1 ROUGE-2 ROUGE-L

Human

Fl-score Precision Recall Fl-score Precision Recall Fl-score Precision Recall
0.3688 0.6966 0.2524  0.2194 0.4088 0.1510  0.3806 0.5838 0.2846
0.7156 0.6980 0.7380  0.5590 0.5456 0.5760 0.6796 0.6442 0.7262

0.7818 0.6964 0.8992  0.7132 0.6336 0.8228 0.7814 0.7166 0.8666

0.3669+
0.0967
0.5610+
0.0619
0.6216+
0.0361
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Table 6: The average number of sentences in LDA-based summaries with length enhancement
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Table 4: The average number of sentences in the generated summaries

Average number of sentences
Generated summaries
TF-IDF LSA
416 62.6

81.4

Human-generated summaries

62.6

Original subtitles’

120.6





OEBPS/Images/CMC_21780-fig-4.png
: L/
o
e






OEBPS/Images/CMC_21780-fig-11.png
Length enhancement
Keywords wmethod

['one',
'instructions’,
‘ram', one is not a noun.

ram is a noun.
instruction is a noun.
processors is a noun.
cache is a noun.
processor is a noun.

'processors’,
'cache’,
'processor’,
'data’,

‘cpu’, data is a noun.
'like’) | cpu__is a noun.

'instruction', N instructions 1is a noun.

like is not a noun.

Original LDA summary

- b ey L ™
" - . r G har’s hilliens of A i e el
ders o e b —p—y porny 2] -t
the fagi guien, ALL's snd o i e B - - -
et darsagrevs byt devrloped v arem— oy g we slom g v - s
mmmﬂhuﬁhl g MU wim by B wd M bars o s g bt
e hans S 8 hat e ALU -l Sasdows. Par lutanen,
L ey - @l o whah arv
v P PP rry ’ Py Y 3 mu.
5. ™ L
L L L _d ﬂlﬂb—-l.-b
e pag ol i mpetbday The lww' bl dhe first wuby snsrgrosed
U, el b8 IQI. » o Y
Arrag deta 0 el et o e
AU quukly oncugh. b's bk having & —h_nh-w-ﬂhn‘h-‘hﬁ e Dotk = RAM RAM o
.ﬂ*“h“. th—-ulh-h—l-dt-ul--dhmﬁu—thﬂn-
or RAM e 8 had e BAM merarten sl tahe desrns of ok oprles v
empinre. und durag & Sere o of IAM right on e CPU — calied &
anche Th 4 Wyt Ay e 8 0nd. whaTY RAM s mally gty Having o
- " from RAM, e RAM et & whals Mack
of datn, Wiin thine sy & e - e et b r s Whis ek b bt e sl
- T drampie s o 4 enlasrmad 11 slats by
Bt g e T AN 100 The RAM, ads 4 ban b o deia e m——

e e L

e 101, Gt vaebr wil sy OB, [ or abvady gon that valne right heve. o | con go 8 pon wmay™ And thene's ms mead b o ol the wury e BAM
L R e oy R T “mﬁ-.a*“ --cﬂ_‘ M”ﬁ.m
ven B g b e b b pad e e AN grary sagle

Enhanced keywords

[ 'instructions’',
' ram ’ ,
'instruction’,
'processors’, —
'cache’,
'processor’,
'data’,
'cpu’

v
Enhanced LDA summary

i
7

mr
a e P har's bl ™ "

Lr,‘
4

slams
of which aoe ape " a -
raedasd qmisiamy Y have Dwrand ol weh MMA e o W Tl v pren et w6 shlda lom y o rnads B alerw Sum b
ﬂ_h‘;m*:“dwh;_n:_-m“ﬂ e e o Sk
Py L e e e KT
abedary muﬂﬁnn-—nmua-_ whad oo magh o bl 4 l.a—u
u-n- s whal wadew ol

—— ey (P by g s BAM =
r w bty Bt bes cnmade B (T h—-ﬁh e wanrd o el e EAN ﬁ-“hmﬂlﬂ—th
H.m.“mﬁ-ﬂ*“ﬁﬂbl““ m**.-d“

by e

Comparison

>

— & 4 ‘ O e, C g Tl u*'ddﬁﬂuh
e ey, MY T——
pruchey and shee foater w0 soows s ovsded, Bt Sis nondoers i -
it am " din RAM I < By o mch o of caliod the Sty bt
“ghe Mow Npprms whew e cmcher bo full, bt 0 e Blowh of
ey . g v et @ chocks me demy bt and of @'s ey Bt ol Bhoch of dow 0
wemgs bach be RAM b ek - ko b “ri. - 4 i g o b e aad . catey
b~
» ” v aly ot & banh of dhevn @ B woshet el w0
Thes alle A Sy . A bt
e wply don. B cotande 7
duvonde. B B onl o e B o 0w el ve
Thia mignt et Sesog® rogesad Bave bl oyl ettt o e U
winlilon AL e 18
—— o "

- s tcﬂ“hh”ﬂmhbuﬂhhm-llmﬂ

h-lruhl—lph
Mgt oo oo gnm s n-—t—u-u—..-n—-—-.p q_.--_'u-—u s s it b
L e e )
et o dey At g hasard P PPN _m.mammu#nu
y ’ - puprta g deiops. w bagh end
" Tragar o e —ag o A R—y Advamcrd T porss which woy
Sy e pring o o, and vt e bt e
mally sevednpd f e (PU { corrmrh 4 - Wi
CTU guowsed wivag. i has o ortrm 8 poedent Pinat o *. s bk
--n-u-'_m—-a—-. toﬂ.uﬁd.-u— om Yo =
MM g iy p -~ ot B prwrecy” s wn wbeed cosr,
b cyc ~
" Mlpmuh-ﬁ-ﬁ.oﬂb*-m“-ﬁlmd
ety U
n._:.-#l. e e -: r - -”‘ r - " - -y
- o Vo mmaghd b f e e e )
- CFUs, ot Bt

B g ke geeed B sy [FORT— &:*t:ﬁ-.ﬁ “-“!-‘ﬂ- i, ey s pund v |
gl pome ek Sl ta s w0 malgen adepuadvad ( FL oS Hgh *hnn_h*—!ﬂﬂl“.ﬂ

s gk & ry -y a & i eaas a - b ™

u-“-u

", The ® T g 40,840 (P, rarh with 394 '™ e,

s o of AN right on B (P =
nm-ﬂ*.mhmn-ﬁ#
“( & - b o -\-am - o BAML fhe EAM ‘Iuhﬁ.
ﬂﬂf;-_l__- Rl vl pr o ot cxummple. v wry thet pooraser wales for L]
) e ped - * Prsmtan
-ﬁw“hh__m-_y_ The Hd&unh :-Hd-l-
—rm—y L b (0] g ~ wng bl B
vt @ addores 11, e ouche wall ney “OR, Ive alveady sher mght " g d i e way o
BAM '—-‘ﬂ' ngle chech ovide Tha spwcedds thangs wp
Trmandimalty s j-“h_‘-mt‘—‘ bt
e, o i e r 10 r
'] ddrew 139 Like befors m.m&-ﬂ.lﬂ-
ey  RAM. Fer i purpons. A b of bt
e ity bt = wh w-ary - . . .
Hﬂ'—mhm hﬁmlﬁ!.ﬂ*m.ﬂﬂuhh.ul“-ﬂhdlﬂnu H
h-_u-m Rl 8 ey b Bhn s Atttk b St P PR € 14 60 h er tnt P ety Prom swmt S e a8 “
g wdon ba
mmu-nm—--— et sms
S { B (PU, momning B [rep—r o a "
et bl v s o Ll
u—-wm-ﬁﬂw-ﬂwﬁ- Bemghpet 4 bug haserd & s drpradesy = [P p—

o — m““““m.”‘-.m“%ﬁ‘d.-..“*“w_“

Tenrthriees, puriaag =

L e
hom ol 4 pergram drpendog = & s abw A romle g amdonss w1 pertom l-ul-t:' e s g v o
et " e, -
hmo*.-nﬁ-‘-::hhﬁmﬂﬁtnﬁ. hhnn&hh-wpﬁ—-h
Tagoe o ey e Adamed Py ey i~y

o ond s it PP - - = fmaly sensiead, i
e CPU poewssd sommecty. i of o e CPU [—
N e kS Sk o reute. i sop ot
s st sbntay To mam i B i Vet of B Frnabas “wbp s rma s wll g
ﬂ”““m'”—w“-ﬁ-ﬂwﬂ”h-ﬂn_ v armplev
-M q‘_ﬁ
Enocen phan even
-—y.buuunuuu_-.-a-aﬁ;b* “'“ i o :‘!
'--*n-p'u—n-llnh M.-l.* - -ﬂ-n-h-ﬁlﬂ.uuﬁu-
““uh”_h_mdln_d_b-_q.—pﬁ_ s wrvetsl
-t ¥ s gt s Bt i Pordmrs Th
Vg b Bt 0 veory mmah bk M by wnegruied Bury con
. e enite, allewing P " - ~ et
CFLY Migh el
e Lo et e of | - -
gl-_-:-__.“ pu‘mﬂﬁWm-oﬁmﬂw'h-usf-hﬂum-h p--






OEBPS/Images/CMC_21780-fig-2.png
3 | | I | Sentenc Senten I
- . e ce | —
[ Preprocessing F Ex on Representation Selection

Document Summary






OEBPS/Images/logo.png





OEBPS/Images/table-2.png
Table 2: EDUVSUM datasets videos count along with their duration
Duration (minutes) >14 13 12 11 10 9 8 7
Count of videos (videos) 2 2 10 5 7 7 9 6
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Table 5: LDA subtitles” summarization results with length enhancement
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