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Abstract: We analyze text discussions with the aim of usitsjement data to assess the
status of an in-progress discussion. We assumeescgent discussions with three discussion
status types: Publication, Active, and Converg&hen we propose an automatic method
for evaluating discussion status by network analyskperimental evaluation indicates that
the method is useful. We also achieved positivelt®g comparison with manual analysis.
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Introduction

Analysis of discussion status from text is valualbleen designing text-based CSCL. We
analyze text discussions with the aim of assedbi@gtatus of in-progress discussions. We
develop an automatic method for evaluating disaussiatus using time-series analysis.

There are two main approaches to analyzing statisnrediscussion: content analysis
(CA) and social network analysis (SNA) [1]. CA ced#atements according to statement
type, focusing on contextual meaning [2]. SNA method for determining the relationship
structure of components in various objects [3]irket al. [1] introduced research about CA
and SNA, and argued that their integration provalssientific and systemic way to analyze
the quality of discussion. SNA can be applied talgate participants’ roles by analyzing
statement character [4]. In this paper, we applASN such evaluation, and examine the
efficacy of our method in comparison with CA-baseethods. We also construct a network
that indicates statement relativity based on dsioasstatement data.

Our objective is to propose an automatic analysshod for evaluating discussion
status by SNA. We assume convergent discussion®tinaa conclusion, and that there are
at least three status typeBublication, Active and Convergent.As a preliminary
development of the method, we propose a methoeétectthese status types. We analyze
the experimental data by using our method and byualdy applying CA, and determine the
discussion status. Finally, we quantitatively asseg method by comparing its results.

1. Method for Evaluating Discussion Status Using Stement Data

1.1 Discussion Status
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We assume aonline discussion in te-based CSCLStatements are extracted from a ¢
log along with input time and pers Our target is not divergemliscussios that gather
various opinions, but ratheonverger discussions that form concluson

We assume thabnvergent discussis contain at least three types of discussion ¢
(Figure 1):participants firsdescribe their own ideas (Publicatioaipd the they examine
and compile these ideaédtive, and Convergent). We examimelational tis between
statementsvith related contento detect discussion statusarfcipants disclose their ow
ideas in the Publicatiostatu. Therefore instructions to gather ideas and in&iive
statements are made in this ste¢ Back-channel feedback to thegatements is also give
in thePublication status, so at this time theremore new ideas than relationa's between
statements. Participanexamine their own ideas in the Active status, and thus pi®
guestions and answeras well a statements thatonnect with other statements. 1
number of relational ties between statemedncreases in théctive statu. Participants
compile their own ideas in the Convergent ste and thus makeomments about the
interaction and instation that promote compilationThus, statemes with many
connectiondo previous ones ¢ added at this time. Our objectiieto detecichanges in
discussion status in progreWe seek alterationa discussion status by analyzing netwc
consisting oincrementally frmed statements.
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Figure 1 Discussion Status
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1.2 Time-Series Analysis

This paper analyzes changes in discussion statusinie-series analysi We adopt
statements by increments continuously to constnattvorks (statemernetworks), in
which the nodes arstatemers and the links are the relational tielsstatements. Afte
making a statement, wadopt a given number of consecutive statementsidimg thal
statement as a component of statement network,candtruct stateent network in
continuity. Figure2 shows arexampleof statement networks consisting six statement
this manner, we analyze by calculating indexes tattement networksconsisting
consecutive statements as often as statement is. We define relatinal ties according to
the co-occurrence of wordadopting links between statements tharehsame nois and
adjectives A statement network is digraph in which links a@nnected from a pric
statement to a subsequent stater
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Figure 2 Time-Series Analysi: (Number: Statement No., |: Statement Network Nc.)

To conduct quantitative analy, we calculate three indexes statement netwos.
First, we evaluate the amount of information intestagents to detedublicatior, in which
statements presem¢w ideas. Then we count the net number of wordgiement network
to evaluate the amount of information the statementsThe net number is count
duplicative words as one worThe more words that statemeargtworls have, the more
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information they contain. This allows us to detBeiblication the status with the most
information, by counting the net number of words.

Next we focus on relational ties to detectAotivestatus, in which participants interact
to examine their ideas, by calculating network dgn®ensity, the proportion of possible
links that are actually present in the networlgnsndex of the overall network structure [3].
In a statement network, density indicates the nurobeelational ties between statements,
allowing us to detect thactivestatus through the increase in the number of ozlatities.

Finally, we search for statements that affect pstatements to detect t®nvergent
status, in which statements concluding prior omesdded. Then we calculate the indegree
centrality defined as the number of links dirediedhe node in the digraph [3]. The more
links a node has in a network, the more centralnbge is [3]. Thus, the value of the
indegree centrality of a node in a statement ndtwuaticates the amount of influence from
the other statements. This allows us to defertvergenstatus by calculating the indegree
centrality of the last node in a statement netwvken a statement alters the discussion
status from, for exampléctiveto Convergentthe network around the statement can be in
both statuses. Thus, we assume that statementnkstean be in multiple statuses.

1.1 Determining Discussion Status through Social Nekwiamalysis (SNA)

The following describes the method of determiniiggdssion status through SNA. First,
we construct statement networks consistinghostatements in a discussion with
statements. A statement netwdikhas nodes from thigh statement to thk + (h— 1)th
statement, and is a member of the statement nete@irk={S, |k =1, --,n—h+1}. We
use the net number of wordg(s,), as an index to determirfeublication. A statement
network seP whose elements are determined as being iRtidicationstatus is defined as

P={S eN|W(SO>W} (D)
wherew is the average of (s,) of all statement networks. Similarly, a statenmmgtivork
setA whose elements are determined as being iAthigestatus is defined as

A= {sk EN| Dlzg’j) > 1}, )
whereD(S),) is the density of,. A statement network s€twhose elements are determined
as being irConvergenstatus is defined as

C={Sx EN|IS)> T} 3)
wherel(s,) is the indegree centrality of the last nodes, lisdthe average afs,) of all
statement networks.

2. Experiment
2.1 Ouitline

In this chapter, we describe the experimental datavhich we applied our method, and
evaluate our method qualitatively by comparing ¢bgtdata. We also evaluate our method
guantitatively by comparing the results of applysm§GA-based method.

We conducted experiments with the participatio@@flapanese students. We divided
the students into four groups of five participaeésh. All four groups held a discussion
through online text chat for 50 min. The themehsf tliscussion was the consensus game,
the purpose of which is obtaining consensus amongpgmembers through discussion [5].
Group members performed an exercise in which tlaeked eight items in descending
order of importance for survival in a difficult gédtion [5]. They could use Google Chat as a
group chat program and Google Docs Presentatishace information.
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2.2 Results of Proposed Meth

In applyingour method to the experimental ¢, we set the number of nodh as 35 in a
statement network fagverygroup. The ‘SNA’ column in Tabl& shows the resulof the
status determination. Theumbe of status determinations in the gr@ugliscussion was
biased, because that gradid not have enough tinafter an extended discussior policy,
and thus decidetb determineconclusions by majority votd&rResults are therefore bias
towards &Publicationdeterminatio. Here we describe the results of gneup 1 discussion
analysis in detail. Figurd shows the states of the group 1 discussidrhe horizontal axi
shows the statement network number, progress of discussion. The painted bars des
that network is in the statuBhe beginning othe discussion wadetermined ¢ Publication
indicating that they werelisclosing their own ideas. After that, the number Active
statuses increased. Statent network 55 wedetermined to be in th@onvergenstatus. It
showed a fulflow of discussion: discling, examining, and compilingeas The early part
of discussion showethe discussioicycle defined in Section 1.1, bikte latter part of the
discussionbecame jumble. This illustrates the difficulty ofour methodin exactly
analyzing status alongith discussion progress. The discussion statyspski, for example
from Convergentto Active status when previous statements werentioned agai We
confirmed those statements by checkpertinent sections of thehat log. As a result, ot
method is effective for evaluating discussion &

Publication [ | —— |
Active I 1 AN INNrEer 1T INirmeeIe gy muy 1

Convergent [ [ [ [

Statement Network No.

Figure 3 Determinations by our method (Group 1)
2.3 Comparisorof proposemmethod with CA

We nextcompared the resss from our SNA-basedanethod with the resis from a
CA-based method~ollowing Fujimoto et al. [6], we usesix types of statement code
CA: Information, Instruction, Reflection, Question, ¥es, andCommer. This code is an
adaptation of VerdaResponse Mode Coding Systen], modified to accommode
discussions in JapanesEaree collaboratorswho did not join the discussions manue
coded the chat log dat&€odin¢ was decided by majorityand data were cod as
non-codablevhen allthree opinions diffeid.

We determined the relationship between this codkedistussion status based on
assumptions in Section 1A.statemen§;, is determined to bBublicatior when there are
more statements codé&aformatior, Instruction or Reflectionthan theaverage of those |
the entire networkSimilarly, a statemers,, is determined to be in th&ctive status when
there are more statements coQuestionor Answerthan the average of those in the er
network. A statemersl, is determined to be in ttConvergenstatus when there are mc
statements codddstructior or Commenthan the average of those in the entire nety
We examineprecision and recall to compare the results. Asvipusly noted, ach
statement network cdrave multiplestatusesWe therefore separately evaluate each s
Equations (4) and (5) define " precision and recall, respectively, fostatusX.

precision
B [{Networks are determined to be X by SNA} n {Networks are determined to be X by CA}|

[{Networks are determined to be X by SNA}|

C)

= |[{Networks are determined to beX by SNA} N {Networks are determined to be X by CA}| .
recall = |[{Networks are determined to be X by CA}| ®)
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Table 1 Comparison of SNA and CA

Group 1(137) Group 2(163) Group 3(105) Group 4(316)
SNA CA Precision Recall [ SNA CA Precision Recall | SNA CA Precision Recall | SNA CA Precision Recall
P 68 69 0.735 0.833| 103 71 0.592 0.616] 51 66 0.608 0.463| 101 111 0.287 0.420

>

52 61 0423 0458 | 59 113 0542 0364 43 57 0465 0317 95 215 0516 0.310
c| 54 84 0685 0440 | 72 86 0458 0.384] 35 57 0686 0421] 91 200 0.626 0.285

P:Publication, A:Active, C: Convergent (): The number of statement networks

Table 1 shows a comparison of the precision arallretthe results of our method and
those of the CA-based method. The ‘CA’ column inbl€al gives the CA-based
determinations. With the exception of group 4, dateations ofPublicationstatus showed
relatively good value. Group 4 had many short statgs, making automatic determination
difficult by our method. Although values there wem@or, the proposed method achieved
some positive values fokctive status. With the exception of group 2, the preacisid
determiningConvergenstatus exceeded 60%. Calculating the feature duaftnetworks
of consecutive statements in our automatic analygthod is corresponded with manual
evaluations to some extent. We could get good galaePublicationand some positive
values forActiveandConvergenstatusdeterminations

3. Conclusion

We proposed an automatic method based on SNA fduating discussion status in chat
log data, assuming convergent-type discussions whtikee discussion status types:
Publication Active and Convergent.We applied time-series analysis using indexes to
evaluate each status. Furthermore, we developeetiaooh for determination of discussion
status using SNA based on those indexes. Experainestfication using the chat log data
indicated the possibility of detecting discussitatiss, and comparison of the results of CA
confirmed that our automatic method correspondédd manual analysis to some extent. In
future research, we plan to develop a method fatuating other discussion status from
many perspectives. Furthermore, we will consideatwonstitutes a smooth discussion
when this method is established. We expect thati/be able to immediately give suitable
support in CSCL for each discussion status thraeghtime discussion evaluation.
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