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Abstract

Reading and writing texts are foundational abilities required for daily activities, human
interaction and almost all school disciplines. However, it is not uncommon to find stu-
dents with reading and writing difficulties. Those difficulties interfere on their learning
process and their ability to comprehend more complex ideas. Therefore, failing to read
and write leads not only to academic failure but it may also hinder occupational success.
Several studies have presented graphic organizers as a way to assist students in reading
comprehension tasks and to help them structuring their own text production. Here we
present a text mining tool capable of extracting the main concepts and relationships from
texts present them in a graphical way. These visual representations of a text may be used
by students as graphic organizers, helping them to reflect about the text’s main ideas be-
fore the actual writing task. The results of an experiment are presented, in which a total
of 20 students were asked to read and summarize a short text with the assistance of the
text mining tool. The results show that Sobek helped students reflect about the main ideas
of the text and supported the actual writing of the summaries.

Keywords: text mining, summarization, writing, reading, literacy, graphic repre-
sentation.

1. Introduction

Knowing how to read and write a small sentence about one’s own life was once considered
enough to say that a person is literate. Nowadays, literacy is a much more complex
concept than simply to be able to write or read sparse sentences. [Warschauer 2006]
defines literacy as the ability to participate in the meanings of text, to use texts functionally
and to critically analyze and transform texts. Individuals are expected to use oral and
written language to demonstrate an understanding of the world, communicate, participate
in problem solving and decision making [Jenner 2003].

It is clear that literacy is an important part of a student’s development and several
countries has been trying to improve theirs tools and methods to promote literacy. In
Brazil, since 1980’s, literacy has become the central debate problem in education and
Portuguese learning. A lot of investments have been made and yet the country holds one
of the last positions among those evaluated by PISA - Program for International Student
Assessment [OECD 2013]. [Meneghetti et al. 2006] shows that students’ performance in
subjects such as Science and Mathematics tends to be directly connected with their ability
to read and comprehend written material. Although to some degree this is a problem that
affects most of the world, it is noticeably more evident in developing countries, such as
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in Latin America and the Caribbean [SERCE 2008]. Therefore, it becomes important to
find new ways to help students overcome such problems.

Different strategies and tools have been proposed along the years to support read-
ing and writing, abilities that are essential for the construction of meaning, the under-
standing of new facts and concepts [Jacobs 2002]. Students with reading difficulties may
have problems organizing the information read and comprehending it. Among the dif-
ferent approaches used to help solving this problem there are tools that organize the
text information in graph [Rello et al. 2012] and that highlight the text main concepts
[Nandhini and Balasundaram 2013]. [Hyerle 2008] tried to demonstrate how different
types of visual tools, called graphic organizers, could help students and teachers rep-
resent information and communicate with others. These graphical representations have
been applied across a large range of subject areas, demonstrating their benefits in differ-
ent activities such as mapping cause and effect, note taking, comparing and contrasting
concepts, organizing problems and solutions, and relating information to main ideas or
themes [Hall and Strangman 2002].

This paper focuses on the use of a graphical representation tool to support reading
and writing tasks. This tool intents to assist with text summarization, a learning task that is
often proposed with the purpose of reviewing previous learning or preparing students for
more conceptual demanding activities [MacArthur et al. 2008]. It is a widely used task
that is part of the teachers’ collection of activities targeting reading, writing and literacy.
[Winograd 1983] showed that students’ difficulties in text summarization often happen
because of problems in identifying what is important in a text, what should be included in
the summaries and how the original text should be transformed.

Our goal is to use text mining techniques in order to extract a representation of the
domain knowledge from texts, so that it could be used by students as a starting point for
the development of their own graphical representation. By employing a text mining tool
to assist students identify and visualize relevant concepts from a text, a higher level of
interactivity is introduced in the initial phases of the writing process. The tool used in this
work employs a mining technique to identify the most frequent terms and relationships
in a text, representing them in the form of a graph. These graphs can then be used as a
starting point for the development of the students’ own representation of relevant concepts
and facts found in the text, elements that are later transformed into a written summary.

2. Graphic Organizers to Support Reading and Writing
Research in Education has shown benefits of using graphic organizers in learning tasks
that involve a variety of patterns, such as time/sequence, cause-effect, episodic informa-
tion, descriptive information, generalization, concept description [Marzano et al. 2001].
The use of graphic organizers and other prewriting activities have also demonstrated to be
an effective aid for writing, enabling learners to segment the topic they have to consider,
and helping them to structure their writing [Beissner et al. 1994]. Although most of these
works usually relate to the use of specific paper-based models, computer-based tools for
building some types of graphic organizers have also been proposed along the years.

Based on the Assimilation Theory [Ausubel 1963], [Novak and Cañas 2006] pro-
posed a tool to build concept maps representing propositions about events or objects.
A concept map can be seen as a graphic organizer in which labeled nodes repre-
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sent concepts and links denote relationships between them [Nesbit and Adesope 2006].
The tool presented by Novak provides many features that made it possible for teach-
ers to use the maps in a variety of activities, including in collaborative learning tasks.
[Reader and Hammond 1994] proposes a different approach to concept map building
based on the use of hypertext techniques, showing that subjects who used their system
obtained better results than those who didn’t. A yet different approach was described by
[Chang et al. 2001], who created a computer-based concept mapping system that enabled
the construction of concept maps in a ‘construct-on-scaffold’ approach.

Regarding the use of graphic organizers for reading comprehension, some learn-
ing strategies have been proposed to encourage students to brainstorm prior knowledge
by identifying relevant terms related to a certain topic, representing them graphically and
then connecting them accordingly. The visualization of the terms and their relationships
enable students to have in mind a more concrete representation of the information that
could be important to consider in their discussion. In an investigation carried out in a par-
ticular American school, students claimed that the organizers were one of the most helpful
strategies employed in their learning activities, providing them with visual information
which could help them to better understand the subjects at hand [Fisher et al. 2002].

Regarding the use of graphic organizers to support writing, [Ruddell 1997]
stresses the importance of providing tools that allow students to illustrate their construc-
tions and organization of knowledge, enabling them to express visually which ideas are
the most meaningful, and how these ideas are connected. [Capretz et al. 2003] showed
that the visualization of information graphically can improve students’ organization skills
during the writing process.

As for text summarization, the use of graphic organizers (in particularly con-
cept maps) has shown to be an effective method closely related to text comprehension
[Chang et al. 2001]. The authors attribute the reason for this to the fact that concept map-
ping emphasizes the selection of major ideas, connecting and organizing these concepts
with links, then using this information for writing. As noted by [Brown and Day 1983],
there is an intersection between this sequence of tasks and the process of text summariza-
tion.

3. The Text Mining Tool
The text mining tool Sobek has been developed using a particular mining algorithm in
which nodes represent the main terms found in the text and the edges used to link nodes
represent adjacency information. Therefore, nodes and edges represent how the terms
appear together in the text. Previous research has shown promising results regarding
the use of Sobek in educational applications, as in the evaluation of students’ essays
[Macedo et al. 2009] and discussion forums [Azevedo et al. 2014]. Figure 1 shows a
graph extracted from a short text about the atomic bomb. In our graphical representa-
tion of the graph, nodes which are more relevant are presented in a larger rectangle and in
darker color (e.g. the terms “Nuclear”, “weapon”, “atomic bomb”).

Sobek’s operation can be divided into three stages. The first one consists in iden-
tifying the relevant concepts in the text and summarizes them; the second create relations
between those concepts; the last one displays a graph representation of those concepts
and their relations.

1219

Anais do XXVI Simpósio Brasileiro de Informática na Educação (SBIE 2015)
CBIE-LACLO 2015

1219

Anais do XXVI Simpósio Brasileiro de Informática na Educação (SBIE 2015)
CBIE-LACLO 2015



Figure 1. Graph representing relevant terms extracted from a text about the
atomic bomb

The first step of Sobek is to split the text into words, using spaces and punctuation
as divisors. These words are then mapped into concepts that may consist of a single word
(called “simple concept”) or many words or sentences (called “compound concept”).
This mapping is a statistical process, which assesses the frequency that each word is
found in the text. When a set of words constantly appear in sequence, the idea associated
with this set of words may not be describe by a single concept and a compound concept
is formed (e.g. ”Global Warming”). The combinations of words that form a compound
concept are removed from the word list and the words remaining are considered single
concept.

To identify whether a concept is simple or compound, each word is combined a
n number of subsequent words, creating strings of words of size 1 to n. For instance,
the sequence of words ’AA BB CC’ in a scenario where n = 3 will create the follow
set of strings: {’AA’, ’AA BB’, ’AA BB, CC’, ’BB’, ’BB CC’, ’CC’}. Once this process
is completed, the strings with higher frequency are selected and the rest is discarded. A
set of words called “stop words” is used to remove those that do not add information or
should not be displayed in the resulting graph (mainly articles and prepositions).

The last part of the first step consists in summarizing the concepts. The concepts
that have a greater number of occurrences are identified, excluding all others. Those
concepts will be displayed to the user in the representation graph. The number of concepts
can be determined by the user but, according to [Novak and Cañas 2006], no more than
25 concepts should be necessary to identify the focus centered text.

Sobek’s second stage is to identify relationships between concepts. The relation-
ship between two concepts implies that there is a connection between them or that they
are close related in the text. This connection could represent several information, such as
an effect of cause and consequence, a time sequence event or that the concepts are related
by their meaning. A new analysis of the text relates two concepts when they are distant
not more than a number ε of words from each other and when there is no end punctuation
between them. Usually a concept will be related to many others and that could produce a
graph where the connections would not have a meaning, such as an all connected graph.
To solve this problem and display only those connections that are more relevant, a max-
imum of γ links is permitted for each concept. The exact number of link will be propor-
tional to the frequency of that concept, allowing more frequent concepts (and, therefore,
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more important ones) to have a higher number of connections than others.

Sobek’s final step is to construct a graph from the extracted concepts. In this graph,
the concepts are presented as nodes, and the relation between them, as links between
those nodes. To enhance visualization, each node has a different size and color based on
its frequency. The larger and darker the node is (varying in hues of green), the higher it
relative frequency is when compared to the other nodes frequency. The relative frequency
of a node also affects the number of connections that a concept may have, thus making
the most frequent concepts even more important and highlighted in the graph.

The graph has a set of functionality that allow the user to personalize it, promoting
critical thinking, autonomy and further reflection about the text main ideas. It is possible
to add and remove nodes and connections, as well as interact with the graph by changing
a node’s position.

3.1. Using text mining with summarization method

Summary writing techniques either follow a more intuitive approach without step by step
instruction, or follow a rule-governed approach which may focus on tasks such as iden-
tifying macro level ideas, deleting unnecessary or redundant information and identifying
or producing topic sentences [Bean and Steenwyk 1984]. Here, the method proposed is
based on a different approach where the student interacts with a text mining tool in order
to grasp the main ideas of the text and to build a visual representation in which these ideas
are expressed. Only in a second moment the student moves to the actual writing of the
summary.

[Ellis 2003] states that in a writing activity, most of the time spent is dedicated to
planning. Aligned with this theory, [Hayes and Flower 1980] divide the writing process
in three stages: pre-writing, writing and re-writing.

The use of the software Sobek, as proposed here, focuses on the first two steps
of this process. The complete method for text summarization is depicted in Figure 2 and
described below.

Figure 2. Summarization method using Sobek

Pre-writing:

(a) The student reads a text to be summarized. In this step the student learns about
the topic he/she has to write about and identifies macro level ideas.

(b) After reading the text, the student uses Sobek to automatically extract relevant
terms and relationships from the text, representing them in a graph. This graph is used as
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a first draft of a graphic organizer to help them organize their ideas.

(c) The student reviews the terms and relationships identified by the tool, editing
the graph according to what he/she believes to be appropriate. This is a very important
step, as it leads the student to reflect about the text and reread it (or portions of it), leading
to a deeper understanding of the text.

Writing:

(d) Using the edited graph as a graphic organizer, the student starts the actual writ-
ing of the summary. From time to time during the writing process, the student contrasts
the graph with the original text, as to make sure that the summary written is faithful to the
ideas of the text.

(e) The cross-checking that happens in this phase makes the writing process a
cycle, which may involve previous steps in the process, including the re-reading of the
text, the re-editing of the graphs extracted by the mining tool, and so on.

The rewriting step, placed by [Hayes and Flower 1980] as the last phase in the
writing process, is seen here as a subsequent phase in which the main goal is the revision
of the text already structured and written. In this phase, form and style become the most
relevant aspects. Our option to focus here in the steps of pre-writing and writing is justi-
fied as these are the moments in which the student has to reflect more about the ideas to be
considered in the summary, and to structure its main outline. In this sense, the tool may
operate as a support to the logical organization of information, a process which relates
reading and writing as steps of the same cognitive process [MacArthur et al. 2008].

4. Evaluation and Results

In the summarization experiment, a group of 20 high school students was asked to sum-
marize a short text about the topic ”Realism”. In a first moment, Sobek was presented to
the students in order to make them familiar with the mining tool. In a second stage, the
students were asked to read the text. Then, by following the same summarization method
detailed in section 3.1, students used Sobek to generate their graphs and summarize the
text read. It was suggested to students to look at the graphs carefully, observing if the
terms and relationships identified by Sobek were in accordance with their reading, elimi-
nating and adding concepts and relationships as appropriate. The students were between
15 and 18 years old. The graph obtained from the text given to the students is presented
in Figure 3.

Figure 3. Graph extracted from text about realism
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Allowing the students to modify the graphs to make them closer to their under-
standing of the text is similar to the approach proposed by [Chang et al. 2001], where a
map-correction strategy was used. In their method, the students used a concept map pro-
vided by an expert where many of the nodes and relationships were incorrect, with the
goal of letting the learners identify the problems and correct them. Here, however, the
graph with the visual representation of the topic to be summarized was not provided by
an expert, but by the text mining tool.

The summaries produced by the students were analyzed to verify whether the
terms of the graph were in fact present in the students’ writings (Table 1).

Table 1. Occurrence of terms in the students’ summaries of the text
Terms # occurrences Term # occurrences
realism 100 romance 18
literature. 42 playwright 15
author 34 emphasize 12
theater 34 social 10
naturalism 24 russian 9
romanticism 24 france 5
screen 23 write 5
theme 23 - -

The results showed that the students used all of the words present in the original
graph, composed of 15 terms. Most of the nodes highlighted in the graph also showed a
higher frequency of use. It was also noticeable that the students made changes in their
graphs while reflecting about the accuracy of the terms and relationships represented.

The student interaction with the computer was monitored by the use of a screen
capture software. The films obtained from the monitoring of the students interacting with
Sobek and using a word processor, also provided subsidies to validate the approach pro-
posed here for summary writing. Two important pieces of evidence were identified in the
films, showing how Sobek contributed both to the process of understanding the original
text and to the production of the final summary. Concerning the understanding of the text,
it was clear that after viewing the graphs produced by Sobek, the students always went
back to the text to re-read it. Such behavior implies that the students began by questioning
themselves whether a certain term and/or relationship represented in the graph was in fact
accurate. Having Sobek to instigate the students to further explore the original text is a
positive finding, considering that re-reading leads to a better understanding of the material
read and may improve accuracy [Rawson et al. 2000].

As for the use of the graphs in the production of the summaries, the films brought
other evidence confirming that the students referred to the graphs in the writing of their
texts. Besides the fact that most of the terms represented in the graphs were also found
in the students’ writings, as shown in Table 1, the films demonstrated that learners went
back and forth to their graphs several times while producing their summaries. Such be-
havior confirms that the students referred to their graphs while writing, which is positive
if one considers that the structuring of ideas in graphic organizers may facilitate the more
complex task of writing [Ruddell 1997].
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According to their teacher, most of the students identified accurately the central
theme of the text provided to them. Some of the students’ testimonials reinforced this
idea:

• “... based on the graph I identified what was important in the text...”

• “... I realized that the words selected by the graph were important, relevant...”

• “... I used the graph, as I wanted to include all of its terms in my text”

• “... I used the graph many times - I had a look at it whenever I did not want to get
lost in the text and I wanted things to make sense...”

The testimonials of the language teacher who worked with the students in text production
confirmed that the methodology for summary writing using the mining tool was very
productive. The teacher stated that normally the students would get worse marks in their
essays, and that she was impressed with the level of engagement of all students in the
activity proposed.

5. Conclusion
This paper presented a text mining tool and proposed a methodology for using it as a
support in summary writing. Other research has shown in the past that diagrams such as
concept maps may help students in learning activities in domains as varied as science,
statistics and nursing [Nesbit and Adesope 2006]. Our goal here has been different in
that we did not want to investigate whether such maps could improve learning, but we
wanted to evaluate whether such tools could be used in pre-writing phases of writing
activities as a way to help students organize their writing process. Results in different
studies demonstrated that the tool was able to produce graphs that were close to what was
considered to be important about a text read by the students, but not too perfect as not to
give them room to express their own ideas about the most relevant information.

Gao et al. [Gao et al. 2005] also proposed a method for extracting terms from
texts automatically, focusing mainly in business applications. Our approach to text mining
differs considerably from this method mainly for its representation mechanism based on
graphs, and the consequent specificity of its algorithms.

As for the presentation of the mining results, other tools present relevant terms ex-
tracted from texts by highlighting these terms in the actual document [Frantzi et al. 2000],
or by simply ranking terms through a frequency count. Our solution is based on a visual
representation, following the idea of working with graphic organizers. From an educa-
tional perspective, presenting the mining results in the form of a graph is interesting as it
takes learners to focus on concepts and their relationships, and to reflect about them.

We are currently carrying out further research to define how other types of graphic
organizers, such as concept maps, spider maps and affinity diagrams, may be extracted
from texts and how they can be used to support text comprehension and text production.
Sobek is also being integrated to a virtual learning environment, which will make it avail-
able to a large number of students. The observation of how students will use it should give
us further insight about possible methods and applications of the text mining technology
in educational settings.
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