METHOD TO CLASSIFY PAPERS TO BEGINNING STUDENTS USING
NATURAL LANGUAGE PROCESSING: AN EMBEDDED PROCESSOR CASE
STUDY

Tiago dos Santos Patrocinio
Federal University of Piaui/Brazil
tiagodsp93@gmail.com

Ivan Saraiva Silva
Federal University of Piaui/Brazil
ivan@ufpi.edu.br

Abstract: In the academy, there is an untold amount of at the same time is our specialty, serving as éuuse
papers, and yet more new ones are presented in example in our experiment.

different fields of science. It is common in acadeia . . . . .
influence young students, beginners in the field of In section Il is defined the quality sought in our

research, choose the source articles better knowrpy ~ research, explaining elements used in our method.
reputed universities or researchers) or more cited. Section Il shows some stats and charts about the

However, recently published papers did not have collected data. Section IV explains our method and
enough time to consolidate itself in the scientific goals aimed. Section V is the conclusion and fture
community, thereby having few citations, therefore expectations.

hindering the search for an interesting paper. To

prevent such influence and work around the problem [I.  QUALITY DEFINITION

mentioned, in this paper, we discuss a method for Along will be mentioned the term “quality”, which
classification of articles using their abstracts aplied in is our purpose with this paper. This quality refers
algorithms to Natural Language Processing, seekindt  pe quantity of potential information stored in keac
provide to the beginning student, an interesting rad o h0r \worked in our research, which are highlighted
addressing the topic searched. by sentences containing in its abstract.

Keywords: Abstract; Readability; Embedded processor; In the field of paper publication, the abstract is
quality; Paper; Tag; Knowledge; Beginner; Students;  yery important. It must have contain the amount of
Natural language processing; Papers; Interesting; engugh information which reader needs to select the
Quality. paper, containing clear words and comprehensive

L I NTRODUCTION sentences about the context subject

The field of publication of papers is utmost A Tags:
important for the consolidation of scientific The term quality in our discuss is measured by a
community. By this way all the knowledge of set of words called “tags” which are extracted atte
particular area are approached and discussed. {saper in its abstract and, then, seek for appeesanic
academy, beginning students in the field of resgarc them in the following method which will be preseahte
are indicated and strongly influenced to search foin section.
articles by reputed universities or researcheris #n .
obvious and common practice. Therefore, are We used the online tool VocabGrabber [1],
disregarded numerous papers, which can be good provided by Thinkmap Visual Thesaurus. The tool

the sense of content, but does not highlight oulaizk extracts a set of words from the text to calcuthte
of reputation of its components. Furthermore, the€/€vance comparing how frequently the text uses th

growing number of scientific papers is imminent, words versus how they are used in written English
resulting in an untold amount of them. These factPVerall. We adopt as tags the common words used in

hinder, for beginner students, an evaluation of the&cientific context, also provided by the tool.
recent papers published by various new authors;twhi B Flesch-Kincaid Readability Test

disqualify potential important subjects. To complement our method, we employ a

In this paper we discuss a method to classifyreadability test, which defines how much clearhis t
papers, analyzing the content of the abstract usintext, measuring the comprehension difficulty of the
Natural Language Processing, in order to avoidileg t same [2]. We suppose that a paper abstract which
influence of reputation, providing interesting and approach many themes, being at the same time simple
quality papers. To do it, we analyzed recent phblis and comprehensive language, become more
papers, in this case only published in 2010 to 201%nteresting. Therefore, the Flesch-Kincaid Readsbil
period. We choose the field of Embedded Processofiest fits in our goal.
because this area fits in aforementioned situatod,
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To our analysis, we use the Flesch Reading Easand in section IV. Discussion of the Section V prds
Score (FRES). The test utilizes a mathematicalgg®c IEEE Xplorer data.
to assess the input text by means of the number of i
words, syllables and sentence numbers. To measure The figures 1 and 2 show some stats of

score was used the Edit Central online tool [3]e Th Worksheet containing the information of the 68
explanation of how test works is not the aim of ourdrticles captured from ACM. Figure 1 presents a set

paper, and then we will be superficial in this gioes ~ Of paper's conferences, which are linked with the

The test utilizes the mathematical equation in (1). ~ “Embedded Processor” field. In figure 2, it can be
observed that some conferences have highlighted due

to the significant number of articles related te th

206835 — 1015 [ s ) _ gy (iwe nllabla) g field, because they are more focused in this theme.
In the original purpose of this test, the scores Count of articles by
illustrated in the Table | were adopted as refezenc
around the world. ...conference (short)
TABLE I. SCORESREFERENCES TODAES Z -
FRES Score Notes S
easily understood by an
90.0 - 100.0 average 11-year-old
student
easily understood by 13-
60.0-70.0 to 15-year-old students
0.0-30.0 be_st _understood by
university graduates .
[ll.  COLLECTING DATA
In our project, we selected one of the most reputes
Digital Libraries to collect some stack of data,
containing information of article itself. The data
collected are title, abstract, publisher, authorsl a 10
publication's vehicle. DAc v,

In order to extract paper's data, a program base CHI I
on C# language was used to perform parsing an AN
collecting metadata. The program searched th i
keyword “Embedded Processor” obtaining 67 results S S S R R

from the ACM Digital Library [4] in the year 2013 Fig 1. Count of papers captured classified by conferesiger().
2747 results from IEEE Xplorer [5] in the 2010 to

2015 period.
The search done in the ACM Digital Library [4] Count of h'ghl'ghtEd articles
used the keyword Embedded Processor filtered b by conterence (short).

papers published only in 2013, obtaining more than
thousand results. The search engine considere,

keywords Embedded and Processor separately, addir,

many results, explaining the high amount. Thergfore 12
we considered to use “Embedded Processor” quote(”
so the number of results falls to 67 results, aérpth
by the direct relation of article and the subject
Embedded Processor. The program developed by ol
team treats the URL of search result HTML page,
processing each item found, requesting metadata ar
information of inner nodes and HTML tags to retaev
all data

10

= M Oy o

DAC  DATE LCTES TACO TECS TODAES

The Engineering Village [6] search tool provided

the paper’'s information in IEEE Xplorer, only rig 2. Highlighted papers captured classified by confegenc
extracting BibTex package from papers. (short).

For purposes of simplicity, we use data from ACM
Digital Library to explain the method in this secti
83
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A. Tag extraction

TABLE Il

SUM OF TAGPOINTS EXAMPLE:

For analysis of the subject of the paper ar Paper TAGs Sum of Tag Points
knowledge trend, we consider to use tags in theiPaperOl embed 0,46
classification. In this paper, Knowledge trend Iseve | Paper02 data cache 0,52
all paper’s subjects leans converging. To extraist, t
we used the extraction of tags over the abstraetoff
paper. The process is descripted above in sedtion | Musiration of TagPoints of all (he papers
Figure 3 shows the quantity of tags encountereallin 0.3
papers illustrated in Word Cloud. 0.3

0,25
el e e s
ﬂh!s“ i WW“‘S.: EO 0,15
synardware!sm:
Lgumm:‘._-« ‘weina -environmentCOMPO nent! 0,05
Li«o |
mﬂlg;'{E n“cessnnm“n G 1 4 7 IM13161922 25 28 31 34 37 40 43 4F 4% 57 55 58 A1 Ad AT
EHE R g il o o o atenuy§
F— ii;ﬁ%dataexperlme Paper ID Number
K i E EWA S
g;ﬁ%h}in ﬂml“'ﬂ !Eem e Fig. 4. lllustration of TagPoints by Paper.
analysis tomputton |""”5‘ jmiler _ eyamsi C. Readability Level:

y,

EE [ In order to improve our method, was decided to
apply the Flesch-Kincaid test which the purpose is
assess the degree of text readability. There ace tw
types of the same test. For preference, we used the
Flesch Readability Ease Score (FRES). For this test
how much more points more readable. (For more
Words like “processor”, “hardware”, “data” and information, see section Il of this paper.)
“embed” was strongly mentioned in the subject &f th

papers, considering that they are covered by, 19 BVEEE TS MBS BRI e O e
Embedded Processor field. However, the Word%formatmn that ?h(f reader needs for choose adlart
“experimental”, “real-time”, “benchmark”, “latency”

among others, are highlight significantly, giving an to read. Figure 5 shows the score FRES by paper.
idea of the convergence of subjects among the paper

/

v

Fig. 3. lllustration of quantity of tag encountered in @dipers

in the worksheet.

" ow

B. Pondering Tags

To allow classification is necessary to ponder eact
tag. To do it, in our research we count every tac
present in all papers, summed and divided by tta to
of tags.

FRES by paper.

Each tag uses the concept of percentage to pond
itself. Therefore, we take the number of determinec
tag present in all papers and then divided by ot t
of tags, which we call “Tag Points”. Table Il shoars
example with data merely illustrative.

FRES

TABLE 1. TAGPOINTS EXEMPLE: ¢
1 4 ¥ 10130619 22 25 28 31 34 37 40 43 46 48 52 55 58 61§64 67
TAG SUM Tag Points
data 22 22/62 = 0,35
cache 11 11/62 = 0,17 baper 1) Number
embed 29 29/62 = 0,46
TOTAL: 62

Fig. 5. Flesch Readability Ease Score by Paper.
Appling to each paper in our data worksheet, their

respective Tag Points, summing the value as shown i

Table 1ll. In this example, Paper02 is highlighglte

4 shows the result Tag Points obtained in our rebea

IV. QUALITY CLASSIFICATION METHOD:

In this paper, we propose a method to classifinatio
of papers, raising to top those that obtained & b
score. To do that, our classification adopts asron
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a relation between Tag Points and Flesch-Kincaic o
Readability Ease test, discussed earlier. Average between FRES(%) and

Tag Points

ne&

Our intention is classify papers determining a high
degree of interest, assuming that determined pap¢
have some interesting terms in its abstract (bynsea
of Tags), which covers the searched field, in agec \
"Embedded Processor" field. ¢ 4 \

The use of tags fits in this case, because, welsear

L
L

by each abstract what are the most frequent term [\V

covered by everybody in scientific field, then thos \\ N V
that approach a high number tags, becoming mor o J !\
interesting among them, getting highlighting. Using ., \}\

the formula in (2) we can evaluate according to the | v(
above cited. “"-QCWQLBIH h

FRES

100 — Score
2 a

TagPoints +

5148 60 36 28 16 22 37 44 € 21 54 57 23 50 24 15 18 9 43 26 1?!53

Observing the formula 2, we can see that it is ar o1 L
arithmetic average of the two scores, highlighting
articles like as proposed above. Figures 6 andWsh —— Average —e—FRES (decimal) TagPoints
the results in our data. 02

Fig. 7.  Average between TagPoints score and FRES (Flesch
Readability Ease Score) score in decrement ordétrecdiverage.

Average between FRES(%) and

Tag Points The focus of this method is classify recently

published papers, with goal of pondering one with

0z each other based in a commons thinking or ideas
provided by its abstract. The Readability testsedu
for rearrange the result, starting from the supmosi

o that less complex texts with more information have
much for offer for reader, becoming more indicated.

A. Citation Count

Obviously, that how much more one paper is cited
in determined scientific community signifies thhtst
, one is very important, therefore, more indicated.
&ﬁ However, it is not applied in our methodology,

| because the aim is the recently published papers,

‘ which not count with time to be recognized in the
field, or have not reputation elements mentioned in
section I.

1 4 T 1013 |6 19 22 25 26 31 34 37 40 43 4&54 52 55 50 61 4 67 B. Relating our Method with Citation count

To do the follow analysis, we requested papers
published in the year 2010 from ACM Digital Library

Paper ID Number because has enough time for them be recognized by
02 . . the community (in this case, Embedded Processor
—+— Average —e— FRES (decimal) TagPoints field). Therefore, various papers has been citethby

field, providing sufficient data to us.

Fig. 6. Relation between TagPoints score and FRES (Flesch
Readability Ease Score) sorted by paper ID number.
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Relation between our
method and citation cout

0,35 D4
03
D3
0,25
0,2 0.2
0,15 01
01
D
0,05
0 -0,1
S7 142355522162 F25C 3237 70 6 J17ECS 3381 3438 7731 40 47 42 00 65
Paper ID Number
Citations Count —— Method
Fig. 8. Relation between our method and citation countredle

by our score method. (Data referring to the yedi020

As can be observed in figure 8, does not have

direct relation with our method and citation count.
Papers with low classification in our method cameha
high number of citations and vice versa. Both masine
of classification does not cancel each other. itpgo
the user choose what is the best way.

C. Resultsof our Method

Was extracted 10% [7 — 13] of the total papers
captured sorted by our method in Embedded Processt

research field of the ACM in 2013.

V.

Analysis over extracted data can offer
interesting information about the method. The data
divided in 6 years in order to provide a bettemwiaf

analysis. The 2015 has less data due to the unéidis

METHODS RESULTS AND DISCUSSION

year which data were extracted. Table IV shows the

amount of paper data of each year.

TABLE IV. COUNT OF PAPERS BY YEAR FROM DATA USED IN
RESULTS
Year Count of Papers
2010 500
2011 500
2012 500
2013 500
2014 500
2015 247

A. Visualization Count

Figures 9, 10, 11, 12, 13 and 14, shows the these b
papers [14 - 31] according to methods classificaito
their respective publication year and their amoafnt

presents a huge amount of visualization in their
respective publication year and then occurs a dsere
in the number in subsequent years. Trend linesgulot
in the graphs shows a huge decrease of over this.yea
Therefore concluding that they are forgotten osles
looked for in matter of time.

It is natural that a paper become less visualized
over time, so it reinforces that the method can aid
those subjects to increase their number of views by
suggesting them to reader.

2010 Best Papers Visualization Count
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2 per. Mov. Avg. (First Place)
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Fig. 9. Visualizations amount over 2011 to 2015 of the Bleste
2010 papers according with method’s classification.

some

2011 Best Papers Views
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Fig. 10.Visualizations amount over 2011 to 2015 of the Bleste
2011 papers according with method’s classification.

visualization over time. Each of best three papers
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Fig. 11.Visualizations amount over 2013 to 2015 of the Bleste
2012 papers according with method’s classification.
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Fig. 12.Visualizations amount over 2013 to 2015 of the Bleste
2013 papers according with method’s classification.
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Fig. 13.Visualizations amount over 2014 to 2015 of the Bleste
2014 papers according with method’s classification.

2015 Best Papers Views
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Fig. 14.Visualizations amount over 2015 of the Best thriesame
year papers according with method’s classification.

B. Avareg by Year

Figure 15 shows average of method’s classification
score by year. Although the year 2014 presents the
most interesting papers according with the metimod,
relation with the other years have a little vadatin
classification. The year 2015 have a little score
average due being an unfinished year when data was
extracted. This concludes that papers can stikroff
good contents about the searched context.
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that the purpose of avoid reputation is successfull

Score Average by Year achieved.
0,16
- Average of Citation Count and
Score of Method's Classification
a,15 45 0,158
0,145 =
B Total g 0,156
035
0,14 b 0,154 2
c 3 o
k= 3
0,135 E 25 0,152 w
(@) a
2
0,13 5 015 @
M0 2011 7012 7013 2014 2015 %LJ 0,143§
51
a
. >
Fig. 15.Score average by year. Z s 0,146
0 ] 0,111

C. Conferences Highlight

Figure 16 shows the best 10 conferences in method'
classification in a period of 5 years (2010-20T%)e
top ten classifies according to average score o B /\verage of Citation Count  =@=Average of Score
method’s classification achieved by papers in eact

conference. This means that the method can also o B
indicate interesting conferences, which the besflg. 17.Average of citation count and method’s classifimatby
classified approaches the subject in a better .

2000 20M 2m2 2003 2014

Year

simple way to beginning students. Figure 18 and 19 presents an overview of all
) paper’'s database in a period of 6 years (2010 15620
Top 10 Intere sting used in this study, comparing citation count and
method’s classification. High cited papers appéars
Comce rence peaks in the graph, but are not well classifiedtmsy
method. This reinforces the method’s reputation
0,260,270,280,29 0,3 0,310,320,33 independence. The three more cited papers [32 - 34]
has more than 70 citations.
ICESC 2014
ISWTA . —
SPACES 201 Comparison of CIt:’:ltIDn C::)fmt.and
APCAP 701/  e— Score of Method's Classification
COMNFTSAT 20017 e—— 120 04
Robo 2011 =——— 100 0.3
LDAY 2011  —— o 02 o
CyberCZ011 s— T g
ICICEE 2012  — 8 & \ 01 5
ICPCA 2011  o— 3 0 <
U g
40 01
Fig. 16.Top 10 interesting conferences (2010-2014) based in 20
average paper score. -0,2
I 0 0,3
D. Citation Count Hw:smgmmsmga
The graph in figure 17 shows the average = R Jit e R R A RN Y
citation count and plots the average of the meghod' Paper Classification Order
classification grouped by year. The records of pape B Citation Count === Score

published in early years present more citation thar

recent years due the longer time to be recogniaed i_ _ . _—
the academic community. Even with lower number ofzﬁhigrhi?&%a_mson between citation count and classificasicore
citations, the method can clagsiecent papers with

high scores indicating the independence of the

method with the paper reputation. Therefore showing
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Top 100 Papers (2010-2015) Count of Words (Tags)
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Fig. 19.Relation beteewen citation count and mathod's information —————
classifciation from the top 100 papers from 20125 period. ESUME  —
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enwronmentmm.m h —T—
ecBCN netWOFKcomplemtu il —t—
energgd F“ ea consumption ——
solution eSlg —
mose AlIGOrithm propose o —
presentss:::: mgaered ——
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G differentg: . ——
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i dy I —
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SeﬂSOFdEVEIODEU realpossible WL ramewon =
s':y.;e;[;arc tecture while  —
maing|low example wap| ireless execution
phL,blLﬂlp n’ramework

compiting p|atform°%$§,ﬁaﬂ%'a

anage

lg. 21. f i 's datab teb
5amcaF)Pl l @ a l On rﬁ:gthzold .Count of tag occurrences In paper's database Ugd

feature testiNnfOrmMationuser
applled FFC'}QOIOQUWO rklal ge Vi SURVEY
speciicefficiel m existing )
mfﬁf};éj”r}?ﬂ%gtamg.mam%%w To evaluate the efficiency of our method, we
'°Ie,'é€-3r“,tgmode|cnanengemost performed a survey in various Computer Science
2t-Component=a device Soyetd communities in order to measure the interest lefel
Fr‘-“t)aSeejhar(::lware the researchers regarding the papers sorted by the
due low Integrated thod
analysis aimplementation method.
requaeé%ee(fgﬂﬁléen?goﬂﬂp@e' The worst and the best papers sorted in the
mane method method’s classification were mixed, so the voluntee
casereSUIt blmulauon assesses each abstract with Likert scale basetson i
Lhrecessorgoftware read interest as degree without knowing the
overreduceCQN I Q| 1EVE! classification of each.
nntrocltccrea[ tlmerE'SE‘arCIh . .. i . +
Prmonto ol €SOUFCE (L ent The survey is divided in three sections. The first

mu\tun\edgnamlc ke

N e, section and second section contained the abstécts
acnleve

the papers mixed, where only the second section had

Fig. 20.Word Cloud of the extracted tags from database tsed extra information regarding the author and indttut

classify the papers. of paper. The third section contained only one
qguestion, which asks the interviewee the relevance

Figure 20 presents a Word Cloud extracted duringjegree of this extra information in the selectidn o

classification, giving an idea of the main subjeiets papers as interesting.

the Embedded Processor study field over the years

2010 to 2015. The words size is proportional with  BY contain only the abstract without extra
frequency that they occur one time in each pape |mformaﬂon regarding the article, the first pagdha

0,
Figure 21 presents a graph with occurrence count &S?S:E\a/é%r |Irr1] ]::all;gglf(;ﬁr:ge|rr1?§:2§t?ngwgﬁ:je r‘:\éﬁ ?rigég?/o
some words in Embedded Processor field. articles. The extra information in the second s
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caused a notable divergence among respondents, Sorting from most to least indicated in our
making 50% of them assess contrary the expectationsclassification, the 10% first well highlighted, has
covered high relevance topics in Embedded Processor
field over the years, such as: "task and data
V\fﬁacement", "reducing intercommunication latency

In the first section of the survey, even with
disagreement among some of the respondents,

noticed that most of them showed interest in reati and power overhead", "data management for software

meatl : ving synthesis of networks”. Proving that our method is

gg?q?;ngredwnve ability of researchers to intangst able to select important and interesting themes.

In future work, we aim to utilize tools [35]
eveloped by our expert research center in Natural
Language Processing to analyze the connectivity of
sentences of the context of the abstract, in otder
O(wpgrade our method. To improve the experience, we

&xpect a better interaction between student andisea

gine, allowing the user to ponder the resultedas
eputation and various other factors.

When asked in the third section of the survey, half
of respondents judged relevant the information o
authors and institutions of the articles neces&arthe
choice of interest in reading. Figure 9 shows #t#o
of them had doctor degree as formation and 3
postgraduate, characterizing researchers that h
formed opinions and favoritism regarding authors or,
institutions long their careers.
We hope this method can assist to expand
EDUCATIONAL BACKGROUND horizons, qualifying important subjects of various
research in the various scientific communitiessthial
to improve and highlight new ideas in scientifieldi.
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