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Abstract 

Summarization is a process to select important information from a source text. Summarizing 

strategies are the core of the cognitive processes involved in the summarization activity. 

Summarizing strategies include a set of conscious tasks that are used to determine important 

information and extract the main idea of a source text. In today’s computerized world, teachers are 

still required to assess students’ written summaries manually. This is a very time-consuming task 

that reduces the amount of time teachers can devote to other duties. In order to reduce the amount 

of time they have to spend on assessment of these summaries, many teachers have chosen to 

reduce the number of summaries given to their students. However, insufficient teaching and 

learning instructions lead to improper use of summarizing strategies during the process of writing 

summaries. The project is intended to eventually offer teachers an intelligent tool to identify 

students’ strategies in summary writing and provide students with self-learning tool to hone their 

skills in summarizing. 

In this research project, we develop a new algorithm. It simulates two important tasks that are 

frequently used by the human experts to identify summarizing strategies used to produce the 

summary sentences: 1) sentences relevance identification; and 2) summarizing strategies 

identification. An innovative aspect of our algorithm lies in its ability to identify summarizing 

strategies at the syntactic and semantic levels. 
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Reading skills are essential for success in society. Reading affects different aspects in our life, especially 

in school. The aim of reading is to elicit meaning from the written text; hence, lack of capacity in this 

area may affect comprehension ability. Comprehension contains inferential and evaluative thinking, not 

just a reproduction of the author's words. In school, students’ comprehension skills can be taught and 

improved during their learning process. 

There are various forms of teacher-student discussions to improve comprehension ability , including 

where the teacher initiates a question, a student responds, and the teacher evaluates the response such as 

a multiple-choice question, true-false question and short answer question. Recently, the results of some 

studies have shown that summarization can be one of the important keys for reading comprehension. 

The purpose of summarization is to improve reading comprehension [1]. 

Summarization is a process of automatically producing a compressed version of a given text that 

provides useful information for the user [2]. In addition, it is a process that involves several activities 

such as comprehension, selection, interpretation, transformation and generation. The main goal of 

summary writing operation is to create a summary text. Summarizing instructs students concerning how 

to recognize the main ideas in a text, determine important information that is worth noting and eliminate 

irrelevant information [3]. Summarization is a cognitive process to condense a text into its most 

important concepts, while, summarizing strategies are the core of the cognitive processes involved in 

the summarization activity [4]. Summarizing strategies include a set of conscious tasks that are used to 

create a summary text. There are several summarizing strategies for determining and eliminating 

irrelevant information, and extracting the main idea of a source text. According to the result of some 

studies, a major difficulty faced by students in summary writing is the lack of skills in applying 

summarizing strategies [5]. Since summarization is an important tool for improving comprehension and 

can be used as a measure of understanding in school [6], it has garnered a lot of interest from the 

teachers to teach summary writing through direct instruction [7]. 

In direct instruction, teachers need to possess some information such as what summarizing strategies 

used by students, the ability of students to use summarizing strategies, and the students’ weakness in 

summarizing. To collect all the information manually is difficult as it is a highly time consuming task. 

Hence, as one of the ways to reduce the time they should spend on this task, many teachers choose to 

reduce the number of summaries given to their students.  This would cause students to have insufficient 

practice on summary writing, which undeniably affects their summary writing ability [8]. To tackle 

these problems, computer-assisted assessment (CAA), which has garnered much interest in recent years, 

is one of the methods that can be used to assist teachers. Due to the progress in other areas, such as E-

learning, Information Extraction and Natural Language Processing, the automatic evaluation of 

summary writings has been made possible. Although previous systems have been developed to assess 

summary writings, most of them focus only on content coverage. Only a few systems have been 

developed to identify summarizing strategies used by students.  

This project aims to develop an algorithm for the summarization assessment system that can be used to 

– first, detect text relevancy of students' summaries and secondly, identify the summarizing strategies 

employed by students in summary writing. Finally, it aims to provide teachers and students with a 

learning environment that can help them to identify summarizing strategies, produce their summaries 

with more quality and improve their comprehension. 

It is worth noting that this work is not concerned with the summarization process, for which the result is 

a summary text, but with the summarization assessment process, for which the result is identifying 

summarizing strategies and detecting text relevancy of students' summaries. 

Problem statement 

Conceptually, the process of identifying summarizing strategies involves two sub- processes as shown in 

Figure 1. The processes are: 1) identifying the sentences from the source text that were used to create 

the summary sentences; and 2) identifying the summarizing strategies based on the sentences that have 

been identified in the first process. Before identifying the summarizing strategies, the Text Relevance 

Detection Component (TRDC) should be able to determine the relevant sentences from the source text, 

for each summary sentence. If the relevant sentences cannot be determined from the source text, no 

matter how well other components in the system perform, the summarizing strategies will not be 

identified.  

Therefore, the text relevance detection component is an important engine in identifying summarizing 

strategies. This module provides a list of sentences which will be analyzed in further steps. These 

sentences are then further processed using a variety of techniques to identify the summarizing strategies 

that has been used in summary writing.  

In the context of text relevance, linguistic knowledge such as semantic relations between words and 

their syntactic composition, play key role in sentence understanding. This is particularly important in 

comparison between two sentences where a single word token is used as a basic lexical unit for 

comparison. 

Syntactic information, such as word order, can provide useful information to distinguish the meaning of 

two sentences, when two sentences share the similar bag-of-words. For example, “student helps 

teacher” and “teacher helps student” will be judged as similar sentences because they have the same 

surface text. However, these sentences convey different meanings. On the other hand, two sentences are 

considered to be similar if most of the words are the same or synonyms. However, it is not always the 

case that sentences with similar meaning necessarily share many similar words. Hence, semantic 

information such as semantic similarity between words and synonym words can provide useful 

information when two sentences have similar meaning, but they used different words in the sentences. 

On the other hand, while both semantic information and syntactic information contribute in sentence 

understanding [9], the current systems that have been proposed to identify summarizing strategies, did 

not use the combination of semantic relations between words and their syntactic composition to identify 

text relevancy. Obviously, this drawback has a negative influence on the performance of the previous 

systems. 

As shown in Figure 1, there are two levels of summarizing strategies – semantic and syntactic levels. 

The strategies in semantic level include paraphrasing, generalization, topic sentence selection and 

invention. The strategies in syntactic level include deletion, copy verbatim and sentence combination. A 

few systems have been proposed to identify summarizing strategies[10]. However, these systems can 

either identify summarizing strategies at semantic level or syntactic level. On the other hand, these 

systems did not use the combination of semantic and syntactic information to determine the relevant 

sentences from the source text, for each summary sentence. These disadvantages have a negative effect 

on the performance of the current systems. 

The main goal of this research is to develop an algorithm that can be used to detect text relevancy of 

students‘summaries and to identify the summarizing strategies employed by the students. To achieve 

this main goal, the following specific objectives are defined: 1)To compare the students' performance in 

summary writing with the summarizing strategies that they used. 2) To formulate an algorithm that can 

detect text relevancy and identify students' summarizing strategies. 3)To compare the performance of 

the proposed algorithm with human judgement in order to increase the ratio of precision, recall and F-

measure measurements for identifying summarizing strategies. 

Novelty 
Sentence similarity computation model (refer to Figure 2 and 3). It addresses the text relevance 

detection problem. Text relevance detection is a necessary prerequisite of the summarizing strategies 

identification. This model applies both semantic relations between words and their syntactic 

composition for computing sentences similarity measure.  

Identifying summarizing strategies at semantic and syntactic levels (refer to Table 1 and Figure 2). It 

addresses the summarizing strategies identification problem. In order to identify summarizing strategies 

at semantic and syntactic levels, we formulate a set of rules into an algorithm. 

 Development an algorithm based on Sentence similarity computation model and Identifying 

summarizing strategies at semantic and syntactic levels (refer to Figure 2). 

We contribute an algorithm in automated summarization assessment that takes the combination of 

semantic and syntactic information for detecting text relevancy and identifying summarizing strategies 

in summary writing. This algorithm has proved to be extremely robust and successful. It is also easy to 

deploy. To the best of my knowledge, this is the first algorithm developed for summarizing strategies 

identification at semantic and syntactic levels. In addition to that, the algorithm is not domain-dependant 

and can also be used for other languages. 

A helpful tool for teachers and a learning environment for students.  

The proposed algorithm is a helpful tool for teachers and students. It assists the teachers finding out the 

students' ability in use of summarizing strategies. Moreover, it helps students to improve their skills in 

summary writing. 

Usefulness 
The educational benefits of summarization: Summarization training improves the quality of students’ 

summaries. Often, direct instruction has been linked with teaching students on how to use a set of 

summarizing strategies or cognitive rules for summarizing. The direct instruction helps students to learn 

how to determine the main ideas of a source text, it also enables students to focus on key words and 

phrases of the assigned text that are worth noting and it teaches students how to reduce the text to its 

main points. The findings from these studies have attracted interest from the teachers for training 

summarizing strategies through instruction. To do so, they need to review and assess the students' 

summaries. If they want to do it manually, it can be overwhelming. This is where a computer-based 

system such as our proposed algorithm would be an advantage for the teachers. 

To develop a system into automated summarization assessment: most of the existing systems focused 

only on the quality of the summary, which are: content and style. Only a few systems focused on how to 

identify summarizing strategies. 

To give an informative feedback to teachers and students: identifying the strategies used by students in 

summary writing and knowing how much the information in the summary text overlaps with 

information in the source text can help both teachers and students. For the teacher it provides evidence 

of the student’s ability to select the important information of a text. It provides evidence of the student’s 

ability on how to use summarizing strategies. For the students, it provides a supportive learning 

environment which will help them improve their summarizing skills. The students can be taught to use 

the appropriate strategies for creating a good summary. 

One of the important skills taught in schools to help improve comprehension ability is summarization. It 

is a vital skill needed in many professional activities as part of everyday tasks. Summary writing is one 

of the important components in school’s syllabus which provides assessment towards students’ 

understanding and their ability to summarize a text [6].  

In today’s computerized world, teachers are still required to assess students’ written summaries 

manually. This is a very time-consuming task that reduces the amount of time teachers can devote to 

other duties. In order to reduce the amount of time they have to spend on assessment of these 

summaries, many teachers have chosen to reduce the number of summaries given to their students. 

However, in doing so, students will have insufficient practices, thereby affecting their summary writing 

skills. In the other hand, insufficient teaching and learning instructions lead to improper use of 

summarizing strategies during the process of writing summaries. Summarizing strategies are conscious 

steps taken by students to write a summary. In summary writing, there are several summarizing 

strategies that are important as the basic rules to determine what to include and what to eliminate, how 

to organize information and how to ensure that the summary retains the meaning of the original text. 

Students are required to use the strategies efficiently in order to produce good summaries.  

Identifying what summarizing strategies are used by students is a not an easy task. Given a student 

summary and the original text, a teacher should be able to identify the strategies used to produce the 

summary sentences in it. In school, identifying students’ summarizing strategies is not a common 

practice amongst teachers. There seems to be no effort given to identifying the students’ summarizing 

strategies and very little interest among teachers in improving students summarizing strategies. 

Therefore, teachers do not have enough information about the summarizing strategies used by their 

students in summary writing. This is probably due to the fact that a great deal of effort and time is 

required to identify summarizing strategies used in summary sentences. It also demands much attention 

to ensure that all summary sentences are dealt with properly. Hence, the task of reviewing and giving 

individualized feedback is often seen as an overwhelming burden. 

If we know the strategies used by the students to produce a summary sentence, we can guide them on 

how to use the strategies correctly. Our argument is that identifying the strategies used by students can 

lead to a better remediation than simply comparing the students’ summaries to model answers. Thus, in 

this project, we focus on summary writing particularly to identify the strategies used by students in 

summary writing. Since the education policy is set to embrace Information and Communications 

Technology (ICT) as the main tool for teaching and learning, to tackle the aforementioned problem, one 

approach is to provide computer-assisted assessment of summary writings. We proposed to automate the 

task by creating an algorithm on how to identify the summarizing strategies. The project is intended to 

eventually offer teachers an intelligent tool to identify students’ strategies in summary writing and 

provide students with self-learning tool to hone their skills in summarizing. 

We develop a new algorithm, Figure 2, to address the summarizing strategies identification problem. 

The algorithm simulates two important tasks that are frequently used by the human experts to identify 

summarizing strategies used to produce the summary sentences: 1) sentences relevance identification; 

and 2) summarizing strategies identification. The sentences relevance identification is a process to 

identify sentences from the source text, which are used to produce a summary sentence. The 

summarizing strategies identification is a process to identify the summarizing strategies that used by 

students to produce their summary sentences.  

The sentences relevance identification module (refer to Figure 3) uses a statistical based approach such 

as vector space model (VSM) to represent sentences and compute similarity between the source 

sentences and the summary sentences using the cosine similarity measure. It then integrates both the 

semantic and syntactic similarity measures using a linear equation to capture the meaning in comparison 

between two sentences. It aims to distinguish the meaning of two sentences, when two sentences have 

same surface or share the similar bag-of-words (BOW), while their meaning is different. The module 

also employed a word semantic similarity measuring method to overcome vocabulary mismatch 

problem in sentence comparison. The method bridges the lexical gaps for semantically similar contexts 

that are expressed in a different wording. In addition, the sentences relevance identification module 

requires some degree of linguistic pre-processing, including part of speech tagging (POS), word 

stemming and stop-words removal. 

The summarizing strategies identification module relies on a set of heuristic rules (refer to Table 1), 

statistical and linguistic methods such as position-based method, title-based method, cue-phrase method 

and word-frequency method to identify the summarizing strategies employed by students. 

To evaluate the algorithm, we conducted two experiments. In the first experiment, we examine the 

functionality of the system, whether the system is able to identify the summarizing strategies used by 

students in summary writing. The result for the first experiment shows that the system is able to identify 

some of summarizing strategies which are deletion, sentence combination, paraphrase and topic 

sentence selection. The system is also able to detect copy- verbatim strategy, the most commonly 

strategy used by students. Besides than these strategies, there are four methods used in topic sentence 

selection strategy which can also be identified by the system. They are 1) cue method; 2) title method; 

3) keyword method; and 4) location method. In the second experiment, we want to measure the 

performance of the algorithm against human judgment to identify the summarizing strategies using the 

precision, recall, F-measure score and accuracy rate. The experimental results show that the proposed 

algorithm achieved acceptable results in comparison to human judgment. The algorithm achieved an 

average of 87% precision, 83% of recall, 85% of F-score and 82% of accuracy rate. 
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Heuristic rules to identify summarizing strategies 

Deletion i. Words of summary sentence are found in source sentence.  

ii. The syntactic composition of the words in the summary sentence and in the 

corresponding source sentence is the same.  

iii. The number of words in summary sentence is less than the number of 

words in the corresponding source sentence.  

iv.  

Sentence combination i. The summary sentence contains a combination of phrases from two or 

more sentences in the original text.  

ii.  

Paraphrase  i. A word in the source sentence is replaced with a synonym word in the 

summary sentence.  

Topic Sentence 

Selection (TSS) 

A summary sentence is created by TSS, if it  used: 

i. Title  method:  

The sentence includes one or more of Title words.  

ii. Location  method:  

The sentence should be the first or last sentence of paragraph.  

iii. Cue method:  

The sentence includes one or more of cue phrases.  

iv. Keyword   method:  

The sentence includes one or more of Key words.  

Copy–verbatim i. All words of summary sentence are found in source sentence.  

ii. The position of the words in the summary sentence and in the 

corresponding source sentence is the same.  

iii. The number of words in summary sentence is equal to the number of words 

in the source sentence. 

iv.  

Where, 

Ss: denotes a summary sentence. 

RS= {S1,... Sn}: denotes the Relevant Sentences (RS) that are used to produce the SS. 

TN: denotes the total number of sentences in RS. 

Sr: denotes a sentence of RS. 

Sim (Sr, SS): denotes the sentence similarity measurement. 

 

Table 1. The rules to identify summarizing strategies and methods 

Figure 2. Overview of the development of the algorithm 
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