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Abstract. Secondary education students have difficulty to comprehend text,
let alone, hypertext. Summarizing is an effective strategy to improve text com-
prehension. It enables students to link the text content to existing prior knowl-
edge, promotes self-testing which helps them to identify their comprehension
gaps and fix them and directs students' attention to important content parts.
However, summarizing takes skill that secondary education students often lack.
This paper discusses the design of an app which aims to enhance summarizing
skill acquisition and, hence, text comprehension of secondary education stu-
dents by providing just-in-time, formative feedback as part of summarization
activities. The app discussed will offer a formative assessment of a student’s
summary through visualization of salient aspects of it as compared to a peer’s
or teacher’s work with additional guidance. Visualisation and guidance will be
highly automated thus easing access and use in real practice. It builds on prior,
recent research, showing that automatically created visualisations can be used to
support writing.
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1 Introduction

Secondary education students, especially those on the preparatory-secondary-
vocational-education level, have difficulty comprehending expository text (Land,
2009). This problem is even more prominent for comprehending multiple-source
learning-material, such as, hypertext which is frequently used nowadays (Rouet,
2006). Summarizing is a highly effective strategy to improve text comprehension
(e.g., Friend, 2001). It is a cognitive process of extracting the most important infor-
mation from a text and paraphrase it in a concise form (Beesley & Apthorpe, 2010).
Firstly, it enables students to build relations between concepts in a text and connect
these concepts and their relations to existing prior knowledge (i.e., elaboration). Sec-
ondly, it promotes self-testing which helps students to become better aware of com-
prehension gaps which might stimulate them to close these gaps and thirdly, it directs
students' attention to important parts of the text (Thiede & Anderson, 2003). Howev-
er, it takes skill to write a good summary. Often, students lack this skill (Graham &



Perin, 2007). This prevents them from taking advantage of this learning strategy for
text comprehension. Training could overcome this problem. Teaching students a
summarizing strategy helps them to develop good summarizing skills (Graham &
Perin, 2007).

Several reasons exist to look into modern, mobile technology to foster summaris-
ing skills:

o |t closely aligns with the increased use of hypertext material. The use of technol-
ogy in education naturally embraces hypertext as opposed to single source linear
text book material. Nevertheless, so far only few studies investigated the effects of
summarization on hypertext comprehension (e.g., Gil, Braten, Vidal-Abarca &
Stremsg, 2010a). In order to comprehend hypertext, students need to "... to locate,
evaluate, and use diverse sources of information for the purpose of constructing
and communicating an integrated, meaningful representation of a particular issue,
subject or situation." (pp. 157-158; Gil et al., 2010a). Gil and colleagues (Gil,
Braten, Vidal-Abarca & Strgmsg, 2010b) found that a summarization instruction
supported this process and led to a better hypertext comprehension.

o It makes it possible to deliver such a training just-in-time which might improve
learning even more (Kester, Kirschner, van Merriénboer, & Baumer, 2001).

e [t may open up to (partly) automating the training and guidance required. Guiding
hands-on practice in summary writing and offering supportive feedback tends to be
a time consuming tasks. Assessment of student work has been rated to be a student
support activity which easily leads to staff work overload (van Rosmalen et al.,
2008).

Rule-based summarization training has been successfully applied to develop the stu-
dent's summarizing skills. Such a training teaches the following summarizing rules
(e.g., Bean & Steenwijk, 1984): 1) deleting unnecessary or trivial material, 2) deleting
material that is important but redundant, 3) substituting a superordinate term for a list
of items, 4) substituting a superordinate term for components of an action, 5) selecting
a topic sentence and, 6) inventing a topic sentence if there is none. Graham & Perin
(2007) identified three conditions that have to be met to enable students to inde-
pendently use a writing strategy that is instructed to them: 1) a modelling example or
worked example of how to use the strategy should be shown to the students, 2) the
instruction should be given over a longer time period (i.e., at least three days), and 3)
the instruction should be delivered according to a scaffolding principle, that is, the
instructional support should gradually fade to help students independently use it.
Moreover, Beesley and Apthorpe (2010) put forward that summarization training
might work best in combination with other instructional interventions.

Additional interventions strengthening summary writing and text comprehension
could, for instance, focus on:

e Prior knowledge activation. Even simple instruction to activate prior knowledge
can help students to comprehend and learn from text (see Machiels-Bongaerts,
Schmidt, & Boshuizen, 1995; Wetzels, Kester & van Merriénboer, 2011).



o Self-testing. Self-testing consists of generating and answering questions during
reading a text. It aims to enhance summarization by supporting the identification of
comprehension gaps. It seems that answering questions helps students to more ac-
curately judge their own learning, or in other words, identify their comprehension
gaps (Dirkx, Kester & Kirschner, 2012).

e Visualisation (i.e., the presentation of visual representations of students' summa-
ries). Berlanga, Van Rosmalen, Boshuizen, and Sloep (2012) explored and com-
pared the use of automatically generated concept maps and word clouds to give
formative feedback on verbal assignments. Word clouds of students’ writings were
used as visual tools to discuss writing development and lexical acquisition in for-
eign language writing (Brydon-Miller, Greenwood, & Maguire, 2011).

In this paper, we will explore the latter, i.e. the use of visualisations in combination
with regular summarisation training. It builds on the premises that summarizing train-
ing improves students' summarizing skills and thus, their comprehension of both text
and hypertext and, next, that supporting the meta-cognitive processes involved in
summarizing through the app-based guidance with the help of visualisation, will im-
prove summarizing skill acquisition during summarization training. Moreover, that by
offering the guidance app-based it should be possible to deliver its’ support just in
time, make it easily accessible and to economise its use by making use of various
technologies which can automate the creation and use of the visualisation to a high
extend.

In the following sections we will first review the background of the intended app.
Next, we will describe the initial prototype and how it builds on prior research experi-
ence. We will close with a discussion and our plans for future work.

2 App-based guidance with the help of visualisations

Summarizing is a verbal reporting method. Whereas the instructions to summary writ-
ing can be delivered following a scaffolding approach with stepwise fading support. It
still may require additional interventions and one or more detailed formative assess-
ments of the summary created. Hitherto, it has been very laborious and complex to
analyse verbal data and subsequently to give feedback. However, some initiatives are
taken to change this. For example, Shute et al. (2009) report on HIMATT, a family of
tools that produce visualisations to provide students and teachers information on how
well the students conceptualise a content area. One of the tools, MITOCAR (Pirnay-
Dummer, 2006), parses natural language to extract the most frequent concepts and
analyses these to derive graphical models. Furthermore, in recent work automatically
created concept maps have been used to support the writing process. Villalon, &
Calvo (2011) provided a concept map as a form of scaffolding so students can see
their composition and evaluate if their concepts and relationships are what they ex-
pected. Reategui, Klemann, & Finco (2012) give a map of a text to show the main
idea as starting point before writing a summary. Berlanga et al (2012) discuss a num-
ber of these approaches including other less technically demanding options such as
word clouds. The latter being of particular interest since the creation of word clouds



and alike do not depend of a large corpus of sample texts and extensive training or
specific expertise to be used and can be done with commonly available Natural Lan-
guage Processing software.

WritLe, the app discussed below, aims to enhance summarizing training by provid-
ing graphic knowledge visualisations to help students identify important content parts.
Visualisations or graphic knowledge representations are graphical overviews of
someone's knowledge that are directly (e.g., concept maps) or indirectly (e.g., path-
finder nets) derived from a knowledge assessment. Jonassen, Beissner, & Yacci
(1993) describe a large set of methods to assess knowledge including verbal reporting
methods (e.g., think aloud, answering essay or other questions, summarizing). Hither-
to, it has been very laborious and complex to analyse verbal data. However, the avail-
ability of language technologies is changing this. These techniques are now capable to
condense learning content or a person's knowledge state into a visualisation of the
most salient aspects of this knowledge. Visualisations of learning content or an ex-
pert's knowledge can be used as standard to compare a student's visualization to. In
this way, the important content parts a student missed can be identified and the visual-
isations become a useful tool to support meta-cognitive activities.

Comparison of the most commonly used visualisation, concept maps, is also for
teachers (i.e., experts), a difficult task which has to take into account differences in
layout and nomenclature to define the concepts and relations (De Souza, Boeres,
Cury, De Menezes, Carlesso, 2008). Word clouds, as compared to concept maps are
relatively simple visualisations, they mainly focus on content and therewith are less
complex to compare. Berlanga, Van Rosmalen, Boshuizen, and Sloep (2012) explored
and compared the use of automatically generated concept maps and word clouds to
give formative feedback on verbal assignments. Their study indicated that relatively
simple visualisations such as word clouds, which can be generated with widely acces-
sible tools, adequately cover the original text. From this study, no firm conclusions
about the use of word clouds as meta-cognitive learning tools can be drawn. Research
on this purpose of word clouds is still limited. Partly related examples are, for exam-
ple, the use of word clouds as navigation tool to support a web search (Gottron,
2009); foreign language writing, that is, word clouds of students’ writings were used
as visual tools to discuss writing development and lexical acquisition (Brydon-Miller,
Greenwood, & Maguire, 2011) and exploratory data analysis, that is, word clouds to
compare documents of two studies on a single issue (Cidell, 2010). The app discussed
will be used to study and to find out more about how to use word clouds as meta-
cognitive tools for learning, or in other words, how relatively simple visualisations of
verbal reports can be used to identify important content parts and regulate further
learning.
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Fig. 1. Outline of the workflow. Step 1: the summary of the student (or
an equivalent), step 2: concept (single word or multiple word concepts) ex-
traction and frequency count, step 3 visual comparison.

3 WritLe, a first prototype

3.1  Design considerations

Following the introduction above, the design of the proposed app is grounded in the
idea that an intervention offering an formative assessment of a student’s summary
through visualization of salient aspects of their summary with additional guidance, on
top of a summarisation training, is of great value. Even while following a training in
many cases for students it is difficult to determine the scope and quality of their
summary. Actively writing (or summarizing) on a course subject is an good ap-
proach to see what one understands. However, to be able to do so it is essential for
students to get an assessment of one or more versions of their writing and actively
learn how to improve it themselves. Unfortunately, a formative assessment is rela-
tively rare given the scarce resources of teachers. The app proposed considers:

e The scope and quality of a student’s summary is reflected by which concepts they
use;

e Both use of app and visualization do align well with the experiences and prefer-
ences of secondary education students;

e Visualization, directing attention to the summary under construction, together with
guidance can actively involve students in their learning process

e Students can be provided with diverse ways of comparing their level of perfor-
mance.



Based on prior work (Berlanga et al., 2012), we will investigate the use of word
clouds alike (Figure 1) to show students which content is most prominently present in
their summary ‘under construction’. Different versions of this app will be developed
and tested, for example, one version may present students a visualisation of their
summary in contrast to a visualisation of a summary of their peers (i.e., a peer refer-
ence model), the other presents a visualisation of their summary in contrast to a visu-
alisation of the text or hypertext (i.e., an expert reference model). To compare and
assess knowledge both peer an expert reference model are in use. Steinhart (2011), for
example, uses a collection of peer summaries to establish a golden standard. Shute et
al. (2009) use both peer reference models and expert reference models depending of
the context and the tool used. Domain novices and naive students might benefit most
from 'student - peer' visualisation comparisons, as at this stage a peer visualisation and
their vocabulary would correspond most to their Zone of Proximal Development
(Vygotsky, 1978). As expertise develops, the peer visualisations may still be appro-
priate, depending on the development stage of the peers, but content visualisations
representing the ‘expert knowledge state' may be more suitable to more advanced
students. However, alternatively it can be argued that content visualisations will cor-
respond best with the original text and the presence and absence of relevant features
of this text and therefore better suited to compare to. So far, the effectiveness of these
two approaches has not been contrasted as is the case in this design.

The word clouds that will be used, will improve on regular word clouds such as
Wordle (www.wordle.net), they will take into account, for example, bending of words
and multiple word concepts (Kaptein, Hiemstra, & Kamps, 2010) and use advanced
visualisations i.e. word clouds that integrate and contrast two independent word
clouds. The source of the independent word clouds may vary between a summary of a
student, a previous version of a the summary, a summary or a group of summaries of
peers of the students, the original text studied, an expert summary or a frequency
tagged list of key concepts prepared by the teacher.

The idea behind the guidance is that students use the visualisation to challenge
them to think about strength and weakness of their text. The visualisation prompts
them to their key concepts, the key concepts they share and the key concepts of the
other text. Questions to be answered by the student are, for example, (1) identify and
map synonyms; (2a) motivate why you did not mention concepts of the second text or
(2b) why you did, (3) identify trivial, irrelevant concepts (4) identify substitutes i.e. a
concept replacing a set of concepts (5) identify look-up concepts to be studied. The
final app may be implemented as a game, a collaborative task, with or without scaf-
folding to guide the interactions and with one or more rounds depending on the over-
all summarisation training.

Finally, in our case, we aim to build the first full prototype in Dutch. For the Dutch
language, software such as Termtreffer (http://www.inl.nl/tst-centrale/nl/over-de-tst-
centrale/projecten/termtreffer) or Alpino parser
(http://www.let.rug.nl/vannoord/alp/Alpino/) are available to support in the required
linguistic parsing to automatically extract the terms of the text. The current first proto-
type —as will be discussed below- has been developed in English.


http://www.let.rug.nl/vannoord/alp/Alpino/

3.2 WritLe, the first prototype

Taking into account the design considerations we designed and successfully prepared
a first functional prototype concentrating on two of the main aspects discussed above:

e The application should be able to automatically extract the concepts of a text, both
single and multiple word concepts and sort them on frequency and compare them
with another text.

e The application should be able to visualise the differences in a Wordle-alike for-
mat.

WritLe, the resulting application, goes through four main step to produce a visualisa-
tion (Figure 2). It has been build in Python with the help of public available libraries
(including pytagcloud, pygame and pyglet):

Step 1 Input. The two input files to be compared are read. As discussed earlier, the
inputs can vary e.g. an essay of student 1 and student 2; or of student 1 and the teach-
er; or of student 1 and a grouped text of a number of students.

Step 2 Parsing. In step 2 the input is parsed. This includes the removal of ‘irrele-
vant’ words (so called stop words), determination of the nouns (the concepts in the
text), mapping plurals to their singular form (so book and books are mapped onto
book), identify clusters (n-grams) of words which point to one concept (S0 €.g. sec-
ondary school ‘secondary school’ or learning network ‘learning network”) and finally
counting the concepts and sort them on frequency. As an intermediate result WritLe
returns a sorted list with for all concepts the pair (concept, frequency), e.g.: (learning
networks, 16); (essay, 12); (school, 4); (secondary school, 2). The parsing can be
tuned by for instance adjusting the maximum number of concepts or the cluster (n-
gram) length.

Step 3 Comparing. In step 3 the two input files are compared and sorted with re-
gard to most frequently shared concepts and the most frequent unique concepts of
both text 1 and text 2.

Step 4 Visualisation. Finally, the results are visualised where a function of the rela-
tive frequency is used for the x-position and the frequency for the size of the visuali-
sation of each concept.
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Fig. 2. To the left, the output of Writle visualising the differences between two summaries. The
x-position indicates in which summary a concept occurs most or exclusively (completely left or
right). The size of a concept indicates the relative frequency. To the right, a mock-up drawing
showing how the visualisation can be enhanced with activities. In this case dragging and point-
ing out important additional concepts or superficial concepts.

4 Discussion and future work

It is well-established that summarizing text aids text comprehension and that rule-
based summarization training helps develop summarizing skills. Summarizing is part
of the curriculum and end-terms of each level of secondary education. For students, it
is highly relevant to acquire this skill. The app proposed aims to bring this research a
few steps further by establishing the worth of summarization training for summarizing
hypertext, and thus hypertext comprehension which has not yet been researched; by
enhancing summarization training by providing additional guidance through the use
of mobile technology and last but not least by offering a highly automated service
providing a formative assessment and additional guidance without large efforts of
teachers.

We attempted to explain the background of our research both in the area of sum-
marisation and how natural language processing has developed through the last dec-
ade now enabling various ways of assessing writing text. Moreover, we argued that
word clouds alike, though simple, are of interest for what we want to achieve and we
showed how WritLe, our first prototype, used word clouds alike to fulfil our main
requirements. Nevertheless, it is obvious that WritLe is still in its infancy. Extensive
research will be required to establish how learners can benefit most of WritLe taking



into account questions such as which text to initially compare, which kind of guidance
and activities to offer and how to scaffold them best. Taking into account the potential
benefits of an automated assessment of students” their own work as compared to only
superficial general rules, we do believe that it is worthwhile to continue on our path in
exploring WritLe and its further extensions in real practice.
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