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Abstract: Prior knowledge learning for increasing the eéficty of the learning processes is
an important issue. Traditional studies on prioowledge generation during language
learning have focused on providing additional sappntal materials from reading
materials that are manually generated by educaldrs is time-consuming and hence
personalized prior knowledge recommendation isaliff to perform and monitor. To cope
with these problems, we purpose a novel tag-closdalization learning approach to
automatically monitor running activities and studstatus. In addition, we incorporate
cloud tags into a prior knowledge learning syst@dmkK), which provides students an
engaging way to reinforce meaningful topics, id@i suitable supplementary materials
through tag cloud navigation, and helps studen¢val@ate their reading process. Our
experimental results demonstrate that our apprao@thonly significantly improves the
efficiency of prior knowledge learning but also ekeachers assist students in improving
their reading ability.
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Introduction

In the past, effective reading comprehension reguihe integrated interaction of derived
text information and preexisting reader knowledge 10], especially with learners of
foreign languages such as English. Studies havalfthat students who are unable to link
new knowledge with prior knowledge have problemdarstanding, recalling, and
accessing the new knowledge later [3, 4, 9]. Tarther suggests it is important to assist
students in obtaining relevant prior knowledge, this can enable them to engage
meaningfully with their learning material.

Additionally, keeping students focused is a conder many teachers. Several studies
have demonstrated that teachers, due to eitheckaofaadministrative support or time
constraints, have difficulty evaluating studerergcy effectively [1, 2, 3, 4]. In some cases,
it is very time-consuming to complete the evaluafwocess, and this leads to significant
learning obstacles for students. Thus, identifyand understanding the level of a student’s
knowledge is important for teachers to help stusiédrn efficiently [5].

To cope with this problem, this paper proposeswehtag-cloud visualization learning
approach. This novel approach uses a social taggiadysis mechanism and tag cloud
visualization, which gives students an overviewthsd knowledge represented and helps
them quickly grasp the structure and concepts gfifimarticles. Moreover, it also provides
a monitoring interface that enables teachers tigass/to potentially relevant information,
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and assists teachers in analyzing interactions stardent tag behaviors and evaluating
student learning performance.

1. Background and motivations
1.1 Atypical Web 2.0 phenomenon: Tag cloud

One of the ways in which the Internet helps faaitknowledge conversion and sharing is
through the use of Web 2.0 social tagging. Tagsllsuvepresent words or phrases that
enable users to easily add metadata to online ©b[itf Tag clouds have emerged as an
important new interface paradigm, quickly gainiragpplarity in social information sharing
sites such as Flickr and Delicious, which needlrtd ¥isually appealing ways to summarize
vast amounts of information. Fig. 1 shows an exangpla tag cloud on Delicious, where
tags on the site are organized by popularity.
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Figure 1: Example of a tag cloud (Extracted fromiBieus)

Recently, researchers are increasingly turningatp applications such as social
networking sites to enhance classroom learningdavelop a new generation of learning
architecture [1, 2, 3, 4]. Thus, by aggregatingaagotations and corresponding resources
from documents, the tag cloud provides navigatichas and helps people easily browse
and discover on-line resources [11]. Meanwhilea@ ¢loud can also provide learners a
visually appealing picture of main themes by usags to visually analyze the frequency of
words in a text. An extension application to taguds involves using semantic web
technologies to generate tag clouds of semanticeqin, which provides a new way to
extract meaningful learning results and analyzeniag behavior. This information is
helpful to teachers for evaluating student learrangievements and determining learning
status.

1.2 A tag-based prior knowledge recommendation systeXK)

Several studies have been conducted to analydeateng behaviors of students by using
Web 2.0 social tagging techniques to collect implimformation for reading
comprehension [1, 2, 3, 4, 7]. A tag-based learemgronment called TAK [3, 4] has been
developed to improve prior knowledge constructio éearning. This system provides
effective recommendations, especially through $deigging to spread prior knowledge
generation. However, it is difficult for teacheosdbserve ongoing, running activities and
student behavior without assistance.

To cope with the above problems, in the followisections, a novel tag-cloud
visualization learning approach is proposed andempnted to extend the TAK system
into an effective and efficient mechanism for assisteachers in tracing and analyzing the
information search behaviors of students. Moreotres, study also attempts to harnesses
Web 2.0 principles to find new ways for using témuds to get a quicker grasp of the main
focus of reading materials.
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2. 1-Cloud: A tag-cloud visualization learning approac

To improve English reading comprehension and as$sethers in monitoring student
progress, this study proposes an integrated tagiclmased learning and monitoring
approach, based on fundamental skills of analgsistextualization, conceptualization, and
visualization, called I-cloud. Fig. 2 illustratebet framework of our approach, which
consists of three parts: data preprocessing, tagldbr social navigation, and tag cloud for
learning alarm.
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Figure 2: framework for the support approach
2.1 Data Preprocessing

The preprocessing of student tags and articleduegsdranslating tags and reading text into
a vector of terms, based on the Vector Space MM&i\1). Each article is preprocessed by
1) tokenizing, 2) removing stop words, 3) and RoSé&emming. In order to identify
meaningful paragraphs and locate article topicsyseelLatent Semantic Analysis (LSA) to
measure the importance of each paragraph andl#t®nship between paragraphs. The tag
is also considered a measure of the importancepafagraph in the article. Meanwhile, we
calculate a tag score to identify the importanceath subsequent paragraph by using the
diagonal matrix elements with the LSA process aRdDF of the vector-based information
retrieval scheme [4]. After this scoring proces® derive the tag score to identify the
importance of each subsequent paragraph.

2.2 Tag cloud for social navigation

A tag cloud can be regarded as a collection of rggital terms mined from the articles. It
enables the reader to identify the context of &teaved text data and quickly determine if it
is of interestlIn this subsection, we describe the tag-cloud gdimer technique for student

tags of well-tagged items. Here, we applied an ringtion retrieval scheme and

collaborative filtering (CF) to mine topical ternmgelligently, which are then presented in
the form of a cloud of tags with varying sizes eenphing degrees of relevance. This
process is summarized below:

(1) To identify the importance of each subsequent papdg the tag scorew( ') is

calculated from the pre-processing procegs. represents the tag score of thedg
of iy, paragraph in theyjarticle. It is regarded as the evaluation of thpartance of a
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paragraph and can help students to construct tlodeastructure. Top K (user-given
parameter) recommended tag SBtf, (t) = mezu. Top (W) are considered

for recommending topic tags to students, and helienits understand and identify key
ideas within the reading (K set in our experimeats).

(2) Before identifying appropriate supplementary matsror a student, we recommend a
tag cloud to each student. The basic idea of ouomenendation approach is
collaborative filtering (CF), information retrievadnd tag usefulness [12]. The
underlying assumptions of CF are that people withlar interests will prefer similar
tags, and that those individuals who agreed ip#ss tend to agree again in the future
[13]. As in user-based CF [8], our approach preditte tag score likelihood of
neighborhoods of students to reflect meaningfus tagbe recommended to the user.
Tag usefulness is determined by powerful coverdgaeomost frequently used tags.
Thus, the recommendation score of tag t for sawaigation (SN) for student u is
determined by:

SN(ut) = & x >y o w(uv)x wvt) + log(d, ,)
(hL )(\NropK (K)ZtDT(U) W(U,t)] Euzl(—t’jj

m2

wherey is a propagation decay factax; represents a parameter that controls the
relative weight between people and tags (indiak 0.5); w(u,v) and w(u,t) are the
relationship strengths of u to student v and tag given by the student profile; w(v,t)
represents the relationship strengths between stwdand tag t; Wopi(t) represents
the tag weight for recommending topic tags;rdpresents the frequency with which
the t,tag has been used to describe ¢harficle; and lastly m is the number of different
tags assigned to thg article.

(3) For each tag t, the normalized weight,§MNu,t) is used to calculate its font size. The
cloud accomplishes this by increasing and decrgasiie font size of each tag
according to its weight. Thus, when the studermkslion a given tag in the tag cloud
the system selects suitable supplementary matdydesled on our previous study, the
tag-based prior knowledge recommendation systenk{T3, 4], and presents them to
the student. This function is an engaging way stializing meaningful information
and helping rethink the reading process for stuglent

In brief, this stage adopted a social tagging @eagm, based on a tag cloud navigation
schema, to help us examine and understand eactt aggudent learning behavior. The
social navigation interface is shown in Fig. 3@}ag is regarded as a single keyword or a
phrase that describes the topic, theme, or id¢laecdrticle. Students can add as many tags
as their wish, and use the tag cloud visualizatohto discover interesting clues and refine
their thoughts or ideas of the reading. Thus, wétedents click on a given tag in the tag
cloud, the system serves as a useful referenceeguad well as selects suitable
supplementary materials for students by analyzwegcharacteristic of the tag cloud.

2.3 Tag cloud for learning alarm

To help teachers evaluate a student’s learningatgiu and monitor the learning
achievements of individual students more easilg,l&arning alarm is combined with the
tag-cloud monitoring mechanism into a tag-basear amowledge recommendation (TAK)
system. A tag-cloud monitoring mechanism can beeextly useful to help teachers keep

225



up with all relevant student activity and drill downto their detailed learning portfolio by
tag cloud navigation. This process is summarizeuktsy:

(1)

(2)

®3)

(4)

Students read an article and take an exam, andcibre is used to evaluate their
comprehension. We assume the students’ scores amate their level of
comprehension, and thus our tag score mechanisanc@mbination of a student’s
exam score with their tagging preferences for #raesarticle.

To estimate the error in interpreting an individsi@xam score, the standard error of
measurement (SEM) is calculated by using a reltglgbefficient and the standard
deviation of the exam, as follows:

SEM=SDx\/1— Q [}M(Q‘M)j

Qls”

where SD is the standard deviation of the exang @@ number of exam items, M is
the average exam score of every student who takesxam, and? is the variance of
every student who takes the exam. The larger thv, 8te less reliable the test. Thus,
we use the standard error of measurement (SEM)ctdaulate the exam score.

Not all tags carry the same amount of informateng so we use the entropy of a tag to
measure its potential characteristics. The valumimalized into a range of 0 and 1.

3 ] _ TR(uY

Entropy(d=->_ . R(u)xlog( p(ud) ; p;(ut)= S T WD)

Here, Ru,t) representthe probability of tag t appearing in thegrticle for student u,
and TK(u,t) denotes the number of times tag t appeatsein, article for student u.
Tags with higher entropy have lower tag scores.sTagh higher tag scores are
important, because these tags help describe tiestopideas they annotate in a more
accurate way. The learning score in theaiticle that the ¢ participant annotates can
be represented as follows:

U T - TR PPN
LA (u) =4 SEM [Avg(g )j+(1 A) % (1- Entropy(1)

whereA represents a parameter that controls the relateight between the exam
score and a tags’ importanc®), is the exam score of thg article that the ¢ student
receives, and Avg(Bis the average score of thegrticle for all students. Here, large
values signify a strong alert status where a teasheuld be aware of the early
conditions of a learning problem.

A threshold6 is used to determine the selection warning sigorder to discover an
abnormal learning status from tagging behaviorsraading comprehension degrees.
When a teacher logs into the proposed system, caaydetermine the threshold to
warn of any potential abnormal learning statusxdividual students. When LA(u)6s

a user’s name in the tag cloud is shown with argfeet color, and the larger font size
represents better learning performance. In contaagser’'s name in red font attracts
the teacher’s attention and the larger font sipeagents lower learning performance.

To summarize, Fig. 3(b) shows the learning alamterface presenting the current

status of a student’s learning performance andingdaehavior, recently forwarded to the
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alert monitor. When students who have a learnisgliiity are diagnosed by analyzing the
tag cloud for social navigation, this tool can sstgachers in providing fosed feedback
and questions to students as soon as possible hélgs activate prior knowledge, probe
students' conceptual understanding, and leadsefoedeinderstanding.
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Figure 3: Interface of I-cloud (a) Tag cloud forcsal navigation
(b) Tag cloud for learning alarm

3. Experiments

The goal of our experiment is to quantify the infloe of I-cloud practices on an on-line
learning environment. In this section, a seriemeéstigations is conducted to evaluate the
usefulness of I-cloud.

3.1 Student data and results

In order to evaluate the efficacy of tag cloud focial navigation, an experiment was
conducted from April 2012 on reading activity assenior high school in Taiwan. 86
participants were divided into two groups. A prsttand post-test experimental design
employed before-and-after surveys to demonstrateiiefulness of our approach among
participants. Each group was given a pre-test evialn and then a post-test after two weeks.
The experimental students demonstrated significamtpravement in reading
comprehension ability by taking advantage of tigediaud for social navigation (Table 1; p
<.05). Fig. 4 shows the learning curve of studdmasis representational of an average rate
of knowledge gained over time. Students first deatning how to use an on-line reading
system in the first 10 minutes of the reading atgtivi he control group on a flat learning
curve demonstrates that the rate of knowledge dasslowly spaced out over time. That
implied that subjects with a flat curve are oftemydifficult to learn, so that students can’t
quickly grasp the concepts and use the knowledgthd contrast, the experimental group
gains knowledge quickly after 10 minutes and I-dldwelps them quickly grasp the
concepts and knowledge of reading materials. Intiadd students’ reflections on the
activity were collected using a questionnaire aedspnal interviews. The results of 43
guestionnaires were conducted after post-test. Eaestion underwent a discriminate
validity test by using factor analysis. The coeéfids from the experimental results show
that these factors were sufficiently reliable fgrresenting student-tagging behaviors. The
major findings are presented as follows:
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(1) 74% of students agreed that the I-cloud interfaae gasy to use.

(2) 88% of students agreed that tag cloud offers atawapavigate through a structure of
article based on tags, and it can help studentkiyujrasp the structure and concepts
of English articles. Some students indicated thege tags help them easily realize new
information from the article.

(3) 79% of students thought that tag cloud navigatemuced the amount of search time
and enhanced their search experience.

(4) 93% of students agreed that tag cloud can enaldiersts to select different views on
the tag cloud, such as system tags or other stuagstand then help judge difference
viewpoints and explicate their thinking processes.

(5) 86% of students agreed that the tag cloud provitgagational clues through
corresponding supplementary materials, which heipdents understand prior
knowledge in the article.

Table 1: Paired t-test of the pre-test and post-tesults
Std. Std. Error

Test Group N Mean Deviation Mean t-test
Pretest Control Group 43 57.79 28.0794 4.2821 t =.588
Experimental Group 43 54.65 255530 3.7443 p=.56
Posttest Control Group 43 60.70  14.5807 2.2235 t =-2.487
Experimental Group 43 66.86 118534 18076 p= .017*
*p < .05
. v
7 _—
Average 6
resulting .kunwledge 5 /
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) /
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Figure 4: Learning curve simplified
3.2 Teacher data and Results

To evaluate the effectiveness of the tag clouddaming alarm, five participating teachers

from a senior high school in Taiwan were invitedetqerience the use of I-cloud. We

designed a questionnaire that was used to colsertblack from the teachers. The major
findings are presented as follows:

(1) All teachers agreed that the interface of I-closidhelpful for teachers to realize the
learning status of students. This interface caistasachers in evaluating the reading
ability of the students, such that constructivegasgions can be given to the students,
and tutoring strategies can be improved accordirMbreover, I-cloud provides a new
way to assist teachers that exploit tag informatiornhe students' tag cloud to get their
attention and bring them back into focus.

(2) 80% of the teachers agreed that the interfacetustive and easy to use. Only one
teacher indicated that the interface needed madagce.

(3) 80% of the teachers believed that tag cloud foiasawvigation can enhance the
ability of the students for prior knowledge leaiin
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4. Conclusions and Future Work

In this work, we propose a novel method for momigrand creating significant learning
experiences. The results of this study showedexeriences with applying social tagging
and tag cloud helped students increase their rgadimprehension and quickly grasp the
structure and concepts of English articles. In talli the experimental results
demonstrated that this novel approach is also tielpfassisting teachers in evaluating
student learning achievements by tag-cloud visattn. These results provide suggestions
and references for the design of efficient webs2ifported collaborative learning activities
in the future. Furthermore, we hope to examinelifierences between the effectiveness of
a more declarative approach, and make it easiggd@nd combine different tools and data
sources for generating learning suggestions. Theggestions should further ensure that
social tagging applications in collaborative leaghienvironments improve reading and
recommendation incrementally in future experiments.
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